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i The Strength of Stiffened CFS Floor Joist Assemblies with Offset Loading

PREFACE

This report was developed by Dr. Steven Fox for the General Provisions Subcommittee of
the AISI Committee on Framing Standards. The objectives of this project were to gain a more
thorough understanding of floor joist behavior when there is misalignment in the load path for
the range of products and limitations of the AISI Standard for Cold-Formed Steel Framing -
Prescriptive Method for One and Two Family Dwellings.

This project involved a total of 110 tests of various floor joist assemblies that were carried
out to check and compare a wide range of variables. This study confirmed suspicions that offset
loading limitations are essential due to the impact that “non-in-line” framing has on strength
and serviceability of a steel floor system. The findings provided a basis for the AISI Committee
on Framing Standards to modify the AISI Standard for Cold-Formed Steel Framing - General
Provisions to limit the amount of offset that would be allowed.
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Executive Summary

Described in this report are the results of an experimentd investigation into the response of cold-formed
ged floor assemblies to variationsin the aignment of the components. One of the requirements common
in cold-formed stedl condruction isfor “in-ling” framing. In-line framing means that the joi g, refter, truss
and sructurd wal sud shal be digned o that the centerline (mid-width) is within ¥inch of the centerline
(mid-width) of the loadbearing members beneath. The ¥inch dlowable offset crestes the possibility for a
misaignment in the load path from an upper story loadbearing stud wall, through ajoist with abearing
diffener and onto aloadbearing stud or foundation wall below. Preliminary testing indicated a significant
reduction in cgpacity under certain dignment conditions, S0 a more extensive investigation was
warranted.

A totd of 110 tests of various floor joist assemblies were carried out to check and compare awide
range of variables. The investigation was experimenta and consisted of both end- and interior-two-
flange loading of typical assemblies. The following are some of the variables consdered:

joist and rim track depth and thickness;

wall track Sze and thickness;

stud and track bearing stiffeners,

in-line and ¥inch offset loading;

OSB sub-floor;

joist bearing width and location.

These are some of the more sgnificant conclusons:
The ¥inch offset can cause a significant reduction in the strength of the assembly compared to
thein-line conditions, and at a capacity lower than what would be predicted for ajoist with a
bearing diffener done.
Having athicker wal track or an OSB sub-floor will help didribute the load to the bearing
diffener and increase the strength of an assembly with the offset load path.
The web crippling and deformation of the rim track affects the loading of the bearing stiffener
and can reduce its capacity.
There can be sgnificant deformation (up to 1 inch) associated with the failure of assemblieswith
the ¥inch offsat loading, more so with the thinner wal tracks and no sub-floor. The AIS
Committee on Framing Standards may want to consder adopting some serviceshility limit
states.

Basad on the findings of thiswork a change is recommended to the wording of the AlSI General
Provisions Sandard that will limit the amount of offset thet is alowed. The proposed wording is as
follows

“Each joig, rafter, truss and structura wal stud shdl be aigned so that the centerline (mid-width) is
within ¥inch (19 mm) of the centerline (mid-width) of the load bearing members benesth, but not more
than 1-5/8 inch from the centerline of the bearing stiffener when oneis present.”
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1 Introduction

The AlSI Committee on Framing Standards (Al COFS) has published the Slandard for Cold-
Formed Seel Framing — General Provisions (AlS 20014). This document gives the requirements
for congtruction with cold-formed sted framing that are common to prescriptive and engineered desgns.
One of the requirementsin the General Provisions sandard callsfor “in-ling” framing unlessa
gructura load distribution member isincluded. In-line framing means thet the “joig, rafter, truss and
gructurd wall stud shall be aligned so that the centerline (mid-width) iswithin %4nch (19 mm) of the
centerline (mid-width) of the load bearing members beneath”.

The research project described in this report was initiated to investigate the response of cold-formed
ged floor assembliesto variations in the aignment of the components. Based on the detailsin the AIS
Sandard for Cold-Formed Seel Framing — Prescriptive Method for One and Two Family
Dwellings (AISI 2001b), and the ¥inch alowable offs, there is the possibility for aszable
misaignment in the load path coming from aloadbearing stud above, through the stiffened joist and onto
aloadbearing stud or foundation wall below. One such dignment path isillustrated in Figure 1.1.
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Figure 1.1: Alignment Limits Allowed in the AlSI Standards

Prdiminary tests on floor joist assemblies carried out at the University of Waterloo (Black et. d., 2002)
reveded that there could be a Significant reduction in the strength of the assembly with an offset load
path such as that shown in Figure 1.1. Based on these findings, it was decided that a more extensive
investigation of these assemblies needed to be carried out to determine the actua behaviour, and to
define more appropriate dignment rules as needed.

2 Objective

The objective of this project was to gain a more thorough understanding of the behavior of afloor joist
assembly when there is misdignment in the load peath. The parameters that affect the strength of the
as=mbly (eg. member Szes) were varied to determine ther influence. The variationsin the assemblies
were within the range of products and limitations defined in the Prescriptive Method. The results of this
work will be used to propose modifications as necessary to the rulesin the General Provisions
gtandard for in-line framing limitations



3 Scope

The scope of the project entailed carrying out atota of 110 tests of various floor joist assembliesto
check and compare awide range of varigbles. The investigation was experimental and conssted of both
end- and interior-two-flange loading of typicd floor joist assemblies The dignment conditions
consdered areillugtrated in Figures 3.1 and 3.2. In al cases the bearing Stiffener was attached to the
back of the joist and the ¥inch offset was toward the joist flange lip. From the earlier work (Black et.
a., 2002) this dignment configuration was determined to be the worst case.

Top stud ; 1 g2/ offset
Track — ]—j : ‘
0SB — === 51.5‘ e J.'
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Figure 3.1: Joist Bearing on Foundation Wall
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Figure 3.2: Joist Bearing on Loadbearing Wall

4 Test Specimens and Experimental Set-Up

4.1 Test Specimens

The test specimens where 4-foot square sections of a floor assembly constructed in accordance with the
requirements of the Prescriptive Method (AlSI 2001b). The assembly was sufficiently large to dlow
tests to be conducted at each end of the two interior joists, aswell as additiond tests at the mid-span of
each joist. Six tests could be carried out on each specimen. In al cases the bearing stiffener was
attached to the back of the joist web and was cut to the full joist depth. All connections were made with
#10 hex head sdf-drilling screws.



The following is a summary of the range of variables covered:
joist depth (8, 10 and 12 inches);
joist thickness (0.037 to 0.097 inches);

rim track thickness (0.047 to 0.071 inches);

wall stud and track sizes (3-5/8 and 6 inches);

wall track thickness (0.033 to 0.075 inches);

bearing dtiffener type (stud and track);
bearing stiffener thickness (0.033 to 0.047 inches);
in-line and ¥inch offset loading (asillustrated in Figures 3.1and 3.2);
sub-floor (19/32 inch OSB);

joist bearing width (1- /2 and 3-5/8 inches);

bearing condition (joist bearing on afoundation wall, a continuousjoist on an interior

loadbearing stud wall, and ajoist bearing on a second floor exterior stud wall).

4.2 Mechanical Properties

Standard tensile coupons were cut from each thickness and type of joigt, rim track and bearing stiffener
materia. The coupons were subjected to stlandard tensile tests in accordance with ASTM A370. The
results are summarized in Table 4.1.

Table 4.1: Mechanical Properties”

Specimen Thigkness Yield Stress Tensile SFress % Elong.®
(in)) Fy (ksi) Fu (ksi)

Bearing Stiffeners
3625125-33 0.0320 47.2 53.3 32.3
362S162-36 0.0346 46.9 50.9 36.9
3625162-44 0.0418 33.0 45.0 441
362T125-44 0.0425 46.5 51.3 357
3625162-48 0.0469 435 56.1 28.9
Joists
800S162-48 0.0465 47.1 55.1 36.4
800S162-75 0.0717 55.8 75.0 31.9
1000S162-36 0.0370 45.1 57.1 315
1000S162-54 0.0535 54.1 66.8 24.2
1000S162-97 0.0969 55.4 71.6 13.2
1200S162-54 0.0535 61.2 74.1 25.0
1200S162-97 0.0969 58.6 73.4 16.1
Rim Track
800T125-48a 0.0465 50.6 55.7 30.7
800T125-48b 0.0459 50.5 59.5 28.3
800T125-75 0.0709 474 60.2 311
1000T125-48 0.0460 50.5 58.9 29.0
1200T125-48 0.0461 50.3 59.1 29.5

(1) Values are the average of threetests.

(2) Elongation measured over a2 in. gauge length.



43 Test Set-Up

Shown in Figure 4.1 is the set-up and specimen used for a second floor condition test. The assembly is
inverted from what would be the actud congtruction (as shown in Figure 3.2) to amplify the
experimenta set-up. The specimen rested on a continuous bearing surface (track and sili plate). The
continuous bearing Smulates the load digtribution offered by the sub-floor (not present in these tests),
and ensures that the failure would occur be at the point of load application. The objective was to study
the behaviour of thejoist where it rests on the loadbearing stud wall below.

Load applied
to cripple stud

Figure4.1: Test Configuration for a 2" Floor Joist

Shown in Figure 4.2 is the set-up for testing a floor assembly resting on the foundation. In this case the
failure will occur a the top of thejoist, and the sub-floor will contribute to the strength of the assembly.
The photograph in Figure 4.3 shows the test set-up for an end-loading test gpecimen, and the
photograph in Figure 4.4 shows the test set-up for an interior loading condition. The interior loading
smulates a continuous floor joist over an interior support.



Figure4.2: Test Configuration for a Joist on a Foundation

Figure 4.3: Photograph of the Test Set-Up for an End L oading



Figure 4.4: Photograph of the Test Set-Up for an Interior Loading

5 Discussion of Test Results

5.1 Test Results

A totd of 110 tests were carried out. The results are summarized in Tables A1 through A7 of Appendix
A. The tables have been colour coded to help interpret the results. The colour coding corresponds to
the thickness of the component. The thickness used in the section designator is the nomina thickness.
The mechanica properties of the various components are given in Table 4.1.

5.2 Failure Modes

In generd there were two basic failure modes: excessve deformation and bearing stiffener failure. The
photograph in Figure 5.1 illugtrates a failure accompanied by excessve deformation. There are a
number of variables that will lead to this type of fallure. These variables include:
When the applied load is offset from the centerline of the joist (asillustrated in Figure 5.1) the
load istransferred through the joist flange. This cantilevered eement will rotate and contribute
sgnificantly to the deformation. If the load is applied in-line with the joist, the bearing Stiffener
will carry more of the applied load and restrain the deformation.
Thethickness of the wall track influences the deformetion. The thicker the track, the more load
sharing and the less deformation at failure.
If there isasub-floor present (smulating the ground floor location) the deformation will dso be
reduced.
The lower the joist and rim track web denderness ratios, the less deformation there will be at
falure



Figure5.1: Photograph of Failure dueto Excessive Deformation

The second common mode of failure was of the bearing stiffener. In those Situations where excessive
deformation was not the primary cause of failure, the assembly was giff enough that the load was
transferred through the bearing stiffener, which eventudly would fall in some form of local buckling. The
photograph in Figure 5.2 illugtrates a case where the bearing stiffener failed. The bearing stiffener would
fal in anumber of different ways depending on the Sze of the components in the assembly. Typicdly,
when the stiffener failed iswas loca buckling of one of the flanges, at either the upper or lower ends. In
some stuations, however, the failure of the stiffener was precipitated premeturely by the buckling of the
rim track. When the rim track depth increased (e.g. up to 12 inch), and the stiffener was smal
(3625125- 33) the dtiffener was not strong enough to restrain the rim track from buckling (web
crippling). Consequently, the rim track would pull the flange of the stiffener out of plane and precipitate
thefailure. Thiscaseisillugrated in Figure 5.2. In many cases the fasteners connecting the rim track to
the dtiffener pulled out of the giffener.



Figure 5.2: Photograph of a Stiffener Failure

Ancther type of failure was punch-through of the sub-floor in those tests where the assembly included a
sub-floor under the wall track. Thistype of falureisillustrated in the photograph in Figure 5.3 and only
occurred when the load was offset from the joist and the track was thin (i.e. 33 mil). If the track was
thick enough to distribute the load, or the load was in-line with the joig, failure occurred in the bearing
stiffener without excessive deformation.

- — il e &
Figure 5.3: Photograph of a Punch-Through Failure of the OSB
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5.3 Load-Deflection Characteristics

The graph shown in Figure 5.4 provides load- versus- deflection plots for three representative tests.
Comparl ng these three plots illustrates a number of features of the behaviour of these assemblies:
Thein-ling, end test has a higher stiffness than the other two tests as indicated by the steeper
dopein the curve. Thisis expected since the load is applied closer to the bearing Siffener and
there is less resulting deformation.
Theinterior test has alower ultimate load than the end test. Even though the web crippling
cgpacity of thejoist a an interior location is greater than the end, the interior location does not
have the added capacity associated with the rim track.
The deflection at the ultimate load for both the tests with the ¥inch offset is consderably more
than thein-line test. Thisisto be expected based on the failure modes discussed in the previous
section.

All of the load-deflection curves recorded are provided in Appendix B. Thetest datalisted in Tables
Althrough A7 of Appendix A aso includesthe deflection at the ultimate load. The series of
photographs in Figures 5.5 through 5.8 show the stages of the deformation. These photos can be used
to assess how sgnificant a certain deformation is visudly, which may be useful for setting servicegbility
limit Satesin the future.

10

g 4 In-ling, End

71 347 offser, End

347 offset, Intenor

Load (kips)

ROOS162-T2 joist, SOOTI23-71 rim track, 3625162-35 stiffencr
[.I T T T T T

] ().25 0.5 (.75 1 1.25 1.5
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Figure5.4: Typical Load versus Deflection Plots



Figure 5.6: Photograph of the Deformation at ¥2 Deflection (Offset L oading)
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Figure5.7: Photograph of the Deformation at %4 Deflection (Offset L oading)

Figure 5.8: Photograph of the Deformation at 1" Deflection (Offset L oading)

11



6 Analysisof Results

6.1 Predictor Equations

The data that has been collected and reported in the previous sections describes how the floor joist
assemblies behave, but it is dso necessary to determine whether any of these configurationsfal below
the required or predicted strength levels. This project has used the AlSI Prescriptive Method (AlS
2001b) asthe basis for determining the assemblies to be tested, however, the stiffener dignment issueis
not limited to a prescriptive design but gppliesto al cold-formed sted framing faling under the General
Provisions standard (A1Sl 2001a).

There are two comparisons that could be made based on either the Prescriptive Method or an
engineered design. These would be:
1. Comparethe tested capacities to the strength of a 33 mil thick C-section stud or 42 mil track
diffener as specified in the Prescriptive Method; or,
2. Compare the tested capacities to the strength of the stiffened joist based on currently accepted
design provisons.

Alternative 1 would be acceptable if the gpplication of this work was only limited to the Prescriptive
Method. This assumes that the minimum bearing stiffener requirement in the Prescriptive Method is
adequate for dl building configurations dlowed: an assumption that has not been verified. Alternative 2
isthe preferred approach since the tested capacities can be compared to a predicted capacity that
recognizes some of the components in the assembly (e.g. joist and stiffener Szes). The predictor
equation to be used for the comparison is that proposed by the author (Fox 2002) for determining the
grength of acold-formed C-section joist with astud or track type bearing stiffener attached. This
predictor does not include the other components in the assembly such as the rim track and sub-floor,
but thereis currently no other predictor method that would apply.

The AlSI Committee on Specifications has accepted (July 2003) a balot that would add design
provisons for stud and track type bearing stiffeners based on the work by the author. The following is
the ultimate strength predictor equation for the two-flange loading of C-section members with stud or

track bearing diffeners:
Pn = 0.7(Puc + Ady) (Eq. 6.1)
Where,
A. = dffectiveareacf bearing siffener subjected to uniform compressive stress equd to the
yield stress, caculated in accordance with the NA Specification
F, = yidddrength of stiffener sted

Pwe = web crippling strength for C-section joist calculated in accordance with the NA
Specification for sngle web members, end or interior locations

The design expression currently used in the NA Specification (AlSI 2001¢) for determining the nomina
web crippling capacity is

Puc = Ct2F, [1- Cx/RTTJ1+ CyVNTT i Cyya/TT) (Eq. 6.2)
Where,

C = webcrippling coefficient (see Table 6.1)

12



Ch = web denderness coefficient (see Table 6.1)

Cn = bearing length coefficient (see Table 6.1)

Cr = indde bend radius coefficient (see Table 6.1)

F, = yidd grength of materid

h = fla dimenson of web measured in plane of web
N = bearinglength

R = inddebend radius

t = thicknessof web

Table 6.1: Web Crippling Equation Coefficients
(Single web C-section, stiffened flanges, two-flange loading)

Configuration C Cr Cn Ch
End 7.5 0.08 0.12 0.048
Fastened to Support .
Interior 20 0.10 0.08 0.031
End 13 0.32 0.05 0.04
Unfastened
Interior 24 0.52 0.15 0.001

The test results have been compared to the strength predicted using Equation 6.1. These test-to-
predicted ratios provide atype of normaized basis for comparing different assemblies. The specific data
is provided in Appendix C. Presented in the following sections are comparisons that describe the
influence of the various parameters on the capacity of the assemblies.

6.2 Comparisons

6.2.1 Effect of Wall Track Thickness
One of the Sgnificant parameters that affects the strength of the assembly was found to be the thickness
of the wdl track. The data plotted in Figures 6.1 and 6.2 illugtrates the significance of this variable. The
fallowing ingghts can be drawn from these two plots
Thetrend line for the in-line tests is not affected Sgnificantly by the wall track thickness. Fallure
of thein-line testsis typicaly associated with some form of loca buckling in the dtiffener.
Consequently, the wall track and OSB sub-floor (if present) should not contribute Sgnificantly
to the strength of the assembly since the load is dready being transferred directly into the
diffener and the load distribution by the wall track is not necessary.
The track thickness has a significant influence on the strength of the offset tests as indicated by
the trend line for these tests. The load sharing caused by the thicker track will reduce the
deformation of the assembly, increase the load transferred to the Stiffener and increase the
drength of the assembly.
The influence of the track thicknessis more pronounced for the interior tests than the end tests.
Thisislogicd snce the end tests have the rim track that would aso stiffen the assembly,
whereas this component is not present in the interior tests making it more susceptible to
misdignmentsin the load path.
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6.2.2 Effect of Joist Web Senderness

The test results indicate that the capacity of the assembly is affected by the web dendernessratio or
depth of the joist. The data shown in Figures 6.3 and 6.4 illustrate the significance of this parameter on
the strength of the assembly. The following ingghts can be drawn from these two plots:

- The datashown in Figure 6.3 indicates that the test-to-predicted ratios decrease as the web
dendernessincreases. The predicted capacity assumes that the bearing stiffener acts as a short
stub-column. However, as the web depth increases the rim track pulls on the stiffener through
the connecting fasteners and may causeit to fallure a alower load. The photograph in Figure
5.2 illugtrates this behaviour. The same relaionship holds true if the data is plotted againgt the
joist depth or the web denderness of the rim track.

Theinterior assemblies are less sengtive to the increase in web denderness compared to the
end tests. This would support the proposition that the reduction in cgpacity isafunction of the
rim track pulling on the bearing diffener.

Test/Predicted

0.4
# Inline
0.2 7 ® 3/4 Offset
0.0 T T T T
50 100 150 200 250 304

Joist Web Slenderness (H)

Figure 6.3: Effect of Joist Web Slenderness on Joist End Tests
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Figure 6.4: Effect of Joist Web Slendernesson Joist Interior Tests

6.2.3 Effect of ¥ Offset

Comparing the trend lines provided in Figures 6.1 and 6.3 illustrates the effects of the ¥inch offset on
the strength of the assembly. This result is not surprising since the offset load path is expected to
influence the behaviour. Depending on the size of the componentsin the assembly, there are many
assamblies with a ¥inch offset that still have a tested strength greater than what would be predicted by
the NA Specification (AISI 2001c). If some limitations could be placed on the other components (i.e.
wall track thickness) then the ¥inch offset could be allowed. However, without these controls, some
limitation needs to be placed on the offset to prevent afailure at aload |ess than would be predicted by
an engineered design.

6.2.4 Interior versus End Loading Conditions

Theinterior loading cases have a sgnificantly lower ultimate load than the ends. Thisislogicd sncethe
rim joist contributes to the strength at the end, which is not present to the interior. The data presented in
Table 6.2 supports this position, athough there isinsufficient data to develop a predictor expression.
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Table6.2: Interior versus End L oading Conditions

T,\Ie;t Joist Tf;’;‘k Stiffener TV:’;‘:L Offset AL‘g%ng‘(::;f Difference
1-2 800S162-48 800T125-48b 3625162-36 362T125-36 3/4" off 4.23 1%
4344  800S162-48 N/A (Interior) 3625162-36 362T125-36 3/4" off 335
36 800S162-48 800T125-48b 3625162-36 362T125-48 3/4" off 4.76 %
49-50 800S162-48 N/A (Interior) 3625162-36 362T125-48 3/4" off 448
7-12 800S162-48 800T125-48a 3625162-36 362T125-57 3/4" off 557 1%
4548 800S162-48 N/A (Interior) 3625162-36 362T125-57 3/4" off 4.79
17-21 800S162-75 800T125-75 3625162-36 362T125-33 In-line 9.02 %
51-52  800S162-75 N/A (Interior) 3625162-36 362T7125-33 In-line 7.03
23-28 800S162-75 800T125-75 3625162-36 362T125-33 3/4" off 6.52 o5
53-56 800S162-75 N/A (Interior) 3625162-36 362T125-33 3/4" off 490
31-32 800S162-75 800T125-75 362T162-44 362T125-33 3/4" off 6.60 A%
57-58 800S162-75 N/A (Interior) 362T162-44 362T125-33 3/4" off 3.86
3334  800S162-75 800T125-48b 3625162-36 362T125-75 3/4" off 717 %
41-42 800S162-75 N/A (Interior) 3625162-36 362T125-75 3/4" off 6.77

6.2.5 Effect of Bearing Width

The mgority of the end location tests were constructed o thet the bearing of the joist onto the
supporting frame had 1- 1/2 inch bearing width. This spacing was chosen because it isthe minimum
bearing width alowed by the Prescriptive Method (AISI 2001b). For the tests Smulating ajoist on a
foundation, this 1- 1/2 inch bearing is a reasonable dimension. For the tests smulating the 2™ floor joist,
the 1- 1/2 inch bearing is conservative snce in redity these floor joists would be resting on aloadbearing
wall below that would be at least aswide asthe wall studs. Listed in Table 6.3 are the results of tests
carried out to check on the sgnificance of the bearing width on the capacity of the assembly. From this
data it does not gppear that there is a significant, congstent influence of bearing width on the capacity.
The results are within the experimenta error expected in this type of research.

Table 6.3: Effect of Bearing Width

T s S e M S RO g
3-HA 800S162-75 800T125-48b 3625162-36 362T125-75 15 717 .y
35-36 800S162-75 800T125-48b 3625162-36 362T125-75 3.625 7.85
103-104  1200S162-97 1200T125-48 3625162-44 362T125-75 15 8.30 =%
105106  1200S162-97 1200T125-48 3625162-44 362T125-75 3.625 7.92
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6.2.6 Effect of Fastening Joist to Support

One of the factors that can influence the web crippling behaviour of a member iswhether the flanges are
fastened to the support. The data provided in Table 6.4 shows a comparison of tests fastened to the
support and not. In one test there was a Sgnificant increase in capacity, but not in the other cases. The
lower vaues in tests 9- 10 could have been the result of experimenta error or some other unrecognized
influence. While there will probably be some influence on the capacity of the assembly by fastening the
member to the support, the effect should not significantly affect the vaidity of the interpretation of these
results. Of the 80 end location tests carried out, 28 tests were not fastened to the support, and the
remainder were fastened. None of the interior location tests were fastened to the support.

Table 6.4: Effect of Fastening to Support

TNest Joist TF\r);?k Stiffener ¥:/ :]cll< Fastened '?‘_\g% ngi:grs)e Difference
13-14 800S162-48 800T125-48b 3625162-36 362T125-75 No 6.41 O
1516 800S162-48 800T125-48b 3625162-36 362T125-75 Yes 6.42

910 800S162-48 800T125-48b 3625162-36 362T125-60 No 433 1%
11-12 800S162-48 800T125-48b 3625162-36 362T125-60 Yes 539

6.2.7 Effect of OSB Sub-Floor

Adding the OSB sub-floor is expected to increase the capacity of the assembly, and the results shown
in Table 6.5 seem to confirm this. These results could be over-egtimating the impact since only one stud
in the assembly isloaded. If dl adjacent studs were loaded smultaneoudly, the significance of the OSB
may be reduced. The data plotted in Figure 6.5 aso shows that the assemblies with the thinner wall
track sections and a ¥inch offset can il give tested capacities below the predicted even with the sub-
floor.

Table 6.5; Effect of OSB Sub-Floor

Test . Rim . wall Avg. Failure .
No. Joist Track Stiffener Track OSB Load (kips) Difference
93 1200S162-97 1200T125-48 3625162-44 362T125-48 No 5.88 1%
+ 0
99-100 1200S162-97 1200T125-48 3625162-44 362T125-48 Yes 7.01
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Figure 6.5: Effect of Wall Track Thicknesswith OSB Sub-Floor

6.2.8 Effect of Double Stud Offset

For the 2™ floor configuration there is the possibility that both the upper and lower wall studs could be
offsat by ¥inch. Two sets of tests were carried out to determineif this had a sgnificant impact on the
strength of the assembly. The test results presented in Table 6.6 shows that there is some lossin
capacity with the double offset, but not alarge amount. This configuration will actudly not occur in
practice because there will dways be some type of sub-floor under the upper story wall stud that will
distribute the load. Consequently, the weakest point will be the lower stud location, which was the
configuration used in the mgority of the tedts.

Table 6.6: Effect of Double Offset

Tl\le;t Joist TF:;TK Stiffener ;’:’:(':L Offsat ’t‘;%;g‘(:gr; Difference
6364  1000S162-36  1000T125-48 362516236 362712536  Single 360 o
61-62  1000S162-36  1000T125-48  362S162-36 362712536  Double 343

6970  1000SI6254  1000T125-48  362S162-36 362712536  Single 413 o
7172 1000S16254  1000T125-48  362S162-36 362712536  Double 388

6.2.9 Behaviour of 6" Wall Sud

There are many gpplications where a 6 inch wal stud bears on afloor joist with a 3-5/8 inch bearing
diffener. A tota of six tests were carried out (test numbers 73- 76, 83-84) to determineif these
assemblies behaved in any way different. A comparison between the 6 inch and 3-5/8 inch wal studs
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are given in Table 6.7. This data shows a dight increase in cgpacity for the 6 inch wall suds, whichis
likely due to the increased load-digtribution from the wider track. During the tests these assemblies did
not behave differently than the 3-5/8 inch specimens.

Table6.7: Effect of 6" Wall Studs

Test . Rim . wall Avg. Failure .
No. Joist Track Stiffener Track Offset Load (kips) Difference
69-70 1000S162-54 1000T125-48 3625162-36 362T125-36 3 off 413 -
+3%
7576 1000S162-54 1000T125-48 3625162-33 600T125-36 3% of f 447

6.3 Serviceability Limit State

One of the factors that became gpparent during the testing was the deformation associated with fallure.
The vaues provided in Table 6.8 are the average measured deformations at failure for the different
types of tests. This gives someindication of the deflections that occurred. The photographs provided in
Figures 5.5 to 5.8 show how sgnificant these deformations are visudly. There isinsufficient data to
develop explicit deformation limits, nor is there enough datato be able to predict the deformation
associated with service loads. However, if some restriction is placed on the amount of offset, this will
have the advantage of reducing the deformations to a maximum vaue less than 0.75 inches. This order
of magnitude would probably be acceptable as a serviceability limit state. Additional research would be
needed to form amore specific recommendation. 1t would be worthwhile computing the design load for
typica 8-foot wal studs and comparing these loads to the capacity of atypica stiffened assembly. It
might show that the range of loads these assemblies would experience in service is well below the loads
where sgnificant deformation would occur.

Table 6.8: Average Deformation at Failure

. . Avg. Deformation
Configuration at Failure (in)
End, In-line 0.62
End, ¥ offset 0.89
Interior, ¥4 offset 1.02
End, ¥4 offset with
0SB 0.89

7 Conclusions and Recommendations

The following summarizes the condus ons resulting from the behaviour of the assemblies as they were
tested and the comparisons of the various test results.
The ¥inch offset can cause a sgnificant reduction in the strength of the assembly compared to
thein-line conditions, at a capacity less than what would be predicted for ajoist with abearing
diffener.
Some form of load digtribution is necessary if thereis an offset in the load path. Thisload
sharing can come from athicker track or OSB sheathing.
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The assembly is made up of a number of components that dl influence the strength and
behaviour of the collection (e.g. joist Sze, rim track size, sub-floor, wal track thickness, offset).
In addition, for each varigble, there are many variations (e.g. depth, thickness and yield strength
of the joist). Given the large number of possble combinations of variables, developing a
predictor equation for the strength of the assembly would require extensive testing beyond the
scope of this current project. Consequently, it is proposed that a conservative design gpproach
be used which isto determine the requirements of the assembly so that the capacity exceeds the
strength calculated for a stiffened floor joist based on the AlSI Specification (AISI 2001c).
The test-to-predicted ratios provided in Table C1 vary between 0.44 and 1.50. A scatter this
large would generally raise questions about the validity of the predictor method. It must be
remembered that in thiswork a predictor equation is not being proposed to calculate the
srength of these stiffened assemblies. The predicted capacities are for the stiffened joist done
and are only being used to identify trends in the data. Consequently, alarge scatter is expected
and judtifiable.

There can be sgnificant deformation associated with the ultimate capacity of the assemblies,
particularly with load applied at the ¥inch offset. The thickness of the loadbearing wall track is
sgnificant to the deformation behaviour of the assembly. If the track isthin (i.e. 33 mil) the
falure is often accompanied by excessve deformation under the load. When thewall track is
thicker it will spread the load more and the subsequent failure of the assembly is caused by a
falure of the bearing diffener.

It would be worthwhile computing the design load for typica 8-foot wal studs and comparing
these loads to the capacity of atypicd siffened assembly. It might show that the range of loads
these assemblies would experience in service is well below the loads where significant
deformation would occur.

Theinterior location is more sengtive to the offset in the load path than the end location since
thereis no rim track to help distribute the load.

Fastening the floor joist to the support, increasing the bearing width, using a6 inch wal stud,
and having a double stud offset dl have only a smdl impact on the strength of the assembly.

Based on the results and conclusions presented in this report, the following recommendations are put
forward:

The ¥inch offset needs to be limited in those assemblies where the bearing Stiffener is attached
to the back of the joidt. In this case, the framing should not be adlowed to be offset from the
centerline of the joist towards to the joist flange lips. If the bearing Stiffener is attached between
the joist flanges, the current ¥/inch offsat limits would be satisfactory.

Review the PM and determine if the minimum bearing Stiffener requirements are appropriate for
al building configurations and load cases.

8 Recommended Changetothe AlSI General Provisions Standard

Based on the conclusions presented in the preceding section, the AISI General Provisions (AlS|
2001a) needs to be revised to limit the offset in those cases when the bearing stiffener is attached to the
back of the joist. The wording provided below should accomplish this and provide an assembly with a
capacity that is at least equa to what would be predicted of a siffened joist. A 1-5/8 inch maximum
offset is based on the center-to-centre distance between a stiffener with 1-5/8 inch flanges and ajoist
with 1-5/8 inch flanges. A track stiffener, or astud stiffener with 1-1/4 inch flanges, would have an
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offset between the center of the joist and the loadbearing stud of 3/16 inch: atolerance that should
acceptable.

C1 In-Line Framing

Each joig, rafter, truss and structural wal stud shdl be digned so that the centerline (mid-width) is
within ¥inch (19 mm) of the centerline (mid-width) of the load bearing members benesth, but not more
than 1-5/8 inch (41 mm) from the centerline of the bearing stiffener when one s present, per Figure C1-
1. The 34 | alignment tolerance is not required when a structurd load distribution
member is specified in accordance with an approved design or arecognized design standard.

i ATAL
FRLAMIM § FRAMINE
MEEER: MEMEER
1

I
J—_ W W A ot 247 WAL
|
I

§ Tk b VERTICAL , VERTICAL
FRAKMIMG i FRAaMINL - —F:—'\,'-' |_|-
L MEVEER WEMEER

Figure C1-1In-Line Framing
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TableAl: Test Datafor 8inch Joists, End L ocation

. Bearing Failure Maximum
Test Joist Rim Stiffener wall Width Offsst  Loads Deflection
No. Track Track . . )
(in.) (Kips) (in)
1 800S162-48  800T125-48h  362S162-36 362712536 15  3l4off 402 0.82
2 800S162-48  800T125-48h  362S162-36  362T125-36 15  3l4off 444 110
Avg 4.23 0.96
3 800S162-48  800T12548a  362S162-36  362T12543 15 34" off 447 nir
4 800S162-48  800T125-48a  362S162-36  362T12543 15  34"off 523 nir
5  800S162-48  800T12548b  362S162-36  362T125-48 15  3l4off 473 056
6  800S162-48  800T125-48h  362S162-36 362712548 15  3l4off 463 058
Avg 4.76 0.57
7 800S162-48  800T125-48a  3625162-36  362T12557 15  3/4"off 660 nir
8  800S162-48  800T125-48a  362S162-36  362T125-57 15  34"off 642 nir
9  800S16248  800T125-48h  362S162-36 | 362712560 15  3/4off 555 059
10  800S162-48  800T125-48b  362S162-36  362T12560 15  34off 410 nir
11 800S162-48  800T125-48h  362S162-36  362T12560 15  34off 542 062
12 800S162-48  800T125-48h  362S162-36  362T12560 15  3/4off 535 055
Avg 5.57 0.59
13 800S162-48  800T125-48b = 362S162-36  362T125-75 15  3/4off 635 033
14  800S162-48  800T125-48b  362S162-36  362T125-75 15  34off 646 037
15  800S162-48  800T125-48h  362S162-36 362712575 15  34off 711 059
16 800S162-48  800T125-48b  362S162-36  362T125-75 15  3/4off 573 066
Avg 6.41 0.50
17 800S162-75  800T12575 362516236 15  Inline 877 nir
18 800S162-75 ~ 800T12575  362S162-36 15  Indine 1030 nir
19  800S162-75 ~ 800T12575 362516236 15  Inline 902 nir
20  800S162-75 ~ 800T125-75  362S162-36 15  Inline 801 nir
21  800S162-75 ~ 800T125-75  362S162-36 15  Inline 838 030
2 800S162-75  800T12575  362S162-36 15  Indine 917 0.40
Avg 9.02 0.35
23 800S162-75  800T12575  362S162-36 15  34"off 684 nir
24 800S162-75 ~ 800T125-75  362S162-36 15  34"off 678 nir
25  800S162-75 ~ 800T125-75  362S162-36 15  34"off 631 nir
26 800S162-75 ~ 800T125-75  362S162-36 15  34"off 628 nir
27  800S162-75 ~ 800T125-75  362S162-36 15  3l4off 637 1.00
28 800S162-75 ~ 800T125-75  362S162-36 15  3l4off 653 105
Avg 6.52 1.03
29  800S162-75  800T125-75  362T162-44 - 15  Indine 909 nir
30  800S162-75 ~ 800T12575  362T162-44 15  Indine 926 nir
Avg 9.17
31 800S162-75  800T125-75  362T162-44 - 15  34"off 686 nir
3 800S162-75 ~ 800T12575  362T162-44 15  34"off 635 nir
Avg 6.60
3 | 800S16275  800T12548h  3625162-36 362112575 15  3l4off 771 072
34 | 800S162-75  800T125-48h  362S162-36 362712575 15  34off 664 0.75
Avg 7.17 0.74
35 | 800SI6275  800T125-48h  362S162-36  362T12575 3625  3/4off 745 0.76
36 | 800SIE275  800T12548h  362S162-36  362T12575 3625  3l4off 825 067
Avg 7.85 0.72
37 800SI62-75  800T125-75  362S162-36  362T125-71 15  Inline 997 nir
38 800SI62-75  800T125-75  362S162-36  362T125-71 15  Indine 952 nir
Avg 9.74
39  800S162-75  800T12575  362S162-36 362712571 15  34"off 9% nir
40  800S162-75 ~ 800T125-75  362S162-36  362T125-71 15  34"off 861 nir
Avg 9.28




Table A2: Test Data for 8inch Joists, Interior L ocation

. Bearing Failure Maximum
Test yoigt Rim Stiffener Wall Width  Offsst  Loads Deflection
No. Track Track . . .
(in) (Kips) (in)
41 | 800S162-75 N/A (Interior) = 362S162-36 362112575 3625  3/4off  7.03 061
42 | 800S162-75  N/A (Interior) = 362S162-36  362T12575 = 3625  3/4off 651 0.80
Avg 6.77 0.71
43 800S162-48  N/A (Interior) = 362S162-36 362112536 3625  3/4off 335 16
44 800S162-48  N/A (Interior) =~ 362S162-36 362712536 3625  3/4off 335 16
Avg 3.35 1.60
45 ~ 800S162-48  N/A (Interior) | 362S162-36  362T12557 3625  3/4"off 477 n/r
46 800S162-48  N/A (Interior) =~ 362S162-36 362712557 3625  3/4"off 494 n/r
47  800S162-48  N/A (Interior) = 362S162-36 18627112560 3625  3doff 497 043
48 800S162-48  N/A (Interior) = 362S162-36 | 362112560 3625  3doff 447 067
Avg 4.79 0.55
49  800S162-48  N/A (Interior) = 362S162-36  362T12548 3625  3/4off 436 085
50  800S162-48  N/A (Interior) = 362S162-36 362712548 3625  3/4off 459 0.62
Avg 4.48 0.74
51 | 800S162-75 N/A (Interior) = 3625162-36 - 3625  Inline 805 nir
52 800S162-75 = N/A (Interior) | 362S162-36 3.625 In-line 6.01 n/r
Avg 7.03
53 | 800S162-75 N/A (Interior) = 3625162-36 - 3625 34" off 481 nir
4 800S162-75  N/A (Interior) = 362S162-36 3625  3/4" off 511 n/r
55 | 800S162-75 N/A (Interior) = 362S162-36 362712536 3625  3/4off 474 1.10
56 | 800S162-75  N/A (Interior) = 362S162-36 362112536 3625  34off 492 145
Avg 4.90 1.28
57 | 800S162-75 N/A (Interior) = 362T162-44 - 3625 3/4"off 360 nir
58 | 800S162-75  N/A (Interior)  362T162-44 3625 34" off 412 n/r
Avg 3.86
59 | 800S162-75  N/A (Interior) = 362S162-36 | 862112557 3625 3/4"off 656 nir
60 | 800S162-75 NJA (Interior) = 362S162-36 | 362T12557 | 3625 3/4"off 668 nir
Avg 6.62
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Table A3: Test Data for 10 inch Joists, End L ocation

. Bearing Failure Maximum
Test  oist Rim Stiffener wall Width  Offset  Loads Deflection
No. Track Track . . )
(in.) (Kips) (in)
61  1000S162-36 1000T125-48 362516236  362T12536 3625 %?;ﬂte 371 n/r
62  1000S162-36 1000T12548 ~ 362S162-36 362112536 3625 %?;Jst:te 315 nir
Avg 3.43
63  1000S162-36 1000T12548 362516236 362112536 15  34off 342 1.23
64  1000S162-36 1000T12548 362516236  362T125-36 15  34off 378 1.68
Avg 3.60 1.46
65  1000S162-36 1000T12548  362S162-48 362712548 15  3l4off 4414 098
66  1000S162-36 1000T12548  362S162-48  362T125-48 15  3l4off 485 120
Avg 4.634 1.09
67  1000S162-36 1000T12548  362S162-48 | 362112575 15  3/4off 6501 120
68  1000S162-36 1000T12548  362S162-48 | 362T125-75 15  3l4off 6497 0.80
Avg 6.544 1.00
60 | 1000S16254 1000T12548 362516236 362112536 15  3/4off 410 122
70 | 1000S16254 1000T12548 362516236  362T125-36 15  3l4off 415 135
Avg 4.13 1.29
71 | 1000816254 1000T12548  362S162-36  362T12536 3625 %‘#‘gte 400 nir
72 | 1000816254 1000T12548  362S162-36  362T12536 3625 %‘#‘gte 377 nir
Avg 3.88
73 | 1000816254 1000T125-48 - 600T125-48 3625 Inline 550 054
74 | 1000816254  1000T125-48 600T125-48 3625 Inline 578 053
Avg 5.64 0.54
75 | 1000S162:54 1000T125-48 - 600T12548 3625  3/4off 454 115
76 | 1000S162-54  1000T125-48 600T125-48 3625  34off 439 075
Avg 4.47 0.95
77 1000S162-97 1000T12548  362S162-36 | 362112560 15 Inline 851 0.84
78 1000S162-97 1000T12548  362S162-36 | 362T125-60 15 Inline  7.72 075
Avg 8.12 0.80
79 1000S162-97 1000T12548  362S162-36 | 362112560 15  3l4off 845 092
80  1000S162-97 1000T125-48 362516236 | 362T125-60 15  3l4off 682 065
Avg 7.64 0.79
Table A4: Test Datafor 10 inch Joists, Interior L ocation
. Bearing Failure Maximum
Test  oist Rim Stiffener wall Width  Offset  Loads Deflection
No. Track Track . . )
(in) (Kips) (in)
gl | 1000516254 NI/A (Interior) | 362S162-36 362112536 3625  3/4off 237 1.24
8 | 1000S162-54 N/A (Interior) = 362S162-36 362712536 3625  3/4off 273 113
Avg 2.55 1.19
83 | 1000S16254 N/A (Interior) - 600T12548 3625  3/4off 380 0.82
84 | 1000S16254 N/A (Interior) 600T125-48 3625  3/4off 337 nir
Avg 3.59 0.82
85  1000S162-97 N/A (Interior) = 362516236 | 362112560 @ 3625  3/4off 680 0.82
86  1000S162-97 N/A (Interior) = 362S162-36 | 362112560 3625  3/4off 619 078
Avg 6.50 0.80
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Table A5: Test Data for 12 inch Joists, End L ocation

. Bearing Failure Maximum
Test  joist Rim Stiffener wall Width  Offset  Loads Deflection
No. Track Track . . )
(in.) (Kips) (in)
87 | 1200816254 1200T125-48 - 362T125-48 15 Inline 552 0.80
88 | 1200S162-54 1200712548 362T125-48 15 Inline 548 0.62
Avg 5.50 0.71
80 | 1200S162-54 1200T125-48 - 362T125-48 15 34off 416 1.25
90 | 1200S16254 1200712548 362T125-48 15 34off 444 0.82
Avg 4.30 1.04
o1 | 1200S162-54 1200T12548  362S162-44  362T12548 15 34off 4323 0.70
o2 | 1200S162-54 1200T12548  362S162-44  362T12548 15 Inline 5964 055
93 | 1200S162-97 1200T12548  362S162-44  362T12548 15 34off 588 0.70
94  1200S162-97 1200T12548  362S162-44  362T12548 15 Inline 866 065
95  1200S162-97 1200T12548 - 362T125-60 15 Inline 826 0.83
9%  1200S162-97 1200T125-48 362T125-60 15 Inline 784 057
Avg 8.05 0.70
97  1200S162-97 1200T12548 - 362T125-60 15 34off 704 0.86
98  1200S162-97 1200T125-48 362T125-60 15 34off 715 0.76
Avg 7.10 0.81
Table A6: Test Data for 12 inch Joists, End L ocation, with OSB Sheathing
. Bearing Failure Maximum
Test  oist Rim Stiffener wall Width  Offset  Loads Deflection
No. Track Track . . )
(in.) (Kips) (in)
99 | 1200S162-97 1200T12548  362S162-44  362T12548 15 3aoff 73R 1.00
100 1200S162-97 1200712548  362S162-44  362T125-48 15 34off 670 1.00
Avg 7.01 1.00
101 = 1200S162-97 1200T12548 362516244 | 362712560 15 34off 870 085
102 1200S162-97 1200T125-48 362516244 | 362712560 15 34off 768 0.90
Avg 8.19 0.88
103 = 1200S162-97 1200712548  362S162-44 | 362112575 15 34off 857 0.80
104  1200S162:97 1200712548  362S162-44 | 362T125-75 15 34off 803 0.80
Avg 8.30 0.80
105 | 1200S162-97 1200712548 362516244 | 362112575 3625  3/4off 838 nir
106 = 1200S162-97 1200712548 362516244 | 362T12575 3625  3/4off 746 nir
Avg 7.92

28




Table A7: Test Datafor 12 inch Joists, Interior Location

. Bearing Failure Maximum
Test st Rim Stiffener wall Width  Offset  Loads Deflection
No Track Track ! . .
(in.) (Kips) (in)
107 N/A (Interior) 362T125-48 3.625 3/4 off 319 0.8
108 N/A (Interior) 3621125-48 3.625 3/4 off 298 0.6

Avg 3.09 0.70

109 = 1200S162-97  N/A (Interior) 3.625 3/4 off 6.16 0.95
110 = 1200S162-97  N/A (Interior) 3.625 3/4 off 6.68 059

Avg 6.42 0.77
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Appendix B
L oad — Deflection Plots
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Appendix C
Capacity Calculations
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Table C1: Capacity Calculations

Joist Web Stiffener
Test Cripplin Predicted| Test [ Test/
No | P |t R | N RN iR R Ae | (kips) |(kips)|Predicted
(in)] (in) | (ksi) (kips) (in) |(ksi)| (in"2)
1 8 | 00465| 471 | 15 | 2 [323] 166| 0450 |[00346) 469| 0.1344 4.72 4.02 0.85
2 8 | 00465| 471 | 15 [ 2 [323] 166| 0450 | 0.0346| 469 0.1344 4.72 4.44 094
3 8 | 00465 | 47.1 | 15 [ 2 [323] 166| 0450 | 0.0346| 469 0.1344 4.72 447 0.95
4 8 | 00465| 47.1 | 15 [ 2 [323] 166| 0450 | 0.0346| 469 0.1344 4.72 523 111
5 8 | 00465| 47.1 | 15 [ 2 [323] 166| 0450 | 0.0346| 469 0.1344 472 473 1.00
6 8 | 00465| 471 | 15 | 2 [323] 166| 0450 [00346]469| 0.1344 4.72 4.63 0.98
7 8 [ 00465| 471 | 15 | 2 [323] 166| 0450 [00346)469| 0.1344 4.72 6.60 140
8 8 [00465| 471 | 15 | 2 [323] 166| 0450 [00346)469| 0.1344 4.72 6.42 1.36
9 8 00465 | 471 | 15 | 2 [323] 166| 0450 [00346) 469| 0.1344 4.72 555 118
10 | 8 [ 00465| 471 | 15 [ 2 [323] 166| 0450 | 0.0346| 469 0.1344 4.72 4.10 0.87
11 | 8 [ 00465| 471 | 15 [ 2 [323] 166| 0434 | 00346 | 469 0.1344 4.72 542 115
12 | 8 | 00465| 471 | 15 [ 2 [323] 166| 0434 | 00346 | 469 0.1344 4.72 535 113
13 | 8 [00465| 471 | 15 [ 2 [323] 166| 0450 | 0.0346| 469( 0.1344 472 6.35 134
14 | 8 100465]| 471 | 15 | 2 |323] 166 0450 | 0.0346(469| 01344 4.72 6.46 137
15 | 8 |00465] 471 | 15 | 2 |323] 166 0434 | 00346 469| 01344 4.72 711 151
16 | 8 |00465]| 471 | 15 | 2 |323] 166 0434 | 0.0346 | 469| 01344 4.72 573 121
17 | 8 | 00717 | 558 | 15 | 2 |209] 106 1476 | 0.0346 | 469| 01344 5.46 8.77 161
18 | 8 | 00717558 | 15 [ 2 [20.9] 106| 1476 | 0.0346| 469 0.1344 546 | 10.30 1.89
19 | 8 |00717|558 | 15 [ 2 [20.9] 106| 1476 | 0.0346| 469 0.1344 546 9.02 1.66
20 | 8 | 00717 | 558 | 15 | 2 [20.9] 106 1476 | 00346 | 469| 01344 5.46 8.01 147
21 | 8 100717 | 558 | 15 | 2 [209]| 106 1476 | 00346 | 469| 01344 5.46 8.38 154
22 | 8100717558 | 15 | 2 1209] 106| 1476 |00346|469| 01344 546 9.17 168
23 | 8100717 |58 | 15 | 2 |1209] 106| 1476 |00346|469| 01344 546 6.84 1.26
24 | 8 100717558 | 15 | 2 |209] 106| 1476 |00346|469| 01344 5.46 6.78 125
25 | 800717558 | 15 | 2 |209] 106| 1476 |00346|469| 01344 5.46 6.31 116
26 | 8 100717 | 558 | 15 | 2 [20.9] 106 1476 | 00346 | 469| 01344 546 6.28 115
27 | 8 100717 | 558 | 15 | 2 [20.9] 106 1476 | 00346 | 469| 01344 546 6.37 117
28 | 8 100717 | 558 | 15 | 2 [20.9] 106 1476 | 00346 | 469| 01344 5.46 6.53 1.20
29 | 8 100717 | 558 | 15 | 2 [209]| 106 1476 | 00425|465| 0.1386 5.56 9.09 164
30 | 800717558 | 15 | 2 1209] 106| 1476 | 00425| 465| 01386 5.56 9.26 167
31 | 800717558 | 15 | 2 1209] 106| 1476 |00425| 465| 01386 5.56 6.86 124
32 | 800717 |58 | 15 | 2 |1209] 106| 1476 |00425|465| 01386 5.56 6.35 114
33| 800717 |58 | 15 | 2 |209] 106| 149 |00346|469| 01344 5.46 7.71 141
34 | 800717558 | 15 | 2 [20.9] 106 1496 | 00346 | 469| 01344 546 6.64 122
35 | 8 | 0.0717 | 55.8 |3.625| 2 [50.6] 106 1.790 | 0.0346 | 469| 0.1344 5.67 745 132
36 | 8 | 0.0717 | 55.8 |3.625| 2 [50.6] 106 1.790 | 0.0346 | 469| 0.1344 5.67 825 146
37 | 8100717 |558 | 15 | 2 [209] 106 1476 | 00346 | 469| 01344 5.46 9.97 183
38 | 800717 |58 | 15 | 2 1209] 106| 1476 |00346|469| 01344 546 952 175
39 | 800717558 | 15 | 2 1209] 106| 1476 |00346|469| 01344 546 9.95 1.83
40 | 8 | 00717558 | 15 | 2 |209] 106| 1476 |00346|469| 01344 5.46 8.61 158
41 | 8 | 0.0717 | 55.8 | 3625| 2 |50.6] 106 | 3724 | 00346|469| 01344 5.67 7.03 1.00
42 | 8 | 0.0717 | 55.8 | 3.625| 2 |50.6] 106 | 3724 | 00346 | 469| 01344 5.67 6.51 0.93
43 | 8 | 0.0465 | 47.1 | 3.625| 2 |78.0] 166 | 1482 | 00346 | 469| 01344 4.78 335 0.61
44 | 8 | 0.0465 | 47.1 | 3.625| 2 |78.0] 166 | 1482 | 00346 | 469| 01344 4.78 335 0.61
45 | 8 | 0.0465 | 47.1 | 3.625| 2 |78.0] 166 1482 | 00346 | 469| 01344 5.66 477 0.88
46 | 8 | 0.0465 | 47.0 |3625]| 2 |780] 166| 1479 |00346|469| 01344 5.66 494 091
47 | 8 | 0.0465 | 471 |3625]| 2 |78.0] 166| 1482 |00346|469| 01344 4.78 497 091
48 | 8 | 0.0465 | 471 |3625]| 2 |78.0] 166| 1482 | 00346| 469| 01344 4.78 447 0.82
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Table C1: Capacity Calculations (Cont’d)

Joist Web Stiffener

Test Cripplin Predicted| Test [ Test/

No | P |t R | N RN iR R Ae | (kips) |(kips)|Predicted
(in)] (in) | (ksi) (kips) (in) |(ksi)| (in"2)

49 | 8 | 0.0465 (| 471 |3625]| 2 |78.0]| 166| 1482 | 0.0346|469| 01344 4.78 4.36 0.80
50 | 8 | 0.0465| 47.1 |3.625| 2 [78.0] 166 1482 | 00346 | 469| 01344 4.78 459 0.84
51 | 8 | 0.0717 | 55.8 | 3.625| 2 [50.6] 106 | 3.724 | 00346 | 469| 0.1344 8.10 8.05 115
52 | 8 | 0.0717 | 55.8 | 3.625| 2 [50.6] 106 | 3.724 | 00346 | 469| 0.1344 8.10 6.01 0.86
53 | 8 | 0.0717 | 55.8 | 3.625| 2 [50.6] 106 | 3724 | 00346 | 469| 01344 8.10 481 0.69
54 | 8 100717 | 558 [3625| 2 |50.6] 106| 3724 | 00346 | 469| 01344 8.10 511 0.73
55 | 8 |1 00717 | 558 [3625| 2 |50.6] 106| 3.724 | 00346 | 469| 01344 5.67 4.74 0.67
56 | 8 | 00717 | 55.8 [3.625| 2 |50.6] 106| 3.724 | 00346 | 469| 01344 5.67 492 0.70
57 | 8 | 00717 | 55.8 [3.625| 2 |50.6] 106 | 3.724 | 0.0425| 465| 0.1386 8.20 3.60 051
58 | 8 | 0.0717 | 55.8 | 3.625| 2 [50.6] 106 | 3.724 | 0.0425| 46.5| 0.1386 820 412 0.58
59 | 8 | 0.0717 | 55.8 | 3.625| 2 [50.6] 106 | 3.724 | 00346 | 469| 0.1344 8.10 6.56 0.93
60 | 8 | 0.0717 | 55.8 | 3.625| 2 [50.6] 106 | 3.724 | 00346 | 469| 0.1344 8.10 6.68 0.95
61 | 10| 0.0370 | 45.1 | 3.625| 2 [98.0] 264 0198 | 00346 | 469| 0.1344 455 371 0.82
62 | 10 0.0370 | 45.1 [3625| 2 |98.0] 264 | 0198 | 00346 | 469| 01344 455 315 0.69
63 | 10| 00370 | 45.1 [ 15 | 2 |405] 264 | 0159 | 00346 | 469| 01344 452 342 0.76
64 | 10| 00370 | 45.1 [ 15 | 2 |405] 264 | 0159 | 00346 | 469| 01344 452 3.78 084
65 | 10| 00370 | 45.1 [ 15 | 2 |405] 264 | 0159 | 00469 | 435| 02272 7.03 441 0.63
66 | 10| 0.0370| 451 | 15 | 2 [405] 264 | 0159 | 00469 | 435| 0.2272 7.03 4.85 0.69
67 | 10| 0.0370 | 451 | 15 | 2 [405] 264 | 0159 | 00469 | 435| 0.2272 7.03 6.59 0.4
68 | 10| 0.0370 | 451 | 15 | 2 [405] 264 | 0159 | 00469 | 435| 0.2272 7.03 6.50 092
69 | 10| 0.0535| 541 | 15 | 2 [28.0] 181 0598 | 00346 | 469| 01344 4.83 410 0.85
70 1| 10 00535 | 541 | 15 | 2 |28.0] 181 | 0598 | 00346| 469| 01344 4.83 415 0.86
71 | 10 00535 | 54.1 [3625] 2 |67.7] 181 | 0.727 | 00346 | 469| 01344 492 4.00 0.81
72 | 10 00535 | 54.1 [3625| 2 |67.7] 181 | 0.727 | 00346 | 469| 01344 492 377 0.77
73 | 10] 00535 | 54.1 [3625| 2 |67.7] 181 | 0.727 | 00320 | 47.2| 01159 434 550 127
74 | 10 ] 0.0535 | 54.1 |3.625| 2 |67.7] 181 | 0.727 | 00320 | 47.2| 0.1159 4.34 578 133
75 | 10 ] 0.0535 | 54.1 | 3.625| 2 [67.7] 181 | 0.727 | 00320 | 47.2| 0.1159 4.34 454 1.05
76 | 10| 0.0535 | 54.1 | 3.625| 2 [67.7] 181 | 0.727 | 00320 | 47.2| 0.1159 4.34 4.39 101
77 | 10] 0.0969 | 554 | 15 | 2 [155] 97 2679 00346 | 469| 01344 6.29 851 135
78 | 10 00969 | 554 | 15 | 2 |155| 97 2679 | 00346 | 469| 01344 6.29 1.72 123
79 | 10] 00969 | 554 | 15 | 2 |155| 97 2679 | 00346 | 469| 01344 6.29 845 134
80 | 10 0.0969 | 554 | 15 | 2 |155| 97 2679 | 00346 | 469| 01344 6.29 6.82 1.09
8l | 10 0.0535 | 54.1 [3625| 2 |67.7] 181 | 2170 | 00346 | 469| 01344 492 237 040
82 | 10| 0.0535 | 54.1 |3.625| 2 [67.7] 181 2170 | 00346 | 469| 0.1344 492 2.73 0.46
83 | 10| 0.0535 | 54.1 |3.625| 2 [67.7] 181 2170 | 00320 | 47.2| 0.1159 4.34 3.80 071
84 | 10| 0.0535 | 54.1 |3.625| 2 [67.7] 181 2170 | 00320 | 47.2| 0.1159 4.34 3.37 0.63
85 | 10| 0.0969 | 554 | 3.625| 2 [374]| 97 6.265 | 00346 | 469| 01344 6.62 6.80 0.77
86 | 10] 00969 | 554 | 3625| 2 |374| 97 6.265 | 00346 | 469| 01344 6.62 6.19 0.70
87 | 12100535612 | 15| 2 1280] 218| 0555 |00320| 47.2| 01159 4.22 552 131
83 | 12100535612 | 15| 2 |1280] 218| 0555 |00320| 47.2| 01159 4.22 548 130
89 | 12100535612 | 15 | 2 |280] 218| 0555 |0.0320| 47.2| 01159 4.22 4.16 0.99
90 [ 12] 00535 612 | 15 | 2 [280] 218 0555 | 00320 | 47.2| 0.1159 4.22 4.44 1.05
91 [ 12] 00535| 61.2 | 15 | 2 [280] 218 0555 | 00418 | 330| 0.2175 541 4.32 0.80
92 [ 121 00535| 612 | 15 | 2 [280] 218 0555 | 00418 | 330| 0.2175 541 5.96 1.10
93 [ 121 00969 | 586 | 15 | 2 [155] 118 2576 | 00418 | 330| 0.2175 6.83 5.88 0.86
94 112100969 | 586 [ 15 | 2 |155] 118| 2576 | 00418 | 330| 02175 6.83 8.66 127
95 | 12100969 | 586 [ 15 | 2 |155] 118| 2576 | 00320 | 47.2| 01159 5.63 8.26 147
9% | 12 00969 | 586 [ 15 | 2 |155] 118| 2576 | 00320 | 47.2| 01159 5.63 784 139
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Table C1: Capacity Calculations (Cont’d)

Joist Web Stiffener
Test Cripplin Predicted| Test [ Test/
No | Pt RN RN e R ] E Ae | (kips) |(kips)|Predicted
(in)] (in) | (ksi) (kips) (in) |(ksi)| (in"2)
97 | 12100969 | 586 [ 1.5 | 2 |155) 118 | 2576 | 00320| 47.2| 01159 5.63 7.04 125
98 [ 12] 00969 | 586 | 15 | 2 [155] 118 2576 | 00320 | 47.2| 0.1159 5.63 7.15 127
99 [ 12] 00969 | 586 | 15 | 2 [155] 118 2576 | 00418 | 330| 0.2175 6.83 7.32 107
100 [ 12 00969 | 586 | 15 | 2 |155] 118 [ 2576 | 00418 | 330| 0.2175 6.83 6.70 0.98
101 [ 121 00969 | 586 | 15 | 2 |155] 118 [ 2576 | 00418 | 330| 0.2175 6.83 8.70 127
102 ] 12) 00969 | 586 | 15 | 2 |155) 118 | 2576 | 00418 | 330| 02175 6.83 7.68 112
103 12) 00969 | 586 | 15 | 2 |155) 118 | 2576 | 00418 | 330| 02175 6.83 857 125
104 | 12) 00969 | 586 | 15 | 2 |155) 118 | 2576 | 00418| 330| 02175 6.83 8.03 118
105| 12) 0.0969 | 58.6 | 3625| 2 |374) 118 | 3035 |00418]| 330| 02175 7.15 8.38 117
106 [ 12| 0.0969 | 58.6 | 3625| 2 |374| 118 3035 | 00418 | 330| 0.2175 7.15 7.46 104
107 [ 121 0.0535| 61.2 | 3625| 2 |67.7] 218 [ 2452 | 00320 | 47.2| 0.1159 4.30 319 0.58
108 [ 12| 0.0535| 61.2 | 3625| 2 |67.7] 218 [ 2452 | 0.0320 | 47.2| 0.1159 4.30 2.98 054
109 [ 12| 0.0969 | 58.6 | 3625| 2 |374| 118 [ 6619 | 00320 | 47.2| 0.1159 5.95 6.16 0.73
110 | 12) 0.0969 | 58.6 [ 3625| 2 |374) 118 | 6619 | 00320| 472| 01159 5.95 6.68 0.79
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