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Abstract

This paper presents a research project aimed at advancing the treatmentfofnoett steel

(CFS) structural reliability in roof trusses. Structural design today relies almost exclusively on
componerdevel design, so structural safety issared by limiting the probability of failure of
individual components. Reliability of the entire system is typically not assessed, so in-a worst
case scenario the system reliability may be less than the component reliability, lmestcase
scenario th system reliability may be much greater than the component reliability. A roof truss
itself, is a subsystem with several possible failure modes that are being studied in this test
program. These trusses are constructed of CFS members that nest witlotbee anthe truss
nodes and are connected by drilling fasteners through the mated surfaces, as well as having steel
sheathing fastened to the top chords for lateral bracing. Presented in this paper is a seres of full
scale static tests on single cdtimed steel roof trusses with a unique experimental setup. The
test specimens were carefully monitored to address multiple failure modes: buckling of the top
chord, buckling of the truss webs, and any connection failures. This paper includes the
experimentaresults, the computed system reliability of the trusses as well as their relationship
between the components reliability.

! Graduate Research Assistddhiversity of North Texas<adamjohnson2@my.uedu>

2 Engineer in Training, NBM Technologies brooks.smith@nbmtech.com

3 Associate Professor, Virginia Tech Iiste for Creativity, Arts, and Technology, <cmoen@vt.edu>
4 Professor, University of North Texas, <cheng.yu@unt.edu>



Introduction

System reliability is a weltleveloped topic from a theoretical perspective, however there are still
many barriergo its implementation in colbrmed steel (CFS) design. Direct simulations to
obtain the system probability of failure while considering strength, material properties, and
applied loads as random variables is one possible approach. However, the regtistecs sire

often not available and high reliability computational simulations of a real building to collapse
remain elusive, with many of these simulations requiring a Monte Carlo approach. Element
based load resistance factor design (LRFD) has servedstructural engineering design
community well with its conceptual simplicity, but its equivalent for complex structural systems
such as buildings or even bridges, or for simpler subsystems such as walls and roofs, are not well
developed enough, resulting the reliability of an element (i.e. a CFS stud member) being
misaligned with the reliability of the system (i.e. several studs connected with bridging and
sheathing to make a load bearing wall). With that in mind it should be noted that the gasl of thi
research is to advance the treatment of CFS structural reliability in roof trusses and to ultimately
move that much closer to a solution to system reliability in their structural design, where this
paper will present the results gathered from a seri@dlafcale static tests on single as well as a
system of CFS roof trusses with a unique experimental setup.

Test Setup

Single Truss Tesketup

Trusses are constructed of CFS members that nest with one another at the truss nodes and are
connected by seffirilling screw fasteners through the mated surfaces. Steel or wood sheathing is
thoroughly fastened to the truss top chords and provide lateral bracing. A roof truss itself, is a
subsystem with several possible failure modes that will be studied in shiprtgram. The

testing equipment that will be used consists of 12 hydraulic cylinders that can apply a uniform
downward pressure to the top chord of the triisg. 1 andFig. 2 respectively illustrate the

testing setup for single truss specimen manufadtby Aegis and TrusSteel companies. Bigs

a photograph taken during our first trial test for the TrusSteel single truss tests.
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Figure 1: Test Setup for Aegis Single Truss
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Figure 2: Test Setup for TrusSteel Single Truss

Figure 3: TrusSel Test Seup ‘

A series of fullscale static tests on CFS roof trusses with a unique experimental setup were
conducted in the University of North Texasbo
were carefully monitored and three main failure nsogdere observed: buckling of the top chord,
buckling of the truss webs, and any connection failures. Table 1 lists the testing matrix that was
used to test the two different truss profiles in this research anB kgya photograph taken

during our firsttrial test for the single truss tests.



Table 1 Test Matrix

Truss Truss Truss Force . .
Profile System Test Slope Span | Profile Test per Profile | Trial Extra
Test Tests
single truss 3 1 1
2 trusses ] 1 1
TrusSteel connected w/ 4:12 23 ft. graVIty
metal bdeck 3
sheathing
1 1
single truss 3
Aegis | 2trusses 4:12 23 ft. | gravity 1 1
connected w/
metal bdeck 3
sheathing

Figure 4: TrusSteel Test Stu

Test Setup for Truss System

In addition to the single truss tests, as specified in the trugggtesatrix in Table 1, system tests

were also performed using two trusses that were primarily connected using CFS steel corrugated
decking. Fig5 is a photograph taken of the system truss tests.



Figure 5: System Truss Setup TrusSteel

Fig. 5 shows thdest setup for the system tests, as well as how the trusses were braced to limit
out-of-plane movement. The system test setup differed from the single truss setup in that it used
a different loading pattern. The system trusses usegowd loading systas located at a third

of the length of the trusses, versus the uniformly distributed loading applied to the single trusses.
Two sensors were used to measure the displacement of both joints where the top chord, bottom
chord, and web members converge. Anptiveo sensors were placed at the midpoints of the
truss system, one at the peak of the trusses and one located at the bottom midpoint of the trusses.
Finally, the fifth sensor was to be placed on a web member to record tbkEmabe movement

for the triss system.

Test Specimens

As indicated in previous section, CFS roof trusses manufactured from two companies, Aegis and
TrusSteel. The truss dimension details are provided in the Appendix. To verify the material
properties of the trusses as well as emshe correct data was used for the analysis, coupon tests

were performed on each component for each truss configur@aupon tests were conducted

perthe ASTMA3700 6 A St andard Test Methods and Definit
Products. The coupon test results are summarized in Table 2.

The test results indicate that the coupons meet the minimum ductility requirement by North
American Specification for Design of Cekbrmed Steel Structural Members1B0Edition

(AISI S100616), which requies the tensile strength to yield strength ratio greater than 1.08, and
the elongation on ai. gage length higher than 10%.



Table 2: Coupon Test Results

Uncoated vield Stress Tensile Elongationfor 2
Member Thickness F,, (ksi) Strength & Fu/Fy in. Gage Lengtt
(in.) v (ksi) (%)

TrusSteel Bottom Chord 0.03512 67.3 81.3 1.207 15.7%
TrusSteel Top Chord 0.03603 67.2 87.0 1.294 31.2%
TrusSteel Web Member 0.03419 65.5 71.4 1.091 25.1%
Aegis Bottom Chord 0.03478 56.7 70.9 1.249 30.6%
Aegis Top Chad 0.03519 55.4 60.3 1.089 26.1%
Aegis Web Member 0.03471 54.7 60.8 1.111 22.6%

Test Results
Single Truss Test Results

This research is investigating the system reliability of the trusses as well as their relationship
between the components reliabilityhe failure sequences, loaddustribution mechanisms, and

the load vs. deflection responses at various stages are being studied. The figures below illustrate
the test results for two TrusSteel single trussess@tgures show the applied load vs. vedl
displacement at the ridge of each truss along with failure mode at each peak point. The first
failures for these tests all occurred in their top chords that experienced local buckling. After the
top chords failed the web components were the nexiltadat before the truss system reached

its ultimate capacity.
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Figure 6: TrusSteel Testing summary of midpoint displacement sensors with failure pictures at peak loads (TrusSteel

Test #2)
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Figure 7: TrusSteel Testing summary of midpoint displacenersss with failure pictures at peak loads (TrusSteel
Test #5)

Fig. 6 andFig. 7 illustrate the test results fawd TrusSteel single trusses. Théigaires show the
applied load vs. vertical displacement at the ridge of each truss along with failureatrezizh

peak point. The trusses in these tests both had their first failing component in the top chord. The
top chord failed due to local buckling
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Figure 9: Aegis Testing summary of B.C. midpoint displacement sensors with failure pictures at peak loads (Aegis
Test #5)



Fig.8 andFig. 9 illustrate the different failure modes that were recorded using the sensor located
at the pealof the truss for two of the truss tests performed for the Aegis configurations. Also,
Table 3 lists the observed failure mode sequence for all single truss tests. Table 4 provides the

peak loads and associated displacement for single truss tests.

Table 3:0Observed Failure Modes for Single Truss Tests

Truss Label

Failure Mode for ¥ Peak

Failure Mode for % Peak

TrusSteel Configuration

Top chord failures

Web member failures

Aegis Configuration

Top chord failures

Top chord failures

Table 4: Test Restd for Single Truss Tests
Deflection @ ¥ Peak (in.) 2" Peak

' Load (kips)

Load | Load
Cell | Cell
#1 #2

1.93 | 2.19

15t Peak
Load (kips)
Load| Load
Cell | Cell
#1 | #2

2.37|2.69

Truss

. J .
Label Deflection @ 2° Peak (in.)

Senso
#5

Senso
#4

Senso
#3

Senso
#2

Senso
#1

Senso
#5

Senso
#4

Senso|Senso
#2 #3

Senso
#1

TrusSteel
T#1
TrusSteel
T#2
TrusSteel
T#3
TrusSteel
T#4
Aegis T#1
Aeqis T#2
Aegis T#3
Aegis T#4
Aegis T#5

0.636| 0.126| 0.052| 0.797| 0.005 0.732] 0.075| 0.337| 1.170| -

2.22| 2.60| 0.630| 0.198| 0.001| 0.721| 0.140| 1.74 | 1.97| 0.810| - 0.348( 2.470| 0.387

2.26| 2.57|0.908| 0.087| 0.003 | 1.634| 0.128| 1.79 | 2.03| 1.120| 0.097| 0.157| 2.841| 0.561

2.10

1.75
1.46
2.05
1.30
2.09

2.38

1.74
1.70
2.02
1.49
2.21

0.531

0.829
0.625
0.790
0.794
0.691

0.236

0.915
1.260
1.244
1.141
1.065

0.003

0.137
0.215
0.237
0.383
0.203

0.809

0.622
0.741
0.769
0.254
0.720

0.212

1.256
0.119
0.112
0.025
0.140

1.58

1.51
1.32
1.91
1.30
1.69

1.80

1.50
1.31
1.90
1.29
1.68

0.792

0.932
0.781] 1.430
0.849] 2.190
1.204|2.740
0.881] 1.647

0.081
1.351

0.380

0.311
0.251
0.314
0.491
0.281

2.583

0.958
0.834
0.941

0.314

1.368
0.128
0.187
0.817
0.674

1.247

Fig. 10 andFig. 11 illustrate the different failure modes recorded by sensors located at the peak

of the TrusSteel trussods topischtords sabnsd baat tto
respectively, for all single truss tests. Although these displacement sensors are recording data at
different locations, we expected the data received from each to be very similar due to them being
located the same distance alohg tength of the truss.
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Figure 10: TrusSteel Testing summary of midpoint displacement sensor at top chord of trusses for all tests
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Figure 11: Aegis Testing summary of midpoint displacement sensor at bottom chord of trusses for all tests
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Truss Sgtem Test Results

This research is investigating the system reliability of the trusses as well as their relationship
between the components reliability. The failure sequences, ledidtribution mechanisms, and

the load vs. deflection responses at vagistages are being studied. For these truss system tests,
more components were added to the test such as the corrugekiry to gather data on how

the trusses will act in tandem with other trusses and connediiongach trussystemtested,
displa@ment sensors recorded the different movements at certain locations on & Tihess
locations are depicted iRig. 5, but essentially a sensor was located at both the peak and the
middle of the bottom chord for the systelm addition to these two sems, a sensor was located
underneath each of the two loading points connected to the corrugdesdibg, and the fifth

was located on the front of the truss to the top chord component to measwfeplaune
displacement.

Fig. 12 andFig. 13 illustrates the failure sequences of components, distributions of capacities at
various stages in the failure process, and the system effects on capacity and ductility as well as
illustrates a specific failure sequence and the loatisteibution mode that was obsed on the

system with two 23eet long CFS TrusSteel profile and corrugatedebking and CFS Aegis

profile with corrugated {ulecking respectively.

Figure 12: TrusSteel System Test Sensor located at the peak of the system with failure sequeotted phdtas
depicting the system failures
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