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This thesis presents a research project aimed at advancing the treatment of cold-formed 

steel (CFS) structural reliability in roof trusses. Structural design today relies almost exclusively 

on component-level design, so structural safety is assured 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, or in a best-case 

scenario the 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 with one another at the 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 series of full-

scale static tests on single cold-formed 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 research includes the 

experimental results, the computed system reliability of the trusses as well as their relationship 

between the components reliability. 
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CHAPTER 1 

RESEARCH OBJECTIVE AND BACKGROUND 

The goal of this proposed research is to advance the treatment of cold-formed steel 

structural reliability in roof trusses and to ultimately move that much closer to a solution to 

system reliability in their structural design. 

System reliability is a well-developed topic from a theoretical perspective, however there 

are still many barriers to its implementation in cold-formed 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 required statistics are 

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 served the structural 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 in 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 goal of this 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 study will present the results 

gathered from a series of full scale static tests on single as well as a system of CFS roof trusses 

with a unique experimental setup. 
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CHAPTER 2 

TEST PROGRAM 

Commonly used CFS Trusses are constructed of CFS members that nest with one another 

at the truss nodes and are connected by self-drilling 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 this 

test program. The testing equipment that was used for single truss tests consists of 12 hydraulic 

cylinders that could apply a uniform downward pressure to the top chord of the truss.  

2.1 Truss Configurations and Test Setup for Single Truss Tests 

Figures 2.1 and 2.2 respectively illustrate the testing setup for single truss specimen 

manufactured by Aegis and TrusSteel companies 

 
Figure 2.1: Schematic of Test Setup for Aegis Single Truss 
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Figure 2.2: Schematic of Test Setup for TrusSteel Single Truss 

 

A total of 5 position seniors was used in the tests. The single truss setup used three sensors 

to measure the vertical displacement along the top chord and bottom chord. One vertical sensor 

was located on the bottom chord (sensor #2). Another sensor was placed at the truss’ peak (sensor 

#5) and another was located along the top chord (sensor #3). The fourth sensor was located at the 

rolling connection of the truss (sensor #4) and used to record the horizontal displacement. The fifth 

sensor was located on the top chord (sensor #1) near another sensor (sensor #3) but was used to 

record the out-of-plane displacement of the truss. Other parameters about the single truss test setup 

also include these tests being a load controlled test to determine the capacities of the trusses as 

well as monitoring the failure sequences. Regarding the boundary conditions of the truss test setup, 

a pin and roller connection was used. These connections were placed on top the load cells located 

at each end of the truss. Figures 2.3 and 2.4 illustrate the connections and load cells located at each 

end of the truss test setup. 

 



4 

 

Figure 2.3: Test Setup for Single Truss Pin Connection atop Load Cell #1 
 

 

Figure 2.4: Test Setup for Single Truss Roller Connection atop Load Cell #2 
 

A series of full-scale static tests on CFS roof trusses with a unique experimental setup were 

conducted in the University of North Texas’ structural testing laboratory. The test specimens were 
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carefully monitored and three main failure modes were observed: buckling of the top chord, 

buckling of the truss webs, and connection failures. Table 2.1 lists the testing matrix that was used 

to test the two different truss profiles in this research and Figures 2.5 and 2.6 are photographs taken 

during our first trial test for each single truss tests. 

 

Figure 2.5: TrusSteel Test Setup 
 

 

Figure 2.6: Aegis Test Setup 
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Table 2.1: Testing Matrix 

Truss 
Profile System Test Truss 

Slope 
Truss 
Span 

Force 
Profile 

Test per 
Profile 

 
Trial 
Test 

 
Extra 
Tests 

TrusSteel 

single truss 

4:12 23 ft. gravity 

3 1 1 
2 trusses 
connected w/ 
metal b-deck 
sheathing 

3 
 
1 

 
1 

Aegis 

single truss 

4:12 23 ft. gravity 

3 1 1 

2 trusses 
connected w/ 
metal b-deck 
sheathing 

3 
 
1 

 
1 

 

 It should be noted that although there are five sets of each test that only four TrusSteel 

single truss tests were recorded in this thesis, with the very first test being the only trial truss test 

performed for single truss testing. Due to it being a trial test, it was tested differently from the 

other single truss tests where it had loads applied and removed from it several times to gauge 

different capacities. All other single truss tests had a constant load applied until the truss failed 

completely. 

2.2 Test Setup for System of Trusses 

In addition to the single truss tests, as specified in the truss testing matrix in Table 2.1, 

system tests were also performed using two trusses that were primarily connected using CFS steel 

corrugated decking. Figure 2.7 is a photograph taken of the system truss tests. Figure 2.7 shows 

the test 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 used two-point loading systems located at a third of the length 

of the trusses, versus the uniformly distributed loading applied to the single trusses. Figure 2.8 

illustrates the loading system used for the system of trusses test setup.  
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Figure 2.7: System Truss Setup TrusSteel 
 

 

Figure 2.8: System Truss Loading Mechanism 
 
Two sensors were used to measure the displacement of both joints where the top chord, 

bottom chord, and web members converge (sensors #1 and #3). Another sensor was placed at the 

peak of the trusses (sensor #4). Finally, the fourth sensor was to be placed on a web member to 

record the out-of-plane movement for the truss system (sensor #2). Other parameters about the 
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system of trusses test setup also include these tests being a load controlled test to determine the 

capacities of the truss system as well as monitoring the failure sequences. Regarding the boundary 

conditions of the truss test setup, two pin and two roller connections were used. The pin 

connections were placed atop the load cells located one the same side at one end of the truss system 

and the rollers were located on the other ends of the truss system without load cells. Figures 2.9 

and 2.10 illustrate the connections and load cells located on the truss system test setup. 

                                                              

Figure 2.9: System Truss Roller Connection  
 

  

Figure 2.10: System Truss Pin Connection Sitting atop Load Cells #1 and #2  
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CHAPTER 3 

TEST RESULTS AND DISCUSSION 

3.1 Material Properties 

As indicated in the earlier section, these CFS roof trusses were manufactured by 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 ensure the correct data was used for the 

analysis, coupon tests were performed on each component for each truss configuration. Coupon 

tests were conducted per the ASTM A370-06 “Standard Test Methods and Definitions for 

Mechanical Testing of Steel Products”. The coupon test results are summarized in Table 3.1. 

The test results indicate that the coupons meet the minimum ductility requirement by North 

American Specification for Design of Cold-Formed Steel Structural Members 2016 Edition (AISI 

S100-16), which requires the tensile strength to yield strength ratio greater than 1.08, and the 

elongation on a 2-in. gage length higher than 10%.  

Table 3.1: Coupon Test Results 

Member 
Uncoated 
Thickness 

(in.) 

Yield 
Stress Fy, 

(ksi) 

Tensile 
Strength Fu 

(ksi) 
Fu/Fy 

Elongation 
for 2 in. Gage 
Length (%) 

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 Chord 0.03519 55.4 60.3 1.089 26.1% 
Aegis Web Member 0.03471 54.7 60.8 1.111 22.6% 
 

3.2 Single Truss Test Results 

This research investigated the system reliability of the trusses as well as their relationship 

between the components reliability. The failure sequences, load re-distribution mechanisms, and 

the load vs. deflection responses at various stages are being studied. The figures below illustrate 
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the test results for two TrusSteel single trusses.  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 next to fail right before the truss system reached its ultimate capacity. 

Figures 3.1 and 3.2 illustrate the test results for two TrusSteel single trusses. The figures 

show the applied load vs. vertical displacement at the ridge of each truss along with failure mode 

at each peak point. The applied load used in the graphs are calculated by summing the loads from 

Load Cell #1 and Load Cell #2 from each test but also subtracting the initial load which is just the 

weight of the truss, which yields the total loading applied to the truss system. The trusses in these 

tests both had their first failing component in the top chord. The top chord failed due to local 

buckling. 

 
Figure 3.1: TrusSteel Testing summary of midpoint displacement sensors with failure pictures at 

peak loads (TrusSteel Test #2) 
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Figure 3.2: TrusSteel Testing summary of midpoint displacement sensors with failure pictures at 

peak loads (TrusSteel Test #5) 
 

Figures 3.3 and 3.4 illustrate the different failure modes that were recorded using the sensor 

located at the peak of the truss for two of the truss tests performed for the Aegis configurations. 

Also, Table 3.2 lists the observed failure mode sequence for all single truss tests. Table 3.3 

provides the peak loads and associated displacement for single truss tests. 
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Figure 3.3: Aegis Testing summary of B.C. midpoint displacement sensors with failure pictures 

at peak loads (Aegis Test #3) 
 

 
Figure 3.4: Aegis Testing summary of B.C. midpoint displacement sensors with failure pictures 

at peak loads (Aegis Test #5) 
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Table 3.2: Observed Failure Modes for Single Truss Tests 
Truss Label Failure Mode for 1st Peak Failure Mode for 2nd Peak 

TrusSteel Configuration Top chord failures Web member failures 

Aegis Configuration Top chord failures Top chord failures 

 

Table 3.3: Test Results for Single Truss Tests 
Truss 

Label 

1st Peak 

Load (kips) 
Deflection @ 1st Peak (in.) 

2nd Peak 

Load (kips) 
Deflection @ 2nd Peak (in.) 

 
Load 

Cell #1 

Load 

Cell #2 

Sensor 

#1 

Sensor 

#2 

Sensor 

#3 

Sensor 

#4 

Sensor 

#5 

Load 

Cell #1 

Load 

Cell #2 

Sensor 

#1 

Sensor 

#2 

Sensor 

#3 

Sensor 

#4 

Sensor 

#5 

TrusSteel 

T#1 
2.37 2.69 0.636 0.126 0.052 0.050 0.797 1.93 2.19 0.732 0.075 0.337 0.220 2.58 

TrusSteel 

T#2 
2.22 2.60 0.630 0.198 0.012 0.247 0.721 1.74 1.97 0.810 - 0.348 0.387 2.470 

TrusSteel 

T#3 
2.26 2.57 0.908 0.087 0.003 0.128 0.942 1.79 2.03 1.120 0.097 0.157 0.221 2.841 

TrusSteel 

T#4 
2.10 2.38 0.531 0.236 0.003 0.212 0.809 1.58 1.80 0.792 0.081 0.380 0.418 2.583 

Aegis T#1 1.75 1.74 0.829 0.915 0.622 0.215 0.487 1.51 1.50 0.932 1.351 0.958 0.311 1.368 

Aegis T#2 1.46 1.70 0.625 1.260 0.641 0.119 0.315 1.32 1.31 0.781 1.430 1.251 0.128 0.934 

Aegis T#3 2.05 2.02 0.790 1.244 0.769 0.112 0.434 1.91 1.90 0.849 2.190 1.885 0.187 0.941 

Aegis T#4 1.30 1.49 0.794 1.141 0.383 0.254 0.425 1.30 1.29 1.204 2.740 - 0.317 1.180 

Aegis T#5 2.09 2.21 0.691 1.065 1.370 0.140 0.563 1.69 1.68 0.881 1.647 1.847 0.281 0.974 

 

Figures 3.5 and 3.6 illustrate the different failure modes recorded by sensors located at the 

peak of the TrusSteel truss’s top chord and at the midpoint of the Aegis truss’s bottom chord, 
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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 along the length of the truss.  

 
Figure 3.5: TrusSteel Testing summary of midpoint displacement sensor at top chord of trusses 

for all tests 
 

 
Figure 3.6: Aegis Testing summary of midpoint displacement sensor at bottom chord of trusses 

for all tests 
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3.3 System of Trusses Test Results 

This research also investigated the system reliability of the trusses as well as their 

relationship between the components reliability. The failure sequences, load re-distribution 

mechanisms, and the load vs. deflection responses at various stages are being studied. For these 

truss system tests, more components were added to the test such as the corrugated b-decking to 

gather data on how the trusses will act in tandem with other trusses and connections. For each truss 

system tested, displacement sensors recorded the different movements at certain locations on the 

trusses. The locations are depicted in Figure 2.7, but essentially a sensor was located at both the 

peak and the middle of the bottom chord for the system. In addition to these two sensors, a sensor 

was located underneath each of the two loading points connected to the corrugated b-decking, and 

the fifth was located on the front of the truss to the top chord component to measure out-of-plane 

displacement.  

Figures 3.7 and 3.8 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 load re-distribution mode that was observed 

on the system with two 23-feet long CFS TrusSteel profile and corrugated b-decking and CFS 

Aegis profile with corrugated b-decking respectively. These figures graph the applied load vs. 

displacement which provides an insight for the failures at their given applied loads and the 

deflection at which they occur. Where the applied load is the sum of Load Cell #1 and Load Cell 

#2 but also subtracting the initial load which is just the weight of the truss, which yields the total 

loading that is being applied to the system. 
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Figure 3.7: TrusSteel System Test Sensor located at the peak of the system with failure 

sequences and actual photos depicting the system failures 
 

 
Figure 3.8: Aegis System Test Sensor located at the peak of the system with failure sequences 

and actual photos depicting the system failures 
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Table 3.4 lists the observed failure mode sequence for all truss system tests and Table 3.5 

provides the peak loads and associated displacements for all truss system tests. 

Table 3.4: Observed Failure Model for Truss System Tests 
Truss Label Failure Mode for 1st Peak Failure Mode for 2nd Peak 

TrusSteel Configuration Top chord failures  Web member failures 

Aegis Configuration Top chord failures Web member failures 

 

Table 3.5: Test Results for Truss System Tests 

Truss 
Label 

1st Peak 
Load 
(kips) 

Deflection @ 1st Peak 
(in.) 

2nd Peak 
Load (kips) 

Deflection @ 2nd Peak 
(in.) 

 
Load 

Cell #1 

Load 

Cell #2 

Sensor 

#1 

Sensor 

#2 

Sensor 

#3 

Sensor 

#4 

Load 

Cell #1 

Load 

Cell #2 

Sensor 

#1 

Sensor 

#2 

Sensor 

#3 

Sensor 

#4 

TrusSteel 

T#1 
1.57 1.84 0.445  0.036  1.252  0.875  0.867 0.983 

1.616 

(in) 
0.037  3.215 1.463  

TrusSteel 

T#2 
1.6 1.88 1.376  0.005 1.093  0.614 0.895 1.015 1.601  0.006  2.285  1.347  

TrusSteel 

T#3 
1.59 1.87 0.836  0.041 1.064  0.582  1.17 1.33 1.414  0.041 1.224  0.908  

Aegis T#1 1.51 1.5 - 0.002  - 0.649  1.15 1.147 - 0.003  - 4.03  

Aegis T#2 1.46 1.45 0.692  0.001  0.807  0.465  0.577 0.573 1.047 0.003  1.477  3.291  

Aegis T#3 1.43 1.42 0.665  0.002  0.935  0.537  0.562 0.558 1.046  0.003  1.706  3.363  

 

For all the system tests, it is important to note that only two load cells were used to measure the 

loads being applied to the system. However, four supports were used in total, so all peak loads are 

estimated to be about double what is shown in Table 3.5. 
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CHAPTER 4 

TRUSS COMPONENT ANALYSIS 

In a perfectly optimized structural design, each component would be sized such that it 

exactly meets its target reliability. In practice, however, these nuances for optimization is neither 

practical nor desirable for reasons such as cost savings generated by consistency of member sizes 

within the building or commercial availability of members only in discrete size and shape 

increments. These factors combine to cause building designs to contain widely varying component 

reliabilities that may differ significantly from the target reliabilities. 

4.1 Demand-to-Capacity Ratios 

Demand-to-capacity ratios (D/C ratios) can be computed based on factored (Df/Cf) or 

unfactored (Du/Cu) values of the demand and capacity. Df/Cf can be interpreted relative to the key 

value of Df/Cf =1, at which the component exactly meets the design check and therefore would 

also be expected to exactly meet the target reliability implicit in the code. In some cases, 

assumptions have been made to allow computation of unfactored quantities in this research. 

Original design calculations correspond to ASCE 7-05 [18] for D, AISI S213-07 [19] for some C 

values and AISIS100-16 [20] for all other C. Most demands (D) and capacities (C) are based 

upon values and methodologies from the standards cited above, whereas the remainder of the 

equations came from design analysis performed by the truss manufacturers and allowed to be 

used in this research for these calculations. In AISI S100 nominal capacities are identical for 

ASD and LRFD and ASD safety factors are tied to LRFD resistance factors based on a single 

load combination [20,22]. With respect to gravity systems (ASD), deflection serviceability limit 

states for components governed by deflection limits, a serviceability limit state, instead of an 

ultimate strength limit state, uses the case of Cu=Cf. In cases with combined load effect limit 
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states for gravity systems (ASD), where the failure mode involves combined stresses from 

multiple load effects (i.e. combined bending and web crippling), unfactored demand and capacity 

cannot be calculated directly. Design standards provide interaction equations representing the 

combined effect of different load effects (i.e. shear and flexure). The upper limit to the inequality 

(usually 1.0) plays the role of factored capacity Cf, whereas the interaction value itself is the 

factored demand. Equation (1) illustrates how the unfactored demand Du can be obtained by 

setting all safety factors Ω = 1.0 in the interaction equation, and further assuming Cu=Cf. 

 

Equation (1): Demand-to-Capacity Interaction Equation 

 Tables 4.1 and 4.2 show the D/C ratios for each component of the Aegis and TrusSteel 

configuration respectively. Figures 4.1 and 4.2 illustrate the D/C ratios on their respective 

components. 

Table 4.1: Aegis Demand-to-Capacity Ratios 
Component Location 
Description Member Length (in.) Failure Mode D/C Ratio 

Lower left top chord 
35USC-
035-50 45.59 

Axial + 
Flexure 0.88 

Second left top chord 
35USC-
035-50 50.56 

Axial + 
Flexure 0.86 

Upper left top chord 
35USC-
035-50 46.03 

Axial + 
Flexure 0.76 

Upper right top chord 
35USC-
035-50 46.03 

Axial + 
Flexure 0.73 

Second right top chord 
35USC-
035-50 50.56 

Axial + 
Flexure 0.81 
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Lower right top chord 
35USC-
035-50 45.59 

Axial + 
Flexure 0.73 

Left bottom chord 
25USC-
035-50 43.35 

Axial + 
Flexure 0.82 

Left middle bottom chord 
25USC-
035-50 47.94 

Axial + 
Flexure 0.95 

Middle of bottom chord 
25USC-
035-50 87.63 

Axial + 
Flexure 0.82 

Right middle bottom chord 
25USC-
035-50 47.94 

Axial + 
Flexure 0.95 

Right bottom chord 
25USC-
035-50 43.35 

Axial + 
Flexure 0.82 

Left vertical web  
15USW-
035-50 17.32 

Axial - 
Compression 0.22 

Left angled web  
15USW-
035-50 58.43 

Axial - 
Compression 0.49 

Left middle vertical web 
15USW-
035-50 33.4 

Axial - 
Compression 0.59 

Left middle angled web to 
apex 

15USW-
035-50 64.63 

Axial - 
Compression 0.4 

Right middle angled web to 
apex 

15USW-
035-50 64.63 

Axial - 
Compression 0.41 

Right middle vertical web 
15USW-
035-50 33.4 

Axial - 
Compression 0.59 

Right angled web 
15USW-
035-50 58.43 

Axial - 
Compression 0.51 

Right vertical web 
15USW-
035-50 17.32 

Axial - 
Compression 0.22 

Left vertical end stub 
15USW-
035-50 2.58 

Axial + 
Flexure 0.03 

Right vertical end stub 
15USW-
035-50 2.58 

Axial + 
Flexure 0.02 

 

Table 4.2: TrusSteel Demand-to-Capacity Ratios 

Component Location Description Member 
Length 
(in.) Failure Mode D/C Ratio 

Lower left top chord 33TSC2.75 11.27 
Web Crippling + 
Flexure 0.56 

Second left top chord 33TSC2.75 71.43 Axial + Flexure 0.99 

Upper left top chord 33TSC2.75 62.76 
Web Crippling + 
Flexure 0.97 

Upper right top chord 33TSC2.75 62.76 Axial + Flexure 0.97 
Second right top chord 33TSC2.75 71.43 Axial + Flexure 0.99 
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Lower right top chord 33TSC2.75 11.27 
Web Crippling + 
Flexure 0.56 

Left bottom chord 33TSC2.75 91.50 Axial + Flexure 0.90 
Middle bottom chord 33TSC2.75 93.00 Axial + Flexure 0.70 
Right bottom chord 33TSC2.75 91.50 Axial + Flexure 0.90 
Left vertical end stub 33W.75x1.5 3.22 Axial + Flexure   

Left angled end stub 33W.75x1.5 10.38 
Web Crippling + 
Flexure 0.11 

Left web shallow angle 33W.75x.75 71.05 Axial + Flexure 0.96 

Left web mid angle 33W.75x.75 31.90 
Web Crippling + 
Flexure 0.75 

Left web apex to bottom 
connector 33W.75x1.5 65.36 Axial + Flexure 0.66 
Right web apex to bottom 
connector 33W.75x1.5 65.36 Axial + Flexure 0.69 

Right web mid angle 33W.75x.75 31.90 
Web Crippling + 
Flexure 0.69 

Right web shallow angle 33W.75x.75 71.04 
Web Crippling + 
Flexure 0.66 

Right angled end stub 33W.75x1.5 10.38 
Web Crippling + 
Flexure 0.75 

Right vertical end stub 33W.75x1.5 3.22 Axial + Flexure 0.96 
 

 

Figure 4.1: Aegis Components with Demand-to-Capacity values 
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Figure 4.2: TrusSteel Components with Demand-to-Capacity values 
 

4.2 Component System Reliability 

Based upon the principles of AISI S100-16 section K2.1.1, the probabilities of failure and 

associated reliability index ß values for each component are calculated. The unfactored demand 

and capacity are calculated using the given information from the truss manufacturers and the 

other methods prescribed above. Associated coefficients of variation (COVs) used in the below 

equation are consistent with AISI S100, and if ln (Cu/Du) is normally distributed with a failure 

criterion of ln(Cu/Du) < 0, such that ßu as shown in equation (2), equation (3) and equation (4). 

 

Equation (2): Unfactored Reliability Index Equation 

Further expansion of the formula with the COVs will yield figures 18 and 19. 

     
   Equation (3): Expanded Unfactored Reliability Index Equation  
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Equation (4): By using the COVs, the Unfactored Reliability Index Equation Expands 

 

Using the methods described earlier, the unfactored reliability index values for each 

component of each truss configuration was calculated. Tables 4.3 and 4.4 depict each 

component’s ßu for each respective truss configuration. Figures 4.3 and 4.4 illustrate ßu for each 

truss component. 

Table 4.3: Aegis Unfactored Reliability Index for each Component 

Component Location 
Description Member Length (in.) Failure Mode 

Unfactored 
Reliability 
Index (β) 

Lower left top chord 35USC-035-50 45.59 Axial + Flexure 4.78 

Second left top chord 35USC-035-50 50.56 Axial + Flexure 4.87 

Upper left top chord 35USC-035-50 46.03 Axial + Flexure 5.35 

Upper right top chord 35USC-035-50 46.03 Axial + Flexure 5.51 

Second right top chord 35USC-035-50 50.56 Axial + Flexure 5.10 

Lower right top chord 35USC-035-50 45.59 Axial + Flexure 5.51 

Left bottom chord 25USC-035-50 43.35 Axial + Flexure   

Left middle bottom chord 25USC-035-50 47.94 Axial + Flexure 5.06 

Middle of bottom chord 25USC-035-50 87.63 Axial + Flexure 4.49 

Right middle bottom chord 25USC-035-50 47.94 Axial + Flexure 5.06 

Right bottom chord 25USC-035-50 43.35 Axial + Flexure 4.49 

Left vertical web  15USW-035-50 17.32 Axial - Compression 5.06 

Left angled web  15USW-035-50 58.43 Axial - Compression   
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Left middle vertical web 15USW-035-50 33.4 Axial - Compression 10.34 

Left middle angled web to apex 15USW-035-50 64.63 Axial - Compression 6.59 

Right middle angled web to apex 15USW-035-50 64.63 Axial - Compression 6.51 

Right middle vertical web 15USW-035-50 33.4 Axial - Compression 7.38 

Right angled web 15USW-035-50 58.43 Axial - Compression 7.28 

Right vertical web 15USW-035-50 17.32 Axial - Compression 6.51 

Left vertical end stub 15USW-035-50 2.58 Axial + Flexure 6.43 

Right vertical end stub 15USW-035-50 2.58 Axial + Flexure 10.34 

 

Table 4.4: TrusSteel Unfactored Reliability Index for each Component 

Component Location Description Member 
Length 
(in.) Failure Mode 

Unfactored 
Reliability 
Index (β) 

Lower left top chord 33TSC2.75 11.27 
Web Crippling + 
Flexure 6.54 

Second left top chord 33TSC2.75 71.43 Axial + Flexure 4.32 

Upper left top chord 33TSC2.75 62.76 
Web Crippling + 
Flexure 4.42 

Upper right top chord 33TSC2.75 62.76 Axial + Flexure 4.42 
Second right top chord 33TSC2.75 71.43 Axial + Flexure 4.32 

Lower right top chord 33TSC2.75 11.27 
Web Crippling + 
Flexure 6.54 

Left bottom chord 33TSC2.75 91.50 Axial + Flexure 4.71 
Middle bottom chord 33TSC2.75 93.00 Axial + Flexure 5.69 
Right bottom chord 33TSC2.75 91.50 Axial + Flexure 4.72 
          
Left vertical end stub 33W.75x1.5 3.22 Axial + Flexure 13.02 

Left angled end stub 33W.75x1.5 10.38 
Web Crippling + 
Flexure 4.64 

Left web shallow angle 33W.75x.75 71.05 Axial + Flexure 4.93 

Left web mid angle 33W.75x.75 31.90 
Web Crippling + 
Flexure 6.08 

Left web apex to bottom 
connector 33W.75x1.5 65.36 Axial + Flexure 5.27 
Right web apex to bottom 
connector 33W.75x1.5 65.36 Axial + Flexure 5.27 
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Right web mid angle 33W.75x.75 31.90 
Web Crippling + 
Flexure 6.08 

Right web shallow angle 33W.75x.75 71.04 
Web Crippling + 
Flexure 4.93 

Right angled end stub 33W.75x1.5 10.38 
Web Crippling + 
Flexure 4.64 

Right vertical end stub 33W.75x1.5 3.22 Axial + Flexure 13.02 
 

 
Figure 4.3: Aegis Truss Components with Unfactored Reliability Indexes  

 

 
Figure 4.4: TrusSteel Truss Components with Unfactored Reliability Indexes  

 

 The unfactored reliability index values are very useful especially in design and analysis 

because these values can be used to predict the probability of failure for each component. Tables 

4.5 and 4.6 show the probability of failure Pf for each component for both truss configurations 

and equation (5) will illustrate the equation used to calculate the Pf. 
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Table 4.5: Aegis Truss Components Probability of Failure 
Component Location Description Member Pf 

Lower left top chord 35USC-035-50 8.62E-07 

Second left top chord 35USC-035-50 5.51E-07 

Upper left top chord 35USC-035-50 4.37E-08 

Upper right top chord 35USC-035-50 1.82E-08 

Second right top chord 35USC-035-50 1.66E-07 

Lower right top chord 35USC-035-50 1.82E-08 

      

Left bottom chord 25USC-035-50 2.13E-07 

Left middle bottom chord 25USC-035-50 3.62E-06 

Middle of bottom chord 25USC-035-50 2.13E-07 

Right middle bottom chord 25USC-035-50 3.62E-06 

Right bottom chord 25USC-035-50 2.13E-07 

      

Left vertical web  15USW-035-50 2.44E-25 

Left angled web  15USW-035-50 2.2E-11 

Left middle vertical web 15USW-035-50 3.69E-11 

Left middle angled web to apex 15USW-035-50 8.14E-14 

Right middle angled web to apex 15USW-035-50 1.66E-13 

Right middle vertical web 15USW-035-50 3.69E-11 

Right angled web 15USW-035-50 6.18E-11 

Right vertical web 15USW-035-50 2.44E-25 

Left vertical end stub 15USW-035-50 9.14E-72 

Right vertical end stub 15USW-035-50 1.55E-84 
 

Table 4.6: TrusSteel Truss Components Probability of Failure 
Component Location Description Member Pf 

Lower left top chord 33TSC2.75 3.08E-11 

Second left top chord 33TSC2.75 7.81E-06 

Upper left top chord 33TSC2.75 4.97E-06 
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Upper right top chord 33TSC2.75 4.97E-06 

Second right top chord 33TSC2.75 7.81E-06 

Lower right top chord 33TSC2.75 3.08E-11 

Left bottom chord 33TSC2.75 1.21E-06 

Middle bottom chord 33TSC2.75 6.46E-09 

Right bottom chord 33TSC2.75 1.21E-06 

      

Left vertical end stub 33W.75x1.5 4.63E-39 

Left angled end stub 33W.75x1.5 1.77E-06 

Left web shallow angle 33W.75x.75 4.09E-07 

Left web mid angle 33W.75x.75 6.12E-10 

Left web apex to bottom connector 33W.75x1.5 7E-08 

Right web apex to bottom connector 33W.75x1.5 7E-08 

Right web mid angle 33W.75x.75 6.12E-10 

Right web shallow angle 33W.75x.75 4.09E-07 

Right angled end stub 33W.75x1.5 1.77E-06 

Right vertical end stub 33W.75x1.5 4.61E-39 
  

  

Equation (5): Probability of Failure Equation 

4.3 Single Truss System Reliability 

Based off the design analysis, it was predicted that the Aegis and TrusSteel 

configurations would have a mean initial expected failure of 3.9 kips and 5.6 kips respectively. 

From the truss tests performed, it was determined that the Aegis and TrusSteel trusses had an 

actual mean initial failure of 3.6 kips and 5.1 kips respectively (both fall within a 10% margin, 
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with Aegis coming in at 9% lower and TrusSteel coming in at 8% lower than predicted). For the 

system reliability of the entire truss configuration, Equation (6) illustrates the method used to 

calculate the ßu. Table 4.7 shows the results from the calculation and the system reliability. 
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Equation (6): Entire Truss System Reliability Equation  

 

Table 4.7: Entire Truss System Reliability Index Value 

  System Capacity (Csys) 
System Demand (Dsys) 

 
Truss 
Profile Mean (kips) COV Mean (kip) COV ßsystem 

TrusSteel 5.1 0.15 2.8 0.21 2.4 

Aegis 3.6 0.16 2.8 0.21 1.7 
 

Table 4.7 shows that the single truss system reliability falls slightly below the target reliability 

value for a system, which is ß = 2.5. Another observation is that in this case study, the Aegis 

configuration has a higher demand-to-capacity testing ratio and ultimately yields a lower system 

reliability value. The same reasoning is followed with the component reliabilities, in that a lower 

demand-to-capacity ratio yields a higher reliability index value ergo a lower probability of 

failure is calculated. With that being said, based off of the results and what was observed in this 

case study, it was determined that TrusSteel had a lower probability of failure as a system. 
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4.4 System of Trusses System Reliability 

Using the same method as described in section 4.3, the system of trusses system reliability 

was calculated and is shown in table 14. 

Table 4.8: System of Trusses Reliability Index Value 

  System Capacity System Demand 
 

Truss 
Profile Mean (kips) COV Mean (kip) COV ßsystem 
TrusSteel 6.9 0.15 2.8 0.21 3.3 
Aegis 5.8 0.16 2.8 0.21 2.6 

 

 Based off the calculations and results shown in sections 4.3 and 4.4, it becomes obvious 

that the ß value increases in a system but that the increase is not perfectly linear and therefore 

only decreases the systems probability of failure by small amounts. It should be noted that by 

adding another truss and corrugated decking to the system of trusses that the system reliability 

index exceeded the target reliability value of ß = 2.5. 

4.5 Direct Strength Method Using CUFSM4 

 For the purposes of this research, validation of the values provided by the manufacturers 

from the design analysis was performed. The Direct Strength Method (DSM) was used to 

calculate the capacity of the Aegis truss configuration using the failure load combinations 

witnessed during testing. To perform the DSM calculations, CUFSM was needed to calculate the 

global, local, and distortional buckling modes for each truss component. Figure 4.5 illustrates the 

cross sections used in the CUFSM software for these calculations. Table 4.9 also present the 

results from the DSM calculations for each truss component for axial capacities. 
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Figure 4.5: Aegis Truss Component Cross Sections in CUFSM (Web, Top Chord, Bottom 

Chord, respectively) 
 

Table 4.9: Aegis Truss Components Axial Capacities 

 

 

 

4.6 Mastan Model 

For the purposes of this research, validation of the values provided by the manufacturers 

from the design analysis was performed. A Mastan model was created to calculate the demand 

based off the load failure combinations witnessed during testing for the Aegis truss 

configuration. Figure 4.6 illustrates the Mastan model created analyzed. 
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Figure 4.6: Aegis Truss Mastan Model 

 

It was determined that for some of the components that had the same load failure 

combinations, that the demand-to-capacity ratios were extremely close (a difference up to 4.2%) 

and that the unfactored reliability indexes were approximately equal. However, the Aegis 

manufacturers ran the design analysis through 20 different load combinations and yielded results 

for each combination. Therefore, some of the truss components did not all have the same load 

combinations and can explain why some of the D/C ratios varied. 

After performing the demand and capacity verification with the CUFSM4 and Mastan 

software, new demand-to-capacity ratios were calculated and are shown in a side by side 

comparison to the manufacturer provided demand-to-capacity ratios in Table 4.10. 

Table 4.10 shows that most of the new demand-to-capacity ratios duplicated or fell within 

a 6% range of the original ratios. The outliers that were not duplicated were due to a different 

loading performed in the Mastan modeling where no loads were directly applied to the bottom 

chord. However, the manufacturer used a loading on the bottom chord in their load combinations, 

thus creating the difference between the manufacturers provided demand-to-capacity ratios and 

the demand-to-capacity ratios using Mastan and CUFSM4. 
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Table 4.10: Original D/C ratios (left) compared with verified D/C ratios (right) 

     

 

  

Component Location Description D/C Ratio 
Lower left top chord 0.88 
Second left top chord 0.86 
Upper left top chord 0.76 
Upper right top chord 0.76 
Second right top chord 0.86 
Lower right top chord 0.88 
    
Left bottom chord 0.82 
Left middle bottom chord 0.95 
Middle of bottom chord 0.82 
Right middle bottom chord 0.95 
Right bottom chord 0.82 
    
Left vertical web  0.22 
Left angled web  0.51 
Left middle vertical web 0.59 
Left middle angled web to apex 0.41 
Right middle angled web to apex 0.41 
Right middle vertical web 0.59 
Right angled web 0.51 
Right vertical web 0.22 
Left vertical end stub 0.03 
Right vertical end stub 0.03 

 

Component Location Description D/C Ratio 
Lower left top chord 0.85 
Second left top chord 0.81 
Upper left top chord 0.77 
Upper right top chord 0.77 
Second right top chord 0.81 
Lower right top chord 0.85 
    
Left bottom chord 0.68 
Left middle bottom chord 0.74 
Middle of bottom chord 0.68 
Right middle bottom chord 0.74 
Right bottom chord 0.68 
    
Left vertical web  0.34 
Left angled web  0.51 
Left middle vertical web 0.71 
Left middle angled web to apex 0.4 
Right middle angled web to apex 0.4 
Right middle vertical web 0.71 
Right angled web 0.51 
Right vertical web 0.34 
Left vertical end stub 0.03 
Right vertical end stub 0.03 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK 

5.1 Conclusions 

In summary, this project thus far has produced valuable data from both single and system 

truss tests using both truss configurations to aid in understanding the correlation between member 

reliability and system reliability. From these results, it strengthens our theory about this system 

reliability topic, which says that these trusses have component reliability failures in their chord 

and web members but when introduced into a system that can be thought of as a single component 

such as a truss with many webs and a top and bottom chord, it becomes clear from this research 

that this system reliability is not greater than most of the component reliabilities and falls slightly 

below the target reliability of ß = 2.5. From the single truss test results, it can be determined that 

each truss on its own will have approximately three failure sequences. However, from the data we 

have on the system truss tests with corrugated b-decking, the data suggests that there will be at 

least two failure sequences but with some tests reaching up to three sequences as well. Regarding 

the system reliability, these cold-formed steel trusses have been analyzed to determine their 

demand-to-capacity ratios and reliabilities of the individual components. These factored demand-

to-capacity ratios give insight into the structural efficiency of the design with respect to code 

prescribed design checks and the unfactored component reliabilities define estimates of the 

probability of failure of these truss components. This research demonstrates that constructability 

that favor the use of uniform member sizes and serviceability requirements result in components 

with factored D/C ratios that are lower than the most efficient value of 1.0 and that there is a lot of 

variability within the structure of the D/C ratios. Also, component reliabilities significantly exceed 

target values of ß = 2.5 and vary greatly within these truss components. These research results 
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point to the system reliability of the entire single truss system being lower than its’ individual 

component reliabilities and falling slightly below the target reliability of ß = 2.5. However, it is 

observed that the system effect takes place during the system of trusses tests as well as through 

their calculation results, which yields a system reliability of the truss system exceeding the target 

reliability value of ß = 2.5.  

5.2 Recommendations for Future Work 

Future work for this research can begin to move forward with the finite element modeling 

and analysis of the truss configurations and to replicate virtually the results from the actual testing. 

The finite element model will be analyzed with a much greater precision and will ultimately aid in 

the calculations for predicting the failure loads for these truss configurations. By the same token, 

with the results that’s already been produced from these tests, it can be said that progress has been 

made and moved us that much closer to a solution to system reliability in structural design. 

Ultimately, as designers and code-writing committees seek to incorporate system reliability effects 

into their procedures, collections of other typical designs should be evaluated for the excess and 

variable as-designed reliability. If component reliability is found to be distributed similarly in other 

typical designs, opportunities may exist to account for this feature of the as-designed component 

reliabilities in design codes. Therefore, included in the next steps, perhaps methods can be 

developed for treating the structural system as an assembly of structural subsystems rather than an 

assembly of individual structural components. For example, a possibility may be the development 

of subsystem ‘super-elements’ that can be used to develop reduced degrees-of-freedom 

representations of the entire building. 



35 

APPENDIX 

CROSS SECTIONS FOR BOTH CONFIGURATION’S TOP CHORDS, BOTTOM CHORDS, 

AND WEB MEMBERS 
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TrusSteel Top and bottom chord 

 

 

Design thickness 0.0346 in. 

Fy 55 ksi  

Fu 65 ksi 

Gauge 20 
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TrusSteel Web Members 

 

 

Design thickness 0.0350 in. 

Fy 45 ksi  

Fu 55 ksi 

Gauge 20 
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    TrusSteel Manufacturer Provided Schematic 
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Aegis Top chord 
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Aegis Bottom chord 
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Aegis Web members 
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Aegis Manufacturer Provided Drawings 
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