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CHAPTER 4 

RELIABILITY STUDY 

 

4.1. General Information and Approach 

Current practice in the design of composite flexural members includes applying a 

strength reduction factor to the calculated flexural capacity of the member.  A strength 

reduction factor is presently not applied to the strength of shear connectors used to calculate 

the moment capacity of the member.  Some recent attempts have been made towards a 

complete separation of statistical characteristics of the strengths of shear connectors and the 

flexural members in which they are being used.  This issue, however, is beyond the scope of 

this study and will not be investigated here.  The purpose of the reliability study presented in 

this chapter was to derive a strength reduction factor φ for standoff screws, independent of 

the effect of statistical characteristics of standoff screw strength on the moment capacity of 

the joist.  Some issues pertaining to the application of standoff screws in composite joists will 

be discussed in Section 4.4. 

The strength prediction model derived in this study consists of four separate 

components.  Three of them (screw pullout, screw shear, and concrete rib failure equation) 

predict the strength of the shear connections in configurations in which the deck rib is 

perpendicular to the joist, and one (screw shear in solid slabs equation) predicts the strength 

in configurations in which the deck is parallel to the joist.  The equations derived have 

different degrees of accuracy. Specifically, each of the equations is predicting the strength for 

a particular mode of failure, and based on the accuracy of the model and the statistical 

variance in the strength of the corresponding material, different levels of statistical variation 

result in the ratio of observed-to-predicted strength for each particular mode of failure.  This 

was evidenced by the statistical characteristics of each model presented in Chapter 3.  

Consequently, the approach taken in this study was to derive three separate strength 

reduction factors for each of the equations predicting the strength in a specific mode of 

failure.  Based on the magnitude of the derived strength reduction factors, a single strength 

reduction factor was determined to conform to the safety criteria for all four models. 
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4.2. Relevant Statistical Characteristics and Parameters  

The coefficients of variation were calculated based on the comparison of observed to 

predicted strengths presented for each mode of failure in Chapter 3.  The coefficient of 

variation in the ratio of observed to predicted strengths is here termed the professional 

coefficient of variation, VP.  The values of VP for corresponding modes of failure are 

summarized as follows: 

 

VP, screw shear   = 0.08 

VP, concrete rib failure  = 0.10  

VP, screw pullout   = 0.06 

VP, solid slab failure  = 0.11 

 

 The average of the actual to predicted strength ratios, based on comparisons presented 

in Chapter 3, are summarized as follows: 
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 Material coefficients of variation, VM, include those of concrete compressive strength 

and standoff screw steel tensile strength.  The concrete information was collected from 

Galambos et al. (1976).  Due to the limited population of tensile tests performed on standoff 

screws, the VM based on those tests may be inaccurate.  In the absence of more appropriate 

information, the coefficient of variation for steel used in high-strength bolts (Fisher et al. 

1978) was assumed to approximately represent that of standoff screws until such time when 
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more accurate data becomes available.  As stated previously, the range of magnitude in yield 

strength of top chord angles was very small in the entire population of tests that failed by 

screw pullout type of failure.  Thus, the equation derived to predict the strength in screw 

pullout failures does not include the yield strength of the joist steel as its effect on the 

strength of shear connection could not be determined from the available information. 

Consequently, the material coefficient of variation for the pullout type of failure will be taken 

as zero, since the statistical scatter in the Grade 50 steel used in the push-out tests was in the 

range of 55 to 60 ksi.  Consequently, the statistical scatter in steel yield strength appeared not 

to have any observable effect on the strength of shear connection.   Statistical characteristics 

in the material strength for the other three equations are shown below: 

 

VM, standoff screw tensile strength  = 0.10 

VM, concrete compressive strength  = 0.22 

 

The mean ratios of observed to nominal strength for the two relevant materials are 

shown below.  The ratio shown for the compressive strength of concrete was also obtained 

from Galambos et al. (1976).  The ratio for the tensile strength of screws was calculated in 

this study from the available standoff screw tensile test data.   
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The coefficient of variation in fabrication, VF, was assumed to be 0.05 for all cases.  

In the earlier work done by Galambos and others, this factor was found to well represent the 

inaccuracies in fabrication of most of structural components not containing fillet-welded 

components.  Aside from accounting for fabrication related errors, VF also accounts for the 

variability in dimensions of base materials used in fabrication of composite flexural members 

(i.e. deck rib width, steel angle thickness, screw diameter). 
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4.3. Derivation of Strength Reduction Factor 

Each strength reduction factor was derived using Equation 1.22.  With the equation 

shown, a single resistance reduction factor was calculated for each of the failure modes, and 

based on their magnitudes, a single factor was determined for the entire strength prediction 

model.  

 

                                                     Φ = exp(-α β  VR)(Rm/Rn)                                            (1.22) 

where: 

 Rn  = nominal resistance 

 Rm  = mean measured resistance 

 α  = 0.55, a factor determined by Galambos et al. (1973) through error  

               minimization procedure 

β  = reliability factor 

 

 For the pullout failure equation, the (Rm/Rn) ratio is simply the average ratio of 

observed-to-predicted strength, as there are no material strength statistics to be considered in 

this type of the failure.  The (Rm/Rn) ratio for pullout failure equation was determined to be 

1.00.  VR was calculated to be 0.08 using Equation 1.19. 

 

                                        VV  V 2 22
PFM ++=RV                                                   (1.19) 

where: 

 VR   = variation in resistance 

VM  = variation in material 

 VF   = variation in manufacturing 

 VP   = variation in design theory 

  

 Table 4.1 shows the φ factors calculated for pullout type failure using Equation 1.22 

for the levels of reliability, β , between 3.0 and 4.0. 

 From the reliability standpoint, the concrete rib failure equation was somewhat more 

complicated to evaluate because the statistical characteristics of concrete had to be 

considered.  Also, the strength predicted by the concrete rib failure equation is not a function 
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of the concrete compressive strength, but rather a function of the natural log of the concrete 

compressive strength.  Given that, the value of VM had to be adjusted by Equation 4.1, in 

order for it to accurately reflect the influence of the concrete statistical variation on the final 

strength.  For concrete compressive strength values between 3,000 and 7,000 psi, the 

adjusted value of cf'M,V  equals 0.03.  Given that, the value of VR for the concrete rib failure 

equation was found to be 0.11. 
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The (Rm/Rn) ratio for concrete rib failures is represented by Equation 4.2.  For the 

values of concrete compressive strength between 3,000 and 7,000 psi, this ratio was found to 

be 1.02. 
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 As for the pullout equation, the values of φ for the concrete rib equation was 

calculated for the reliability indexes in the range of 3.0 and 4.0 and are presented in Table 

4.1. 

 The value of φ for the screw shear failure in both solid slab and formed deck 

configurations was quite simple.  The VR and (Rm/Rn) values for the former were 0.16 and 

1.25, respectively; while for the latter these values were found to be 0.09 and 1.15, 

respectively.  The (Rm/Rn) ratio was determined using Equation 4.3.  
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 As indicated for all other modes of failure, the values of the strength reduction factor 

for the two equations predicting strength based on screw shear failure were also calculated 

for various degrees of variability.  These are also summarized in Table 4.1.   

Table 4.1 suggests that the strength reduction factor for the concrete rib failure 

equation is somewhat lower than the factors derived for other 3 types of failures at 

corresponding reliability indexes.  This is generally expected since concrete, as a material, 

involves significantly higher statistical uncertainties than most steels.   

 

 Strength Reduction Factor (φφ ) 

Reliability Index 

(ββ ) 

Screw Pullout 

Equation 

Concrete Rib 

Failure Equation 

Screw Shear 

Equation          

(Ribs) 

Screw Shear 

Equation         

(Solid Slab) 

3.0 0.88 0.85 0.93 0.96 

3.1 0.88 0.84 0.92 0.95 

3.2 0.87 0.84 0.91 0.94 

3.3 0.87 0.83 0.90 0.94 

3.4 0.87 0.83 0.90 0.93 

3.5 0.86 0.82 0.89 0.92 

3.6 0.86 0.82 0.88 0.91 

3.7 0.86 0.81 0.88 0.90 

3.8 0.85 0.81 0.87 0.90 

3.9 0.85 0.80 0.86 0.89 

4.0 0.84 0.80 0.86 0.88 

Table 4.1 Comparison of Derived φ-Factors for Various Reliabilities and Modes of Failure 

   

 The reliability index used to calculate φ-factor for different types of structural 

components varies from 2.5 for beams in flexure, to 6 for high strength bolts (Gaylord et al. 

1992).  The reliability index used in composite beams is presently 3.0.   

 Based on application of the standoff screws, as considered in this study, and 

considering the fact that additional strength reduction may be applied to the flexural strength 
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of the composite members in which the standoff screws would be used, a reasonable 

reliability index for standoff screws is 3.5. 

 Based on the information presented in Table 4.1, a logical choice for a uniform 

reliability index to be applied to the entire strength reduction model is 0.85.  Specifically, the 

most current structural design codes stipulate strength reduction factors in increments of 

0.05.  With a φ-factor of 0.85, three out of four equations would have the reliability index of 

at least 3.5.  The concrete rib failure equation yields a strength reduction factor of 0.82 for 

the reliability index of 3.5.  However, applying the load reduction factor of 0.85 to the 

concrete rib failure equation does not significantly affect the safety, especially the 

considering fairly conservative data pertaining to the variance in concrete strength. 

 

4.4. Final Strength Prediction Model Summary and Its Application in Composite 

Flexural Members  

The model derived from this study, along with the corresponding φ-factor can now be 

summarized as shown in Equation 4.4. 

 

When the rib is perpendicular to the joist: 
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When the rib is parallel to the joist: 

                                                           φRn = φ 0.45AscFut                           (4.4b) 

where: 

 φ  = strength reduction factor = 0.85 

Rn = shear strength per screw, kips 

 ttc = top chord thickness, in. 

 Hs = screw height, in. 

hr = rib height, in. 
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 wr1 = bottom rib width, in. 

 f ‘c = concrete compressive strength, psi  

 Lsp = length of the shear plane, in. 
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 wr2 = top rib width, in. 

N = number of screws per rib ≤  12 

Asc = nominal cross-sectional area of the screw, in.2 

Fut = screw tensile strength stress, ksi 

 ls = vertical distance between screws in a rib, in. 

 

4.5. Effect of Statistical Characteristics of Standoff Screws on Flexural Strength of 

Composite Joists 

The influence of statistical variation in the strength of shear connectors on the 

flexural strength of a composite member varies depending on the type of member.  

Specifically, Figure 4.1 shows the relationship between the percent of composite action in a 

composite flexural member, and the ratio of actual-to-the moment at 100% composite action.  

In essence, the plot illustrates what losses occur in the moment capacity of the member with 

a decrease of shear connection below the level of what is necessary to develop 100% of 

composite action.  The Figure 4.1 shows this relationship for both composite beams and 

composite joists.  In cases where the composite action is at its maximum rate of 100%, the 

limiting component for a composite member is either the steel in its tension zone or the 

concrete in its compressive zone.  However, if the level of composite action is less than the 

maximum of 100%, the shear connection will be the limiting component.   

As can be seen in Figure 4.1 for composite beams, a member that is 75% composite 

in terms of shear connection has approximately 90% of its fully composite moment strength.  

The situation is different in the case of composite joists because of the commonly used 

design assumption of neglecting the top chord if the joist in the strength design calculations.  

This assumption is used because the neutral axis of a composite joist cross-section is so close 

to the geometric centroid of the top chord that its effect on the moment capacity of the 

section becomes negligible. 



 106

 
Figure 4.1 General Percent Composite Action vs. Mn/Mn,100% Composite  Plot 

 

Strength of Shear Connection Mn/Mn,100% Composite  

≥1.00 ΣRn 1.000 

0.95 ΣRn 0.950 

0.90 ΣRn 0.901 

0.85 ΣRn 0.851 

0.80 ΣRn 0.801 

0.75 ΣRn 0.752 

Table 4.2 Full Scale Test CSJ-12: Influence of the Amount of Shear Connection on the 
         Moment Capacity of the Member 

 

 The data presented in Table 4.2 was generated based on the configuration of 

full-scale test CSJ-12.  It essentially shows that for the specific case of CSJ-12 composite 

joist, the moment capacity of the joist is essentially a linear function of the strength of 

provided shear connection strength. 

With the design model for composite joists, the sensitivity of the flexural strength to 

changes in the shear connection strength is greater than for composite beams.  This may 
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warrant design models that incorporate a strength reduction factor (φ) on the shear 

connection for composite joists.  This should be a subject to future research. 

 

     

 

 

 

  

 

   

  

 

 

 


