
CHAPTER 8 
 

EVALUATION OF COMPOSITE BEAM TESTS AT VT AND ELSEWHERE 
 
 
8.1 General 

 A new stud strength prediction method that was developed using push-out tests 

was presented in Chapter 6.  As discussed in Section 1.1, push-out tests are used to 

explore the effects of many different parameters on stud strength in a relatively easy 

fashion.  Push-out tests require significantly less time and material than full-scale beam 

tests and are much more sensitive than beam tests are to the strength of the studs.  

Because a composite beam’s bending strength is based on parameters other than stud 

strength, such as the geometric and strength properties of the steel beam and concrete, it 

is difficult to assess or “back-calculate” the shear stud behavior from a full-scale beam 

test.   

As an example, Fig. 8.1 shows how the bending strength of a beam varies with the 

strength of the studs.  The intersection of the curve with the left vertical axis represents 

the plastic flexural strength when no shear studs are used.  The intersection of the curve 

with the right vertical axis represents the strength of the beam with full composite action, 

where the sum of the strengths of the studs equals the yield strength of the bare steel 

beam.  Notice that the bending strength and percent composite action are nonlinearly 

related.  For low degrees of shear connection, the increase in stud strength causes a 

greater increase in bending strength than for high degrees of shear connection.  For 

example, at 50% composite action, the bending strength is about 80% of the fully-

composite bending strength.  To make the beam fully composite, i.e. increasing the  
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bending strength an additional 20%, the number of studs would have to be doubled.  This 

illustrates the sensitivity, or actually the lack of it, and thus indicates why it is reasonable 

to use push-out tests to formulate a stud strength model and to use beam tests to validate 

the model. 

This chapter will verify the new stud strength prediction method that was 

presented in Chapter 6 by using the results of experimental beam tests.  The stud and 

beam strengths from these tests will be compared to the AISC predicted strengths and 

also to the predicted strengths found from the new method.  The tests that will be studied 
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are those that were summarized by Grant et al (1977), along with more recent beam tests 

by Robinson (1988), Jayas and Hosain (1989), and Gibbings et al (1993), as well as the 

beam tests reported in Chapter 7.  All of these tests will be used again in Chapter 9 to 

determine a reliability factor for composite beams that are designed using this new stud 

strength prediction method. 

 

8.2 Composite Beam Test Parameters 

 Tables 8.1 and 8.2 report the parameters of the composite beam tests used in this 

study.  In cases where the stud tensile strength was unknown, a value of 65 ksi was 

assumed. 

 

8.3 Composite Beam Ultimate Strength Comparison 

8.3.1 General 

 The maximum experimental moment, Me, will be compared to strengths 

calculated using the AISC procedures (Load 1993), MAISC, and also to calculated 

strengths using the new stud model, Mc.  The experimental stud strengths, Qbc, that were 

found by back-calculating the stud strengths necessary to achieve the maximum 

experimental moments, will be compared to the AISC stud strength predictions, QAISC, 

and also to the new stud strength predictions, Qc.  
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8.3.2 AISC Flexural Theory 

 The flexural theory for composite beams, used by AISC, will now be reviewed.  

The predicted flexural strength of a composite beam is found from the following 

procedure: 

 

1. Sum the strengths of the studs, Qc or QAISC, located between zero and maximum 

moment.  At ultimate load, it is assumed that all studs in a “shear span” share 

equally the shear force at the concrete/steel beam interface.  If concentrated loads 

are applied to the beam, the flexural strength must be checked between zero 

moment and each location of a concentrated load.  In this case, only the studs 

located between zero moment and the concentrated load are to be used in the 

calculation of the flexural strength. 

2. Calculate the effective width, be, of the concrete slab.  The effective width on 

each side of the beam centerline is the minimum of 

• one-eighth of the beam span, center-to-center of supports 

• one-half the distance to the centerline of the adjacent beams 

• the distance to the edge of the slab 

3. Calculate the force, C, in the concrete slab at ultimate load.  This value is taken as 

the minimum of C1, C2, and C3, where 

ys1 FAC =  (8.1) 

( rslabeccc2 htbf850Af850C −== '' .. ) (8.2) 
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) gcalculatin f  (       ∑ ∑== AISCAISC3c3 MiQCorQC  (8.3) 

( 321 CCCC ,,min= )  (8.4) 

4. Calculate the depth, a, of the equivalent rectangular stress block in the slab.  This 

depth must be equal to or less than the thickness of the slab above the deck ribs. 

ecbf
Ca '85.0

=  (8.5) 

5. Determine the location of the plastic neutral axis (p.n.a.).  This assumes that the 

steel section has reached its yield stress at all locations.  If the beam is partially 

composite, the p.n.a. may be located in the web or flange of the steel beam.  If the 

beam is fully composite ( )∑ ≥ ysc FAQ , the p.n.a. is located in the slab. 

6. Calculate the flexural strength of the beam.  Add the couples caused by the 

compression force in the concrete and the compression and tension forces in the 

beam, with respect to a force, such as the tension force in the bottom flange, in the 

beam.  To do this, two different models may be used to account for the fillets in 

the steel section.  The model used herein assumes that the two flange areas each 

equal the product of the flange thickness and flange width.  The web area is 

assumed to equal the total beam area minus the two flange areas.  The web 

thickness is the web area divided by the web height, which is equal to the total 

beam depth minus the two flange thicknesses.  The expression for the flexural 

strength, given by AISC, is as follows: 

( ) ( 2321 ddPddCM yn −++= )  (8.6) 

where Py = tensile strength of the steel section = AsFy 
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d1 = distance from the centroid of the compression force C in concrete to 

the top of the steel section 

d2 = distance from the centroid of the compression force in the steel 

section to the top of the steel section 

d3 = distance from Py to the top of the steel section = 1/2 (beam depth) 

 An example, using the parameters of beam test 1, is given in Appendix A. 

 

8.3.3 AISC 

8.3.3.1 Flexural Strength 

 The experimental flexural strength, Me, and AISC calculated flexural strength, 

MAISC, are given in Table 8.3, and are shown graphically in Fig. 8.2.  The average ratio of 

experimental-to-AISC calculated flexural strength for the tests performed before Grant et 

al (1977) is 0.980; for the tests performed by Grant et al (1977) is 0.946; and for the tests 

performed since Grant et al (1977) is 0.945.  These and other statistical parameters are 

given in Table 8.5.  These ratios demonstrate that the AISC specification is 

unconservative for predicting flexural strength. 

 

8.3.3.2 Shear Stud Strength 

 The experimental shear stud strength, Qbc, and AISC predicted shear stud 

strength, QAISC, are given in Table 8.4, and are shown graphically in Fig. 8.3.  The 

average ratio of experimental-to-AISC predicted stud strength for the tests performed 

before Grant et al (1977) is 0.866; for the tests performed by Grant et al (1977) is 0.743;  
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and for the tests performed since Grant et al (1977) is 0.808.  These and other statistical 

parameters are given in Table 8.5.  These ratios demonstrate that the AISC stud strength 

model is unconservative for predicting the strength of studs in deck transverse to the 

beam. 

 

8.3.4 New Strength Prediction Method 

8.3.4.1 Flexural Strength 

 The experimental flexural strength, Me, and new calculated flexural strength, Mc, 

are given in Table 8.3, and are shown graphically in Fig. 8.4.  The average ratio of 

experimental-to-new calculated flexural strength for the tests performed before Grant et 

al (1977) is 1.050; for the tests performed by Grant et al (1977) is 0.961; and for the tests 

performed since Grant et al (1977) is 1.017.  These and other statistical parameters are 

given in Table 8.5.  These ratios show that the new stud strength model yields flexural 

strengths closer to those obtained by tests than the AISC stud strength model. 

 

8.3.4.2 Shear Stud Strength 

 The experimental shear stud strengths, Qbc, and new predicted shear stud 

strengths, Qc, are given in Table 8.4, and are shown graphically in Fig. 8.5.  The average 

ratio of experimental-to-new predicted stud strength for the tests performed before Grant 

et al (1977) is 1.183; for the tests performed by Grant et al (1977) is 0.817; and for the 

tests performed since Grant et al (1977) is 1.075.  These and other statistical parameters  
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are given in Table 8.5.  These ratios show that the new stud strength model yields stud 

strengths closer to those obtained by tests than the AISC stud strength model. 
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