
3.2.3 Principal diagonal crack angles 
The angles of principal diagonal tension cracks recorded in the tests varied slightly. The angles 
formed to the left and right web opening were also different. Table 2 shows the angles (±2 degrees) 
of the principal diagonal tension cracks that were evaluated during the first part of the tests. It can 
be seen in Figures 7 to 10 that cracks were generated at the position of the web openings, where the 
steel experiences maximum stresses.   
 
Table 2. Angles of the Principal Diagonal Tension Cracks 

Beam USFB No.1 USFB No.2 USFB No.3 USFB No.4
Web Opening Left Right Left Right Left Right Left Right

Approximate Evalua-
tions - Angles (degrees) 33 25 33 29 37 32 33 31 

   
 

   
Figure 7. USFB No.1 at Failure point.                 Figure 8. USFB No.2 at Failure point. 

 

   
Figure 9. USFB No.3 at Failure point.                     Figure 10. USFB No.4 at Failure point. 
 

4 CONCLUSIONS 

The behaviour of all of the composite beams in the test series was similar and the results are there-
fore somewhat conclusive. The following conclusions can be drawn from this study: 
��
• All four composite Ultra Shallow Floor Beams (USFBs) showed similar behaviour in terms of 
failure mode configuration, stiffness and ultimate loading carrying capacity.  
• Due the concrete in-fill, the ultimate vertical load carrying capacity of the USFBs is double the 
capacity of the bare steel beam. 
• The failure mode of the non-composite beam changes when there is a concrete infill between the 
flanges. Following the formation of the large cracks, there is some residual strength in the concrete 
preventing local buckling and the load carrying capacity is somewhat higher than that of the bare 
steel beam. 
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• In composite beams, the concrete fails first before any significant distortion of steel web occurs.  
• The ultimate load carrying capacity of the composite beams is dependent upon its strength but 
appears to be relatively independent of the concrete quality. 
• For the composite beams, there is a significant and rapid drop in load after failure but the post-
failure loads were above those for the plain steel beam.  
• The four USFBs presented slightly different angles of cracking in the vicinity of the web open-
ings. For the weaker concrete, cracks occurred at an earlier stage of loading. 

The results from this study have been incorporated in the design software for Ultra Shallow Floor 
Beams (USFB AutoMate v1.0).    
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