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Problem 1
Consider a DFL18t-E glulam beam. Determine the maximum area that can be removed such that the tensile strength based on the gross and net properties are the same (as a percent of gross area). 


Solution:

From Cl. 7.5.11, the tensile resistance based on net area and gross area are equated:





Solve the strength:
Ftg = ftg = 17.9 MPa (Table 7.2, no corrections)
Ftn = ftn = 23.0 MPa (Table 7.2, no corrections)



Therefore, if 22.2% of the area is removed the tensile resistance based on the net area and gross area will equal. If less area is removed the gross area will govern, if more area is removed the net area will govern. 


Problem 2
Consider a 175 x 266 mm SP 12c-E glulam column. The column is 7.5 m long and pin-pin supported.

a) Using design aids, estimate the maximum unbraced length on the minor axis such that the axial strength of the column is not reduced. 
b) Confirm your answer in Part a) for the minor axis only through detailed calculations. 


Solution: 

Part a) 

From Pg. 193, with a length of Le = 7.5 m: 


For the weak axis, with Le = 5.0 m:


Thus, if the weak axis is braced at 5.0, the axial strength is approximately equal. 

Note: This would imply that a portion of the column would have an effective length equal to 2.5 m (i.e., bracing at 5 m means the 7.5 m column is split between a 5 m segment and a 2.5 m segment). 

Part b) 

Check the Compression Resistance (Cl. 7.5.8):
Solve the strength:
Fc = fc = 25.2 MPa (Table 7.2, no corrections)

Solve the size factor:




Note: The length used in the equation is the actual length of the member, not the effective length. 

Solve Kc (accounts for slenderness effects):




Note: d represents the direction of buckling (minor axis in this case). If Cc > 50 the member is unacceptable regardless if the strength is calculated to be adequate. 
From Cl. 7.5.8.6:
E05 = 0.87E = 0.87 · 9,700 MPa = 8439 MPa (Table 7.2)





Note: Kc should always be less than or equal to 1. 

Solve compression capacity:




Therefore, the value is approximately equal to the selection tables. The difference is due to the actual size of the member being 7.5 m whereas the table assumes 5 m based on the unbraced length. 


Problem 3
Determine the length at which the tensile strength of a 365 x 608 mm DFL 24f-E is equal to the compressive strength. Consider buckling about the major axis only. To accommodate connections, 12% of the area of the member has been removed at the ends; the member is pin-pin supported. 


Solution:
The selection tables for glulam members focus on the grades for that primary stress type (e.g., f is primarily intended for situations where flexure is dominant and thus is not contained in the tension or compression selection tables). Thus, detailed calculations are required. 

From Cl. 7.5.11, determine the tensile resistance:

Solve the strength:
Ftg = ftg =15.3 MPa (Table 7.2, no corrections)





Ftn = ftn = 20.4 MPa (Table 7.2, no corrections)





Therefore, the tensile resistance is 3060 kN governed by the gross area. 

The question now requires that the length where the compression resistance is equal to the tensile resistance be determined (Cl. 7.5.8): 

Fc = fc = 30.2 MPa (Table 7.2, no corrections)
E05 = 0.87E = 0.87 · 12,800 MPa = 11,136 MPa (Table 7.2)

Solve the size factor:




The units of L in this expression is in m, for consistency convert the units to mm:


Solve Kc (accounts for slenderness effects):




[bookmark: _Hlk88724494]From Cl. 7.5.8.6:




Solve compression capacity:




Here, we see that Kc, KZcg, and Cc are all functions of L. In lieu of solving the above equation for L, Pr as a function of L is plotted: 



From the above, the required length is approximately 7900 mm. For lower lengths tension will govern, for longer lengths compression will govern. 



Problem 4
Check the bearing capacity of a glulam beam supported at both ends by columns. The D.Fir-L glulam beam is 3 m long and has a cross-section of 130 x 570 mm. The beam supports five evenly spaced 140 x 140 mm DFL solid sawn lumber rafters along the span (evenly spaced). Each rafter carries a factored load of 40 kN. 

Verify the bearing capacity at locations A, B, C, and D. Consider the bearing of the glulam beam only. Show through detailed calculations. 

[image: Sketch of the loading described in the problem. ]

This problem is adapted from Example 3 on Pg. 330. In the example, design aids are used. Here, detailed calculations are presented. 

Solution: 

Location A:

Since the point of bearing is within the depth of the member from the center of a support, both bearing conditions must be checked. 
I. Effect of all applied loads (Cl. 7.5.9.2)
Determine the strength for compression parallel to the grain:
Fcp = fcp = 7.0 MPa (Table 7.2, no corrections)

Determine the correction factors:
 (load is applied at the end of the member, Cl. 6.5.6.5 & Table 6.16)
 (the width, 130 mm, is more than double the thickness of a lamination, 38 mm) (Table 6.15)





Therefore, the design is acceptable for the effect of all applied loads. 
II. Effect of loads applied near a support (Cl. 7.5.9.3)
Many of the parameters are identical to the previous calculation. Solve A’b:



Therefore:



Location B:

Only Cl. 7.5.9.2 applies. Many of the previous variables still apply, however:
 (140 mm length-of-bearing, Table 6.16)





Location C:

Only Cl. 7.5.9.2 applies. The result is the same as location A since the load is applied in an area of high bending stress and KB = 1.0. 

Location D:

Both Cl. 7.5.9.2 and Cl. 7.5.9.3 apply; however, the latter has already been checked for location A. Thus: 
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