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Problem 1
A glulam beam is required for a simple span with an overhang at one of the supports. The beam is 14 m in length and the overhang is 2 m. The tributary width of the beam is 6 m and it supports a dead load (including self-weight) of 2.5 kPa and a live load of 4.8 kPa. Select a D.Fir-L 20f-E based on moment, shear, and deflection requirements. Show through detailed calculations that your selection is adequate. The decking can be assumed to provide continuous support. A camber will be included to eliminate deflection due to dead loads; limit deflection due to live loads to L/180. 


Solution:

Since the beam is continuous over one support with an overhang, the possibility of live loads being applied to the overhang and not the main span (and vice versa) must be considered. The Load Case 1.25D + 1.5L governs. Thus, the factored uniformly distributed dead load, live load and combined load are:







For the deflection calculations, the unfactored distributed live load is:



Moment Considerations

In lieu of developing the bending moment diagram for the different situations, we will assume that the maximum moment due to live load and dead load occur at the same location on the main span and the overhang. The maximum moment values are provided on Pg. 954 where L = 14 m and a = 2 m. The subscript 1 will denote the maximum moment on the main span, and 2 the maximum moment on the overhang. 

Scenario 1: Main span and overhang fully loaded









Scenario 2: Live load applied to main span only





Note: In this case the live load does not contribute to any moment on the overhang and thus it will not govern. 

Scenario 3: Live load applied to overhang only



This is, in effect, identical to Scenario 1 with respect to the overhang. The moment on the main span does not need to be calculated as the dead load generates a positive moment and the live load generates a negative moment. Thus, it will not govern. 


Therefore, the beam must be designed for a maximum positive moment of 1499 kNm and a maximum negative moment of 124 kNm. 


Shear Considerations

The design of a glulam beam for shear is based on the total factor load applied to the beam, Wf. The fact that beam contains an overhang is considered in the resistance calculation. Thus:




Deflection Considerations

Similar to the moment calculation, the deflection needs to be considered for the main span as well as the overhang and for the different loading situations. The L/180 criterion applies for the length of the respective span being considered. For the main span, the maximum deflection will occur when the live load is applied to the main span only:







For the overhang, the deflection is maximized when the live load is applied to the overhang only: 







Thus, the main span governs. 




Selection Criteria

The checklist for selecting a glulam beam is on Pg. 67. It is important to note that the beam is not simply supported, and thus a correction to the shear resistance is required before selecting a beam. The table assumes Cv = 3.69 (i.e., simply supported beam with a uniformly distributed load). For our situation, Cv = 4.13 (Table 7.9, L1/L2 = 0.14, r* = 0; the lower value of Cv is selected). Thus, the value selected from the table needs to be decreased by the ratio of 3.69/4.13 (because the Cv is higher in our situation, the actual shear resistance will be greater than what is reported in the table). 
 
Select a glulam beam based on the following criteria: 


(Positive moment)

(Negative moment)




Note: In this case L is the total length of the beam. The correction comes from the volume term, Z, in Cl. 7.5.7.3.


Select a D.Fir-L 265x1482 mm beam:


(Positive moment)

(Negative moment)





Note: The selection was governed by shear requirements and detailed calculations are still required to confirm the selection is adequate (particularly for moment, which is missing the size and lateral support correction factors). 



Moment Resistance
Cl. 7.5.6.5.1 applies for glulam:


Since it is E grade, the bending strength is different in positive or negative moment regions. As the factored moment is an order of magnitude greater in the positive region, this is expected to govern. However, for completeness, both will be calculated. Considering the positive moment first: 
 Fb = fb = 25.6 MPa (Table 7.2, no corrections).

Size factor:




Note: L in this context is the distance from the point of zero bending moment to zero bending moment as defined in Cl. 7.5.6.5.1. Observing that a lower value of L will yield a higher value of KZbg, a value of 14,000 mm is selected. This represents the length of the main span only, which reflects the governing scenario (i.e., live load applied to main span only). 

Kx = 1.0 (there is no beam curvature, always the case in this course) 
KL = 1.0 (adequate lateral bracing is provided)

Section modulus:


Therefore:








Therefore, the moment resistance to positive bending is 1820 kNm which exceeds the factored moment of 1499 kNm; failure due to tension governs. 


Considering the negative moment, the only thing that changes is the strength and size factor: 
 Fb = fb = 19.2 MPa (Table 7.2, no corrections).

Size factor:




Note: L in this context is the distance from the point of zero bending moment to zero bending moment as defined in Cl. 7.5.6.5.1. Observing that a lower value of L will yield a higher value of KZbg, a value of 2,000 mm is selected. This represents the length of the overhang only, which reflects the governing scenario for negative moment. 


Therefore:








Therefore, the moment resistance to negative bending is 1660 kNm which exceeds the applied negative moment of 124 kNm; failure due to tension governs. 

The moment resistance for positive and negative moment is adequate. 



Shear Resistance 
Determine the volume of the beam:


Since the volume is greater than 2 m3, Cl. 7.5.7.3 a) applies:
Fv = fv = 2.0 MPa (Table 7.2, no corrections)
Cv = 4.13 (Table 7.9, L1/L2 = 0.14, r* = 0; the lower value of Cv is selected)







Thus, the shear requirements are satisfied. 


Deflection Requirements

Es = 12,400 MPa (Table 7.2, no corrections)





This exceeds the required value of 185,000x109 Nmm2. 



Problem 2
Consider a DFL 16c-E 9 m long 215 mm x 304 mm glulam column. The column is pin-pin supported. Buckling is restrained about the minor axis. 
a) Using design aids, determine the compression resistance of the column. 
b) Determine the moment resistance of the column. 
c) Determine the maximum factored moment the column can resist when a factored axial load of 150 kN is applied simultaneously. 

Solution:
Part a) Determine the compression resistance of the column
The checklist for compression parallel to the grain is on Pg. 173. As the conditions are satisfied, the compression resistance is (Pg. 194):


Part b) Determine the moment resistance of the column
Cl. 7.5.6.5.1 applies for glulam:


Fb = fb = 14.0 MPa (Table 7.2, no corrections, same for positive and negative moment).

Size factor:




Kx = 1.0 (there is no beam curvature, always the case in this course) 
KL = 1.0 (adequate lateral bracing is provided)

Section modulus:





Therefore:








Therefore, the moment resistance is 41.7 kNm; failure due to compression governs. 

Part c) Determine the maximum factored moment under combined loading conditions
The requirements for combined loading are provided in Cl. 7.5.12. 

where

For our case:
Le = L = 9 m
E = 12,400 MPa (Table 7.2)


As there are no corrections to consider:




The maximum factored moment can be determined by setting the left-side equal to the right-side and by using the answers to Part a) and b): 






Therefore, the maximum factored moment that can be applied is 28.8 kNm when a 150 kN axial load is also applied. 
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