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Problem 1
Determine if a HF No.1 38mm x 140 mm (2x6) brace is adequate for the tension load conditions listed below. The brace has a bolted connection which removes 20% of the gross area (An = 80% Ag). The brace is not treated and in dry service conditions; it does not share the load with any other wood member. 

Unfactored tension loads:
Live load: 5 kN
Dead: 2 kN
Wind: 3 kN

Specifically:
a) Determine the factored loads
b) Determine the tension resistance through detailed calculations
c) Determine the tension resistance using design aids
d) Determine how the resistance would change if the load duration changed



Solution:
Part a)
Based on the provided loads, Load Case 2 and 4 need to be considered. Load Case 1 and 3 will not govern as the live loads and wind loads are significant relative to the dead loads and the snow load is zero, respectively (Table 1.2, page 7).
So:




Therefore, the member must be checked against a tension load of 11.2 kN. 
Note: In both combinations the shortest duration load is the wind load, which is considered a short duration load. 
Part b)
Cl. 6.5.8 covers tension resistance parallel to grain:
 

where
φ = 0.9

	ft = Specified strength in tension parallel to grain = 6.2 MPa (Table 6.4, Structural Joist + Plank)
KD = Load-duration factor = 1.15 (Short term) (Cl. 5.3.2 & 6.4.1, Table 5.1)
KH = System factor = 1.0 (No system) (Cl. 5.3.5 & 6.4.4, Table 6.12)
KSt = Service-condition factor = 1.0 (Dry condition) (Cl. 5.3.3 & 6.4.2, Table 6.10)
KT = Preservative and fire-retardant treatment factor = 1.0 (Cl. 5.3.4 & 6.4.3.1, Table 6.11)
	



 
KZt = Size factor in tension = 1.3 (Cl. 5.3.6 & 6.4.5, Table 6.13)


Therefore, the section is adequate to resist the 11.2 kN load (. 


Part c)
This problem satisfies the checklist (Pg. 225) except that the load duration is not standard and a correction needs to be applied for the reduced area (denoted AR here). From Pg. 230: 



This is the same as above.

Part d)
Observe that the load duration has a significant impact on the resistance. The resistance decreases as the load duration increases. 
Short term: KD = 1.15 (Table 5.1)


Standard term: KD = 1.00 (Table 5.1) 


Long term: KD = 0.65 (Table 5.1)




Problem 2
Show that the tension capacity of a SS-SPF 64×286 is 142 kN (Pg. 231 of Volume 1).


Solution: 
The factored tensile resistance based on gross area, Tr, parallel to grain shall be taken as follows (Cl. 6.5.8): 

where 
φ = 0.9

ft = 8.6 MPa (Table 6.4, Structural Joist + Plank)
KD = Load-duration factor = 1.0 (Standard term) (Cl. 5.3.2 & 6.4.1, Table 5.1)
KH = System factor = 1.0 (No system) (Cl. 5.3.5 & 6.4.4, Table 6.12)
KSt = Service-condition factor = 1.0 (Dry condition) (Cl. 5.3.3 & 6.4.2, Table 6.10)
KT = Preservative and fire-retardant treatment factor = 1.0 (Cl. 5.3.4 & 6.4.3.1, Table 6.11)



 (Cl. 5.3.8)
KZt = 1.0 size factor in tension (Cl. 5.3.6 & 6.4.5, Table 6.13)



This value matches the design aids (. 



Problem 3
Determine what size of a SPF No. 2 member is required to resist an 80 kN factored compression load. The member is 2 m long with pin-pin support conditions and a square cross section. The member will be used in wet service conditions. 


Solution:

We can use the design tables to guide us, but we need to be cautious of the wet service conditions since the conditions of the checklist (Pg. 173) are not satisfied. 

From Table 6.10, for wet service conditions the correction for compression parallel to the grain, KSc, is either 0.69 or 0.91 depending on the least dimension. An 80 kN load is relatively large, so we will assume the least dimension is over 89 mm. So, we are approximately looking for a member that can resist:



Since the equations for compression parallel to the grain are nonlinear, this is just an approximation. It may or may not be a good one. 

Note: The selection tables associated with the checklist on Pg. 173 do not contain members with least dimension of 89 mm or less. The stud wall selection tables could be used for lower loads (Pg. 157). 

The SPF No. 2 140 mm x 140 mm has a resistance of 93.0 kN under dry service conditions (Pg. 187). We will select this section and confirm the capacity through detailed calculations for wet service conditions.

Check the compression parallel to the grain resistance (Cl. 6.5.5.2). Normally we would need to consider the major and minor axis, but since the section is square and the effective lengths are the same, we only need to complete one calculation.

Solve the strength:

fc = 5.4 MPa (Table 6.7, Post and Timber)
KD = 1.0 (Standard term) (Cl. 5.3.2 & 6.4.1, Table 5.1)
KH = 1.0 (No system) (Cl. 5.3.5 &Cl. 6.4.4, Table 6.12)
KSc = 0.91 (Wet service condition and min. dimension > 89 mm) (Cl. 5.3.3 & Table 6.10) 
KT  = 1.0 (No treatment) (Cl. 5.3.4 & 6.4.3.1, Table 6.11)





Solve the size factor:





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

Solve the slenderness ratio, Cc (Cl. 6.5.5.2.2):





Note: If Cc > 50, the member is unacceptable regardless if the strength is calculated to be adequate. 

From Cl. 6.5.5.2.5, the slenderness factor, Kc, can be calculated:

E05 = 4500 MPa (Table 6.7, Post and Timber)
KSE = 1.0 (Table 6.10) (Wet service conditions, min. dimension > 89 mm)





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

Solve compression capacity:





Therefore, the column can support 85.2 kN and is therefore acceptable for the intended application (. 

Note: This represents a ratio of 0.92 from the design table, so the reduction was actually slightly less than the 0.91 factor. It is possible that the reduction is more or less, it just depends on the situation which is why detailed calculations are required!

Problem 4
A large beam is required to transfer three point loads to nearby supports in order to provide an opening in a structure, as illustrated below. All loads are factored and are classified as standard duration. 

a) Determine the factored moment and shear which the beam is subjected to. 
b) Using design aids, select a sawn lumber member based on moment and shear requirements only. 
c) Using design aids, determine the length-of-bearing required at:
I. The locations of the 10 kN point loads
II. The ends of the beam
d) Confirm the bearing length in Part c) II is correct through detailed calculations. 


[image: Sketch of the simply supported beam subjected to three point loads. ]

Solution:
Part a)
In lieu of more detailed analysis, the load diagrams provided in the Wood Design Manual are used. Note that the loading condition is not explicitly provided in the tables, however, the principal of superposition can be applied. Thus, the load conditions above can be viewed as Case 7 and Case 9 summed together (Pg. 946). 






Part b)
All of the conditions for sawn timber in the beam checklist (Pg. 67) are satisfied. Therefore, the selection tables can be used directly without correction. 
Select a DFL 292x343 mm SS beam (Pg. 79). 


Note: There is more than one possible answer that would satisfy these constraints. 

Part c)
I. Locations of the 10 kN point loads
The checklist for bearing is on Pg. 327. All conditions are satisfied except that the location of bearing is not at the ends of the member or in a location of high bending stress (the maximum bending stress is in the middle of the beam). Thus, the length-of-bearing factor, KB, need not be taken as unity. As the length-of-bearing is not known, an iterative approach will be used here. From the selection table on Pg. 333, for the selected member (DFL 292x343 mm SS):
	
	




This could be accepted as a conservative answer. However, as the length-of-bearing required is less than 12.5 mm, KB = 1.75 (Cl. 6.5.6.5 & Table 6.16), and:


Thus, the minimum length-of-bearing required at the 10 kN point loads is 3.5 mm. 
Note: This calculation assumes that the bearing load is applied over the entire 292 mm width! 


II. Ends of the beam
All of the checklist conditions for bearing are satisfied (Pg. 327). From the selection table on Pg. 333:



Therefore, a minimum length-of-bearing of 13.7 mm is required at the ends of the beam. 

Part d) 
Cl. 6.5.6.2 applies. Determine the strength for compression perpendicular to the grain (for the selected member DFL 292x343 mm SS):
fcp = 7.0 MPa (Table 6.7, Post and Timber)
KD = 1.0 (Standard term, Cl. 5.3.2 & 6.4.1, Table 5.1)
KScp = 1.0 (Dry service condition, Table 6.10) 
KT  = 1.0 (No treatment, Table 6.11)

Determine the correction factors:
 (Load is applied at the end of the member, Cl. 6.5.6.5 & Table 6.16)
 (The width is 292 mm and depth is 343 mm in this case, Cl. 6.5.6.4 & Table 6.15)



By setting the resistance equal to the factored load, the minimum length-of-bearing required can be calculated: 






This result agree with the value determined using the design tables (aside from a minor rounding error).
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