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Problem 1
An architect requests that CLT wall panels be oriented on their weak axis for aesthetic reasons in a library. The wall panels support CLT floors with an 8 m span with a 2 m overhang with D = 3.0 kPa and L = 7.2 kPa. There are three identical stories; the height of each storey (i.e., wall height) is 4.5 m and can be considered pin-pin supported. E1 grade CLT panels are being used. 
a) Using design aids, select a CLT panel to support the applied loads to the major and minor axis. Comment on the differences. Assume the wall supports three identical stories. Do not consider bearing. 
b) Complete detailed calculations to confirm the compression resistance on the major and minor axis assuming that the loading is now classified as long-term. The effective section properties may be taken from the table on Pg. 209. Compare your answer to the values from Part a) and comment on the differences. 

Solution:
Part a)
Determine the factored loads applied to the floor CLT panel per 1 meter width. 


From the load diagram on Pg. 954, the reaction is: 




The above is the load applied per meter length of wall for a single storey. Since there are three identical stories: 

Thus, select a CLT panel to resist a factored load of 273 kN/m. 
This situation satisfies all of the checklist requirements (Pg. 209) to use the selection tables. If the loads are applied to the major axis, for wall height of 4.5 m, select a 3-ply panel (35 mm thick laminations) and stress grade E1: 

If the loads are applied to the minor axis, select a 7-ply E1 grade panel. 


The panel size required is substantially larger to resist the compressive loads on the minor axis (3-ply vs. 7-ply). Thus, it would be highly uneconomical to pursue this option. 

Part b)
Cl. 8.4.5 applies. Consider a 1 m width of panel.
Major axis (3-ply): 
Only plies that are load parallel to the grain are assumed to resist the load. Hence, the interior layer in this case is ignored. From Pg. 209: 




Solve Cc:




Note: if Cc > 43 the member is unacceptable regardless of if the strength is calculated to be adequate. 


Solve the size factor:




From Cl. 8.2.4 & Table 8.2:
fc = 19.3 MPa (longitudinal ply)
E = 11700 MPa (Table 8.2 note 6, longitudinal plies are MSR)

KD = 0.65 (long term, Cl. 5.3.2 & Table 5.1)
KH = 1.0 (no system)
KSc = 1.0 (dry service condition) 
KT  = 1.0 (no treatment)





E05 = 0.82E = 0.82 · 11700 MPa = 9594 MPa (Table 8.2 note 6, longitudinal plies are MSR)
KSE = 1.0 (dry service conditions)





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

Solve compression capacity:




Therefore, if the loads are long term, the resistance decreases by a factor of 0.87. 


Minor axis (7-ply): 
Only plies that are load parallel to the grain are assumed to resist the load. In this case, 4 layers are ignored including the exterior 2. From Pg. 209: 




Solve Cc:




Note: if Cc > 43 the member is unacceptable regardless of if the strength is calculated to be adequate. 

Solve the size factor:




fc = 9.0 MPa (From Cl. 8.2.4 & Table 8.2, transverse ply)
KD = 0.65 (long term, Cl. 5.3.2 & Table 5.1)
KH = 1.0 (no system)
KSc = 1.0 (dry service condition) 
KT  = 1.0 (no treatment)





E05 = 5500 MPa (Table 6.4, transverse plies are visually graded SPF No. 3/Stud)
KSE = 1.0 (dry service conditions)





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




Therefore, if the loads are long term, the resistance decreases by a factor of 0.74. 

Observe that the change in properties on the major and minor axis is not the same, nor are they equal to the reduction applied to the strength due to the long-term loads (i.e., 0.65).  


Problem 2
Confirm through detailed calculations that the effective properties provided on Pg. 209 for the minor axis strength of a 9-ply CLT panel is correct. 
Ieff = 872x106 mm4
Aeff = 140x103 mm2
reff = 78.9 mm

Solution:
Determine the effective second moment of area using the parallel axis theorem. The values in the table are for a 1 m length of wall. Note that all the plies are 35 mm thick. Only layers experience the load parallel to the grain are considered:







Determine the effective area: 


Determine the effect radius of gyration:



Problem 3
Consider the details from Problem 1 Part a). Assuming the wall is oriented for compression applied to the major axis, confirm that the E1 CLT floor panel is adequate for bearing. 
a) Confirm with detailed calculations
b) Confirm with design aids 

Solution:
Part a)
There are two bending conditions that must be checked; the effect of loads applied near a support (i.e., due to the stories above) as well as the effect of all applied loads. 
I. Effect of all applied loads (Cl. 8.4.7.2)
From Problem 1:

A 3-ply wall was selected; thus, the length-of-bearing is 105 mm (the width of bearing is taken as 1000 mm). 
Determine the strength for compression parallel to the grain:
fcp = 5.3 MPa (Table 8.2)
KD = 1.0 (standard term, Cl. 5.3.2 & 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, Table 6.16)
 (for all CLT panels)






Therefore, the design is acceptable for the effect of all applied loads. 


II. Effect of loads applied near a support (Cl. 8.4.7.3)
The loads applied near the support are primarily due to the upper stories. There is a small amount of uniformly distributed load that is applied within the center of the support and a distance equal to the depth of the floor, but this will be ignored. Thus, the applied load is from the two stories above the floor being considered:

Otherwise, many of the parameters are identical to the previous calculation. Note that the areas on either side of the panel are identical, thus A’b = Ab.



Part b) 
The checklist for bearing is on Pg. 327 and all conditions are satisfied. Thus, the tables can be used directly. The length-of-bearing is Lb = 105 mm. 
For the effect of all applied loads (Pg. 333): 


For the effect of loads applied near a support:


The above two values agree with the result obtained through detailed calculations. 
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