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Problem 1
You are designing a CLT floor system. Due to architectural requirements, you must select a CLT panel that can support a 1.5 kPa dead load (does not include self-weight) and a 4.8 kPa live load subjected to bending about the major and minor axis in various areas of the structure. The maximum span where bending about the axis occurs is 6 m, the maximum span where bending occurs about the minor axis is 3 m. Select a panel design that minimizes the thickness and uses the lowest possible E grade. Consider moment, shear, and deflection. 

a) Use design aids to select an E grade CLT panel. 
b) Perform detailed calculations to confirm the selected panel is adequate for moment, shear, and deflection on the major and minor axis. You may use design aids for the effective bending stiffness and in-plane shear rigidity. 


Solution:

Part a)

There are several ways that this problem can be approached. It is important to observe that the self-weight of the CLT panel is unknown; a value could be assumed or included later during validation of a panel selection. 

The checklist for CLT bending members (Pg. 121) is satisfied, therefore the selection tables can be used directly. From the floor deflection selection tables (Pg. 129), it can be seen that none of the 3- or 5-ply E grade panels can accommodate a 6 m span on the major axis. Thus, a 7-ply E3 panel (245 mm thickness) is selected. The maximum length is given as 6.66 m on the major axis and 4.61 m on the minor axis. 

Note that these tables assume D = 1.5 kPa and panel self-weight is included in the dead load. The dead load in this problem is greater than 1.5 kPa (as self-weight is not included), so it may be that a higher grade is needed. However, by checking the tables on Pg. 130 and 131, where D = 2.0 kPa and D = 2.5 kPa, respectively, it can be seen that the maximum span still exceeds 6 m on the major axis and 3 m on the minor axis. Thus, it is expected the selection will be adequate for deflection. 



The self-weight of an E3 grade CLT panel is 350 kg/m3 (see notes to the table on Pg. 128; also see mass and dead load of wood materials on Pg. 969). Therefore, considering a 1 m width:







Note: g is the acceleration due to gravity. 

Calculate the factored moment and shear on the major and minor axis: 










From Pg. 127, for an E3 grade 7-ply panel: 









Thus, accept the E3-grade 7-ply CLT panel. 



 Part b)
Solve the moment resistance (Cl. 8.4.3.1) considering a 1 m width:

Major Axis:



where:Fb = fb = 17.4 MPa for longitudinal layers (Cl. 8.2.4 & Table 8.2, no corrections)
Krb,0 = 0.85 (since the major axis is considered)

Solve the effective section modulus based on a 1 m width:


where:
h = 245 mm
E = 8,300 MPa for longitudinal layers (Cl. 8.2.4 & Table 8.2)
 per meter (Pg. 123)



Thus:


The above value is per meter width of panel and is in good agreement with the selection table value. 

Minor Axis:



where:Fb = fb = 4.5 MPa for transverse layers (Table 8.2, no corrections)
Krb,90 = 1 (since minor axis is considered)

Solve the effective section modulus:

where:
h90 = 175 mm (ignores exterior ply thicknesses)
E = 6,500 MPa for transverse layers (Table 8.2)
 per meter (Pg. 123)



Thus:


The above value is per meter width of panel and is in good agreement with the selection table value.



Solve the shear resistance (Cl. 8.4.4.2) considering a 1 m width:

Major axis:



where:
Fs = fs = 0.43 MPa (no corrections, Table 8.2)



Thus:




The above value is per meter width of panel and is in good agreement with the selection table value.
Minor axis:



where:
Fs = fs = 0.43 MPa (no corrections, Table 8.2)



Thus:




The above value is per meter width of panel and is in good agreement with the selection table value. Note that the calculation is identical to above except that the shear area on the minor axis ignores the exterior plies. 


Solve the deflection of the CLT panel (Cl. A.8.5.2) considering a 1 m width. This calculation is completed for the total load requirement (L/180) as well as the live load requirement (L/360).  

Major axis:


where, from Pg. 123:



The total service load is (broken into dead (sustained) and live load components):





Thus, 












The total deflection, accounting for creep due to dead loads only, is: 







Check the limits




Thus, the deflection limits on the major axis are satisfied. 

Minor axis:


where, from Pg. 123:



Thus, 












The total deflection, accounting for creep due to dead loads only, is: 







Check the limits




Thus, the deflection limits on the minor axis are satisfied. 
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