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Problem 1
Consider the two storey light-frame structure shown below. The structure has a flat roof and is symmetric about both principal axes. The first storey is h1 = 3.2 m in height; the second storey is h2 = 2.8 m in height. Conduct a preliminary design of the diaphragm and shear walls. The structure is subjected to a 1.0 kPa factored wind load in both directions. The diaphragm and shear wall are blocked and the framing is 38 mm DFL. Hold-down connections are provided in the shear walls. 

a) Determine the factored line load applied to the second floor and roof diaphragm from the wind load (kN/m). 
b) Determine the governing factored moment (kNm) and shear force (kN) for the diaphragms in the N-S and E-W direction
c) Determine the governing chord axial loads (kN) and shear force (kN/m) for the diaphragms. The depth of the chord is expected to be 140 mm. 
d) Using design aids to design the diaphragm sheathing and chords on the 2nd floor. Design based on the governing case. 
e) Determine the factored moment (kNm) and shear force (kN) for a shear wall along column line 2 (at the base of the wall). 
f) Determine the governing chord axial loads (kN) and shear force (kN/m) for the shear wall along column line 2. This column line supports a gravity line load of wD = 11.3 kN/m and wL = 18.0 kN/m (applied at the floor diaphragm). Between the two shear wall segments there is a load transfer beam. The self weight of the walls is qw = 1.1 kPa. 
g) Using design aids to design the shear wall sheathing and chords on the 2nd floor. Design based on the governing case. 
[image: Plan view of the structure identifying dimensions and shearwall locations. ]

Solution:
Part a) Façade to Diaphragm
The façade of the structure can be simplified into two simply supported beams supported by the foundation, 2nd floor and roof diaphragms. The load applied to the 2nd floor diaphragm is half the load applied to the façade between the foundation and 2nd floor, and half the load applied to the façade between the 2nd floor and the roof. The load applied to the roof diaphragm is half the load applied to the façade between the second floor and the roof. Since the same factored wind load (1.0 kPa) is applied in both the North-South and East-West directions, the calculation and result is the same.

The distributed load on the 2nd floor diaphragm is:


The distributed load on the roof diaphragm is:



Part b) Diaphragm factored moment and shear
Considering the N-S direction, there are four lines of shear walls and the diaphragm can thus be broken into three simply supported beams. Under these conditions, the longest span, L, will produce the largest moment. Selecting the span between column lines 1 and 2, at the 2nd floor diaphragm: 


and at the roof diaphragm: 



Similarly, considering the E-W direction, there are two column lines of shear walls and the diaphragm can thus be considered as a simply supported beam supported along column lines A and B. For the 2nd floor diaphragm: 


and at the roof diaphragm:



Following the simply supported representation, the governing shear force in the diaphragm is:
For the N-S direction: 




For the E-S direction:





Part c) Diaphragm chord and unit shear force
For the N-S direction, the depth of the diaphragm is h = 12 m. The 2nd floor diaphragm governs, therefore: 




For the E-W direction:





Part d) Design of the diaphragm sheathing
The 2nd floor diaphragm in the N-S direction governs. Following the checklist on Pg. 601, the diaphragm satisfies all of the conditions. We require:

Select a 7.5 mm panel with 2.52 mm nails at 150 mm spacing (Pg. 605) (DFP or CSP sheathing):







Part e) Factored moment and shear – shear walls at column line 2
There are two shear walls each with a length of Ls = 3.8 m. Each wall supports loads from the diaphragm distributed from the span between column lines 1-2 and 2-3. In the calculation below, the notion ij represents i = diaphragm and j = column line and L is the tributary width:





Assuming the loads from the diaphragm are equally shared between the two identical walls, the factored shear and moment is:







Part f) Shear wall chord and unit shear force
The factored shear force per unit length of wall is:


To analyze the chords, we need to consider the tension and compression developed from various sources. Consider tension first. 

The load on the tension chord due to the lateral wind loads is:






The tension chord is assumed to receive no loads from live loads (as this would act to reduce the overall tension). 




The load on the tension chord due to dead loads (including shear wall self-weight):




Therefore, the maximum tension in the chord is:





Note: A 0.9 factor is applied to the dead load since a lower dead load will maximize the tension in the chord, and is thus more conservative. A 1.4 factor is not applied to the wind load term since the loads in this problem were already factored. In the above compression is taken as negative. 



Therefore, the tension chord is always in compression and the intermediate studs are assumed to carry the gravity loads with the exception of the load transfer beam. 

 The load on the compression chord due to the lateral wind loads is:



The load on the compression chord due to dead loads (load transfer beam only):



Therefore, the maximum compression in the chord is:





Part g) Design of the shear wall sheathing
All of the conditions to use the shear wall selection tables have been satisfied (Pg. 628). Select a 9.5 mm panel with 3.25 mm nails spaced at 150 mm (Pg. 642)(DFP or CSP sheathing):
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