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Problem 1
Adapted from Example 2: Bolt double shear connection (Pg. 419 volume 1, 2017 Edition)

Two rows of ½” bolts are provided for the attachment of the beam to the wooden tension member. The wood tension member consists of two 38 × 140 mm DFL No.2 grade sawn lumber members. The beam is 89 × 140 mm DFL No.2 grade sawn lumber. Bolt spacing is 70mm. 


[image: Sketch of the connection details and loading. ]

Summary:
· Side members in tension: Two 38 mm × 140 mm DFL No.2 members (Joists and planks) 
· Beam: 89 × 140 mm DFL No.2
· 4 - ½” bolts

Find the capacity of the connection.



Solution:

Required checklist (Cl. 12.4.4.2 Requirements on pg. 192):
· Yielding resistance (Cl. 12.4.4.3.1) – applies to all members
· Parallel-to-grain load direction:
· Parallel-to-grain row shear resistance (Cl. 12.4.4.4) – applies to side members only 
· Parallel-to-grain group tear-out resistance (Cl. 12.4.4.5) – applies to side members only
· Net tension resistance (Cl. 12.4.4.6.1) – applies to side members only
· Perpendicular-to-grain – splitting resistance (Cl. 12.4.4.7) – applies to beam only

Note: Shear failure of the beam based on the effective depth should also be checked if it is known how the force transfers into the beam. This will not be considered in this example. 




Yielding resistance (Cl. 12.4.4.3.1) (all members)

where 
φy = 0.8
ns = 2
nF = 4

nu = unit lateral yielding resistance per shear plane (Cl. 12.4.4.3.2)

For three-member connections, cases a), c), d), g) shall be considered valid and the smallest value shall be taken as nu 

First, determine the member strengths:


The strength of each member depends on the angle of the applied loads to the grain. Member 1 (or 3) (side members) are loaded parallel to the grain, member 2 (main member) is loaded perpendicular to the grain. We need to solve the strengths of each member loaded parallel to the grain and perpendicular to the grain:





where
G = 0.49 (Table A.11 pg. 315, mean relative density)
Jx = 1.0 (applies only to CLT) 
dF = 12.7 mm






Note: Since both of our members are the same species the strengths will be the same; otherwise we would need to calculate for both species. 


Side member embedment strength (θ = 0°):




Main member embedment strength (θ = 90°):



Note: If the loading is 0° or 90° the above can be simplified as follows:

For θ = 0°:

For θ = 90°:



Now check all the applicable cases to solve nu:

fy = 310 MPa (Cl. 12.4.4.3.3.3, ASTM A307 bolts)
t1,3 = 38 mm
t2 = 89 mm

Case a):

Case c):

Case d):





Case g): 




Therefore, Case d) governs: 


The yielding resistance of the connection is: 




Parallel-to-grain row shear resistance (Cl. 12.4.4.4) (side members only)
Fundamentally: 






We start with the last equation and work our way up. Considering row 1 of member 1:



where 
fv = 1.9 MPa (Tables 6.4, Joists and planks)
KT = 1.0 no treatment 
KD = 1.0 loading is standard term 
KSv = 1.0 Service conditions are dry
kls = 0.65 for side member
t = 38 mm
nc = 2






Note: this calculation needs to be repeated for each row in the member (in this case, for j = 1 and 2). Since both rows are identical, they will have the same row shear resistance and the calculation is not shown. 


Next: 

where
φw = 0.7 
nR = 2



Before moving onto the final step, the above calculations need to be repeated for each member that shares the load in the same directions. Here, repeated for member i = 1 and 3. In this case, the members are identical and have the same resistance, so two identical members contribute to the resistance: 



    



Parallel to grain group tear out resistance (Cl. 12.4.4.5) (side members only)  

Fundamentally:





The group tear out resistance of member 1 is:



where for the side members, i = 1 or 3:


Note: In this case, since the first and last row of bolts are identical, their values will be the same and have been calculated in the previous check for row shear.





Note: An extra 1 mm is taken away from holes to account for damage and tolerances. The software assumes 1.5 mm.  

ft = 5.8 MPa (Table 6.4)
KT = 1.0 no treatment 
KD = 1.0 loading is standard term 
KSt = 1.0 Service conditions are dry

Therefore: 


Note: Be careful of units in the above equation!

Since there are two identical members resisting the loads in this failure mode:





Parallel-to-grain net tension resistance (Cl. 12.4.4.6) (side members only)

Fundamentally:




where
φ = 0.9
KZt = 1.3 (Cl. 6.4.5 & Table 6.13)
ft = 5.8 MPa (Table 6.4)
KD = 1.0
KH = 1.0
KSt = 1.0
Kt = 1.0







Thus: 





Since there are two side members resisting the same load:





Perpendicular-to-grain splitting resistance (Cl. 12.4.4.7) (main member only) 

Fundamentally:






So:

where
t = 89 mm 
d = 140 mm 
ep = 19mm




Next:

where 
φw = resistance factor for brittle failure = 0.7 
KD = 1.0
KSF = 1.0
KT = 1.0



Since there is only one member: 



Connection Capacity:
Yielding:

Parallel to grain loading:




Perpendicular to grain loading:

Therefore, the connection is governed by parallel to the grain failure of the side members (i.e., row shear). The maximum factored tensile load that can be applied is 22.1 kN. 


Problem 2
From Problem 1, use the WoodWorks Connections software for the following steps. 
· The factored load is 22.1 kN applied in tension to the side members. 
· Two 38 mm × 140 mm DFL No.2 members (Joists and planks) 
· Beam: 89 × 140 mm DFL No.2
· 4 - ½” bolts
Specifically:
a) Design the connection by specifying the load, member sizes, and grade only. Set the main member End Type to extended and provide a 30 mm overhang for the side members. Compare your answer to the diagram below and comment on the differences. 
b) Change the fastener size only and record the number of fasteners and connection resistance for 1/4” to 1/2” fastener size. Comment on the trends.  
c) Input the connection design shown below into the software and confirm the results from Problem 1 are correct. Change all inputs as required. 
[image: Sketch of the connection details and loading. ]


Solution:
Part a)
[image: WoodWorks Connections software input. ][image: WoodWorks Connections software input. ]
From the results diagram below, by default the program did not select the same design as Problem 1. The design requires 12 bolts with a ¼” diameter. 
[image: WoodWorks Connections software design details. ]
Part b)
	Diameter
	nf
	Qr
	Pr
	Nr

	¼”
	12
	23.37 kN
	26.30 kN
	29.47 kN

	3/8”
	9
	23.37 kN
	25.41 kN
	47.55 kN

	½”
	4
	17.56 kN
	16.02 kN
	32.18 kN



The resistance to the different failure modes can increase, decrease, or stay the same as the fastener size is increased. There is no clear trend as several variables contribute to the resistance. 


Part c)
The following inputs are required: 
[image: WoodWorks Connections software input. ][image: WoodWorks Connections software input. ]
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