STRUCTURAL MECHANICS
Truss analysis
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Structural Mechanics: Assignment 1 – Part 1
Alexi Young – 2518168 
Alexi Young - 2518168
1. Determine the force in all the members of the two trusses shown.
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[image: ]Robot Structural Analysis:
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Hand Calculations Result Table
	Member
	Force (kN)
	Comp/Tens

	1
	35.0
	Tension

	2
	25.0
	Tension

	3
	10.0
	Compression

	4
	7.1
	Compression

	5
	7.1
	Tension

	6
	49.5
	Compression

	7
	28.3
	Compression

	8
	28.3
	Compression

	9
	35.4
	Compression


Hand calculations:      θ = 45° 

∑M1 = 0
0 = (-20 x 5) + (-40 x 10) + (F3 x 20)
Fy3 = 500/20 = 25kN
∑Fy = 0
0 = 25 + F1 - 40 - 20 
Fy1 = 35kN
These values are the same as Robots’ results.
Node 1
∑Fy = 0
0 = 35 – F6sin45
F6 = 35/sin45 = 49.5kN (Compression)
∑Fx = 0
0 = -F6cos45 + F1
F1 = 49.5cos45 = 35.0kN (Tension)
These values are the same as Robots’ results.
Node 6
∑Fy = 0
0 = -40 + F7sin45 + F8sin45 
F7 = F8 = 40/2sin45 = 28.3kN (Compression)
These values are the same to 1dp in comparison to Robots’ values (F7 = F8 = 28.28).
Node 4
∑Fy = 0
0 = -20 + F4sin45 + F6sin45 + F7sin45 
F4 = 20/sin45 + 28.3 - 49.4 = 7.1kN (Compression)
∑Fx = 0
0 = -F3 -F4cos45 -F7cos45 + F6cos45 
F3 = -7.1cos45 -28.3cos45 + 49.5cos45 = 10.0kN (Compression)
The F3 result is the same as Robots’ (F3 = 10.00kN), and the F4 (F4 = 7.07kN) result is the same to 1dp.

Node 2
∑Fy = 0
0 = -F4sin45 + F5sin45
F5 = F4 = 7.1kN (Tension)
∑Fx = 0
0 = -F1 + F2 + F4cos45 + F5cos45
F2 = 35 – 2(7.1cos45) = 25.0kN (Tension)
The F2 result is the same as Robots’ (F2 = 25.00kN), and the F5 (F5 = 7.07kN) result is the same to 1dp.
Node 3
∑Fy = 0
0 = 25 - F9sin45
F9 = 25/sin45 = 35.4kN (Compression)
This value is the same as Robots’ (F9 = 35.36kN) to 1dp.
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[image: ]Robot Structural Analysis:
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[image: ]Hand Calculations Result Table
	Member
	Force (kN)
	Comp/Tens

	1
	180.4
	Compression

	2
	180.4
	Tension

	3
	120.2
	Compression

	4
	253.5
	Compression

	5
	190.1
	Compression

	6
	126.7
	Compression

	7
	0
	N/A

	8
	60
	Compression

	9
	63.4
	Tension

	10
	40
	Compression




Hand Calculations:Tanθ = 5/15
      θ = 18.4° 

Node 4
∑Fy = 0
0 = -40 + F6sin18.4
F6 = 40/sin18.4 = 126.7kN (Compression)
∑Fx = 0
0 = F3 + F6cos18.4
F3 = 126.7cos18.4 = 120.2kN (Compression)
These results are similar to those from Robot, (F6 = 126.26kN) & (F3 = 119.76kN), they are different due to rounding on the hand calculations.
Node 3
∑Fy = 0
0 = -40 + F10
F10 = 40kN (Compression)
∑Fx = 0
0 = 120.2 - F2
F2 = 120.2kN (Tension)
The F10 result is the same as Robots’ (F10 = 40kN), and the F2 (F2 = 119.76kN) result is different due to rounding on the hand calculations.
Node 7
F9 = 40/(2sin18.4) = 63.4kN (Tension)
F5 = 40/(2sin18.4) + 126.7 = 190.1kN (Compression)
These results are similar to those from Robot, (F9 = 63.7kN) & (F5 = 189.85kN), they are different due to rounding on the hand calculations.
Node 2
∑Fy = 0
0 = -40 + F8 - 63.3sin18.4
F8 = 40 + 63.3sin18.4 = 60kN (Compression)
∑Fx = 0
0 = -F1 + 63.4cos18.4 + 120.2
F1 = 63.4cos18.4 + 120.2 = 180.4kN (Compression)
These results are similar to those from Robot, (F8 = 60.18kN) & (F1 = 119.76kN), they are different due to rounding on the hand calculations.
Node 6
F4 = 190.1 + 63.4 = 253.5kN (Compression)
∑Fy = 0
0 = -60 + 253.5cos18.4 - 190.1cos18.4 - F7cos33.7
F7 = -60 + 253.5cos18.4 - 190.1cos18.4 = 0.19kN = 0kN
                             cos33.7
Due to the frequent rounding that led to this value, F7 is going to be considered a zero-force member.
The F4 result is the same as Robots’ (F4 = 253.03kN) to 1dp, however for the F7 result Robot has a completely different value (F7 = 71.87kN). This might indicate that I have gone wrong.
Node 1
∑Fy = 0
F1y = 0kN
∑Fx = 0
0 = 180.3 - F1x
F1x = -180.3kN 
These values are very different from what Robot provides, (F1x = -240kN, F1y = 39.84kN). However, the x values are both negative.
Node 5
∑Fy = 0
0 = -40 -40 -40 + F5y
F5y = 120kN
∑Fx = 0
0 = -180.3 + F5x
F5x = 180.3kN 
These values are very different from what Robot provides, (F1x = 240kN, F1y = 80.16kN). However, the x values are both positive.
a) [image: ]Determine the force in the members identified by the letter ‘x’ in each of the trusses shown.
a) 







[image: ]Robot Structural Analysis:
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Hand Calculations Result Table
	Member
	Force (kN)
	Compression/Tension

	6/DF
	69.32
	Compression

	10/DG
	0
	N/A





Hand calculations:
∑M3 = 0
0 = (-50 x 3) + (60 x 6) + (-c x 12)
Cx = Cy = 210/12 = 17.5kN
∑Fy = 0
0 = F1y + F3y - 60
F3y = 60 - 17.5 = 42.5kN
∑Fx = 0
0 = F1x + F3x - 50
F3x = 50 – 17.5 = 32.5kN
Node 1
θ = tan-1(17.5/17.5) = 45°, force in node 1 acts directly though member 8, therefore member 1 is a zero-force member.
∑Fy = 0
0 = F1y - F8sin45
F8 = 17.5/sin45 = 24.7kN (Compression)
Node 5 
Force in member 8 acts directly though member 7, therefore member 9 is a zero-force member.
F7 = 24.7kN (Compression)
Node 7
All member forces in this node are equal to zero due to members 9 and 1 being zero-force for equilibrium conditions, members 2 and 10 must also be zero-force. This is the same value as the one obtained through Robot.
Node 4
∑Fy = 0
0 = -60 + F7sin45 + F6sin45 + F11sin26.6
∑Fx = 0
0 = F7cos45 - F6cos45 - F11cos26.6
F11 = (24.7cos45 - F6sin45)/cos26.6
0 = -60 + 24.7sin45 + F6sin45 + [(24.7cos45 - F6cos45)/cos26.6]sin26.6
-F6sin45 = -60 + 24.7sin45 + F6sin45 + (24.7cos45sin26.6)/cos26.6 - (F6cos45sin26.6)/cos26.6]
-2F6 = [(-60 + 24.7sin45 + 24.7cos45sin26.6)/sin45 x (cos45sin26.6)/cos26.6]
-F6 = [(-60 + 24.7sin45 + 24.7cos45sin26.6)/2sin45 x (cos45sin26.6)/cos26.6]
F6 = 69.32kN (Compression)
This is not the same as the one obtained from Robot (F6 = 45.96kN), therefore something has gone wrong, or Robot is incorrect. The values are both representative of compression.
b) [image: ]






[image: ]Robot Structural Analysis:
[image: ]Hand Calculations Result Table
	Member
	Force (kN)
	Compression/Tension

	7/GH
	23.10
	Compression

	15/CJ
	11.55
	Tension



Hand calculations:
As the truss has load distribution mirrored, it also means that a member is equal to its mirrored counterpart, however it is important to check the tension and compression as they may change. This can be double checked with the Robot results.cosθ = 2/4
      θ = 60° 

∑Fy = 0
0 = - 20 + -20 + -20 + Fy1 + Fy5
Fy1 = Fy5 = 30kN

Calculating member 15/CJ from Node 3
F2 is equal to F3, and F15 is equal to F19.
∑Fy = 0
0 = -20 + F15sin60 + F19sin60
F15 = 20/2sin60 = 11.55kN (Tension)
This result is the same as Robots result (F15 = 11.55)

Calculating member 18/GK from Node 11
F17 is equal to F19.
∑Fy = 0
0 = F18sin60 - F17sin60 - F19sin60
F18 = (11.55sin60+11.55sin60)/sin60 = 23.10kN (Tension)
Calculating member 7/GH from Node 7
∑Fy = 0
0 = F18sin60 - F10sin60
F10 = (23.10sin60)/sin60 = 23.10kN (Compression)
∑Fx = 0
0 = -F18cos60 - F10cos60 + F7
F7 = 23.10cos60 + 23.10cos60 = 23.10kN (Compression)
This value is 0.02kN off the Robot result (F7 = 23.12)

3) Analyse the following beams, and draw the shear force and bending moment diagrams.
[image: ]a)




[image: ]Robot Structural Analysis:
[image: ]Shear force diagram:
[image: ]Bending moment diagram:
[image: ]
Hand calculations:
∑M1 = 0
0 = (F2 x 20) - (60 x 5) - (80sin60 x 10) - (50 x 15)
F2 = (300 + 692.8 + 750)/20 = 87.14kN
∑Fy = 0
0 = -60 -80sin60 -50 + 87.14 + F1y 
F1y = 92.14kN
∑Fx = 0
0 = -80cos60 + F1x 
F1x = 40kN
These values are the same as Robots’.
Shear force diagram
[image: ]This diagram is the same as the one obtained from Robot.
Section node 1 to A
∑MA = 0
0 = (-92.14 x 7) + (60 x 2) + M1
M1 = -524.98kNm
Section A to B
∑MA = 0
0 = (-80sin60 x 3) + (-50 x 8) + M2
M2 = 607.85kNm
Section B to node 2
∑MB = 0
0 = (87.14x3) + M3
M3 = -261.42
Bending Moment diagram 
[image: ]
This diagram is similar to the one obtained from Robot.
[image: ]b)




[image: ]Robot Structural Analysis:
Shear force diagram
[image: ]
Bending moment diagram
[image: ]
[image: ]

Hand calculations:
∑M2 = 0
0 = (F3 x 8) - 10 - (50 x 12) - (300 x 2)
F3 = (10 + 600 + 600)/8 = 151.25kN
∑Fy = 0
0 = -300 -50 + 151.25 + F2y 
F2y = 350 - 151.25 = 198.75kN
These values are the same as the ones obtained from Robot.
Shear force diagram
[image: ]
This diagram is the same as the one obtained from Robot.
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