
Final Exam 
12/22/2020 

AUE3028 CAE        3 

1. (5 pts each)  

(1)  (2)  

 

 

2. (5 pts each) 

 

 Node A is not really a node from the CST. It could open up a gap as shown. 

 Should not connect 2 node edge BC with 3 node edge. A gap could open up as shown. 

 2 node edges should not be connected to 3 node edge CD and EF. 

 GH nodes belong to different parabolas. 

 

 

3. (10 pts) No, the two roller supports on the right have not been entered correctly. 
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4. (10 pts) 

 

 

[
𝑓𝑖
𝑒

𝑓𝑗
𝑒] =

𝐿𝑒

6
[
2 1
1 2

] [
𝑞𝑖
𝑞𝑗
] 

𝑓𝑜𝑟 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 1: [
𝐹1𝑥
𝐹2𝑥

] =
6 4⁄

6
[
2 1
1 2

] [
1
2
] = [

1
1.25

]  𝑘𝑁

𝑓𝑜𝑟 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 2: [
𝐹2𝑥
𝐹3𝑥

] =
6 4⁄

6
[
2 1
1 2

] [
2
3
] = [

1.75
2
]  𝑘𝑁

𝑓𝑜𝑟 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 3: [
𝐹3𝑥
𝐹4𝑥

] =
6 4⁄

6
[
2 1
1 2

] [
3
4
] = [

2.5
2.75

]  𝑘𝑁

𝑓𝑜𝑟 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 4: [
𝐹4𝑥
𝐹5𝑥

] =
6 4⁄

6
[
2 1
1 2

] [
4
5
] = [

3.25
3.5

]  𝑘𝑁
}
 
 
 
 

 
 
 
 

→

[
 
 
 
 
𝐹1𝑥
𝐹2𝑥
𝐹3𝑥
𝐹4𝑥
𝐹5𝑥]

 
 
 
 

=

[
 
 
 
 

1
1.25 + 1.75
2 + 2.5

2.75 + 3.25
3.5 ]

 
 
 
 

=

[
 
 
 
 
1
3
4.5
6
3.5]
 
 
 
 

𝑘𝑁 

 

 

5.  

(1) (10+5 pts) 

[

𝜀𝑥
𝜀𝑦
𝛾𝑥𝑦

] = 𝜀 = 𝐵𝑑 =
1

2𝐴
[

𝑦23
0
𝑥32

0
𝑥32
𝑦23

𝑦31
0
𝑥13

0
𝑥13
𝑦31

𝑦12
0
𝑥21

0
𝑥21
𝑦12

]

[
 
 
 
 
 
𝑢1
𝑣1
𝑢2
𝑣2
𝑢3
𝑣3]
 
 
 
 
 

 

2𝐴 = 𝑥21𝑦31 − 𝑥31𝑦21 = (0.03)(0.03) − (0.02)(0.01) = 0.0007𝑚
2 

[

𝜀𝑥
𝜀𝑦
𝛾𝑥𝑦

] =
1

0.0007
[
−0.02
0

−0.01

0
−0.01
−0.02

0.03
0

−0.02

0
−0.02
0.03

−0.01
0
0.03

0
0.03
−0.01

]

[
 
 
 
 
 
0
0
2
0
1
−1]
 
 
 
 
 

10−6 = [
71.4
−42.9
0

] 10−6 

(2) (5 pts) 

[

𝜎𝑥
𝜎𝑦
𝜏𝑥𝑦

] = 𝜎 = 𝐸𝜀 =
𝐸

1 − 𝜈2
[

1 𝜈 0
𝜈 1 0

0 0
(1 − 𝜈)

2

] [

𝜀𝑥
𝜀𝑦
𝛾𝑥𝑦

] =
200 × 109

1 − 0.272
[

1 0.27 0
0.27 1 0

0 0
(1 − 0.27)

2

] [
71.4
−42.9
0

] 10−6

= [
12.9
−5.1
0
] 106𝑃𝑎 
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6.  

(1) (3 pts * 3) 𝑁1 =
(𝑎−𝑥)(𝑏−𝑦)

4𝑎𝑏
, 𝑁2 =

(𝑎+𝑥)(𝑏−𝑦)

4𝑎𝑏
, 𝑁3 =

(𝑎+𝑥)(𝑏+𝑦)

4𝑎𝑏
, 𝑁4 =

(𝑎−𝑥)(𝑏+𝑦)

4𝑎𝑏
 

  

(2) (5 pts) 

𝑁1 =
(0.01 − 0)(0.01 − 0)

4(0.01)(0.01)
= 0.25,𝑁2 =

(0.01 + 0)(0.01 − 0)

4(0.01)(0.01)
= 0.25,  

𝑁3 =
(0.01 + 0)(0.01 − 0)

4(0.01)(0.01)
= 0.25, 𝑁4 =

(0.01 − 0)(0.01 + 0)

4(0.01)(0.01)
= 0.25 

[
𝑢
𝑣
] = 𝑢 = 𝑁𝑑 = [

0.25
0

0
0.25

0.25
0

0
0.25

0.25
0

0
0.25

0.25
0

0
0.25

]

[
 
 
 
 
 
 
 
0
0
2
0
1
−1
0
0 ]
 
 
 
 
 
 
 

10−6 = [
0.75
−0.25

] 10−6𝑚 

(3) (5+5 pts) 

[

𝜀𝑥
𝜀𝑦
𝛾𝑥𝑦

] = 𝜀 = 𝐵𝑑 = 𝜕𝑁𝑑 =

[
 
 
 
 
 
 
𝜕

𝜕𝑥
0

0
𝜕

𝜕𝑦
𝜕

𝜕𝑦

𝜕

𝜕𝑥]
 
 
 
 
 
 

𝑁𝑑 =

=
1

4𝑎𝑏
[
−(𝑏 − 𝑦)

0
−(𝑎 − 𝑥)

0
−(𝑎 − 𝑥)

−(𝑏 − 𝑦)

(𝑏 − 𝑦)
0

−(𝑎 + 𝑥)

0
−(𝑎 + 𝑥)
(𝑏 − 𝑦)

(𝑏 + 𝑦)
0

(𝑎 + 𝑥)

0
(𝑎 + 𝑥)
(𝑏 + 𝑦)

−(𝑏 − 𝑦)
0

(𝑎 − 𝑥)

0
(𝑎 − 𝑥)

−(𝑏 − 𝑦)
] 𝑑 

 

=
1

4(0.01)(0.01)
[
−0.01
0

−0.01

0
−0.01
−0.01

0.01
0

−0.01

0
−0.01
0.01

0.01
0
0.01

0
0.01
0.01

−0.01
0
0.01

0
0.01
−0.01

]

[
 
 
 
 
 
 
 
0
0
2
0
1
−1
0
0 ]
 
 
 
 
 
 
 

10−6 = [
75
−25
−50

] 10−6 

(4) (4+2 pts) 

[

𝜎𝑥
𝜎𝑦
𝜏𝑥𝑦

] = 𝜎 = 𝐸𝜀 =
𝐸

(1 + 𝜈)(1 − 2𝜈)
[

1 − 𝜈 𝜈 0
𝜈 1 − 𝜈 0

0 0
(1 − 2𝜈)

2

] [

𝜀𝑥
𝜀𝑦
𝛾𝑥𝑦

]

=
200 × 109

(1 + 0.27)(1 − 2 × 0.27)
[

1 − 0.27 0.27 0
0.27 1 − 0.27 0

0 0
(1 − 2 × 0.27)

2

] [
75
−25
−50

]10−6

= [
16.43
0.685
−3.937

]106𝑃𝑎 


