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QUESTION 1   
 
1.1 𝜎𝜎𝐻𝐻 = 𝜀𝜀 × 𝐸𝐸 = 168,75 × 10−6 × 200 × 109 = 33,75 𝑀𝑀𝑀𝑀𝑀𝑀   

 

𝑎𝑎𝑎𝑎 125 𝑚𝑚𝑚𝑚 ∶ 𝑎𝑎 −
𝑏𝑏

0,1252
= −33,75 × 106 … … … . (1)  

 

𝑎𝑎𝑎𝑎 125 𝑚𝑚𝑚𝑚 ∶ 𝑎𝑎 +
𝑏𝑏

0,1252
= 0 … … … … … … . . (2)  

 
(1) + (2) ∶                      2𝑎𝑎 = −33,75 × 106 
 
                                               𝑎𝑎 = −16,875 × 106  
  
                                                𝑏𝑏 = 263,672 × 103   
 

𝑎𝑎𝑎𝑎 75 𝑚𝑚𝑚𝑚 ∶  𝜎𝜎𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = 𝑎𝑎 −
𝑏𝑏

0,0752
 

 

                                      = −16,875 × 106 −
263,672 × 103

0,0752
 

 
                          𝜎𝜎𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = −63,75 𝑀𝑀𝑀𝑀𝑀𝑀 (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡)  

 

  (7) 
 
1.2 𝑎𝑎𝑎𝑎 75 𝑚𝑚𝑚𝑚 ∶   𝜎𝜎𝑅𝑅 = 𝑎𝑎 +

𝑏𝑏
0,0752

 

 

                                = −16,875 × 106 +
263,672 × 103

0,0752
 

 
                           𝜎𝜎𝑅𝑅 = 30 𝑀𝑀𝑀𝑀𝑀𝑀   
 
𝜎𝜎𝐻𝐻 = 𝜎𝜎𝑅𝑅 = 30 𝑀𝑀𝑀𝑀𝑀𝑀   

 

  (2) 
 
1.3 𝛿𝛿𝑑𝑑1 =

𝐷𝐷𝑐𝑐
𝐸𝐸

(𝜎𝜎𝐻𝐻 − 𝜗𝜗 × 𝜎𝜎𝑅𝑅) 

 

         =
0,075

200 × 109
(30 × 106 − 0,29 × 30 × 106) 

 
 𝛿𝛿𝑑𝑑1 = 7,9875 × 10−6 𝑚𝑚   

 

  (1) 
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1.4 𝛿𝛿𝑑𝑑2 =

𝐷𝐷𝑐𝑐
𝐸𝐸

(𝜎𝜎𝐻𝐻 − 𝜗𝜗 × 𝜎𝜎𝑅𝑅) 

 

         =
0,075

200 × 109
(−63,75 × 106 − 0,29 × 30 × 106) 

 
 𝛿𝛿𝑑𝑑2 = −27,16875 × 10−6 𝑚𝑚   

 

  (1) 
 
1.5 ∆𝑑𝑑 = 𝛿𝛿𝑑𝑑1 − 𝛿𝛿𝑑𝑑2 

 
       = 7,9875 × 10−6 − (−27,16875 × 10−6) 
 
 ∆𝑑𝑑 = 35,156 × 10−6 𝑚𝑚   

 

  (1) 
   [12] 
 
 
QUESTION 2   
 
2.1 

        ∆=
5𝑤𝑤𝐿𝐿4

384𝐸𝐸𝐸𝐸
 

 

0,016 =
5 × 12 × 103 × 64

384 × 200 × 109 × 𝐼𝐼
   

 
          𝐼𝐼 = 63,281 × 10−6 𝑚𝑚4 = 31,641 × 10−6 𝑝𝑝𝑝𝑝𝑝𝑝 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  
 
𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 200 × 200 × 24 𝑘𝑘𝑘𝑘/𝑚𝑚   

 

  (4) 
 
2.2 

∆=
5𝑤𝑤𝐿𝐿4

384𝐸𝐸𝐸𝐸
 

 

  =
5 × 12 × 103 × 64

384 × 200 × 109 × 66,62 × 10−6
   

 
∆= 15,198 𝑚𝑚𝑚𝑚   

 

  (2) 
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2.3 

𝑀𝑀 =
𝑤𝑤𝐿𝐿2

8
=

12 × 103 × 62

8
= 54 𝑘𝑘𝑘𝑘𝑘𝑘   

 

𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑀𝑀𝑀𝑀
𝐼𝐼

=
54 × 103 × 0,1416

66,62 × 10−6
= 114,776 𝑀𝑀𝑀𝑀𝑀𝑀  (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡)   

 

𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑀𝑀𝑀𝑀
𝐼𝐼

=
54 × 103 × 0,0584

66,62 × 10−6
= 47,337 𝑀𝑀𝑀𝑀𝑀𝑀  (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)   

 

  (5) 
 
2.4 

                                        ∆=
𝐹𝐹𝐿𝐿3

48𝐸𝐸𝐸𝐸
 

 

(15,198 − 5) × 10−3 =
𝐹𝐹 × 63

48 × 200 × 109 × 66,62 × 10−6
   

 
                                         𝐹𝐹 = 30,196 𝑘𝑘𝑘𝑘   

  
 
 
 
 
  (2)  

   [13] 
 
 
QUESTION 3   
 
3.1 

𝜎𝜎𝐷𝐷 =
𝐹𝐹
𝐴𝐴

=
2 × 106

2 × 1
= 1 𝑀𝑀𝑀𝑀𝑀𝑀   

 
  (1) 

 
3.2 

𝐼𝐼𝑋𝑋𝑋𝑋 =
1 × 23

12
= 0,667 × 10−6 𝑚𝑚4   

 

𝐼𝐼𝑌𝑌𝑌𝑌 =
2 × 13

12
= 0,167 × 10−6 𝑚𝑚4   

 

𝜎𝜎𝑋𝑋𝑋𝑋 =
𝐹𝐹𝐹𝐹𝐹𝐹
𝐼𝐼

=
2 × 106 × 0,5 × 1

0,667 × 10−6
= 1,5 𝑀𝑀𝑀𝑀𝑀𝑀   

 

𝜎𝜎𝑌𝑌𝑌𝑌 =
𝐹𝐹𝐹𝐹𝐹𝐹
𝐼𝐼

=
2 × 106 × 0,2 × 0,5

0,667 × 10−6
= 1,2 𝑀𝑀𝑀𝑀𝑀𝑀   

 

  (4) 
 
3.3 𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚 = 𝜎𝜎𝐷𝐷 + 𝜎𝜎𝑋𝑋𝑋𝑋 + 𝜎𝜎𝑌𝑌𝑌𝑌 = 1 + 1,5 + 1.2 = 3,7 𝑀𝑀𝑀𝑀𝑀𝑀  (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)   

 
𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚 = 𝜎𝜎𝐷𝐷 − 𝜎𝜎𝑋𝑋𝑋𝑋 − 𝜎𝜎𝑌𝑌𝑌𝑌 = 1 − 1,5 − 1.2 = −1,7 𝑀𝑀𝑀𝑀𝑀𝑀  (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡)   

 

  (2) 
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3.4 𝑌𝑌 =

𝐼𝐼𝑋𝑋𝑋𝑋
𝐴𝐴 × 𝑒𝑒

=
0,667

2 × 0,5
= 0,667 𝑚𝑚 (𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡ℎ𝑒𝑒 𝑋𝑋𝑋𝑋 − 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)   

 

𝑋𝑋 =
𝐼𝐼𝑌𝑌𝑌𝑌
𝐴𝐴 × 𝑒𝑒

=
0,167

2 × 0,2
= 0,417 𝑚𝑚 (𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡ℎ𝑒𝑒 𝑌𝑌𝑌𝑌 − 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)   

 
 
 
 
 
 
 
 
 
 
 
 

 

  (6) 
   [13] 
 
 
QUESTION 4   
 
4.1 𝑊𝑊1 = 𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌 = 2200 × 9,81 × 2 × 6 × 1 = 258,984 𝑘𝑘𝑘𝑘   

 
𝑊𝑊2 = 𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌 = 2200 × 9,81 × 0.5 × 1 × 6 × 1 = 64,746 𝑘𝑘𝑘𝑘  
 
𝑉𝑉 = 𝑊𝑊1 + 𝑊𝑊2 = 323,73 𝑘𝑘𝑘𝑘  

 

  (3) 
 
4.2 𝑊𝑊 −𝑀𝑀 = 𝑊𝑊1𝑥𝑥1 + 𝑊𝑊2𝑥𝑥2 

 
               = 258,984 × 2 + 64,746 × 0,667   
 
𝑊𝑊 −𝑀𝑀 = 561,132 𝑘𝑘𝑘𝑘𝑘𝑘   

 

  (2) 
 
4.3 𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚 =

𝜎𝜎𝑢𝑢𝑢𝑢𝑢𝑢
𝐹𝐹𝐹𝐹𝐹𝐹

=
621

3
= 207 𝑘𝑘𝑘𝑘𝑘𝑘   

 

𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑉𝑉
𝐵𝐵

+
6𝑉𝑉𝑉𝑉
𝐵𝐵2

 
 

   207 =
323,73

3
+

6 × 323,73 × 𝑒𝑒
32

   
 
         𝑒𝑒 = 0,459 𝑚𝑚   
 
𝑥𝑥 = 0,5𝐵𝐵 − 𝑒𝑒 = 1,5 − 0,459 = 1,041 𝑚𝑚   

 

  (4) 
 

X X

Y

Y

N

A
417

667

F

 
 

 

 
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4.4                𝑉𝑉 × 𝑥𝑥𝑅𝑅 + 𝐹𝐹𝑀𝑀 = 𝑊𝑊𝑀𝑀  (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡ℎ𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡) 

 
323,73 × 1,041 + 𝐹𝐹𝑀𝑀 =  561,132  
 
                                  𝐹𝐹𝑀𝑀   = 224,172 𝑘𝑘𝑘𝑘𝑘𝑘  
 

            𝐹𝐹𝑀𝑀 =
𝜌𝜌𝜌𝜌ℎ2

2
×
ℎ
3

  

 

224,172 =
103 × 9,81 × ℎ3

6
   

 
              ℎ = 5,156 𝑚𝑚   

 

  (4) 
   [13] 
 
 
QUESTION 5   
 
5.1 𝑀𝑀 = 𝜎𝜎 × 𝑍𝑍 × 𝑛𝑛 = 180 × 1959 × 3  = 1057,86 𝑘𝑘𝑘𝑘𝑘𝑘      (2) 
 
5.2 

          𝑀𝑀 =
𝑊𝑊𝑐𝑐(𝐿𝐿 − 𝑙𝑙)2

8𝐿𝐿
 

 

1057,86 =
𝑊𝑊𝑐𝑐(3 − 0,8)2

8 × 3
   

 
            𝑊𝑊𝑐𝑐 = 5245,587 𝑘𝑘𝑘𝑘   
 

𝐴𝐴𝑐𝑐 =
𝑊𝑊𝑐𝑐

𝜎𝜎𝑐𝑐
=

5245,587 × 103

140 × 106
= 37,468 × 10−3 𝑚𝑚2   

 
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 356 × 406 × 340 𝑘𝑘𝑘𝑘/𝑚𝑚   
 

𝜎𝜎 =
𝑊𝑊
𝐴𝐴

=
5245,587 × 103

43,27 × 10−3
= 121,229 𝑀𝑀𝑀𝑀𝑀𝑀   

 

  (5) 
 
5.3 𝑙𝑙 = 3 × 192,5 + 2 × 75 = 728,4 𝑚𝑚𝑚𝑚   

 

𝑛𝑛 =
𝑀𝑀

𝜎𝜎 × 𝑍𝑍
=

1057,86 × 103

180 × 106 × 562,9 × 10−6
= 10,44   𝑠𝑠𝑠𝑠𝑠𝑠  11   

 

  (3) 
 
5.4 

𝜎𝜎 =
𝑀𝑀

𝑍𝑍 × 𝑛𝑛
=

1057,86 × 103

562,9 × 10−6 × 11
= 170,846 𝑀𝑀𝑀𝑀𝑀𝑀   

 
  (1) 

   [11] 
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QUESTION 6   
 
6.1 

             
     𝑒𝑒𝑛𝑛2

2
= 𝑚𝑚𝐴𝐴𝑠𝑠(𝑑𝑑 − 𝑛𝑛) 

 

           
0,2 × 𝑛𝑛2

2
= 15 × 800 × 10−6(0,8 − 𝑛𝑛)  

 
100 × 10−3 𝑛𝑛2 = 12 × 10−3 − 9,6 × 10−3 𝑛𝑛   
 
                           𝑛𝑛 = 301,72 𝑚𝑚𝑚𝑚   

 

  (3) 
 
6.2 𝑙𝑙𝑎𝑎 = 𝑑𝑑 −

𝑛𝑛
3

= 0,18 −
0,0968

3
= 0,148 𝑚𝑚 

 
𝑀𝑀 = 0,5𝜎𝜎𝑐𝑐𝐴𝐴𝑐𝑐𝑙𝑙𝑎𝑎 = 0,5 × 7 × 106 × 0,2 × 0,302 × 0,699 = 147,722 𝑘𝑘𝑘𝑘𝑘𝑘  
 
𝑀𝑀 = 𝜎𝜎𝑠𝑠𝐴𝐴𝑠𝑠𝑙𝑙𝑎𝑎 = 140 × 106 × 800 × 10−6 × 0,699 = 78,336 𝑘𝑘𝑘𝑘𝑘𝑘   
 
𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀 = 78,336 𝑘𝑘𝑘𝑘𝑘𝑘   

 

  (3) 
 
6.3                    𝑀𝑀𝑐𝑐 = 0,5𝜎𝜎𝑐𝑐𝐴𝐴𝑐𝑐𝑙𝑙𝑎𝑎 

 
78,336 × 103 = 0,5 × 𝜎𝜎𝑐𝑐 × 450 × 0,2 × 0,302 × 0,699   
 
                       𝜎𝜎𝑐𝑐 = 3,712 𝑀𝑀𝑀𝑀𝑀𝑀   

 

  (2) 
 
6.4 𝑀𝑀𝑐𝑐 = 0,5𝜎𝜎𝑐𝑐𝐴𝐴𝑐𝑐 ×

2
3
𝑛𝑛 

 

       = 0,5 × 3,712 × 106 × 0,2 × 0,302 ×
2
3

× 0,302   
 
𝑀𝑀𝑐𝑐 = 22,528 𝑘𝑘𝑘𝑘𝑘𝑘   
 
𝑀𝑀𝑠𝑠 = 𝜎𝜎𝑠𝑠𝐴𝐴𝑠𝑠(𝑑𝑑 − 𝑛𝑛) 
 
      = 140 × 106 × 800 × 10−6(0,8 − 0,302)   
 
𝑀𝑀𝑠𝑠 = 55,807 𝑘𝑘𝑘𝑘𝑘𝑘   

 

  (4)  
   [12] 
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QUESTION 7 
 
7.1 

𝑦𝑦0 =
𝐹𝐹𝐻𝐻
𝑤𝑤

=
30 × 103

20
= 1500 𝑚𝑚   

 

𝐹𝐹𝑇𝑇2 =
𝐹𝐹𝐻𝐻

cos𝜃𝜃
=

30 × 103

15
= 31,0583 𝑘𝑘𝑘𝑘   

 
𝑙𝑙2 = 𝑦𝑦0 tan𝜃𝜃 = 1500 × tan 15 = 401,924 𝑚𝑚   
 
𝑙𝑙1 = 𝑙𝑙𝑇𝑇 − 𝑙𝑙2 = 650 − 401,924 = 248,0762 𝑚𝑚   
 

𝑦𝑦1 = �𝑙𝑙12 + 𝑦𝑦02 = �248,07622 + 15002 = 1520,376 𝑚𝑚   

 
𝐹𝐹𝑇𝑇1 = 𝑤𝑤𝑦𝑦1 = 20 × 1520,376 = 30,408 𝑘𝑘𝑘𝑘   

 

  (6) 
 
7.2 𝐹𝐹𝑉𝑉2 = 𝐹𝐹𝐻𝐻 tan𝜃𝜃 = 30 × 103 × tan 15 = 8,0385 𝑘𝑘𝑘𝑘   

 
𝐹𝐹𝑉𝑉𝑉𝑉 = 𝐹𝐹𝑇𝑇2 sin𝛼𝛼 = 31,0583 × 103 × sin 60 = 26,897 𝑘𝑘𝑘𝑘   
 
𝑅𝑅𝑉𝑉 = 𝐹𝐹𝑉𝑉2 + 𝐹𝐹𝑉𝑉𝑉𝑉 = 8,0385 + 26,897 = 34,936 𝑘𝑘𝑘𝑘   
 
𝐹𝐹𝐻𝐻𝐻𝐻 = 𝐹𝐹𝑇𝑇2 cos𝛼𝛼 = 31,0583 × 103 cos 60 = 15,529 𝑘𝑘𝑘𝑘   
 
𝑅𝑅𝐻𝐻 = 𝐹𝐹𝐻𝐻𝐻𝐻 − 𝐹𝐹𝐻𝐻𝐻𝐻 = 30 × 103 − 15,529 × 103 = 14,471 𝑘𝑘𝑘𝑘   
 

𝑅𝑅 = �𝑅𝑅𝐻𝐻2 + 𝑅𝑅𝑉𝑉2 = �14,4712 + 34,9362 = 37,814 𝑘𝑘𝑘𝑘   

 

  (6) 
 
7.3 𝑀𝑀 = 𝑅𝑅𝐻𝐻 × 𝐻𝐻 = 14,471 × 20  = 289,417 𝑘𝑘𝑘𝑘𝑘𝑘      (2) 
   [14] 
 
 
QUESTION 8 
 
8.1 

𝑑𝑑 = �16𝑇𝑇𝑒𝑒
𝜋𝜋 × 𝜏𝜏

3
= �16 × 2 × 103

𝜋𝜋 × 60 × 106
3

  = 55,371 𝑚𝑚𝑚𝑚   

 

𝑑𝑑 = �32𝑀𝑀𝑒𝑒

𝜋𝜋 × 𝜎𝜎
3

= �32 × 3 × 103

𝜋𝜋 × 90 × 106
3

  = 69,763 𝑚𝑚𝑚𝑚   

 
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 69,763 𝑚𝑚𝑚𝑚   
𝑇𝑇ℎ𝑖𝑖𝑖𝑖 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑏𝑏𝑏𝑏𝑏𝑏ℎ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙   

 

  (6) 
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8.2 𝑀𝑀𝑒𝑒 = 0,5(𝑀𝑀 + 𝑇𝑇𝑒𝑒) 

 
3 = 0,5(𝑀𝑀 + 2)   
 
𝑀𝑀 = 4 𝑘𝑘𝑘𝑘𝑘𝑘   
 

𝑤𝑤 =
8𝑀𝑀
𝐿𝐿2

=
8 × 4

42
= 2 𝑘𝑘𝑘𝑘/𝑚𝑚   

 

  (3) 
 
8.3 𝜎𝜎 = 90 𝑀𝑀𝑀𝑀𝑀𝑀    

 

𝜏𝜏 =
16𝑇𝑇𝑒𝑒
𝜋𝜋𝑑𝑑3

=
16 × 2 × 103

𝜋𝜋 × 0,06983
  = 30 𝑀𝑀𝑀𝑀𝑀𝑀   

 

  (3) 
   [12] 
 
 TOTAL:  100 
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