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VRAAG 1 
 
1.1    𝑏𝑏𝑏𝑏 200 𝑚𝑚𝑚𝑚 ∶ 𝑎𝑎 +

𝑏𝑏
0,22

= 30 × 106 … … … . (1)  

 

   𝑏𝑏𝑏𝑏 140 𝑚𝑚𝑚𝑚 ∶ 𝑎𝑎 +
𝑏𝑏

0,142
= 0 … … ….                  (2)  

 
(1) − (2) ∶ 25𝑏𝑏 − 51,02𝑏𝑏 = 30 × 106 
 
                                               𝑏𝑏 = −1,153 × 106  
                                                𝑎𝑎 = 58,824 × 106  
 

𝜎𝜎𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = 𝑎𝑎 −
𝑏𝑏

0,22
= 58,824 × 106 −

(−1,153 × 106)
0,22

 = 87,647 𝑀𝑀𝑀𝑀𝑀𝑀   

 

  (6) 
 
1.2   𝑏𝑏𝑏𝑏 200 𝑚𝑚𝑚𝑚 ∶ 𝑎𝑎 +

𝑏𝑏
0,22

= 30 × 106 … … … . (1)  

 

𝑏𝑏𝑏𝑏 250 𝑚𝑚𝑚𝑚 ∶ 𝑎𝑎 +
𝑏𝑏

0,252
= 0 … … ….                 (2)  

 
 (1) − (2) ∶ 25𝑏𝑏 − 16𝑏𝑏 = 30 × 106 
 
                                         𝑏𝑏 = 3,333 × 106  
                                          𝑎𝑎 = −53,333 × 106  
 

𝜎𝜎𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = 𝑎𝑎 −
𝑏𝑏

0,22
= −53,333 × 106 −

(3,333 × 106)
0,22

 = −136,667 𝑀𝑀𝑀𝑀𝑀𝑀   

 

 
  (6) 

 
1.3 𝛿𝛿𝑑𝑑1 =

𝐷𝐷𝑐𝑐
𝐸𝐸

(𝜎𝜎𝐻𝐻 − 𝜗𝜗 × 𝜎𝜎𝑅𝑅) 
 

        =
0,2

200 × 109
(87,647 × 106 − 0,3 × 30 × 106) 

 
𝛿𝛿𝑑𝑑1 = 78,647 × 10−6𝑚𝑚   

 

  (1) 
 
1.4 𝛿𝛿𝑑𝑑2 =

𝐷𝐷𝑐𝑐
𝐸𝐸

(𝜎𝜎𝐻𝐻 − 𝜗𝜗 × 𝜎𝜎𝑅𝑅) 
 

         =
0,2

200 × 109
(−136,667 × 106 − 0,3 × 30 × 106) 

 
 𝛿𝛿𝑑𝑑2 = −145,667 × 10−6𝑚𝑚  

 
 
 
 
 
 
  (1) 

 
1.5 ∆𝑑𝑑 = 𝛿𝛿𝑑𝑑1 − 𝛿𝛿𝑑𝑑2 

       = 78,647 × 10−6— (−145,667 × 10−6) 
∆𝑑𝑑 = 0,224 𝑚𝑚𝑚𝑚   

 

  (1) 
   [15] 
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VRAAG 2 
 
2.1 

𝑀𝑀 =
𝑤𝑤𝐿𝐿2

8
=

12 × 103 × 42

8
= 24 𝑘𝑘𝑘𝑘𝑘𝑘  

 

𝑍𝑍 =
𝑀𝑀
𝜎𝜎

=
24 × 103

80 × 106
= 300 × 10−6𝑚𝑚3  

 
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖𝑖𝑖 305 ×  102 ×  28,6 𝑘𝑘𝑘𝑘/𝑚𝑚   (Z = 352,1 × 10−6𝑚𝑚3) 

 

  (3) 
 
2.2 

    𝑦𝑦 =
5𝑤𝑤𝐿𝐿4

384𝐸𝐸𝐸𝐸
 

 
4

360
 =

5 × 12 × 103 × 44

384 × 207 × 109 × 𝐼𝐼
 

 
         𝐼𝐼 = 17,391 × 10−6𝑚𝑚4  
 
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖𝑖𝑖 305 ×  102 × 24,5 𝑘𝑘𝑘𝑘 𝑚𝑚⁄   (I = 43,64 × 10−6𝑚𝑚4) 

 

  (3) 
 
2.3 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖𝑖𝑖 305 ×  102 × 28,6𝑘𝑘𝑘𝑘 𝑚𝑚⁄  

 
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 −  𝑎𝑎𝑎𝑎 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  

 

  (2) 
 
2.4 

𝜎𝜎 =
𝑀𝑀
𝑍𝑍

=
24 × 103

352,1 × 10−6
= 68,162 𝑀𝑀𝑀𝑀𝑀𝑀  

 

𝑦𝑦 =
5𝑤𝑤𝐿𝐿4

384𝐸𝐸𝐸𝐸
=

5 × 12 × 103 × 44

384 × 207 × 109 × 43,64 × 10−6
= 4,428 𝑚𝑚𝑚𝑚  

 

  (2) 
   [10] 
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VRAAG 3 
 
3.1 

𝐴𝐴 =
𝜋𝜋(𝐷𝐷2 − 𝑑𝑑2)

4
=
𝜋𝜋 × (2,82 − 2,62)

4
= 0,848 𝑚𝑚2  

 

I =
𝜋𝜋(𝐷𝐷4 − 𝑑𝑑4)

64
=
𝜋𝜋(24 − 1,94)

64
= 0,774 𝑚𝑚4  

 
𝑊𝑊 = 𝜌𝜌𝜌𝜌ℎ𝑔𝑔 = 2400 × 0,848 × ℎ × 9,81 = 19970,728ℎ   
 
𝐹𝐹 = 𝑝𝑝 × 𝐴𝐴𝑝𝑝 = 1,2 × 103 × 2,8 × ℎ × 0,6 = 2016ℎ   
 

𝜎𝜎𝑑𝑑 =
𝑊𝑊
𝐴𝐴

=
19970,728ℎ 

0,848
= 23544ℎ   

 

𝜎𝜎𝑏𝑏 =
𝐹𝐹𝐹𝐹𝐹𝐹
𝐼𝐼

=
2016ℎ × 0,5ℎ × 1,4

0,774
= 1823,233ℎ2    

 
𝑣𝑣𝑣𝑣𝑣𝑣 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜎𝜎𝑏𝑏 = 𝜎𝜎𝑑𝑑 
 
           1823,233ℎ2 = 23544ℎ   
                                ℎ = 14,559 𝑚𝑚   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (8) 

 
3.2 𝜎𝜎𝑑𝑑 = 23544ℎ = 23544 × 14,559 = 342,771 𝑘𝑘𝑘𝑘𝑘𝑘 =  𝜎𝜎𝑏𝑏   

 
𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚 = 𝜎𝜎𝑑𝑑 + 𝜎𝜎𝑏𝑏 = 342,771 + 342,771 = 685,543 𝑘𝑘𝑘𝑘𝑘𝑘  𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘   

  
 
  (3) 

   [11] 
 
 
VRAAG 4 
 
4.1 𝑊𝑊1 = 𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌 = 2000 × 9,81 × 1,2 × 2,5 × 1 = 58,86 𝑘𝑘𝑘𝑘   

 
𝑉𝑉 = 𝑊𝑊1 + 𝑊𝑊2 = 47,677 + 100 = 158,86 𝑘𝑘𝑘𝑘   

  
 
  (2) 

 
4.2 𝐶𝐶𝜇𝜇 =

1 − 𝑠𝑠𝑠𝑠𝑠𝑠30
1 + 𝑠𝑠𝑠𝑠𝑠𝑠30

= 0,333   
 

𝐹𝐹𝑔𝑔 =
𝜌𝜌𝜌𝜌ℎ2

2
× 𝐶𝐶𝜇𝜇 =

1680 × 9,81 × 2,52 × 0,333
2

= 17,168 𝑘𝑘𝑘𝑘   

  
 
 
 
  (2) 
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4.3 𝑊𝑊~𝑀𝑀 = 𝑊𝑊1 × 𝑥𝑥1 + 𝑊𝑊2 × 𝑥𝑥2 = 58,86 × 0,6 + 100 × 0,4 = 75,316 𝑘𝑘𝑘𝑘𝑘𝑘   

 

𝐹𝐹~𝑀𝑀 = 𝐹𝐹𝑔𝑔 ×
ℎ
3

= 17,168 × 0,833 = 14,306 𝑘𝑘𝑘𝑘𝑘𝑘   
 
               𝑉𝑉 × 𝑥𝑥 + 𝐹𝐹~𝑀𝑀 = 𝑊𝑊~𝑀𝑀 
 
158,86 × 𝑥𝑥 + 14,306 = 75,316   
 
                                         𝑥𝑥 = 0,384 𝑚𝑚   

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑥𝑥 <
𝐵𝐵
3

    (val buite middelste derde) 

 

  (5) 
 
4.4 𝑒𝑒 = 0,5𝐵𝐵 − 𝑥𝑥 = 0,6 − 0,384 = 0,216 𝑚𝑚   

 

𝜎𝜎𝑡𝑡𝑡𝑡𝑡𝑡 =
𝑉𝑉
𝐵𝐵

+
6𝑉𝑉𝑉𝑉
𝐵𝐵2

=
158,86

1,2
+

6 × 158,86 × 0,216
1,22

= 275,326 𝑘𝑘𝑘𝑘𝑘𝑘 (𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘)  
 

𝜎𝜎ℎ𝑒𝑒𝑒𝑒𝑒𝑒 =
𝑉𝑉
𝐵𝐵
−

6𝑉𝑉𝑉𝑉
𝐵𝐵2

=
158,86

1,2
−

6 × 158,86 × 0,216
1,22

= −10,559 𝑘𝑘𝑘𝑘𝑘𝑘 (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡)  

 
 
 
 
 
 
  (3) 

 
4.5 𝜎𝜎𝑢𝑢𝑢𝑢𝑢𝑢 = 𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚 × 𝐹𝐹𝐹𝐹𝐹𝐹 = 275,326 × 3  = 825,978 𝑘𝑘𝑘𝑘𝑘𝑘      (2) 
   [14] 
 
 
VRAAG 5 
 
5.1 

𝐿𝐿 = �
𝑊𝑊𝑇𝑇

𝑝𝑝
= �2,4 × 106 + 300 × 103

200 × 103
  = 3,674 𝑚𝑚   

 
 
 

 
5.2 

𝑀𝑀 =
𝑊𝑊(𝐿𝐿 − 𝑙𝑙)

8
=

2,4 × 106(3,674 − 0,8)
8

  = 862,27 𝑘𝑘𝑘𝑘𝑘𝑘   
 

   
 
5.3 

𝑍𝑍 =
𝑀𝑀

𝜎𝜎 × 𝑛𝑛
=

862,27 × 103

110 × 106 × 5
= 1567,764 × 10−6𝑚𝑚3  

 
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐼𝐼 − 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑖𝑖𝑖𝑖 457 × 191 × 82 𝑘𝑘𝑘𝑘/𝑚𝑚    (Z = 1612 × 10−6𝑚𝑚3) 

  

 
5.4 𝑙𝑙 = 𝑏𝑏 × 𝑛𝑛 + 0,075(𝑛𝑛 − 1) = 0,1913 × 5 + 0,075 × 4  = 1,2565 𝑚𝑚     
 
5.5 

𝑀𝑀 =
𝑊𝑊(𝐿𝐿 − 𝑙𝑙)

8
=

2,4 × 106(3,674 − 1,2565)
8

  = 725,32 𝑘𝑘𝑘𝑘𝑘𝑘   
  

 
5.6 

𝑍𝑍 =
𝑀𝑀

𝜎𝜎 × 𝑛𝑛
=

725,32 × 103

110 × 106 × 10
= 659,382 × 10−6𝑚𝑚3  

 
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐼𝐼 − 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑖𝑖𝑖𝑖 356 × 171 × 44,8 𝑘𝑘𝑘𝑘/𝑚𝑚    (Z = 686,1 × 10−6𝑚𝑚3) 

  

 (6 × 2)  [12] 
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VRAAG 6 
 
6.1                               𝑚𝑚𝐴𝐴𝑠𝑠(𝑑𝑑 − 𝑛𝑛) = 𝐴𝐴1𝑦𝑦1 + 𝐴𝐴2𝑦𝑦2 

 
15 × 600 × 10−6(0,6 − 𝑛𝑛) = 0,5 × 0,1(𝑛𝑛 − 0,05)+ 0,2 × 0,5(𝑛𝑛 − 0,1)2  
 
                100𝑛𝑛2 + 39𝑛𝑛 − 6,9 = 0   
 
                                                    𝑛𝑛 = 0,132 𝑚𝑚   

 

  (4) 
 
6.2 

               
𝜎𝜎𝑠𝑠
𝜎𝜎𝑐𝑐

=
𝑚𝑚(𝑑𝑑 − 𝑛𝑛)

𝑛𝑛
 

 
120 × 106

𝜎𝜎𝑐𝑐
=

15(0,6 − 0,132)
0,132

   

 
                𝜎𝜎𝑐𝑐 = 2,26 𝑀𝑀𝑀𝑀𝑀𝑀   
 
                𝜎𝜎𝑠𝑠 = 120 𝑀𝑀𝑀𝑀𝑀𝑀   

 

  (3) 
 
6.3 

𝜎𝜎𝑐𝑐1 =
𝜎𝜎𝑐𝑐(𝑛𝑛 − 𝑡𝑡)

𝑛𝑛
=

2,26 × 106(0,132 − 0,1)
0,132

= 0,55 𝑀𝑀𝑀𝑀𝑀𝑀   
 

  (1) 
 
6.4 𝑀𝑀𝑐𝑐 = 0,5𝜎𝜎𝑐𝑐𝐴𝐴𝑐𝑐

2
3
𝑛𝑛 − �0,5𝜎𝜎𝑐𝑐1(𝑏𝑏 − 𝑒𝑒)(𝑛𝑛 − 𝑡𝑡)

2
3

(𝑛𝑛 − 𝑡𝑡)� 
 

       = 0,5 × 2,26 × 500 × 132 ×
2
3

× 132 − 0,5 × 0,55 × 300 ×
2
3

× 322   
 
       = 6576,557 − 56,806   
 
𝑀𝑀𝑐𝑐 = 6519,752 𝑁𝑁𝑁𝑁   

 

  (3) 
 
6.5 𝑀𝑀𝑠𝑠 = 𝜎𝜎𝑠𝑠𝐴𝐴𝑠𝑠(𝑑𝑑 − 𝑛𝑛) = 120 × 106 × 600 × 10−6(0,6 − 0,132) = 33685,434 𝑁𝑁𝑁𝑁   

 
𝑀𝑀 = 𝑀𝑀𝑐𝑐 + 𝑀𝑀𝑠𝑠 = 6,5198 + 33,685 = 40,205 𝑘𝑘𝑘𝑘𝑘𝑘   

 

  (2) 
   [13] 
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VRAAG 7 
 
7.1 

     
𝑤𝑤𝑥𝑥12

2𝑑𝑑
=
𝑤𝑤(𝐿𝐿 − 𝑥𝑥1)2

2(𝑑𝑑 + ℎ)  

 

         
𝑥𝑥12

8
=

(160 − 𝑥𝑥1)2

14
     

 

160 − 𝑥𝑥1
𝑥𝑥1

= �14
8

     

 
         𝑥𝑥1 = 68,88 𝑚𝑚     

 

  (3) 
 
7.2 

𝐹𝐹𝐻𝐻 =
𝑤𝑤𝑥𝑥12

2𝑑𝑑
=

15 × 103 × 68,882

2 × 8
  = 4447,944 𝑘𝑘𝑘𝑘    

 
  (2) 

 
7.3 𝐹𝐹𝑣𝑣2 = 𝑤𝑤𝑥𝑥2 = 15 × 103 × 91,12  = 1366,798 𝑘𝑘𝑘𝑘    

 

𝐹𝐹𝑇𝑇2 = �𝐹𝐹𝐻𝐻2 + 𝐹𝐹𝑣𝑣22 = �4447,9442 + 1366,7982 = 4653,208 𝑘𝑘𝑘𝑘    

 

  (2) 
 
7.4 𝐵𝐵𝐵𝐵 120 𝑚𝑚 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠: 𝑥𝑥3 = 120 − 𝑥𝑥1 = 51,12 𝑚𝑚   

 
𝐹𝐹𝑣𝑣3 = 𝑤𝑤𝑥𝑥3 = 15 × 103 × 51,12 = 766,798 𝑘𝑘𝑘𝑘   
 

𝐹𝐹𝑇𝑇3 = �𝐹𝐹𝐻𝐻2 + 𝐹𝐹𝑣𝑣32 = �4447,9442 + 766,7982 = 4513,556 𝑘𝑘𝑘𝑘    

 

  (3) 
   [10] 
 
 
VRAAG 8 
 
8.1 𝑅𝑅𝐿𝐿 × 1,2 = 2600 × 0,8 + 981 × 0,4 + 600 × 1,2 × 0,6   

            𝑅𝑅𝐿𝐿 = 2420,333 𝑁𝑁   
 
𝑅𝑅𝑅𝑅 × 1,2 = 2600 × 0,4 + 981 × 0,8 + 600 × 1,2 × 0,6   
            𝑅𝑅𝑅𝑅 = 1880,667 𝑁𝑁   

 

  (4) 
 
8.2 𝑀𝑀 = 2420,333 × 0,4 − 600 × 0,4 × 0,2  = 920,133 𝑁𝑁𝑁𝑁      (2) 
 
8.3 𝑇𝑇 = (𝑇𝑇1 − 𝑇𝑇2)𝑟𝑟 = (2000 − 600)0,2 = 280 𝑁𝑁𝑁𝑁      (1) 
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8.4 𝑀𝑀𝑒𝑒 = 0,5 �𝑀𝑀 + �𝑀𝑀2 + 𝑇𝑇2� = 0,5 �920,13 + �920,132 + 2802� = 940,963 𝑁𝑁𝑁𝑁  

 

          𝑀𝑀𝑒𝑒 =
𝜋𝜋𝑑𝑑3𝜎𝜎

32
 

 

940,963 =
𝜋𝜋 × 𝑑𝑑3 × 70 × 106

32
  

 
              𝑑𝑑 = 51,542 𝑚𝑚𝑚𝑚   

 

  (3) 
 
8.5 

          𝑀𝑀𝑒𝑒 =
𝜋𝜋(𝐷𝐷4 − 𝑑𝑑4)𝜎𝜎

32𝐷𝐷
 

 

940,963 =
𝜋𝜋 × [𝐷𝐷4 − (0,5)4] × 70 × 106

32𝐷𝐷
 

 

940,963 =
𝜋𝜋 × (0,9375𝐷𝐷4)70 × 106

32𝐷𝐷
  

 
             𝐷𝐷 = 52,662 𝑚𝑚𝑚𝑚  
              𝑑𝑑 = 26,331 𝑚𝑚𝑚𝑚   

 

  (3) 
 
8.6 

% 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 =
𝑑𝑑𝑠𝑠2 − (𝐷𝐷2 − 𝑑𝑑2)

𝑑𝑑𝑠𝑠2
=

51,5422 − (52,6622 − 26,3312)
51,5422

 

= 21,7%   

 
 
  (2) 

   [15] 
 

TOTAAL:  100 
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