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VRAAG 1 
 
1.1 𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚 =  𝐹𝐹

𝐴𝐴𝑙𝑙𝑙𝑙𝑚𝑚𝑙𝑙𝑙𝑙
=  70 000

𝜋𝜋
4.(0,042− 0,0222)

= 79,863 𝑀𝑀𝑀𝑀𝑚𝑚  
  (4) 

 
1.2 𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚 =  𝐹𝐹

𝐴𝐴𝑚𝑚𝑚𝑚𝑚𝑚
=  70 000

𝜋𝜋
4.(0,042)

= 55,704 𝑀𝑀𝑀𝑀𝑚𝑚  
  (3) 

 
1.3 𝜀𝜀𝐻𝐻 =  𝜎𝜎𝐻𝐻𝐸𝐸 =  79,863 × 106

190 × 109 = 4,203 × 10−4 
 
𝜀𝜀𝑆𝑆 =  𝜎𝜎𝑆𝑆𝐸𝐸 =  55,704 × 106

190 × 109 = 2,932 × 10−4 
 
𝜀𝜀𝑇𝑇 =  𝜀𝜀𝐻𝐻 + 𝜀𝜀𝑆𝑆 = 4,203 × 10−4 +  2,932 × 10−4 = 7,135 × 10−4 

 

  (7)  
 
1.4 𝑋𝑋𝐻𝐻 =  𝜀𝜀𝐻𝐻𝐿𝐿 =  4,203 × 10−4

(0,124−0,08) = 9,552 × 10−3  
  (4) 

 
1.5 𝑈𝑈𝐻𝐻 =  

1
2 .𝐹𝐹.𝑋𝑋𝐻𝐻 =  

1
2 . (70 000). �9,552 × 10−3� = 334,32 𝐽𝐽  

  (4) 
  [22] 

 
 
VRAAG 2 
 
2.1 𝐴𝐴𝑆𝑆 =  

𝜋𝜋
4 . �0,0152� . 3 =  5,301 × 10−4 𝑚𝑚2 

𝐴𝐴𝑇𝑇 =  𝜋𝜋4 . �0,152� =  17,671 × 10−3 𝑚𝑚2 
𝐴𝐴𝐶𝐶 =  𝐴𝐴𝑇𝑇 −  𝐴𝐴𝑆𝑆 =  17,141 × 10−3 𝑚𝑚2 
 
𝐹𝐹𝑇𝑇 =  𝐹𝐹𝐶𝐶 + 𝐹𝐹𝑆𝑆 = 300 000 𝑁𝑁   
𝑋𝑋𝐶𝐶 =  𝑋𝑋𝑆𝑆 
𝐹𝐹𝑐𝑐.𝐿𝐿𝐶𝐶
𝐴𝐴𝑐𝑐.𝐸𝐸𝐶𝐶

=  𝐹𝐹𝑆𝑆.𝐿𝐿𝑆𝑆
𝐴𝐴𝑆𝑆.𝐸𝐸𝑆𝑆

 

∴ 𝐹𝐹𝐶𝐶 =  �17,141 × 10−4.  (18 × 109)
5,301 × 10−4.  (210 × 109)

� .𝐹𝐹𝑆𝑆 
∴ 𝐹𝐹𝐶𝐶 =  0,277.𝐹𝐹𝑆𝑆 
 
𝐹𝐹𝑇𝑇 =  0,277.𝐹𝐹𝑆𝑆 + 𝐹𝐹𝑆𝑆 = 300 000 𝑁𝑁   
∴ 𝐹𝐹𝑆𝑆 =  234 896,058 𝑁𝑁   
∴ 𝐹𝐹𝐶𝐶 =  300 000 − 234 896,058 = 65 103,943 𝑁𝑁   
 
∴ 𝜎𝜎𝐶𝐶 =  65 103,943

17,141 ×10−3  = 3,798 𝑀𝑀𝑀𝑀𝑚𝑚   

∴ 𝜎𝜎𝑆𝑆 =  234 896,058
5,301 ×10−4  = 443,117 𝑀𝑀𝑀𝑀𝑚𝑚   

 

 

(14) 
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2.2 𝑋𝑋𝐶𝐶 =  𝑋𝑋𝑆𝑆 

𝜎𝜎𝑐𝑐.𝐿𝐿𝐶𝐶
 𝐸𝐸𝐶𝐶

=  𝜎𝜎𝑆𝑆.𝐿𝐿𝑆𝑆
𝐸𝐸𝑆𝑆

 

∴ 𝜎𝜎𝑆𝑆 =  210 ×109.(6,23 ×106)
18 ×109  = 72,683 𝑀𝑀𝑀𝑀𝑚𝑚   

 
𝐹𝐹𝐶𝐶 + 𝐹𝐹𝑆𝑆 =  800 000 
𝜎𝜎𝐶𝐶.𝐴𝐴𝐶𝐶 + 𝜎𝜎𝑆𝑆.𝐴𝐴𝑆𝑆 =  800 000 
6,23 × 106. (0,0176 − 𝐴𝐴𝑆𝑆)  +  72,683 × 106.𝐴𝐴𝑆𝑆 =  800 000 
 
∴ 𝐴𝐴𝑆𝑆 =  

800 000 −  109 648
66,453 × 106 = 10,389 × 10−3 𝑚𝑚2 

 

  (8) 
 
2.3 𝑚𝑚 =  𝐸𝐸𝑆𝑆

𝐸𝐸𝐶𝐶
=  210

18
= 11,667 ≈ 12  

(Staal is 12 x sterker as beton)  

 

  (3) 
    [25] 

 
 
VRAAG 3 
 
𝑙𝑙 =  𝑝𝑝𝑖𝑖.𝐷𝐷

2.𝜎𝜎𝑡𝑡.𝜂𝜂
=  4 ×106 .(3,2)

2.(120 ×106 ).(0,75)
= 0,071 𝑚𝑚 = 71,111 𝑚𝑚𝑚𝑚  

  (4) 
      [4] 

 
VRAAG 4 
 
4.1  

 

 
 

  

 FIGUUR 1    (8) 
 
4.2 𝐵𝐵𝑀𝑀𝐵𝐵 = 60. (2) + 25. (2). �2

2� = 170 𝑘𝑘𝑁𝑁/𝑚𝑚 

𝐵𝐵𝑀𝑀𝐶𝐶 = 60. (4) + 25. (2).�
2
2 + 2� − 202. (2) + 19. (2).�

2
2� = 24 𝑘𝑘𝑁𝑁/𝑚𝑚 

 

 

  (5) 
  [13] 
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25 kN/m 19 kN/m 

105 kN 

202 kN 

60 kN/m 60 kN 
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VRAAG 5 
 

𝐼𝐼𝑋𝑋1 =
1

12 . (0,1). �0,0063� = 18 × 10−9 
𝐼𝐼𝑋𝑋2 = 15,13 × 10−6 
𝐼𝐼𝑋𝑋𝑇𝑇 = 2. �18 × 10−9� +  15,13 × 10−6 =  15,134 × 10−6   
 
𝐼𝐼𝑋𝑋1 = 1

12 . (0,006). �0,13� = 0,5 × 10−6 
𝐼𝐼𝑌𝑌2 = 1,385 × 10−6 
𝐼𝐼𝑌𝑌𝑇𝑇 = 2. �0,5 × 10−6� +  1,385 × 10−6 =  2,385 × 10−6   
 
∴ 𝐼𝐼𝑙𝑙𝑙𝑙𝑚𝑚𝑙𝑙𝑙𝑙 = 2,385 × 10−6 
 
𝐴𝐴𝑇𝑇 = 2. (0,1 × 0,006) +  2,73 × 10−3 =  3,93 × 10−3   
 
𝐿𝐿𝐸𝐸 = 12 × 0,5 = 6 𝑚𝑚 
 

𝑘𝑘 =  �2,385 × 10−6

 3,93 × 10−3
=  0,025 

𝑆𝑆𝑆𝑆 =
6

0,025
= 243,559 

 
𝑀𝑀𝑆𝑆  =  𝜎𝜎.𝐴𝐴

1+𝑚𝑚.(𝑆𝑆𝑆𝑆2)
=  125 ×106 .(3,93 ×10−3)

1+𝑚𝑚.(243,5592)
= 110 000 𝑁𝑁 

∴ 𝑚𝑚 =   5,843 × 10−5 

 

[19] 
 
 
VRAAG 6 
 
Oorweeg die skuifspanningsperk: 
𝑇𝑇 =  𝜋𝜋.𝐷𝐷3.𝜏𝜏

16
=  𝜋𝜋 .�0,0633� .(55 ×106)

16
= 2700,314 𝑁𝑁𝑚𝑚 

 
Oorweeg die wringhoekperk:  

𝑇𝑇 =  𝜋𝜋.𝐷𝐷4.𝐺𝐺 .𝜃𝜃
32.𝐿𝐿

=  
𝜋𝜋 .�0,0634� .�70 ×109�.� 1

57,3�

32 .(0,6)
= 3 148,867 𝑁𝑁𝑚𝑚 

 
Maksimum wringkrag: 
𝑇𝑇 =  2 700,314 𝑁𝑁𝑚𝑚 (𝑣𝑣𝑙𝑙𝑣𝑣𝑘𝑘𝑙𝑙𝑙𝑙𝑚𝑚𝑚𝑚𝑣𝑣𝑙𝑙 𝑤𝑤𝑚𝑚𝑚𝑚𝑣𝑣𝑣𝑣𝑙𝑙) 
 
Die kleiner wringkrag sal verseker dat die skuifspanning en die wringhoek binne die 
gegewe perke is.  

 

[10] 
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VRAAG 7 
 
7.1 • Beskermende bedekking 

• Katodiese beskerming  (Enige ander toepaslike antwoord) 
 

  (2) 
 
7.2 • Elektroplatering 

• Galvanisering 
• Anodisering 
• Verchroming 
• Metaalspuitverf (Enige ander toepaslike antwoord) 

 

  (5) 
 •     [7] 

 
 TOTAAL:  100 
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