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aሻ Physical coordinates of nodes: 
bሻ  
node  ଵܺ

[m]  ܺଶ[m] 
1  0.0  0.0 
2  2.0  0.75 
3  2.0  2.25 
4  0.0  3.0 

 
 

Using symetry :

 
 
Interpolation functions for bilinear quadrilateral element:
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Values of interpolation functions and derivatives of shape 
function for  ଵଵߦ ൌ ଶଵߦ ൌ 0
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detሺ۸ሻ ൌ 1.125 
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Node 2:  
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ԧ ൌ 5000 
1 0 0
0 1 0
0 0 0.5

൩ 

 

۹ଵ ൌ 2 · 2 · 0.2 · 1.125 · 5000 · ቂ0 െ0.222 0.25
0 0.222 0.25ቃ 

1 0 0
0 1 0
0 0 0.5

൩ 
0

െ0.222
0.25

0
0.222
0.25

൩ ൌ ቂ362.403 െ81.153
െ81.153 362.403ቃ 

 
Load vector 
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Values of derivatives of shape functions for  ߦଵଵ ൌ െ1 √3⁄ ଶଵߦ    ൌ െ1 √3⁄     
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detሺ۸ሻ ൌ 1.342 

Values of  derivatives of shape functions for  ߦଵଵ ൌ 1 √3⁄ ଶଵߦ    ൌ െ1 √3⁄     
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detሺ۸ሻ ൌ 0.9085 
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ଵܚ ൌ െ0.2 ቀቂ0.1667 · 200.0447 · 20ቃ · 1.342  ቂ0.6220 · 200.1667 · 20ቃ · 0.9085  ቂ0.1667 · 200.6220 · 20ቃ · 0.9085  ቂ0.0447 · 200.1667 · 20ቃ · 1.342ቁ 

ଵܚ ൌ െ0.2 ቀቂ0.1667  0.0447
0.0447  0.1667ቃ · 20 · 1.342  ቂ0.6220  0.1667

0.1667  0.6220ቃ · 20 · 0.9085ቁ ൌ െ0.2 ቀቂ5.6745.674ቃ  ቂ14.3314.33ቃቁ ൌ ቂെ4.0െ4.0ቃ 

Check: 

Calcultion of the other two nodal forces 
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ଵܚ ൌ െ0.2 ቀቂ0.6220  0.1667
0.1667  0.6220ቃ · 20 · 1.342  ቂ0.1667  0.0447

0.0447  0.1667ቃ · 20 · 0.9085ቁ ൌ െ0.2 ቀቂ21.16921.169ቃ  ቂ3.8413.841ቃቁ ൌ ቂെ5.0െ5.0ቃ 

Weight of the element: 

ଵܚ ൌ െ
3  1.5

2 · 2 · 0.2 · 20 ൌ െ18.0

Solution of system of equations 

ቂ362.403  ܭ െ81.153
െ81.153 362.403ቃ 

ଶଶݑ

ଶଷݑ
൨ ൌ ቂെ4.0െ4.0ቃ 

ሺ362.403  ଶଶݑሻܭ െ 81.153 · ଶଷݑ ൌ െ4.0
െ81.153 · ଶଶݑ  362.403 · ଶଷݑ ൌ െ4.0

 

For ݑଶଶ ൌ െ0.01 we get: 

ଶଷݑ ൌ
െ4.0  81.153 · ሺെ0.01ሻ

362.403 ൌ െ0.013277 

ܭ ൌ
െ4.0  81.153ሺെ0.013277ሻ

െ0.01 െ 362.403 ൌ 145.344

Check

ቂ362.403  145.344 െ81.153
െ81.153 362.403ቃ 

ଶଶݑ

ଶଷݑ
൨ ൌ ቂെ4.0െ4.0ቃ 

ݑଶ
ଶ

ଶଷݑ
൨ ൌ ቂെ0.0100െ0.0133ቃ 

ܭ ൌ 2 · ,ܭ ܭ ൌ
ܣܧ
ܮ   ֜ ܣ ൌ

ܮ · 2 · ܭ
ܧ ൌ

2.0 · 2 · 145.344
5000 ൌ 0.116 ݉ଶ 
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