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  (a) As = 438.8 mm2  (b) As = 439.0 mm2 (c) As = 442.8 mm2 (d) As = 442.0 mm2 
 Nc = 75.57 kN  Nc = 75.23 kN  Nc = 75.38 kN Nc = 75.19 kN 
  Nc/As = 172.2MPa Nc/As = 171.4 MPa Nc/As = 170.2 MPa  Nc/As = 170.1 MPa 

Fig. 27: Optimised cross-sections for the 3,000 mm long columns and Nmax = 4, (a, b) fittest cross-

sections and (c, d) least fit cross-sections 

 

    

  (a) As = 437.8 mm2  (b) As = 435.7 mm2 (c) As = 436.9 mm2 (d) As = 436.7 mm2 
 Nc = 75.78 kN  Nc = 75.22 kN  Nc = 75.04 kN Nc = 75.01 kN 
  Nc/As = 173.1 MPa Nc/As = 172.6 MPa Nc/As = 171.8 MPa  Nc/As = 171.8 MPa 

Fig. 28: Optimised cross-sections for the 3,000 mm long columns and Nmax = 5, (a, b) fittest cross-

sections and (c, d) least fit cross-sections 
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 (a) As = 436.3 mm2  (b) As = 434.3 mm2 (c) As = 436.0 mm2 (d) As = 437.4 mm2 
 Nc = 75.75 kN  Nc = 75.11 kN  Nc = 74.81 kN Nc = 74.80 kN 
  Nc/As = 173.6 MPa Nc/As = 172.9 MPa Nc/As = 171.6 MPa  Nc/As = 171.0 MPa 

Fig. 29: Optimised cross-sections for the 3,000 mm long columns and Nmax = 6, (a, b) fittest cross-

sections and (c, d) least fit cross-sections 

 

    

 (a) As = 433.9 mm2  (b) As = 433.0 mm2 (c) As = 434.5 mm2 (d) As = 435.4 mm2 
 Nc = 75.17 kN  Nc = 74.90 kN  Nc = 74.98 kN Nc = 75.07 kN 
  Nc/As = 173.2 MPa Nc/As = 172.9 MPa Nc/As = 172.6 MPa  Nc/As = 172.4 MPa 

Fig. 30: Optimised cross-sections for the 3,000 mm long columns and Nmax = 7, (a, b) fittest cross-

sections and (c, d) least fit cross-sections 
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  (a) As = 433.1 mm2  (b) As = 433.3 mm2  (c) As = 435.4 mm2 (d) As = 437.3 mm2 
 Nc = 74.99 kN  Nc = 75.00 kN Nc = 75.02 kN  Nc = 74.93 kN 
  Nc/As = 173.2 MPa Nc/As = 173.1 MPa Nc/As = 172.3 MPa  Nc/As = 171.4 MPa 

Fig. 31: Optimised cross-sections for the 3,000 mm long columns and Nmax = 8, (a, b) fittest cross-

sections and (c, d) least fit cross-sections 
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TABLES 

 

Table 1. AL penalty function coefficient γalign and associated weight ω selected for parametric study 

Combination 
γalign 

0.01 0.10 1.00 

ω 

0.3 (1) (4) (7) 

0.5 (2) (5) (8) 

0.7 (3) (6) (9) 

 

Table 2. Average results over 10 runs for parametric study of γalign and ω 

Combination 

Cross-sectional area 
Second moment 

of area Ix 
Second moment 

of area Iy 
nbAligned / 
nbElement 

As 
(mm2) 

Error(1) 
(%) 

CoV 
(%) 

Error(2) 
(%) 

CoV 
(%) 

Error(2) 
(%) 

CoV 
(%) 

Error 
(%) 

CoV 
(%) 

(1) 132.01 -0.4  0.5 -0.1  3.7 -0.2  2.1 -1.1  3.4 

(2) 132.32 -0.2  0.6 0.5  2.3 -0.3  1.6 0.0  0.0 

(3) 132.36 -0.1  0.6 0.5  2.0 0.4  0.8 0.0  0.0 

(4) 132.13 -0.3  0.4 0.1  0.6 0.4  0.6 0.0  0.0 

(5) 131.96 -0.4 0.2 0.1 0.2 0.1 0.3 0.0 0.0 

(6) 132.20 -0.3  0.3 0.0  0.2 0.4  0.6 0.0  0.0  

(7) 132.88 0.2  0.3 0.2  0.7 0.6  1.0 0.0  0.0  

(8) 133.12 0.4  0.9 1.4  4.0 0.2  0.5 0.0  0.0  

(9) 133.71 0.9  0.6 1.0  2.5 0.6  1.1 0.0  0.0  

Note: the negative error represents the optimised results are less than the optimum octagon’s 
(1): Relative error when compared to Ao = 132.55 mm2 of the optimum octagon 

(2): Relative error when compared to Ixt = Iyt are 28043.3 mm4 of the optimum octagon 

 

Table 3. Alignment tolerance Δr selected for parametric study 

Δr (mm) Δr / Lele 

0.5t 0.03 

1.0t 0.06 

1.5t 0.09 

2.0t 0.12 

 

Table 4. Average results over 10 runs for parametric study of Δr 

Case 
of Δr 

Cross-sectional area 
Second moment 

of area Ix 
Second moment 

of area Iy 
nbAligned / 
nbElement 

As 
(mm2) 

Error(1) 
(%) 

CoV 
(%) 

Error(2) 
(%) 

CoV 
(%) 

Error(2) 
(%) 

CoV 
(%) 

Error 
(%) 

CoV 
(%) 

0.5t 131.96 -0.4 0.2 0.1 0.2 0.1 0.3 0.0 0.0 

1.0t 131.06 -1.1 0.1 -0.1 0.2 0.1 0.1 0.0 0.0 

1.5t 131.23 -1.0 0.1 0.2 0.4 0.1 0.3 0.0 0.0 

2.0t 130.43 -1.6 0.0 0.0 0.1 0.0 0.1 0.0 0.0 

Note: the negative error represents the optimised results are less than the optimum octagon’s 
 (1): Relative error when compared to Ao = 132.55 mm2 of the optimum octagon 

(2): Relative error when compared to Ixt = Iyt are 28043.3 mm4 of the optimum octagon 
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Table 5: Alignment tolerance Δr proposed for various Nmax and column length (t = 1.2 mm) 

500 mm Column 1,500 mm Column 3,000 mm Column 

Nmax  
Δr 

(mm) 
Lmax  
(mm) 

Δr / Lmax Nmax 
Δr 

(mm) 
Lmax  
(mm) 

Δr / Lmax Nmax  
Δr 

(mm) 
Lmax  

(mm) 
Δr / Lmax 

3 1.5t 40 0.045 3 2.5t 50 0.060 3 4.0t 65 0.074 

4 1.3t 32 0.049 4 2.5t 44 0.068 4 3.7t 60 0.074 

5 1.0t 32 0.038 5 2.0t 36 0.067 5 3.5t 46 0.091 

6 1.0t 32 0.038 6 1.5t 36 0.050 6 3.5t 46 0.091 

- - - - 7 1.5t 36 0.050 7 3.0t 40 0.090 

- - - - - - - - 8 2.5t 36 0.083 

 

Table 6: Average results over 10 runs for the 500 mm long columns 

Nmax 

Cross-sectional 
area 

Nominal member capacity 
Ultimate 

compressive 
stress 

Alignment 

As 
(mm2) 

CoV 
(%) 

Nc 
(kN) 

Error(2) 
(%) 

CoV 
(%) 

Nc / As 
(MPa) 

Error 
(%) 

CoV 
(%) 

3 196.8 0.64 74.99 0.06 0.08 381.0 0.00 0.00 

4 195.4 0.33 75.01 0.04 0.05 383.9 0.00 0.00 

5 196.1 0.63 74.98 0.05 0.07 382.4 0.00 0.00 

6 195.6 0.74 75.00 0.03 0.04 383.4 0.00 0.00 

∞(1) 194.7 0.48 75.00 0.16 0.19 385.2 -- -- 
(1): Algorithm ran without manufacturing constraints (non-manufacturable cross-section) 

(2): Absolute error when compared to N* = 75 kN 

 

Table 7: Average results over 10 runs for the 1,500 mm long columns  

Nmax 

Cross-sectional 
area 

Nominal member capacity 
Ultimate 

compressive 
stress 

Alignment 

As 
(mm2) 

CoV 
(%) 

Nc 
(kN) 

Error(2) 
(%) 

CoV 
(%) 

Nc / As 
(MPa) 

Error 
(%) 

CoV 
(%) 

3 297.0 0.91 75.30 0.40 0.49 253.6 0.0 0.00 

4 292.1 0.56 74.97 0.23 0.29 256.7 0.0 0.00 

5 290.4 0.27 74.99 0.12 0.13 258.5 0.0 0.00 

6 289.6 0.35 75.07 0.06 0.06 259.0 0.0 0.00 

7 289.1 0.31 75.01 0.04 0.05 259.4 0.0 0.00 

∞(1) 288.1 0.26 74.97 0.16 0.20 260.2 -- -- 
(1): Algorithm ran without manufacturing constraints (non-manufacturable cross-section) 

(2): Absolute error when compared to N* = 75 kN 
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Table 8: Average results over 10 runs for the 3,000 mm long columns 

Nmax 

Cross-sectional 
area 

Nominal member capacity 
Ultimate 

compressive 
stress 

Alignment 

As 
(mm2) 

CoV 
(%) 

Nc 
(kN) 

Error(2) 
(%) 

CoV 
(%) 

Nc / As 
(MPa) 

Error 
(%) 

CoV 
(%) 

3 444.7 0.64 75.37 0.50 0.35 169.5 0.0 0.00 

4 440.3 0.32 75.30 0.40 0.32 171.0 0.0 0.00 

5 436.5  0.20 75.15 0.20 0.30 172.2 0.0 0.00 

6 435.8  0.23 75.10 0.13 0.34 172.3 0.0 0.00 

7 434.3  0.19 75.03 0.04 0.16 172.8 0.0 0.00 

8 434.5  0.29 75.02 0.02 0.08 172.7 0.0 0.00 

∞(1) 435.3  0.35 75.16 0.21 0.54 172.7 -- -- 
(1): Algorithm ran without manufacturing constraints (non-manufacturable cross-section) 

(2): Absolute error when compared to N* = 75 kN 

 

Table 9: Results of conventional lipped channel cross-sections 

Column 
length 
(mm) 

Conventional lipped channel section 

Improvement 
in capacity (2)  

(%) 
Depth 
(mm) 

Width 
(mm) 

Lip 
(mm) 

Thick-
ness 
(mm) 

Cross-
section 
area(1)  
(mm2) 

Nominal 
member 
capacity 

(kN) 

Ultimate 
compressive 

stress 
(MPa) 

500 68.6 42.3 10.8 1.2 196.0 57.7 294.4 30 

1,500 118.6 55.3 13.1 1.2 290.3 39.3 135.4 91 

3,000 195.2 75.2 16.5 1.2 435.3 29.9 68.7 151 
(1): Equal to the average optimised cross-sectional area of manufacturable cases 

(2): Compared to the average optimised capacity of manufacturable cases 
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