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Abstract
Optimal Analysison the Cost of Labor Saving Design of Steel Brides

KOKUBO Sachie

In recent years, cost saving isin great demand for public works, not excepting the
design of steel brides. For the design of steel bridges, the guideline was proposed in
1995, which aims at the reduction of manufacturing cost. The objective of “Guideline’
type design is to reduce the total cost, considering the balance of the material cost and
fabrication cost. The basic concept of this design is to reduce the cost of both welding
and assembling costs at the sacrifice of slight increase in material cost, by enlarging the
segment size with identical cross section. However, the effectiveness of “Guideline”
design is not proved numerically. The effectiveness of “Guideline” design is examined
through various trial designs in this study, and the perspective on steel bridge design in
future is also discussed.

Object of design in this study is the outer girder of a three span continuous plate
girder bridge. In addition to the design of “Guideline” type bridge, two more types are
designed to assess the cost of “Guideline” design. One is the conservative design aiming
at minimizing steel weight, and the other is proposal design without stiffeners.

Two design methods are employed for the same design condition: (1) a method
utilizing numerical optimization tool and (2) a conventional design method performed
manually. The objective function in the optimization is the sum of the material cost and
fabrication cost.

The results of these design clarify that “Guidelineg” design can be effective for the
reduction in total cost, though it is difficult to reach the optimum design because the
total cost isvery sensitive to uniformly decided section size.

The design method utilizing optimization is helpful to reduce the cost. One of the
interesting findings obtained from the optimization is the significant effect of the
spacing of vertical stiffener on the cost. The result of optimization suggests that wider
spacing may reduce the cost, though further study is necessary to use this design
practically.

Keyword: optimal analysis, plate girder, cost minimum design, fabrication cost,
“Guideline” type design
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4-2 4-1, 4-2
4-2 A B C
4-1 A
cm 441 3| 4413 1265 603.8 603.8 619.4 619.4 | 618.8 618.8 618.8
tf m 310 516 617 -500 -917 -1299 -920 600 878 993
tf 70 41 -32 -80 -125 -157 150 100 54 -27
4-2 B C
cm 882.5 1265 1207.5 1238.8 1237.5 618.8
tf m 516 617 917 1299 878 993
tf 41 32 125 157 54 27
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Y1

Y1=(A1X31XK1)+(A2X3-2XK2)

Aq
Ay
a1 5-1
dp 5-1
Ky 5-2
K» 5.3
5-1
a1 a by b, c
/ / /10 /10 /
0.93 0.23 1.07 0.45 0.39
0.90 0.22 0.89 0.42 0.42
1.97 0.33 0.99 0.42 2.92
5-2 K1
1.0 0.83X 0.17
1.0 X 0.51X 0.49
X + + 5-4
5.3 Ko
X 1.0 0.94X 0.06
1.0 X 0.80X 0.20
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5-4 kg
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mm

mm

8 491 4.37 4.56 4.61
9 5.67 4.83 5.08 519
10 7.78 7.42 7.73 7.64
11 8.75 7.97 8.35 8.36
12 9.79 8.57 9.03 9.13
13 10.8 9.21 9.75 9.92
14 9.90 10.5 10.2
15 10.6 114 11.0
16 114 12.3 13.0 12.23
17 12.2 13.2 13.8 13.07
18 131 14.2 14.6 13.97
19 14.0 15.2 155 14.9
20 15.0 16.3 16.3 15.87
21 16.0 175 17.2 16.9
22 171 18.7 18.1 17.96
23 18.2 20.0 191 191
24 19.3 213 21.0 205
25 20.5 22.6 211 214
26 217 24.0 221 229
27 230 255 231 239
28 244 27.0 24.2 252
29 25.7 28.6 254 26.6
30 272 30.2 26.5 28.0
31 28.6 31.9 217 294
32 30.1 337 28.9 30.9
33 31.7 354 30.1 324
34 33.3 37.3 314 34.0
35 35.0 39.2 32.7 35.6
36 36.7 41.1 34.0 37.3
37 384 43.1 35.3 38.9
38 40.2 45.2 36.7 40.7
39 42.0 47.3 38.1 42.5
40 43.9 49.5 395 44.3
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6-3)
6-2
6-2 A

cm 441.3|441.3 | 1265 | 603.8 | 603.8 | 619.4 | 619.4 | 619 | 619 |618.8

B cm 5 30 30 35 54 65 54 32 45 57
ts 08 | 1.2 18 | 18 | 24 | 31 | 25 | 16 | 22 | 22
b 268 | 268 | 268 | 268 | 268 | 268 | 268 | 268 | 268 | 268
tw 13 | 13 13 | 1.3 13 | 13 13 13 13 13
a 110 | 110 | 101 | 101 | 101 | 81 81 | 101 | 101 | 101
b, 17 17 15 15 15 194 | 194 15 15 15
ty 14 | 14 12 | 12 1.2 1.6 1.6 1.2 1.2 1.2
by, 13 13 13 13 13 13 13 13 13 13
th 1 1 1 1 1 1 1 1 1 1
oy | kgf/cm? | 1874 | 2058 | 2068 |-1551|-1833|-1877|-1788| 2062 | 2098 | 2030
T 201 | 118 | -92 | -230 | -359 | -451 | 431 | 287 | 155 | -77
Cua 2100 | 2100 | 2100 | 2100 | 2100 | 2100 | 2100 | 2100 | 2100 | 2100
Cla 2100 | 2100 | 2100 | 1560 | 1863 | 1882 | 1790 | 2100 | 2100 | 2100
Ta 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200
082 | 097 | 098 | 1.02 | 1.06 | 1.14 | 113 | 1.02 | 1.01 | 0.94

1.0 072 | 084 | 084 | 049 | 0.71 | 0.72 | 0.66 | 0.87 | 0.86 | 0.83
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6-3 B

cm 8825 | 1265 | 12075 | 12388 | 1238 | 619.4

B cm 52 52 52 62 52 52

t 16 16 31 4 2.5 3
b 240 240 240 240 240 240
ty 1.2 1.2 1.2 1.2 1.2 1.2
a 110 101 101 81 101 101

b, 17 15 15 20 15 15
t, 14 1.2 1.2 16 1.2 1.2

b 13 13 13 13 13 13

ty 1 1 1 1 1 1
o, | kgf/cm® | 1647 | 1969 | -1837 | -1838 | 2066 | 2040
T 142 | -111 | -434 | 545 188 -94
Gua 2100 | 2100 | 2100 | 2100 | 2100 | 2100
Gia 2100 | 2100 | 1865 | 1864 | 2100 | 2100
Ta 1200 | 1200 | 1200 | 1200 | 1200 | 1200
.| 063 | 089 | 110 | 118 | 099 | 095
10| 048 | 068 | 067 | 063 | 074 | 071

27




o 0

ty

6-4
cm 8825 | 1265 | 12075 | 12388 | 12375 | 6194
B cm 41 41 41 61 41 41
t 1.2 1.2 4 4 2.4 3.2
b 199 199 199 199 199 199
t, 35 35 35 35 35 35
o, | kgf/cm? | 1582 | 1892 | -1672 | -1835 | 2083 | 2047
T 59 46 | -179 | 225 78 -39
Gua 2100 | 2100 | 2100 | 2100 | 2100 | 2100
Ga 2100 | 2100 | 1695 | 1837 | 2100 | 2100
1a 1200 | 1200 | 1200 | 1200 | 1200 | 1200
057 | 081 | 099 | 103 | 099 | 095
6-5 6-6 6-7
a
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6-5 A
139,604 | 164,673 | 512,520 | 254,259 | 325,649 | 413,159 | 340,029 | 247,613 | 300,124 | 329,126 | 3,026,755
27,823 | 27,823 | 68,166 | 32,534 | 32,534 | 63,827 | 63,827 | 33,290 | 33,290 | 33,342 | 416,457
Y1 / 55 5.8 135 7.2 79 117 11.0 7.1 7.9 85 86.1
Ya 21 2.6 7.7 47 49 34 34 44 44 3.0 40.6
Ys 15 15 4.2 2.2 24 3.1 2.8 2.2 24 2.6 25.0
Y 9.3 10.1 26.1 14.5 15.7 18.8 17.8 141 15.2 14.5 156.2
171531 | 186,286 | 479,727 | 266,281 | 288,600 | 344,268 | 325,857 | 258,352 | 279,481 | 267,052 | 2,867,434
338,958 | 378,782 |1,060,414| 553,074 | 646,782 | 821,253 | 729,712 | 539,255 | 612,895 | 629,520 | 6,310,646
6-6 B
355,982 | 510,274 | 654299 | 862,168 | 602,005 | 329,565 | 3,314,293
50,883 62,552 59,708 118,928 61,099 30,596 383,766
Y; / 10.0 13.0 141 21.7 13.7 7.8 80.3
Y, 4.0 5.9 8.3 6.5 7.7 29 35.2
Ys 2.9 4.2 4.6 6.0 4.5 2.4 24.7
Y 17.4 23.7 27.8 35.2 26.7 135 1444
319,489 | 435671 | 510,765 | 646,250 | 489,811 | 248,327 | 2,650,312
726,353 | 1,008,496 | 1,224,773 | 1,627,346 | 1,152,915 | 608,488 | 6,348,372
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6-7

622,733 | 892,643 | 1,098,181 | 1,302,600 | 981,335 | 526,700 | 5,424,191
Y 75 10.6 13.0 154 12.7 8.7 67.9
Y, 15 21 2.0 21 2.1 10 10.8
Ys 2.3 3.3 4.1 48 3.9 25 209
Y 11.6 16.5 19.7 23.0 19.2 12.6 102.6
213582 | 302,719 | 361,641 | 422,924 | 352,851 | 230,497 | 1,884,213
836,315 | 1,195,361 | 1,459,822 | 1,725,523 | 1,334,186 | 757,197 | 7,308,404
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Bt
g 13 ( Wj—)\
B c
B/)_
0(13) (B4)-2
Bt
13 w |_)
g;(x)<0
a(7) 9(12)
A
A
b
7-1
cm 4413 | 441.3 | 1265 | 603.8 | 603.8 | 619.4 | 619.4 | 619 619 | 618.8

B cm 1 3 7 38 57 712 58 6 18 22
1 0.8 4 4 1.2 18 2.3 1.8 4 4 4
b 291 291 291 291 291 291 291 291 291 291
tw 16 16 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
a 436 436 436 436 436 436 436 436 436 436
b, 15 15 15 15 15 15 15 15 15 15
ty 1.2 12 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
bn 27 27 27 27 27 27 27 27 27 27
t 08 | 08 | 08 | 08 | 08 | 08 | 08 | 08 | 08 | 08
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oy kgf/cm2 1366 | 2026 | 2048 | -1402|-1758 | -1845 |-1746 | 2072 | 2045 | 2086
T 150 88 -69 | -172 | -268 | -337 | 322 215 116 -58
Cua 2100 | 2100 | 2100 | 2100 | 2100 | 2100 | 2100 | 2100 | 2100 | 2100
Ola 2100 | 2100 | 2100 | 1496 | 1846 | 1901 | 1777 | 2100 | 2100 | 2100
Ta 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200
044 | 094 | 095 | 090 | 096 | 1.02 | 1.04 | 101 | 096 | 0.99
033 | 051 | 050 | 037 | 070 | 092 | 084 | 0.71 | 054 | 052
tw M
M
ts B ts
B {f
B= B
B
7-2 ’ 7-3




7-2

cm | 8825 | 1265 | 12075 | 1238.8 | 1238 | 619.4

B cm | 29 29 29 66 29 | 29
t 09 | 09 | 38 21 | 14 2
b 322 | 322 | 322 | 322 | 322 | 322
ty 17 | 17 | 17 17 | 17 | 17
a 483 | 483 | 483 | 481 | 483 | 483
b, 16 16 16 16 16 | 16
t, 13 | 13 | 13 13 | 13 | 13
by 29 29 29 29 29 | 29
L, 08 | 08 | 08 08 | 08 | 08
o, |kgf/cm?| 1372 | 1640 | -1429 | -1764 | 2081 | 2082
r 75 | -58 | -228 | 287 | 99 | -49
O 2100 | 2100 | 2100 | 2100 | 2100 | 2100
A 2100 | 2100 | 1437 | 1845 | 2100 | 2100
7, 1200 | 1200 | 1200 | 1200 | 1200 | 1200
043 | 061 | 062 | 091 | 099 | 097

010 | 019 | 034 | 080 | 037 | 051

7-3

cm | 8825 | 1265 |1207.5|1238.8 | 1238 | 6194

B cm 36 36 36 74 36 36
ty 11 | 13 4 27 | 26 | 32
b 270 | 270 | 270 | 270 | 270 | 270
ty 14 | 14 | 14 | 14 | 14 | 14
a 405 | 405 | 371 | 157 | 405 | 405
b, 14 14 14 16 14 14
t, 11 | 11 | 11 | 12 | 11 | 11
by 23 23 22 16 23 23
ty 08 | 08 | 08 | 08 | 08 | 08
o, |kgf/cm?| 1872 | 2093 | -1655 | -1839 | 2092 | 2081
1 108 | -85 | -331 | 415 | 143 | -71
Gua 2100 | 2100 | 2100 | 2100 | 2100 | 2100
Gl 2100 | 2100 | 1670 | 1927 | 2100 | 2100
1a 1200 | 1200 | 1200 | 1200 | 1200 | 1200
080 | 1.00 | 106 | 1.03 | 1.01 | 099

060 | 070 | 099 | 075 | 076 | 066
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S = B =
ts
t s
B
tt t
B=
7-4
cm 8825 | 1265 | 12075 | 1238.8 | 12375 | 6194
B cm 50 50 50 74 50 50
t 15 15 39 4 29 35
b 178 178 178 178 178 178
tw 3.2 3.2 32 3.2 3.2 3.2
oy, | kogf/fcm?| 1722 | 2059 | -1801 | -1886 | 2081 | 2094
T 72 -56 -219 276 95 -47
Cua 2100 | 2100 | 2100 | 2100 | 2100 | 2100
Ola 2100 | 2100 | 1827 | 1927 | 2100 | 2100
Ta 1200 | 1200 | 1200 | 1200 | 1200 | 1200
0.68 0.96 1.01 101 0.99 1.00
7-5 7-6 7-7
7-8
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7-5 A
183,005 | 191,779 | 585,737 | 298,422 | 359,521 | 438,122 | 370,820 | 282,108 | 334,838 | 352,415 | 3,396,767
13143 | 13,143 | 37,680 | 17984 | 17984 | 18450 | 18450 | 18431 | 18431 | 18431 192,126
Y1 44 45 10.7 6.0 6.6 7.4 6.7 5.9 6.4 6.6 65.1
Y, 14 1.6 4.2 31 3.3 19 34 29 3.3 1.9 27.0
Ys3 11 11 2.8 15 17 20 18 15 17 1.7 17.0
Y 7.0 7.4 18.2 11.0 12.0 117 12.3 105 11.7 105 112.3
129,136 | 135,663 | 334,299 | 201,045 | 219,874 | 214,754 | 225,082 | 193,290 | 215,512 | 193,098 | 2,061,753
325284 | 340,585 | 957,716 | 517,451 | 597,380 | 671,326 | 614,352 | 493,828 | 568,780 | 563,944 | 5,650,646
7-6
469,733 | 673,328 | 823,019 | 906,816 | 690,549 | 364,389 | 3,927,834
28,989 41,554 39,666 40,757 40,651 20,325 211,943
Y1 8.7 11.9 132 14.1 12.0 6.8 66.6
Y, 2.7 39 4.6 39 44 19 214
Y3 2.2 3.1 3.6 3.9 3.1 1.8 17.7
Y 141 195 22.0 225 20.1 10.8 108.9
258,250 | 357,378 | 404,206 | 412,774 | 368,228 | 198,720 | 1,999,556
756,973 | 1,072,261 | 1,266,891 | 1,360,347 | 1,099,427 | 583,434 | 6,139,333
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7-7

358,175 | 529,589 | 713,898 | 855,130 | 620,901 | 334,179 | 3411871
22,419 32,135 30,823 50,280 31,437 15,718 182,813
Y1 / 7.0 9.7 114 149 105 6.1 59.6
Y, 2.7 39 53 50 4.9 19 239
Y3 19 2.7 3.3 4.6 3.0 17 17.1
Y 12.0 16.7 20.6 25.2 18.9 10.0 103.6
220,483 | 307,312 | 378,871 | 463337 | 347,214 | 184,326 | 1,901,542
601,076 | 869,037 | 1,123592 | 1,368,747 | 999,551 | 534,223 | 5,496,226
7-8
563,742 | 808,084 |1,028613 |1277416 | 944314 | 505113 |5,127,282
Y1 / 6.9 9.3 115 14.0 107 6.3 58.7
Y2 15 21 2.0 21 21 1.0 10.8
Y3 2.1 29 3.7 4.5 34 19 18.5
Y 108 14.8 177 21.1 16.6 9.6 90.7
198,871 | 271953 | 325,119 | 388,157 | 305,051 | 175873 | 1,665,024
762,613 | 1,080,037 | 1,353,732 | 1,665,573 | 1,249,364 | 680,986 | 6,792,306
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A MATLAB M
function[f,g]=hyoujyun(x)

B=x(1);
tf=x(2);
b=x(3);
tw=x(4);
bv=x(5);
tv=x(6);
a=x(7);
bh=x(8);
th=x(9);

H=b+(2*tfT);
Aw=b*tw;
Ac=B*tf;
A=Aw+2*Ac;
1=619.4;
S=157000;
M=129900000;

1k=550;
k=(3+(Aw/ (2*Ac)))HN(1/2);
it tf<=40;
it Aw/Ac<=2
if Ik/B<=3.5
sigmaa=2100;
elseif 3.5<(1k/B) & (0Ik/B)<=27
sigmaa=2100-44*((1k/B)-3.5);
end
elseif Aw/Ac>2
it (Ik/B)<=(7/k)
sigmaa=2100;

46



elseif (7/k)<(1k/B)&(1k/B)<=27
sigmaa=2100-22*(k*(1k/B)-7);
end
end

end

Iw=tw*b”"3/12;

1 F=2*((B*tf"3/12)+Ac*(b/2+tf/2)"2);
sigma=(M/(Iw+1F))*(H/2);

tau=S/Aw;

taua=1200;

g(1)=sigma-sigmaa;

g(2)=tau-taua;
g(3)=(sigma/sigmaa)"2+(tau/taua)”™2-1.2;
g(4)=(B-tw)/32-tf;

g(5)=tf-4;

9(6)=b/209-tw;

g(7)=a-1.5*b;
F=(M/ (1 f+1Iw))*(b/2);
if a/b>0.8
g(8)=((b/ (100*tw))N*((F/9500)"2+(tau/ (1270+610*(b/a)"2))"2))-1;
elseif a/b<=0.8
g(8)=((b/(100*tw))N4*((F/9500)"2+(tau/ (950+810*(b/a)"2))"2))-1;

end

Iv=(tv*bv"3/12)+(tv*bv)*(bv/2)"2;
rv=8*(b/a)"2;
g(9)=(b*tw"3/11)*rv-1v;
0(10)=b/30+5-bv;

g(11)=bv/13-tv;

Ih=(th*bh”3/12)+(th*bh)*(bh/2)"2;

rh=30*(a/b);
g(12)=(b*tw*3/11)*rh-1h;
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bf=(B-tw)/2;
L=1840;
if bf<=0.02*L

ram=b¥f;

elseif bf>0.02*L & bf<0.3*L
ram=(1.06-3.2*(bf/L)+4.5*(bf/L)"2)*bf;

elseif bf>=0.6*L
ram=0.15*L;

end

g(13)=bf-ram;

num=1/a;
X1=(7.85e-3*A*1)/3/410;
it X1
K1=0.83*X1+0.17;
elseif X1>=1
K1=0.51*X1+0.49;
end
Vv=(num*(b*bv*tv))+((1-num*tv)*th*bh);
X2=(7.85e-3*Vv)/(2*num) /17 .7;
it X2<1
K2=0.94*X2+0.06;
elseif X2>=1
K2=0.80*X2+0.20;
end
Y1=(3*0.9*K1)+(2*num*0.22*K2) ;

vw=[4.615.19 7.64 8.36 9.13 9.92 10.2 11 12.23 13.07 13.97 14.9 15.87 16.9
17.96 19.1...._.

20.521.4 22.9 23.9 25.2 26.6 28 29.4 30.9 32.4 34 35.6 37.3 38.9 40.7
42.5 44.3];
v=wv(round(tf*10-7));
Y2=((2*B*v*0.89e-3)+(4*1*4_2e-4)+(((2*b)+(2*bv))*4_2e-4*num)+(2*(1-num
*tv)*4._2e-4));

C=3+2*num;



X3=(7.85e-3*(A*1+Vv))/C/881;
if X3<1
K4=0.81*X3+0.19;
elseif X3>=1
K4=0.78*X3+0.22;
end

Y3=C*0.42*K4;

pc=18358;
wc=pc*1.03*(Y1+Y2+Y3);

sc=113085;
mc=7 .85e-6*sc*((A*1)+VVv);

f=mc+wc;
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g)|-733] o [ o [ o [ 0o [ oo | o | oo
9(2) |-1049[-1111[-1131]-1028] -931 | -859 | -877 | -985 |-1084|-1142
9(3)| -08 [ -02 | -0.2 | -0.2 [-0.15]-0.12|-0.13|-0.17| -02 | -0.2
g4)| -08] -4 [-39] o | o | o | 0 |-38]|-35]-34
95)| -31] o | o [-29]-23]-18|-224] 0o | 0 | O
96) | -02 [ -02 [ -0.2 | -0.2 [-0.21]-0.19|-021] -02 | -02 | -0.2
gl o[ o[ o] o] o] o|o|]o]| oo
98)| -0.7 | -05 | -05 | -06 [-027| 0 |-015/-028] -04 | -05
9(9) | -812 | -812 | -812 | -812 | -812 | -823 | -812 | -812 | -812 | -812
g1 o [ o[ o[ o] o] o|o|]o]|]o]o
g2y o J o[ o[ o] o] o] oo oo
912l o ol o[ o o] o|o|o]|o]o
913 o [ o[ o[ o] o] o|o|]o]| oo
B
g(1) |-713]-440] o | o | o | o
9(2) |-1125]-1141] -971 | -907 |-1101]-1150
93) | -08 | -06 | -02 | -01]-02 ] -02
94 | o | o |-290| o [-05]-11
95) | -31 ] -31|-02] -2 [ -26] -2
96) | -02 | -02 | -02 | -01]-02]-02
o) | o [ ol o o] o] o
98) | -07 | -06|-04] 0 [-03]-04
9(9) |-1059|-1059|-1059|-1077|-1059|-1059
g2 o | o | o | 0o | 0o | o
o)) o | o | o | o [ 0o | o
912 o [ o | o | 0o | 0o | o
913 o | o | o | 0o [ 0o | o
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g) [-215] o | o 0 0| o
9(2) |-1001[-1115| -869 | -757 |-1057|-1128
9(3) | -04 | -02 [-0.12] -006 | -02 | -0.2
g4) | o |-02|-286]-036|-15]-21
95) | -29 | -27 [-049] -1.38 | -14 | -08
96) | -0.1 | -0.1 [-011] -029 | -0.1 | -0.1
97| o | o [-334]-2465] 0 | 0
9®) | -04 | -03 | 0 0 |[-02]-03
9(9) | -745 | -745 | -700 | 0 |-745|-745
90| o | o | o [-106] 0 | 0
ga)| o | o | o 0 0| o
g1 o [ o | o 0 0| o
g13)| o [ o | o 0 0o | o
C
g1) | -359 | -185 | © 0 0 0
9(2) | -1128 | -1143 | -980 | -915 | -1105 | -1153
93)| -05 | -02 | -016 | -014 | -02 | -02
s | o 0 | -226 | -17 | -19 | -26
96)| 25 | -25 | -0177 | o | -11 | -05
96) | -44 | -44 | -44 0 | -44 | -44
g7 | o 0 0 0 0 0
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