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SUPERIOR DESIGN SOLUTIONS OF SECTION SIZES IN STEEL BUILDINGS
FOR DIFFERENT LATERAL FRAME SYSTEMS AND COLUMN SHAPES

B K CERL N AR B AT K AT
Jiro TAKAGI, Ruka OBANA and Makoto OHSAKI

Superior design solutions of seven-story steel buildings are obtained by multiple start local search (MSLS), minimizing the
steel volume for three types of structural systems: a space frame system with rectangular HSS columns (SFS), perimeter
frame systems (PFS) with I-shaped columns (PFSH) and PFS with rectangular HSS columns (PFSB). Most beam-to-column
connections are moment connections in SFS, while they are limited in the perimeter frames in PFS. In terms of steel volume,

PFSH is advantageous for moment frame buildings, and so are SFS and PFSB for braced frames with uniform column spacing.

SFS is disadvantageous for mixed moment and braced frame buildings.

Keywords : steel structure, lateral frame location, multiple start local search,

ultimate lateral strength, time-history analysis
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Tablel Member grouping in stories

Part Columns Beams Braces
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Table2 Discrete MSLS variables

Symbol's Members Parts Discrete variable options

D, Rectangular Width Every 50mm in 250-800mm

t, HSS columns | Thickness *1  (excluding 9mm)

H, Height Every 50mm in 300-900mm

W, [-shaped Flange width Every 50mm in 300-700mm

tye columns Web thickness *1

tr Flange thickness *1  (excluding 9mm and 12mm)

H, Height Every 50mm in 300-1000mm

W; Flange width Every 50mm in 200-400mm, *2
Beams -

t, Web thickness *1

t; Flange thickness *1, *2

D, Diameter 318.5, 355.6, 406.4, 457.2mm
Braces

t Thickness *1 (including 6mm)

3
*1: Plate thickness options are 9, 12, 16, 19, 22, 25 28, 32, 36 and 40mm.
*2: Combinational options of the flange width and thickness in beams are shown below;

1 2 3 4 5 6 7 8 9 10 | 11 12

W, (mn?) 150 | 150 | 200 | 200 | 250 | 250 | 250 | 300 | 300 | 300 | 350 | 350

ty (mm?) 12 16 | 16 | 19 | 19 | 22 | 26 | 256 | 28 | 32 | 32 | 36

A: (10°mm?) | 1.8 | 2.4 | 3.2 (3.8 48|55 |63 |75|84/9.6/|11.1/12.6

4 BREFBOSH
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Table 3 Superior solutions of moment frame structures (Cqy=0. 6)

SFS &%
Part C1 c2 C3
3 BX-550x550x19 BX-450x450x16 BX-500x500x16
(0.25) [Y] (0. 36) [X] (0. 35) [X]
2 BX-550x550x19 BX-450x450x19 BX-500x500x22
0.30)[Y] (0. 49) [Y] (0.49) [Y]
1 BX-550x550x22 BX-450x450x28 BX-500x500x32
(0. 56) [X] (0.52) [Y] (0. 50) [Y]
Part GX1 GX2 GY1 GY2
3 | H-550x200x12x16 | H-550x200x12x19 H-550x200x12x19 H-550x200x12x16
0.60) [X
o | H-700x200x12x16 | H-700x300x12x25 H-700x250x12x19 H-700x300x12x25
(0.61) [X] (0.51) [X] (0.55) [Y] (0. 45) [Y]
1| H-700x250x12x25 | H-700x250x12x25 H-700x200x12x16 H-700x300x12x32

PFSH SE#9H &

Part (4] c2 G3
5 | H-850x300x25x22 | H-900x300x25x22 | H-400x350x12x22
0.52) [Y 0.50) [X 0.26) [L
o | H-850x450x25x40 | H-900x450x25x36 | H-400x300x12x22
(0. 49) [Y] (0.51) [X] (0.62) [L]
1 | H-850x650x25x40 | H-900x650x25x32 | H-400x300x12x22
(0.56) [Y] (0. 64) [X] (0.82) [L]
Part GX1 GX2 GY1 GY2
3 | H-800x300x16x28 | H-400x200x8x13 H-850x250x16x25 H-400x200x8x13
(0. 49) [X] (0.90) [L] (0.55) [Y] (0.90) [L]
o | H-1000x350x19x36 | H-400x200x8x13 H-1000x350x19x36 H-400x200x8x13
(0. 49) [X] 0.90) [L (0.49) [Y] 0.90) [L
1 | H-900x350x16x32 | H-400x200x8x13 H-900x350x16x36 H-400x200x8x13
0.90) [L

PFSB f£#9B &

Table 4 Superior solutions of braced frame structures (Cqy;=1.0)

SFS £{4%
Part c1 C2 c3 BR1 BR2
3 BX-350x350x12 BX-350x350x16 BX-250x250x28 P-406.4x9 | P-318.5x12
(0.33) [L] (0.36) [L] (0.26) [L] (0.22) [Y] (0. 23) [X]
2 BX-350x350x28 BX-350x350x28 BX-250x250x16 P-318.5x19 | P-355. 6x16
(0.30) [Y] (0. 34) [X] (0.70) [L] 0.21) Y] (0.21) [X]
1 BX-350x350x40 BX-350x350x40 BX-250x250x19 P-355. 6x19 | P-406. 4x16
0.31) [Y] (0.32) [X] 0.72) [L] 0.21) [Y] (0. 20) [X]
Part GX1 GX2 GY1 GY2
3 H-300x250x9x19 | H-300x200x9x16 H-300x200x9x19 H-300x200x9x16
0.05) [Y
o | H-400x200x12x19 | H-400x200x9x16 H-400x200x12x19 H-400x200x9x16

0.27) [X] (0.49) [L] (0.09) [Y] (0.49) [L]

H-350x200x12x16 | H-350x200x9x19 H-350x350x12x36 H-350x200x9x16

1

PFSH S£#9H &

Part c1 C2 c3 BR1 BR2
3 | H-800x300x22x19 | H-600x300x16x25 | H-450x300x12x28 P-457.2x9 P-457.2x9
(0.16) [Y] (0.19) [X] (0.25) [L] (0.20) [Y] (0. 20) [X]
o | H-800x450x22x25 | H-600x500x16x28 | H-450x300x12x25 P-457.2x12 | P-457.2x12
(0.28) [Y] (0.30) [X] (0.55) [L] 0.21) [Y] (0.21) [X]
1 | H-800x600x22x32 | H-800x550x16x40 | H-450x300x12x32 P-355. 6x16 | P-457.2x12
(0.33) [Y] (0.34) [X] (0.59) [L] (0.23) [Y] (0.22) [X]
Part GX1 GX2 GY1 GY2
3 | H-350x250x12x19 | H-400x200x8x13 H-300x250x9x19 H-400x200x8x13
(0. 06) [X] (0.90) [L] (0. 05) [Y] (0.90) [L]
2 H-300x250x9x25 | H-400x200x8x13 H-300x250x9x22 H-400x200x8x13
0.08) [X 0.90) [L 0.08) [Y 0.90) [L
1| H-450x250x12x25 | H-400x200x8x13 H-550x300x16x32 H-400x200x8x13
0.16) [Y

PFSB S4B &

Part Gl G2 G3 BR1 BR2
3 BX-350x350x16 BX-350x350x19 BX-300x300x12 P-457.2x9 | P-355. 6x12
0.15) [Y] (0.15) [X] (0.35) [L] (0.20) [Y] (0.21) [X]
2 BX-350x350x28 BX-350x350x32 BX-300x300x12 P-457.2x12 | P-318.5x22
(0.28) [Y] 0.27) [X] (0.70) [L] 0.21) [Y] (0.19) [X]
q BX-350x350x40 BX-350x350x40 BX-300x300x25 P-457.2x12 | P-406. 4x28
(0.32) [Y] (0. 30) [X] (0.43) [L] (0.23) [Y] (0.13) [X]
Part GX1 GX2 GY1 GY2
3 H-300x250x9x19 | H-400x200x8x13 H-300x200x9x16 H-400x200x8x13
(0.04) [X] (0.90) [L] (0.05) [Y] (0.90) [L]

H-300x250x9x19 | H-400x200x8x13 H-350x250x12x19 H-400x200x8x13

H-350x250x12x22 | H-400x200x8x13 H-500x250x16x22 H-400x200x8x13

(0.10) [X] (0.90) [L] (0.13) [Y] (0.90) [L]

Part cl c2 3
5 | BX-650x650x22 | BX-700x700x25 | BX-300x300x16
o | BX-650x650x32 | BX-700x700x25 | BX-300x300x19
1 | BX-650x650x32 | BX-700x700x28 | BX-300x300x16
0.50) [Y 0.54) [X 0.65) [L
Part 6x1 ax2 a1 ay2
4 | H-800x300x16x25 | H-400x200x8x13 || H-900x250x16x22 | H-400x200x8x13
(0.54) [X] (0.90) [L1 (0.56) [Y] (0.90) L1
5 | H-950x350x19x36 | H-400x200x8x13 || H-1000x350x19x36 |  H-400x200x8x13
(0.51) [X] (0.90) [L1 (0.51) Y] (0.90) [L
| | H-900x400x16x36 | H-400x200x8x13 | | H-1000x300x19x25 | H-400x200x8x13
(0.48) [X] (0.90) [L] (0.60) [Y] (0.90) L]
0.7 1.2
506 810 —————— ——|
S < SRR (SFS)
505 508 —Xdir.
2 e S e Y dir
£ 04 £
5 5 0.6 HHHEL (PFSH)
©0.3 S —X dir.
2., 80 7| |- Y dir
27 2o £MBI (PFSB)
S 0.1 e / X dir.
. “ 0.0 Y dir.
0.0
154 0.0% 0.1% 0.2% 0.3% 0.4%

0.0% 0.5% 1.0%

Inter-story Drift (%) Inter-story Drift (%)

Moment frame structures Braced frame structures

Fig.3 Relationships between base shear coefficient and
inter-story drift ratio of moment and braced frame structures
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Table 5 First natural periods of superior solutions (s)

SFS #fh%& |PFSH %#9HE!|PFSB %#9BE
X Y X Y X Y
Cauni=0.3 1.30 1.28 1.23 1.31 1.21 1.25
Moment frame structures
Cquni=0.6 1.05 1.05 0.92 0.92 0.96 0.96

Cquni=0.35 0.76 0.79 0.74 0.78 0.80 0.79
Cauni=1.0 049 0.49 0.50 0.49 0.46 0.51

Braced frame structures

P=1.0 0.66 0.66 0.67 0.66 0.67 0.66
BRB structures Cgqun;=0.5

P=5.0 0.69 0.72 0.69 0.70 0.69 0.69
Mixed structures Cqunix=0.6 Cquniy=1.0 1.00 0.45 0.85 0.47 0.88 0.46
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5.2 BRBEBEDERFAHE

F 612 P=5.0 DA OERRAMEOEF Wi %27, BRB (2O
T, BRENDZRT, R4 0H8%E 7 L — AIEOE RRFHR &
925 &, BRI 128 C1 & C2HEBEDENKE WV, T, Cun
TEDFHTE (BRB HE 15 0D Cuy=0. 5 15 LI 7 L — 2 HEED Copyi=1. 0)
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FBE 53 FRAT & MRS B RAT OFE R Z X 8 LM 9 38 LV 10 1ZR T B

L] )

FOBE AT (X 8) Tlid, (FIF Cuu=0.5 & &35, HIEISE AT

Table 6 Superior solutions of BRB structures (P=5.0)

SFS £k H

Part ¢l c2 c3 BRB1 BRB2

5 | BX-400xd00x16 | BX-350x350x12 | BX-300x300x16 | | Nysro=1000KN | Niges=1000KN
©0.19)[1] (0.43) [L] (0.29) [Y] (0.69)[Y] | (0.68)[X]

5 | BX-400x400x16 | BX-350x350x12 | BX-300x300x16 | | Nygo=1500KN | Niggs=1500KN
©0.42) [Y] (0. 68) [X] (0.53) [L] (0.65)[Y] | (0.64)[X]

|| BX-400x400x76 | BX-350x350x25 | BX-300x300x25 | | Nyogs=1500KN | Nyges=2000kN

0.71) [Y] (0. 55) [X]
Part ax1 X2 av1 a2
5 | H-300x150x9x16 | H-300x250x9x22 | | H-300x150x9x12 | H-300x200x9x16
©.11) Y]

5 | H-400x200x12x16 | H-400x150x9x12 | | H-400x250x12x19 | H-400x150x9x16
©0.42) [X] (0.64) [L] (0.16) [Y] (0.50) [L]

|| H-450¢150x12x16 | H-450x150x9x16 | | H-450x200x12x16 | H-450x250x9x25
(0.34) [X] 0.42) [L] (0.26) [Y] (0.22) [Y]

PFSH &4 HH

Part 3] c2 c3 BRB1 BRB2

5 | F-600x300x16x28 | H-600x300x16x19 | H-350x300x12x16 | | Nyogo=1000KN | Nigeg=1000KN
(©0.18) [Y] (0. 25) [X] 0. 41) [L] 0.7 Y] | (0.70)[X]

5 | F-600x350x16x22 | H-600x450x16x25 | H-350x300x12x16 | | Nyprs=1500KN | Nyorg=1500KN
.47 M (0.36) [X] (0.82) [L] (0.66)[Y] | (0.66) [X]

|| F-600x400x16x28 | H-600x400x16x32 | H-350x350x12x19 | | Myggs=2500KN | Nyg=2500kN
(0.54) [1] (0.53) [X] .77 L] (0.45)[Y] | (0.45)[X]

Part 6X1 ax2 aY1 62

5 | H-300x150x9x16 | H-400x200x8x13 H-300x250x9x25 |  H-400x200x8x13
012 [X] ©.11)[Y]

5 | H-450x250x12x25 | H-400x200xBx13 | | H-500x250x16x25 | H-400x200x8x13
(0.18) [X] (0.90) [L] ©0.19) [Y] (0.90) [L]

|| H-300x250x9x19 | H-400x200x8x13 H-300x200x9x19 |  H-400x200x8x13
0.19) [X] 0.90) [L 0.20) [Y 0.90) [L

PFSB £ B &

Part ¢l c2 3 BRBI BRB2

3 | BX-350x350x12 | BX-400x400x16 | BX-300x300x16 | | Nyggs=1000KN | Nyges=1000KN
0.24) [Y 0.18) [X 0.27) [L 0700V | ©.7D[X]

5 | BX-350x350x16 | BX-400x400x22 | BX-300x300x12 | | Nyggs=2000KN | Nygeg=2000KN
(0.47) [Y] (0.33) [X] (0.70) [L] (0.53)[Y] | (0.53)[X]

|| BX-350x350x25 | BX-400xd00x25 | BX-300x300x16 | | Nyss=1500KN | Nyggs=1500kN
(0.51) [Y] (0.49) [X] (0.65) [L] 0.7 Y] | (0.71)[X]

Part ax1 ax2 61 6Y2

3 | H-350x150x12x16 | H-400x200x8x13 | | H-350x200x12x19 |  H-400x200x8x13
(0.13) [X] (0.90) [L] (0.10) [Y] (0.90) [L]

5 | H-400x150x12x16 | H-400x200x8x13 | | H-450x150x12x16 | H-400x200x8x13
(0.15) [X] (0.90) [L] (0.16) [Y] (0.90) [L]

|| H-400x250x12x19 | H-400x200x8x13 | | H-400x250x12x19 |  H-400x200x8x13
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Fig.8 Relationships between base shear coefficient and
inter-story drift ratio of BRB structures
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SUPERIOR DESIGN SOLUTIONS OF SECTION SIZES IN STEEL BUILDINGS
FOR DIFFERENT LATERAL FRAME SYSTEMS AND COLUMN SHAPES
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Superior design solutions of section sizes in seven-story steel buildings are obtained for three types of structural systems: (1) a
space frame system with rectangular HSS columns (SFS), (2) perimeter frame systems (PFS) with I-shaped columns (PFSH),
(3) PFS with rectangular HSS columns (PFSB). Moment connections are used in most beam-to-column connections in SFS,
while they are limitedly used in the perimeter frames in PFS. SFS is a commonly used structural system in Japan, whereas
PFSH is commonly used in other countries. In this research, structural characteristics of SFS, PFSH and additionally PFSB
are evaluated for evenly rationally designed office buildings using an optimization algorithm. The superior solutions are
derived by multiple start local search (MSLS), minimizing steel volumes. The solutions satisfy multiple requirements of the
allowable stress design and ultimate lateral strength. The discrete design variables are the section sizes of grouped structural
members. Approximately 100 constraints and 40 variables are applied. Dealing with these large numbers, the proposed MSLS
algorithm works and superior solutions are obtained for various types of buildings, such as moment frame, braced frame and
mixed frame buildings, in the three types of structural systems, SFS, PFSH and PFSB. Pipes or buckling restrained braces

(BRB) are used in the braced frame buildings. The findings are as follows:

(1 Superior solutions for moment frame buildings are obtained for the base-shear coefficient of the ultimate lateral
strength, Cquni, as 0.3 and 0.6. Although the value of 0.6 for Cquni is given by referring to responses in the
time-history analyses for very rare (L2) earthquake ground motions, the superior design solutions do not satisfy the
standard design criteria against L2 earthquakes. The maximum inter-story drift ratios are 1.4-1.5%, which are
greater than the standard criteria of 1.0%. PFSH can be advantageous for the moment frame building in terms of
steel volume.

(2) Superior solutions of the braced frame building are obtained for 0.35 and 1.0 of Cquni. The sections of the braces are
steel pipes. The differences of steel volumes between PFSH, SFS and PFSB are relatively small. The steel volume is
slightly lower in SFS and PFSB, because axial forces are the primarily derived member forces under earthquake
lateral load in these braced frame buildings and rectangular HSS columns are advantageous. The Cquni value
needed for the L2 time-history analysis is nearly 1.0, which is very different from the 0.35 required by the design
standard.

(3) Superior design solutions using BRBs are obtained for the braced frame building with 0.5 of Cquni. The steel volume
in SFS and PFSB is slightly lower, as observed in the braced frame building with pipes. The steel volume excluding
the braces in the superior solutions with BRBs is 70-90% of that with pipes for the braces (Cqux1=1.0).

(4) A comparison of the superior design solutions for mixed structures shows that the steel volume of SFS solution is
higher than those of PFSs. Irregularity in the beam spans or different lateral systems in two horizontal directions
causes an increase in the steel volume in SFS, controlled by some critical constraints, such as uniform beam height

in a single floor and strong column weak beam ratio.

Superior design solutions are obtained by using the optimization algorithm but not based on engineers’ personal experience.
Therefore, although the number of cases studied in this research is limited, the discussion and findings comparing these

different structural systems are of interest.

(2019 4% 1 H 10 HJsRas2 B, 2019 42 6 H 3 HERIUE)
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