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ABSTRACT

This study builds upon the research conducted by Tedjasukmana (2024) and Chou
and Chen (2020), focusing on the seismic behavior of rectangular welded box columns
under moderate and high axial loads. The test results are compared with previous
experiments on square welded box columns to further investigate the influence of flange
and web width-to-thickness ratios on the seismic performance of steel columns. The
results indicate that both flange and web b/t ratios significantly affect the structural
behavior, with clear interactive effects between the two. Under the same axial load
condition, a larger flange or web b/t ratio leads to earlier local buckling, resulting in faster
moment strength degradation, reduced ductility, and an overall deterioration in seismic
performance.

Chou and Chen (2020) conducted cyclic lateral loading tests on six welded box
columns made of high-strength steel (SM570MC), examining the effects of different b/t
ratios, axial load ratios, and loading histories (AISC cyclic loading protocol and near-
fault loading protocol) on seismic performance. The flange b/t ratios of the specimens
ranged from 11, 12, 14, 16, to 20. Their results showed that the cyclic loading protocol
adopted by AISC 341 is significantly more stringent than the near-fault loading
protocol. Tedjasukmana (2024) extended this study by increasing the b/t range to 24-36
and testing under high (0.4P).) and low (0.2 Py,) axial loads. By integrating previous data
on square box columns, a regression analysis was conducted to propose recommended b/t
limits suitable for both U.S. and Taiwanese steel design codes. The results revealed that
the current AISC 341-22 b/t limits are overly conservative.

However, the database developed by Tedjasukmana (2024) only covered square

welded box columns. To enhance the completeness of the database, this study adds
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experimental data from six new rectangular box column specimens and supplements the
dataset with finite element simulations. Ultimately, a comprehensive database of 78 steel
column cases is established, from which regression analysis is performed to propose
revised width-to-thickness limits applicable to both square and rectangular box columns
for highly and moderately ductile members per AISC 341. The proposed limits aim to

serve as a reference for future revisions of steel design codes in the U.S. and Taiwan.

Keywords: Rectangular Section Built-up Box Columns, Width-to-Thickness Ratio,

Seismic Compactness Limit, Cyclic Lateral Loading Test
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LI ARERETAS AT

Code Classification Formula Value
) ) E
Highly Ductile Member, 4, , 0.55 ﬁ 12.5
AISC 341-22 —
E
Moderately Ductile Member, 1, 1.00 [— 22.6
Ry Fy
E
AISC 360 Compact/Non-Compact, 4 112 [— 25.4
! Ry Fy
Plastic Design, (Built-Up Box), A il
%%ﬁjﬁlq‘ﬁ? o astic Design, (Built-Up Box), i ﬁ 24.8
R R 50
2010 - ——
( ) Compact/Non-compact, /lp ﬁ 27.5
E
AlJ (2010) P-1-1/P-1-2 11 F-Z 25.3
y

SN490B, E = 200 GPa, F, = 325 MPa, Fy, = 3.3 tfem?, Ry = 1.2

53

doi:10.6342/NTU202503862




% 12 AREFETE R T

Code Classification Formula Value
For C, <0.113:
h 2.45(1-1.04C,) _E
t RyFy
A 43.4
hd For C, > 0.113:
he 2.26(1-0.38C,) E S1s6 |—
AISC 341-22 : RyFy Ry Fy
) For C, <0.113:
h <3.76(1-3.05C,) _E_
t yFy
A 47.5
md For C, > 0.113:
he 2.61(1-0.49C,) E ois6 |
t yry RyFy
E
AISC 360-22 4, 2.42 E 60.0
y
For L <0.125:
Py
h 138 R
, —< 1-154—4%
éﬁﬁéﬁﬁj‘é‘?& B t /Fytw [ @Py]
TR R - 5 529
(2010) For —% >0.125:
Py
h < o1 [2.33—i:| > 68
t I:ytw @Py I:ytw

SN490B, E = 200 GPa, F, = 325 MPa, Fyn, = 3.3 tfcm?, R, = 1.2, C=0.4, P./¢»P,=0.44
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21 FHRFHFTHL

Shape| NO. Specimen Spef]i)me“ Material | b/t | Wi (ntl];n : (rf:n \r rfm) ( M J | H/B | PPy (15131) (l\iifa) ( mLm) L/H | Mys/Mie ifafl;r
I | 280x280x22x22 | I-11-11-40 | SM570MC | 11 | 11 | 22 | 22 | 280 | 280 | 1 | 04 [4919] 520 [2000]7.1] 190 [0.051

2 | 385x385x28x28 | I-11-11-40-2 | SMS70MC | 11 | 11 | 28 | 28 | 385 | 385 | 1 | 04 |7935| 490 |4000|104] 1.79 [0.040

3| 400x400x25x25 | 1-14-14-30 | SMS70MC | 14 | 14 | 25 | 25 | 400 | 400 | 1 | 03 |6028| 530 |4000|10.0] 148 |0.040

4 | 400%400x25x25 | I-14-14-302 | SN490B | 14 | 14 | 25 | 25 | 400 | 400 | 1 | 03 |4205| 374 |3330|83| 146 |0.050

5 | 400x400x25x25 | 1-14-14-50 | SN490B | 14 | 14 | 25 | 25 | 400 | 400 | 1 | 0.5 |7008| 374 |3330|83| 161 |0.030

6 | 290x290x16x16 | I1-16-16-40 | SMSTOMC | 16 | 16 | 16 | 16 | 290 | 200 | 1 | 04 |3228| 460 |4000|13.8] 174 |0.030

7 | 400x400x20x20 | 1-18-18-40 | SM570MC | 18 | 18 | 20 | 20 | 400 | 400 | 1 | 04 |6575| 540 |2000] 50| 148 [0.029

& [ 8 | 360360x16x16 | 1-20-2025 | SM570MC | 20 | 20 | 16 | 16 | 360 | 360 | 1 | 025 |2591| 460 |4000|11.1] 133 [0.030
S| 9 | 400x40018x18 | 1202030 | sN490B | 20 | 20 | 18 | 18 | 400 | 400 | 1 | 03 |3244| 304 [3330]83 | 140 |0.020
10| 400x400x18x18 | 1-20-20-50 | SN490B | 20 | 20 | 18 | 18 | 400 | 400 | 1 | 0.5 |5407| 394 |[3330]83| 117 |o001s

11| 400x400x15x15 | 1-24-24-20 | SN490B | 24 | 24 | 15 | 15 | 400 | 400 | 1 | 02 |1936| 419 |4000|100| 1.18 |0.020

12 | 400x400x15x15 | 1-24-24-40 | SN490B | 24 | 24 | 15 | 15 | 400 | 400 | 1 | 04 |3872] 419 |4000]100] 120 |o0.01s

13 | 380x380x13x13 | 1-27-27-20 | SN490B | 27 | 27 | 13 | 13 | 380 | 380 | 1 | 02 |1550| 409 |4000|10.5] 1.17 |o.01s

14 | 380x380x13x13 | 1-27-27-40 | SN490B | 27 | 27 | 13 | 13 | 380 | 380 | 1 | 04 [3099| 409 |4000]10.5] 1.19 [0.010

15 | 380x380x10x10 | 1-36-36-20 | SN490B | 36 | 36 | 10 | 10 | 380 | 380 | 1 | 0.2 |1021] 345 4000|105 1.15 |0.015

16 | 380x380x10x10 | 1-36-36-40 | SN490B | 36 | 36 | 10 | 10 | 380 | 380 | 1 | 04 |2042| 345 |4000]10.5] 1.09 |0.010

17 | 400x200x15x15 | 1-11-2420 | SN490B | 11 | 24 | 15 | 15 | 200 | 400 | 2 | 02 |1433] 419 [4000]100] 157 |0.040

5 | 18 | 400x200x15x15 | 1-11-2440 | sN490B | 11 | 24 | 15 | 15 | 200 | 400 | 2 | 04 [2866] 419 [4000[10.0] 146 |0.025
| 19 | 400-2009x15 | 1124120 | SN490B | 12 [ 41 | 15 | 9 | 200 | 400 [ 2 | 02 |98 | 3995381 | 4000 [100] 139 |0.020
S | 20 | 400x200x9x15 | 1124140 | SN490B | 12 | 41 | 15 | 9 | 200 | 400 | 2 | 04 [1973]399/381 [4000 |100] 126 |0.010
& | 21 | 400x240x15x15 | 1-24-4220 | SN490B | 24 | 42 | 9 | 9 | 240 | 400 | 1.7] 02 |853 | 381 |4000[100| 129 [0.015
20 | 400x240x15x15 | 1-24-42-40 | SN49OB | 24 | 42 9 [ 240 | 400 | 1.7] 04 [1706] 381 [4000|10.0] 120 [0.010
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F 2.2 ok S

] B H tr tw P, yo 2 M.
Specimen b/t | Wt | Pu/Py
(mm) | (mm) | (mm) | (mm) (kKN) | (kN) | (kN-m)

[-11-24-20 | 200 | 400 15 15 11 | 24 0.2 1433 | 7165 865

[-11-24-40 | 200 | 400 15 15 11 | 24 0.4 2866 | 7165 744

1-12-41-20 | 200 | 400 15 12 | 41 0.2 986 | 4930 661

1-12-41-40 | 200 | 400 15 12 | 41 0.4 1973 | 4930 556

1-24-42-20 | 240 | 400 9 24142 0.2 853 | 4265 545

O | O | O | O

1-24-42-40 | 240 | 400 9 24 | 42 0.4 1706 | 4265 466

23 LEMETe S8k
. Ag Zx Mp Mpc
Specimen Mpox
(mm?) (mm?) (kN-m) (kN-m)
1-11-24-20 17100 | 2181750 914 865 0.95
1-11-24-40 17100 | 2181750 914 744 0.81
1-12-41-20 12660 | 1771050 696 661 0.95
1-12-41-40 12660 | 1771050 696 556 0.80
1-24-42-20 11196 | 1501218 572 545 0.95
[-24-42-40 11196 | 1501218 572 466 0.81
[-24-24-20 23100 | 336750 1398 1324 0.95
1-24-24-40 23100 33675 1398 1100 0.79
: F, F, F
Thickness Material ya ua F_ua Rea
(mm) (MPa) (MPa) ya
9 SN490B 381 514 1.34 1.17
15 SN490B 419 572 1.37 1.29
15 SN490B 399 546 137 123
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o 25 PR HEE T RFERZTT
Specimen Crack Welding (Backup Plate)
No.
ID WS ES WN EN WS ES WN EN
1-24-24-20 |Outside| o (F, W) | o (F, W)
11 AFEW) | AEFEW A (W)
(crack:0.04 rad) | Inside | o (F, W) o (F, W)
1-24-24-40 |Outside o (F,W)
12 A (FW) | AFW A (W) A (W)
(crack:0.04 rad) | Inside
1-27-27-20 |Outside| o (F, W) o (F) o (F,W) | o(F,W)
13 A (W) A (W) AFEW) | AEW
(crack:0.04 rad) | Inside o (W)
1-27-27-40 |Outside| o (F, W) | o (F, W)
14 AFW) | AEW A (W) A (W)
(crack:0.03 rad) | Inside
1-36-36-20 |Outside| o (F,W) | o (F, W) o (W) e (F,W)
15 A (F,W) | AFEW A (W) A (W)
(crack:0.04 rad) | Inside e (F, W) (W) o (W)
1-36-36-40 |Outside| o (W)
16 A (F,W) | AFEW A (W) A (W)
(crack:0.03 rad) | Inside
1-11-24-20 |[Outside| o (F, W) | o (F, W)
17 A (W) A (W) AFEW) | AFW
(crack:0.05 rad) | Inside | o (F, W) | o (F, W)
1-11-24-40 |Outside o (F) o (F,W) | o(F,W) | o(F,W)
18 A (F,W) | AFEW A (W) A (W)
(crack:0.04 rad) | Inside o (W) e (F, W)
1-12-41-20 |Outside| o (F, W) o (W) e (F,W) | o(F,W)
19 A (W) A (F) A (F)
(crack:0.04 rad) | Inside o (W) o (W) o (W) * (W)
1-12-41-40 |Outside
20 A (W) A (W) A (F,W) | AFEW
(crack:No crack)| Inside
1-24-42-20 |Outside| o (F, W) | o (E, W) e (W) o (F,W)
21 A W)
(crack:0.03 rad) | Inside o (W) o (W) o (W) * (W)
1-24-42-40 | Outside
22 A W)
(crack:No crack)| Inside
. = X %\ ”ﬁ );_:'J “i
A= RATHEG R
® = A& AE R
W) = R R A e
EwW) = B RO e
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2.6 AN S R &R

Specimen Crack Welding (Backup Plate)
No.
ID WS ES WN EN WS ES WN EN
1-24-24-20  |Outside| o (F, W)
11 AEFEW)| AFEW) | AW A (W)
(crack:0.04 rad) | Inside
[-24-24-40  |Outside o (F, W)
12 A FEW) AFW)
(crack:0.04 rad) | Inside
1-27-27-20 |Outside o (F) o(F) | o (EW)
13 A (W) A (W) A F,W) | AEW
(crack:0.04 rad) | Inside
[-27-27-40  |Outside| o (W) o (F,W) | o(F,W) o (W)
14 A (FFW)| AW A W) A (W)
(crack:0.03 rad) | Inside
1-36-36-20  |Outside o (F, W)
15 A (F,W)| A(E,W) A (W) A (W)
(crack:0.04 rad) | Inside
1-36-36-40  |Outside| o (F) o (F)
16 A (F,W)| A(E,W) A (W) A (W)
(crack:0.03 rad) | Inside
1-11-24-20  |Outside
17 A (W) A (W) A (F,W) | AEFEW)
(crack:No crack) | Inside
1-11-24-40 |Outside| o (F, W) | o (W) | o (F) o (F)
18 A (F,W)| A(E,W) A (W) A (W)
(crack:0.04 rad) | Inside | o (F, W) | o (F, W)
1-12-41-20  |Outside| o (F, W)
19 A (W) A (F) A (FW)
(crack:0.04 rad) | Inside
[-12-41-40  |Outside| o (W) o (W) o (W) o (W)
20 A (W) A (W)
(crack:0.03 rad) | Inside o (W) o (W) o (W) o (W)
1-24-4220 |Outside| (W) o (W) o (W) | o(F,W)
21 AW) | AFEW)
(crack:0.03 rad) | Inside o (W) o (W) o (W)
1-24-42-40 |Outside| o (F) o (F) o (F,W) | o (W)
22 A (W) AW) | AFEW) | AFW
(crack:0.02 rad) | Inside
. - niA7AHE
s - ili%\’%t%%ﬁyﬂi&
® = FEAEEF
w) = &R i%ﬁlé"@
W) = RE EFFEfoRE
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F 2.7 Gt B o 38 F B R

Backup Plate Welding
Total
Web Web & Flange| Flange | No Welding
Web Crack 7 3 0 6 16
Flange Crack 7 3 0 0 10
Web & Flange
9 17 2 4 32
Crack
No Crack 17 15 2 4 38
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% 31 3 A~F A 4780 Sk
Data Model tw tr B H F, E L SDAr
NO. b/t h/t H/B | Pu/Pya L/B | L/H

Type ID (mm) | (mm) | (mm) | (mm) (MPa) | (MPa) | (mm) (rad)
1 FEA | I-11-18-20 11 18 15 15 200 300 1.5 0.2 419 | 200000 | 4000 | 20.0 | 13.3 | 0.060

2 FEA | 1-11-24-20 11 24 15 15 200 400 1.5 0.2 419 | 200000 | 4000 | 20.0 | 10.0 | 0.04
3 FEA | I-11-30-20 11 30 13 18 220 430 2 0.2 402 | 200000 | 4000 | 18.2 | 9.3 | 0.035
4 FEA | I-11-36-20 11 36 10 18 220 400 1.8 0.2 370 | 200000 | 4000 | 18.2 | 10.0 | 0.030
5 FEA | I-11-42-20 11 42 10 18 230 460 2 0.2 370 | 200000 | 4000 | 17.4 | 8.7 | 0.025
6 FEA | I-11-48-20 11 48 10 18 230 520 2.3 0.2 370 | 200000 | 4000 | 17.4 | 7.7 | 0.020
7 FEA | I-18-25-20 18 25 15 15 300 410 1.4 0.2 419 | 200000 | 4000 | 13.3 | 9.8 | 0.030
8 FEA | 1-18-32-20 18 32 15 15 300 510 1.7 0.2 419 | 200000 | 4000 | 13.3 | 7.8 | 0.030
9 FEA | 1-18-40-20 18 40 10 15 290 430 1.5 0.2 382 | 200000 | 4000 | 13.8 | 9.3 | 0.015
10 | FEA | 1-24-30-20 | 24 30 10 10 260 320 1.2 0.2 345 | 200000 | 4000 | 154 | 12.5 | 0.020
11 FEA | 1-24-36-20 | 24 36 10 10 260 380 1.5 0.2 345 | 200000 | 4000 | 154 | 10.5 | 0.015
12 | FEA | 1-24-42-20 | 24 42 10 10 260 440 1.7 0.2 345 | 200000 | 4000 | 154 | 9.1 | 0.010
13 FEA | 1-24-48-20 | 24 48 10 10 260 500 1.9 0.2 345 | 200000 | 4000 | 154 | 8.0 | 0.008
14 | FEA | 1-27-34-20 | 27 34 10 10 290 360 1.2 0.2 345 | 200000 | 4000 | 13.8 | 11.1 | 0.015
15 FEA | 1-27-41-20 | 27 41 10 10 290 460 1.5 0.2 345 | 200000 | 4000 | 13.8 | 8.7 | 0.010
16 | FEA | 1-27-48-20 | 27 48 10 10 290 500 1.7 0.2 345 | 200000 | 4000 | 13.8 | 8.0 | 0.010

60

doi:10.6342/NTU202503862




2030 3 AR A Ee 28K (F)

Data Model tw tr B H F, E L SDAr
NO. b/t h/t H/B | Pu/Pya L/B | L/H

Type ID (mm) | (mm) | (mm) | (mm) (MPa) | (MPa) | (mm) (rad)
17 | FEA | I-11-18-40 11 18 15 15 200 300 1.5 0.4 419 | 200000 | 4000 | 20.0 | 13.3 | 0.040
18 FEA | 1-11-24-40 11 24 15 15 200 400 1.5 0.4 419 | 200000 | 4000 | 20.0 | 10.0 | 0.02
19 | FEA | I-11-30-40 11 30 13 18 220 430 2 0.4 402 | 200000 | 4000 | 18.2 | 9.3 | 0.025
20 | FEA | I-11-36-40 11 36 10 18 220 400 1.8 0.4 370 | 200000 | 4000 | 18.2 | 10.0 | 0.018
21 FEA | I-11-42-40 11 42 10 18 230 460 2 0.4 370 | 200000 | 4000 | 174 | 8.7 | 0.015
22 | FEA | 1-11-48-40 11 48 10 18 230 520 2.3 0.4 370 | 200000 | 4000 | 17.4 | 7.7 | 0.008
23 FEA | 1-18-25-40 18 25 15 15 300 410 1.4 0.4 419 | 200000 | 4000 | 13.3 | 9.8 | 0.015
24 | FEA | 1-18-32-40 18 32 15 15 300 510 1.7 0.4 419 | 200000 | 4000 | 13.3 | 7.8 | 0.015
25 FEA | 1-18-40-40 18 40 10 15 290 430 1.5 0.4 382 | 200000 | 4000 | 13.8 | 9.3 | 0.008
26 | FEA | 1-24-30-40 | 24 30 10 10 260 320 1.2 0.4 345 | 200000 | 4000 | 154 | 12.5 | 0.013
27 | FEA | 1-24-36-40 | 24 36 10 10 260 380 1.5 0.4 345 | 200000 | 4000 | 154 | 10.5 | 0.010
28 FEA | 1-24-42-40 | 24 42 10 10 260 440 1.7 0.4 345 | 200000 | 4000 | 154 | 9.1 | 0.008
29 | FEA | 1-24-48-40 | 24 48 10 10 260 500 1.9 0.4 345 | 200000 | 4000 | 154 | 8.0 | 0.004
30 | FEA | 1-27-34-40 | 27 34 10 10 290 360 1.2 0.4 345 | 200000 | 4000 | 13.8 | 11.1 | 0.010
31 FEA | 1-27-41-40 | 27 41 10 10 290 460 1.5 0.4 345 | 200000 | 4000 | 13.8 | 8.7 | 0.008
32 | FEA | 1-27-48-40 | 27 48 10 10 290 500 1.7 0.4 345 | 200000 | 4000 | 13.8 | 8.0 | 0.008
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2030 3 AR A Ee 28K (F)

Data Model tw tr B H F, E L SDAr
NO. b/t h/t H/B | Pu/Pya L/B | L/H

Type ID (mm) | (mm) | (mm) | (mm) (MPa) | (MPa) | (mm) (rad)
33 FEA | I-11-11-20 11 11 18 18 240 240 1 0.2 394 | 200000 | 4000 | 16.7 | 16.7 | 0.080
34 | FEA | I-11-11-40 11 11 18 18 240 240 1 0.4 394 | 200000 | 4000 | 16.7 | 16.7 | 0.050
35 FEA | 1-18-18-20 18 18 18 18 360 360 1 0.2 394 | 200000 | 4000 | 11.1 | 11.1 | 0.030
36 | FEA | 1-18-18-40 18 18 18 18 360 360 1 0.4 394 | 200000 | 4000 | 11.1 | 11.1 | 0.020
37 | FEA | 1-24-24-20 | 24 24 15 15 400 400 1 0.2 419 | 200000 | 4000 [ 10.0 | 10.0 | 0.018
38 FEA | 1-24-24-40 | 24 24 15 15 400 400 1 0.4 419 | 200000 | 4000 | 10.0 | 10.0 | 0.013
39 | FEA | 1-27-27-20 | 27 27 13 13 380 380 1 0.2 409 | 200000 | 4000 | 10.5 | 10.5 | 0.015
40 | FEA | 1-27-27-40 | 27 27 13 13 380 380 1 0.4 409 | 200000 | 4000 | 10.5 | 10.5 | 0.010
41 FEA 1-9-9-40 9 9 18 18 200 200 1 0.4 394 | 200000 | 4000 | 20.0 | 20.0 | 0.095
42 | FEA | 1-13-13-20 13 13 13 13 200 200 1 0.2 409 | 200000 | 4000 | 20.0 | 20.0 | 0.070
43 FEA | 1-13-13-40 13 13 13 13 200 200 1 0.4 409 | 200000 | 4000 | 20.0 | 20.0 | 0.060
44 | FEA | 1-18-18-20 18 18 10 10 200 200 1 0.2 345 | 200000 | 4000 | 20.0 | 20.0 | 0.050
45 FEA | 1-18-18-40 18 18 10 10 200 200 1 0.4 345 | 200000 | 4000 | 20.0 | 20.0 | 0.040
46 | FEA 1-8-8-40 8 8 25 25 260 260 1 0.4 374 | 200000 | 6000 | 23.1 | 23.1 | 0.08
47 | FEA | 1-12-12-20 12 12 18 18 260 260 1 0.2 394 | 200000 | 6000 | 23.1 | 23.1 | 0.090
48 FEA | 1-12-12-40 12 12 18 18 260 260 1 0.4 394 | 200000 | 6000 | 23.1 | 23.1 | 0.060
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2030 3 AR A Ee 28K (F)

Data Model tw tr B H F, E L SDAr
NO. b/t h/t H/B | Pu/Pya L/B | L/H

Type ID (mm) | (mm) | (mm) | (mm) (MPa) | (MPa) | (mm) (rad)
49 | FEA | 1-18-18-20 18 18 13 13 260 260 1 0.2 409 | 200000 | 6000 | 23.1 | 23.1 | 0.045
50 | FEA | 1-18-18-40 18 18 13 13 260 260 1 0.4 409 | 200000 | 6000 | 23.1 | 23.1 | 0.040
51 FEA | 1-24-24-20 | 24 24 10 10 260 260 1 0.2 345 | 200000 | 6000 | 23.1 | 23.1 | 0.030
52 | FEA | 1-24-24-40 | 24 24 10 10 260 260 1 0.4 345 | 200000 | 6000 | 23.1 | 23.1 | 0.030
53 FEA 1-9-9-20 13 13 150 150 1 0.2 409 | 200000 | 4000 | 26.7 | 26.7 | 0.150
54 | FEA 1-9-9-40 13 13 150 150 1 0.4 409 | 200000 | 4000 | 26.7 | 26.7 | 0.060
55 FEA | I-13-13-20 13 13 10 10 150 150 1 0.2 345 | 200000 | 4000 | 26.7 | 26.7 | 0.150
56 | FEA | I-13-13-40 13 13 10 10 150 150 1 0.4 345 | 200000 | 4000 | 26.7 | 26.7 | 0.060
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% 32 3 F o4 fac

Hardening Type | Kinematic hardening Isotropic hardening
) ) oy Equivalent Stress geq
Plastic Properties Ci Vi O b
(MPa) (MPa)
SM570MC Fya 8000 | 43 Fra 100 1
SN490B
Fa 2600 | 10 Fra 80 5
b/t <27
SN490B
Fa 8000 | 20 Fra 80 15
b/t>27
Elastic Properties E =200 GPa Poisson’s ratio = 0.3
64
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041 FRELRDT G

. ) SDA¢,
No. Specimen Specimen ID | b/t | Pu/Pu "
(rad)
290x290x16
[-16-16-40 16.1 0.40 0.030
(Isolated)
1 1.5
400x400x22
SS-16-16-40 | 16.2 0.40 0.045
(Subassemblage)
400x400x13
[-27-27-40 27 0.40 0.010
5 (Isolated) 15
295x295x10 FS-S-27-27-38 '
27 10.38~0.48| 0.015
(Two-Story Frame) -VA
Boundary Condition Factor Average »=1.5
%42 Rle P EFRG T Gk
0. ection (mm) ode (AISC / NF) N
1 400x200x15x15 I-11-24-20 0.04/0.118 1.98
2 400x200x15x15 I-11-24-40 0.02/0.07 2.25
3 410x300x15x15 1-18-25-20 0.03/0.051 1.35
4 410x300x15x15 1-18-25-40 0.015/0.034 1.63
5 430%x290x10x15 1-18-40-20 0.015/0.019 1.13
6 430%x290x10x15 1-18-40-40 0.008/0.014 1.38
7 400x240x15x15 1-24-42-20 0.015/0.015 1
8 400x240x15x15 1-24-42-40 0.009 /0.008 0.94
9 400x400x15x15 1-24-24-20 0.02/0.023 1.08
10 400x400x15x15 1-24-24-40 0.015/0.019 1.13

Lateral Loading Sequence Factor

Average 5 =1.39
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% 43 HA R EEF FES R

No. Specimen bt | i | 1B | Puspn SDA.r SDANew Error
ID (rad) (rad) (%)

1 | I-11-11-40 |11]11| 1 | 04 | 0.051 0.041 -19.6

2 | -11-11-40-2 |11 [ 11| 1 | 04 | 0.040 0.040 0.0

3| 1-14-14-30 |14 14| 1 | 03 | 0.040 0.036 -10.0

4 | 1-14-14-30-2 |14 14| 1 | 03 | 0.050 0.045 -10.0

5| 1-14-14-50 |14 14| 1 | 05 | 0.030 0.027 -10.0

6 | 1-16-1640 |16 |16| 1 | 0.4 |0.030 0.028 6.7

7 | 1-18-18-40 |18 |18 | 1 | 04 | 0.029 0.016 -44.8

21 8 | 1202025 [20]20] 1 | 0.25 | 0.030 0.025 -16.7
Z 9| 1202030 |20]20] 1 | 03 | 0020 0.025 25.0
10 | 1-20-20-50 [20]20| 1 | 05 | 0.015 0.015 0.0

11| 1242420 |24]24| 1 | 02 |0.020 0.023 15.0

12 | 1-24-24-40 [24|24| 1 | 04 | 0015 0.015 0.0

13| 1272720 [27]27| 1 | 02 | 0015 0.018 20.0

14 | 1272740 [27]27| 1 | 04 | 0010 0.012 20.0

15| 1363620 [36]36| 1 | 02 | 0015 0.014 6.7

16 | 1-36-36-40 |36 36| 1 | 04 | 0.010 0.009 -10.0

17 | T-11-2420 [11]24| 2 | 02 | 0.040 0.027 325

2| 18| I-11-2440 |11 |24| 2 | 04 |0.025 0.018 -28.0
éo 19 | I-12-41-20 |12 |41 | 2 0.2 | 0.020 0.025 25.0
g 20 | I1-12-41-40 |12 41| 2 | 04 | 0.010 0.016 60.0
“ol 21 | 1244220 |24 42| 17| 02 |0.015 0.011 26.7
22 | 1-24-42-40 |24 (42|17 | 04 |0.010 0.007 -30.0
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Table 1. Configuration of Specimens

h b I t,, LY Displacements (mm)

Item hit, bity NIAf,

(mm) | (mm) | (mm) (mm) & & A
5-1-0 23.0 | 19.0 | 92 76 4 0.0 | 9.81 10 20 10
5-2-0 333 | 235 | 133 | 94 4 0.0 | 6.79 7 10 10
5-3-0 335 | 29.0 | 134 | 116 4 0.0 | 6.74 7 10 10
5-4-0 433 | 29.0 | 173 | 116 4 0.0 | 522 5 10 10
§-5-0 435 | 36.0 | 174 | 144 4 0.0 | 519 5 10 5
5-1-4 238 | 19.0 | 95 76 4 0.4 | 570 6 10 10
S-2-4 333 | 235 | 133 | 94 4 0.4 | 4.07 4 5 5
5-3-4 335 | 29.0 | 134 | 116 4 04 | 4.04 4 5 5
5-4-4 433 | 29.0 | 173 | 116 4 04 | 3.15 3 5 5
§-5-4 435 | 36.0 | 174 | 144 4 0.4 | 3.14 3 5 5
S-1-6 23.0 | 19.0 | 92 76 4 0.6 | 3.96 4 5 25
5-2-6 335 | 235 | 134 | 94 4 0.6 | 2.72 3 5 2.5
5-3-6 335 | 29.0 | 134 | 116 4 0.6 | 2.72 3 5 25
5-4-6 44.0 | 29.0 | 176 | 116 4 0.6 | 2.08 2 5 2.5
5-5-6 435 | 36.0 | 174 | 144 4 0.6 | 2.11 2 5 25

Note: 1. & and b are the height and the width of the cross-section, and 1, and # are the thickness of its web and flange,

respectively.
ii. N/Af, is the axial compression ratio.
iii. &, is the transverse displacement when the extreme fiber at the fix end of the member yields.

(a) #oRFH

=iad

41
-+t w2
11 1)

|
I

T7T77 7777777777777 7777777777 77777777777777777

(b) sk

(C) A S-1-4 & 7% i ] (d) 2288 S-2-4 B B
B 1.6 Su et al. (2006)
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SN490B 4 #! 4 #c: E=200 GPa, F, =325 MPa, R,=1.2
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70 70
60 N B/H=1, L/H=10 60 B B/H=0.5, L/H=10
50 [ 50 [
L 40 - _40 |
Sk S,f
30 = 30
20 F 20 FTTTTT T e e
o~~~ ===-- 10 F
O_IIIIIIIIIIIIIII OIIIIIIIIIIIIIII
0 0.1 0.2 0.3 0.4 0.50.6 0.7 0.8 0 0.1 0203040506 0.70.38
CG CG
(a) & > V¥re 5 E v 'riﬁ i+ (b) B Mo F &y ']“ifﬁ i+
— Ay (Proposed) = = A, (AISC 341-22) /lp (AISC 360-22) - - - ipd (Taiwan code) --- P-I-1 (ALJ)
70 70
60 - B/H=1, L/H=10 60 L B/H=0.5, L/H=10
50 [ 50 |-
L 40 + 240 +
Sl Sl
30 30
20 20 +
10 10
O_IIIIIIIIIIIIIII O_IIIIIIIIIIIIIII
0 0.1 02 0304 0.5 0.6 0.70.8 0 0.1 0203040506 0.70.8
C'G C'G
(0) & 2455 ¢ B ibifi (d) E7855 ¢ B
— A4 (Proposed) — - A, (AISC 341-22) /1 (AISC 360-22)
B 4.10 378 5 R A E?]Lﬁdpv i (SMS70MC)
SM570MC  +##! % #c: F=200 GPa, F},=420 MPa, R,=1.2
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70 70

60 B B/H=1, L/H=10 60 B B/H=0.5, L/H=10
50 [ 50 [
L 40 240
S S,f
30 30
20 20
o~ " """~~~ 7°7° 10
O_IIIIIIIIIIIIIII OIIIIIIIIIIIIIII
0 0.1 0.2 0.3 04 0.5 0.60.70.8 0 0.1 020304 0.5 0.6 0.7 0.8
CG CG
(a) & > V¥re 5 E v el - (b) =415 B i%ﬁir]if#fi
— Ay (Proposed) = = A, (AISC 341-22) /lp (AISC 360-22) - - - ipd (Taiwan code) --- P-I-1 (ALJ)
70 70
60 L B/H=1, L/H=10 60 L B/H=0.5, L/H=10
50 [ 50 [
L 40 + 240 +
Sl Sl
30 30
20 T T T T 20 F
10 | 10 |
O_IIIIIIIIIIIIIII O_IIIIIIIIIIIIIII
0 0.1 02 0304 0.5 0.6 0.70.8 0 0.1 0203040506 0.70.8
C'G C'G
(¢c) & » Aj%re ¥ :?ﬁ?i'f'fi‘f#_fi (d) =245 ¢ i%ﬁf;f']“é_fﬁfi
— Ayq (Proposed) = - A, (AISC 341-22) A, (AISC 360-22)

Bl 411 #7550 w & R i (AST2 Gr.50)
A572 Gr.50  Hi# %4 E=200 GPa, F, =345 MPa, R,=1.1
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70 0.1 70
60 B/H=1, L/H=8.3 [[10.09 60 b B/H=1, L/H=10
- 0.08 o F-e
0F 007 0
< 40 . 0.06 % s 40 - e
30F 0.05 & 30 \ .
20 F 004 207
- 0.03 - T
10F 0.02 10 -
O_IIIIIIIJIlIlIIl 0.01 O_IJIIIIIIIII]III
0 010203040506 0.7038 0 0102030405060708
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70 0.1 70
60 B B/H=1, L/H=10.5 |["10.09 60 N B/H=0.5, L/H=10
3 0.08 B
S 0.07 N
40 0.06 2> 40 |
=L + et - e L )
- e 0.05 % = 30 - I-11-24-20‘I-12-41-20
0.04 S -
] S
0.02 or T ]
OIIIIIIIIIIIIIII 0.01 OIIIIIIIIIIIIIII
0 010203040506 07038 0 010203040506 0708
Cy Cos
(c) & = A 8rm (d) &35 %75
70 0.1
o0 | B/H=0.59, L/H=10||"10.09
- 0.08
S0 0.07
s0r 0.06 &
30k 0.05 &
0.04
20 0.03
10 Jo0.02
0 | N N A T Y Y N [ | 0.01
0 010203040506 0.708
CG
(e) *E; 47w
— /g (Proposed) = = A, (AISC 341-22 £ (AISC 360)
- Ayq (Proposed) == A, (AISC 341-22) 4 Test Data
Bl 4.12 F 5% ?7}"?5’ FTE B A=~ AISC 341-22 +* & (SN490B)
SN490B 4 #! % #c: E=200 GPa, F},=325 MPa, R,=1.2
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0.16
i &
0.12 .’
/c? o
s g L
8 £ &
2 008 -
8
N— é(x
0.04 —/
0 L L L L L L L
0 0.04 0.08 0.12 0.16
SDA ¢y (rad)
(Proposed)
O Test x FEM

B 413 i §F 0 AR 0

30 30
B/H=0.5, L/H=10 B/H=0.5, L/H=10
20 - 20 F T
S e = T
0F T . 10 b ™
0 | | | | | | | | | 0 | | | | | | | | |
01 02 03 04 05 06 0.1 02 03 04 05 0.6
CG CG
(a) % % irfiipid (b) ¢ Eir e
Proposed (72 Data) - - More Data (78 Data)
B 4.14 378 5 20t 2 (SN490B)
SN490B 4 #! % #c: E=200 GPa, F},=325 MPa, R,=1.2
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(b) Tempo i #% 3+
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(9) -0.04 rad Drift (h) 0.05 rad Drift (i) -0.05 rad Drift
Pe & 2.21-11-24-20 W9 %R 7
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HEAG B Ad S hke s ¥ 00 WK
(b) 0.015 rad Drift

Hlis e EF A Sl LAz e EF 06 5K
(c) 0.03 rad Drift 2" Cycle
Be it 2.31-11-24-20 #% HivF sk T
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AN EFE A HEiAeEF 06 0F HAsG EF 75 0¥
(d) -0.03 rad Drift 2" Cycle

] e f
i =. Sl
R e EF ool LAz e EF 06 0

() 0.04 rad Drift 2" Cycle

!

HAMG FF Lo LB R d0F R0 EF 8 6 0K
(f) -0.04 rad Drift 2" Cycle
5 231-11-24-20 A8 5 N % B S ()
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ARG EHF La s HEAGEF T 0FE Rae EF 06 0K
() 0.05 rad Drift 2" Cycle

(h) -0.05 rad Drift 2" Cycle
7 2.31-11-24-20 M AT &R T ()
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-
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-
z3)

1S

(9) -0.03 rad Drift

(h) 0.04 rad Drift (i) -0.04 rad Drift
P i 241-11-24-40 EREERF %R S
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A s ¥ AT & L
(@) 0.01 rad Drift

BHAAGEF Ry Hhed T Lo iy LRz EF 00 HF
(c) 0.02 rad Drift
P 251-11-24-40 W A INF % B T
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A 1 s 3
A EF A SiE HTs e ¥ Ad Sy LAz e EHF 06 0K
(d) 0.03 rad Drift 2™ Cycle

pi
AR MG EF Ltk HoedE Loy HAse k06 0
(e) -0.03 rad Drift 2" Cycle

BERAMAR FF LA i L Eee kAo ik ks s B
(f) -0.04 rad Drift 1% Cycle
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AN G EF > Aa s fTs 0 X (A4
(9) 0.04 rad Drift 2" Cycle

-

RN R FF (HL) HiEsw ¥ (H) s s FF (H4)
(h) -0.04 rad Drift 2" Cycle
B 5 251-11-24-40 =8 A F B ¢ (F)
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(b) 0.01 rad Drift

(9) -0.03 rad Drift (h) 0.04 rad Drift (i) -0.04 rad Drift
P 7 2.61-12-41-20 FREERF %R
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HH

AL R~ Ao L HEAs G Bk
(a) 0.075 rad Drift

ARG o L

ENC R
(b) 0.015 rad Drift

HAAGEF - LG yF HASHEF T 5HF s c X~ Lo i

(c) 0.02 rad Drift
B w 2.71-12-41-20 AW A IVF %P T
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HAMEF Ao F BHRGEF T MF LErAe X 05 9
(d) -0.03 rad Drift 2" Cycle

HEAe B (M)
() 0.04 rad Drift 2" Cycle

=

AT S 2P 8

AR L
(f) -0.04 rad Drift 2" Cycle
B 2.7 1-12-41-20 #8852 E 2w ¢ ()
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(9) -0.02 rad Drift (i) -0.03 rad Drift
B 5 2.81-12-41-40 ERE AR SR B 5
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A s BHF -~
(b) 0.01 rad Drift

(24

AN G EF Ak LA EF T F HEA A EFE T 0 LK
(c) 0.015 rad Drift
PR i 2.91-12-41-40 ZER RINF B S
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AL G L HAM S EF
(d) 0.02 rad Drift
y

A LG L (A ) ARG 6 (Hd) AL §6 i (H4d)
(e) -0.03 rad Drift 1% Cycle
BB 7 291-12-41-40 =8 AT =B (H)
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(9) -0.03 rad Drift (h) 0.04 rad Drift (i) -0.04 rad Drift
P 2.101-24-42-20 =R0ERE 9 R 5
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AR EE > A i SENC TR HEl e ¥ 0 L
(a) 0.075 rad Drift

A G E Ltk Hlsa i 00
(c) 0.02 rad Drift
Pe i 211 1-24-42-20 =88 B ivF %R T
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HEE 6 (A)

TR SN U S S I S )
(e) -0.03 rad Drift 2" Cycle

A G R~ L5 BT 5 i B 6 ()
(f) -0.04 rad Drift 1* Cycle
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AN G I hd ok AT EE (A BHTRL 6 R (R
(9) 0.04 rad Drift 2" Cycle
B8 2.111-24-42-20 BB R %P Y (F)
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(9) -0.015 rad Drift (h) 0.02 rad Drift
P it 2.121-24-42-40 =REER D &R 5
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ks e EF > Ao L

(b) 0.01 rad Drift

HAEMAR FF - Ae ik LAk s e B As iE LEs o

(c) 0.015 rad Drift
Pt 2.131-24-42-40 #%8 B39 R 5
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4
AN FHFE - Lo EF A, BF HAG & HE (B )
() 0.02 rad Drift 2" Cycle (*5 4v #h 4 12

54

B & 2.131-24-42-40 R B INF HE S (F)
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B L T \ i o o, S v
() 4 p 38 (b) mE4% 423
B 214 Andr A e BRAR G R R Y

' (a) 1-36-36-40

(b) I-11-24-40
PR 205 E A (MR R R B4R

(a) 1-12-41-40
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(b) 1-36-36-20
Pe st 2,16 A A (P RIE BUF PR BRAR)

0 a ;
(b) 1-24-24-20
RE 217 EF{ms A (MR F R o ghes)
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(b) 1-27-27-20
P it 2,18 FH Ak (P RIF R B 7 " F Bhe%)

>

G
@) 1-11-24-20
——

(b) 1-27-27-20
BB 219 B foidr A (P RIF B4p e B4R
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1-12-41-20

(b) 1-12-41-20
BT 220 FHfoiir A (P RIF B4r B 4r 8h4%)

(b) 1-12-41-20
Pt 221 B M (P RIF Ry 45
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(b) I-12-41-20
Pt 222 Wiy v A (N RIF R e 248

(b) I-11-24-20
B 223 Bl s mAA (PRI R E o B
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(b) 1-24-24-20
B 224 R it B ALK (M R R B

1-12-41-20
B¥ 225 B s mAA (M BRI R

g |
(a) 1-36-36-40
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(b) 1-24-42-40
B R 226 A As (PRI B H R R B

(b) I-12-41-20
PR 227 A s (N RIF RUE E gh4E)

148 doi:10.6342/NTU202503862



ek A & RSP

Compression Elements—All Members Except

TABLE D1.1b (continued)
Width-to-Thickness Ratios:

Diagonal Braces

Case

Description of
Element

Limiting Width-to-Thickness Ratio

Width-to-
Thickness
Ratio

Ana
Highly
Ductile Members

Ammal
Moderately
Ductile Members

Stiffened Elements

10

Webs of H-pile
sections

bt

not applicable

E

RyFy

1.50

"

For moment
frames, where
used in beams
or columns, as
webs in flexure,
or combined
axial and flexure
Webs of rolled
or built-up
I-shaped
sections and
channels

h/te

25(1-c, )%

12

Where used in

beams or col-

umns as flanges

in uniform

compression

due to flexure or

combined axial

and flexure

(1) Flanges of
rectangular
Hssl

(2) Flanges
of boxed
I-shaped
sections

(3) Flanges of
box sections

b/t

055, |——
HF F}"

B A.1 AISC 341-22 ¥ 4% 5 B+t %
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9.1-20 MEMBER REQUIREMENTS [Sect. D1
TABLE D1.1b (continued)
Width-to-Thickness Ratios:
Compression Elements—All Members Except
Diagonal Braces

Limiting Width-to-Thickness Ratio
Width-1o- Abd Ama
Description of |Thickness Highly Moderately
Case Element Ratie | Ductile Members | Ductile Members Example
13 | Where used
in beams,
columns, or
links, as webs
in flexure, or
combined axial
and flexure
(1) Side plates
of boxed For C, =0.113® For Ca <0.113F
|-shaped E E
sections 2.45(1-1.04C,) ’ 3.76(1- 3.05C, ), |——
HI"FI' ’qh"cln'
(2) Webs of .«,
rectangular hi For C, »0.113 For C, =0.113
HSS™ " = =
(3) Webs of box 2.26(1-0.38C,) TE 2.61(1-0.48C;) BE " _|_n
sections - ey - Y )
(4) Except for 2156 [—— 21586 |—
£ mament RyFy YR/Fy i I
@ frames, A
5 webs of
w rolled or
B built-up
‘é I-shaped
= sections
(7] and
channels
14 | Flanges of box b
sections used E E :i::
as link beams b/t 0.55 i— 0.64 ’—
R,Fy RyFy
15 | Webs of box _'ﬁ_
sections _used £ =z
' AyFy RyFy h
16 | Walls of round £ E
Hsgk Dt 0.038 —— 0.07 —
R,Fy vFy

@ The design wall thickness shall be used in the calculations involving the wall thickness of hollow structural sec-

tions (HSS), as defined in Specification Section B4.2.

o
RyF,Aq
where

ol G, =

Ag = gross area, in.2 (mm?)
E =modulus of elasticity of steel = 29,000 ksi (200 000 MPa)
F, = specified minimum yield stress, ksi (MPa)
P; =required axial strength using LRFD or ASD load combinations, kips (N)
R, = ratio of the expected yield stress to the specified minimum yield stress
s = LRFD-ASD force level adjustment factor

=1.0 for LRFD and 1.5 for ASD

Bl A2 AISC 341-22 %4 B K1t 3%
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Sect. B4.]

MEMBER PROPERTIES

16.1-23

Width-to-Thickness Ratios: Compression Elements

TABLE B4.1b (continued)

Members Subjected to Flexure

Limiting
Width-to-Thickness Ratio
2 A
3 Width-to- A (non-
Description | Thickness [compact/ compact/
of Element Ratio noncompact) slender) Examples
15| Webs of
doubly I'E E
symmaetric ! — = = e W
e hite B.Tﬁf F 5.'r'lZZI‘II| F, tw |h I Ih
sections and
channels
16| Webs of singly bl
symmatric =
- |E
|-shapead E _
sections hy ".I Fy E %. = = —?—
h./t. - ~z| 5.70 IF— %u' £ PHA
0.54—2_ 009 LA s e
\ ¥ ern [ .}
< he
o| 17| Fmseset E E -
s bit 112 10/ 2
E ¥ ¥
w
T 18] Flange cover ) b
£ plates between E = IJ‘I m'_' 4
£ lines af byt 1.12 |£ 1.40 [ =T T
i fastenaers or N Fy YV Fy
walds
19| Webs of E E
ractangular ' = .=
HSS and bax hit 2'421.||| F, 5.?{1“ F,
sections
20| Round H3S
oyt U.D?E 0 :31£
Fy Fy
21| Flangas of box | |
sections bit 1.12 |F£ 1'49‘-.'|F£
¥ ¥

B A.3 AISC 360-22 % 5t 2R =
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CT Y EE

£45-1 L2 L LR (F, " them®)

v .4 34 B #
W o# LR ™ s .
sepprrmrensl | wgE | uiE [wyRR®
ii:;llﬁ,g:»ﬁumz » 14/ JF, 17/JF, 2/ JF—F, ™
o [RHENVE D2 R -
ﬁﬁg&f&ﬁﬁﬁﬁ;;f; b 14/[F, 16/[F, 25/ (F,
# i
RHENBEHBZRR | b 14/,JF, 16/ ,[F, 20/ {E.__Fr o]
Blyaminasmess | |
CECERCES 3 BE S CUE R 14/ |F, 16/ ,/F, 20/ ,[F,
H |H(Ep s R A4
TA A 2 iR dt 14/ |F, 16/ ,[F, 34/ ,|F,
EBAFHEERDER
Ez R shda By K 10/ [F
TS T IR Y TN 50/,F,
&&ﬂ&zmﬁ"_
N soxmananey | 45/\JF, s0/|JF,
FAENESRUREE _
RzRmshuangn | F i 43/ JF, 63/,[F,
T X LI SES hit, 138/ (F, 170/ JF, 260/ [F,
ﬁ"" EP/¢P <0125 | %P, /¢$P <0125
138 pol] T .
Tl |
®lenengnzik pie, | § PGP, 50125 P,14,P, 50125 260/ F,
5_[3 LL LI PR '
J_ #.7, ﬁ?" 4.,
# . 68 L 68
______ ¥ I'mmmmm“mm
LA HEE b _
i};z:}; R hf;,,. FA M T A 68/, F,
W 5 P % b R ) D/t 90/ F, 145; r 232/F,
W A5 o % i & Dit 90/ F, 145/ F 630/ F,

[al A&Hid RERZF,
Bl A4 5 Aam R TR R T h R T
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& C2.2-1

AISC-LRFD . #6 ¥ Z 7 B 47 i 15 $

s % R ok B YR RS
B oK B R K S 0.9
R ¥ R B R K E 0.75
LR - 0.85
3 dh AT 14 - 0.9
m A 2 — 0.85
0.75
£ # KEBEFXAFE M E 0.8
0.9
e /) BACIR 3E B AR TR AR S 0.75
BRiEbs ARAERY HEMRAKE 0.65
B A EmRARE 1.0
BATHNEE | 42T HhEEERKE 0.75
ik AH % b 0.9
T Hi*&i’jgf‘.&ﬂi 1.0
AEE b p B R L 0.75
B oAk A B O# R 0.9
B fl 8 B R 0.85

2-4

Bl A4 58 S HE st
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