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Abstract - In this study, a total of 6 specimens fabricated with two types of austenitic stainless steel SHS members and carbon
steel SHS members were tested under axial cyclic loading to investigate the hysteretic behaviors of bracing members according
to the difference in material properties of stainless steel and carbon steel as a counterpart material. For the same cross section,
the energy absorption capacity and energy index of the austenitic stainless steel specimens were higher than those of the carbon
steel specimens. Based on EC3, AISI, and ASCE, which are design standards for cold-formed carbon steel and stainless steel
in Europe and North America, the design predicted buckling strength and experimental compression strength were compared
to evaluate the applicability of the buckling strength during compression of the specimen.
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Table 1. Summary of measured geometric properties of brace specimens

Width (mm) EC3

Specimens . ! Ly
) Wi w2 () it ¢ CT” Class | (™™

C-C-75%x75%2-1.5 74.95 74.95 1.93 36.83 0.82 4491 4 2.51
C-C-75%x75%2.9-1.5 75.17 75.17 2.99 23.14 0.84 27.55 1 2.37
C-A1S-50%x50%3-1.5 49.98 49.98 3.08 14.23 0.65 21.89 1 3.92
C-A1S-70x70%3-1.5 1200 69.86 69.86 3.02 21.13 0.68 31.07 1 3.66
C-A2S-50%x50%3-1.5 49.85 49.85 3.06 14.29 0.68 21.01 1 3.67
C-A2S-70x70%3-1.5 69.61 69.61 3.04 20.90 0.75 27.87 1 2.99
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Table 2. Cross section classification according to Eurocode 3

Class Carbon steel Stainless steel
(EN 1993-1-1) (EN 1993-1-4)
1 CLIPPY: 33
€ €
2 LIPSV 35
€ €
3 CLIPEY: LY
€ €
4 BT Y
€ €
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Fig. 1. Transducer(LVDT) installation
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Fig. 2. ATC-24 loading protocol
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Table 3. Material test results of flat coupons
Measured thickness | Young’s modulus | Yield stress | Tensile strength Yield ratio Elongation
Coupons t, E Fy0.29 1y Fy02%/F EL
(mm) (GPa) (MPa) (MPa) (%) (%)
C-C 75%2.0 1.92 257.2 358.0 468.3 74.5 29.8
C-C75%2.9 2.88 219.8 319.8 433.9 73.7 36.1
C-A1S 50 3.01 202.6 529.0 785.2 67.5 49.3
C-A1S 70 2.98 156.9 452.7 709.9 63.8 55.8
C-A2S 50 3.01 198.3 485.2 646.0 75.2 429
C-A2S 70 2.99 207.7 413.8 623.0 66.4 51.5

Table 4. Ultimate strength and failure mode of test results

Cyole I}umber e (i) Ultimate Ultimate Cycle number and failure Buckling mode and
buckling occurrence . .
. strength displacement mode at ultimate state fracture shape at test end
Specimens (compression)
Flexural Local 1B egiins | [Ppmminess | @ || Chime . . . .
b buckling | (kN) | (kN) | (mm) | (mm) Compression| Tension |Compression Tension
cc- 200 % 200 % 300 % Tensile fracture
T5x75% - lcycle |[-164.9|211.8 |-10.0 | 10.0 1 cycle 3 cycle L in the top part
2-1.5 (10th cycle) (10th cycle) | (15th cycle) PP
C-C- 200 % 300 % 200 % 400 % Tensile fracture
75%x75% 1 cycle 2cycle |-274.9|290.4 | -9.5 9.5 1 cycle 2 cycle G+L in the middle of
2.9-1.5 | (10th cycle) | (14th cycle) (10th cycle) | (17th cycle) member
C-AlS- 200 % 400 % 200 % 400 % Tensile fracture
50x50x% 1 cycle lcycle |-286.4|383.9|-157| 15.7 1 cycle 2 cycle G+L in the middle of
3-1.5 (10th cycle) | (16th cycle) (10th cycle) | (17th cycle) member
C-AlS- 300 % 300 % 400 % 400 % Tensile fracture
70x70x 1 cycle 2cycle |-415.1]457.9 | -14.7 | 14.7 1 cycle 1 cycle G+L in the middle of
3-1.5 (13th cycle) | (14th cycle) (16th cycle) | (16th cycle) member
C-A2S- 200 % 300 % 200 % 400 % Tensile fracture
50x50x% 1 cycle lcycle [-252.6]334.7 | -14.7 | 14.7 1 cycle 3 cycle G+L in the middle part
3-1.5 (10th cycle) | (13th cycle) (10th cycle) | (18th cycle) p
C-A2S- 300 % 300 % 300 % 400 % Tensile fracture
70x70x 1 cycle 2cycle |-384.0|424.7 | -12.0 | 12.0 1 cycle 3 cycle G+L in the middle of
3-1.5 (13th cycle) | (14th cycle) (13th cycle) | (18th cycle) member
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(c) C-A1S-50x50x3-1.5

Fig. 7. Tensile fractures in tension
500 500
400 || — LvDT3 400 || — LvDT3
300 || -- LvDT4 300 || -- LvDT4
~ 200 ~ — 200
@ 100 é @ 100
0 0
el el =
g -100 g - g -100
= 200 = = 200
2300 -300
-400 -400
-500 -500
2100 80 60 40 20 0 20 60 40 20 0 20 40 60 80 MO0 2100 80 60 40 20 0 20

Lateral displacement (mm)
(a) C-C-75x75%2.9-1.5

500
400
300

— LVDT3
-- LVDT4

-20 0 20 40 60 80 100
Lateral displacement (mm)

(d) C-A28-50x50%3-1.5

Lateral displacement (mm)

(b) C-A18-50%50%3-1.5

Lateral displacement (mm)

(c) C-A18-70%x70%3-1.5

500

\ — LVDT3
-- LVDT4

N\

N
AN
AN

Load (kN)
(=]

20 40 60 80 100
Lateral displacement (mm)

(e) C-A2S-70x70x3-1.5

Fig. 8. Load-lateral displacement curves from buckling and fracture parts
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Table 6. Buckling strength comparison of design prediction and test result in compression

Average 2 c Tes't ultimate st}rength Design strength Strength comparison
St measured plate ¢ in compression Py (kN) P/ P max
thickness | Pemax |
(mm) EC3 ASCE (kN) EC3 | AISI/ASCE | EC3 | AISI/ASCE
C-C-75x75%2-1.5 1.93 0.44 - 164.9 194.1 194.5 1.18 1.18
C-C-75x75%2.9-1.5 2.88 0.66 - 274.9 280.7 256.3 1.02 0.93
C-A1S-50%50%3-1.5 3.01 0.32 0.65 286.4 305.5 305.5 1.07 1.07
C-A1S-70x70%3-1.5 2.98 0.38 0.69 415.1 364.9 360.7 0.88 0.87
C-A28-50%50x%3-1.5 3.01 0.55 0.71 252.6 277.6 277.6 1.10 1.10
C-A2S-70x70%3-1.5 2.99 0.65 0.69 384.0 335.2 335.2 0.87 0.87
Average - - - - - - 1.02 1.00
COV - - - - - - 0.121 0.131
AR B7IRE A2 & 5 Ao, vSEES] A A7) AZAQ C-A18-50x50x3-1.57} 128.54F 7}
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