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Axial Compression of Stub Columns for Concrete-filled Square Steel
Tubes
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Abstract Concrete-filled steel tubular columns can improve the strength and deformation capacity of
structures, thereby enabling the development of efficient structures. The Korean design standard (KDS41)
regarding concrete-filled steel tubular structures, established by the architectural institute of Korea in
2005, was revised in 2009 and 2016. The objective was to understand the compressive strengths and
deformation capacity of stub columns for concrete-filled square steel tubes under uniaxial compression
and validate the KDS41's standard code for necessary corrections. Experiments were conducted on 26
specimens with parameters, such as the width-thickness ratio of cold-formed square tubes. The
following values of the stub columns for concrete-filled square steel tubes were obtained: compressive
strengths, relationship between the axial load and axial displacement, and failure modes. An analysis of
these results enabled an understanding of the concrete-filled effect and the influence of the
wide-thickness ratio. The compressive strengths of filled concrete saw a 9% increase compared to a state
of uniaxial stress, which must be noted in a future edition of KDS41. After benchmarking the results
regarding square steel tubes generated by cold forming to the guidelines provided by the KDS41, the
KDS41's value of 2.26 for the limiting width-to-thickness ratio for the compact section was found to be
inflated. With a safety concern, this paper proposes a more conservative value of 1.35.

Keywords : Concrete-Filled Steel Tubular Columns, KDS41, Width-To-Thickness Ratio, Uniaxial
Compression, Compressive Strengths, Concrete-Filled Effect, More Conservative Value
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Fig. 1. Stress-strain curves for steel coupons

Table 1. Result of the tensile tests for steel tubes

Coupons ay ou . &y Est Es
P MPa) | (MPa) | 77" | (x10°) | %) | (MPa)
CS 75-2.3 | 314 380 0.83 1,524 1.70 562
CS 75-3.2 | 309 375 0.82 1,500 1.42 537
CS 75-4.5 | 381 427 0.86 1,848 1.22 | 1,106
CS 75-6.0 | 431 494 0.87 | 2,092 1.68 701
CS100-2.3 | 371 430 0.86 1,800 | 2.40 868
CS100-3.2 350 398 0.88 1,700 2.14 1,873
CS100-4.5 355 441 0.80 1,724 0.83 1,305
CS100-6.0 489 534 091 2,371 1.01 1,047
CS125-3.2 | 352 383 0.92 1,710 | 3.97 438
CS125-4.5 | 337 370 0.91 1,638 | 3.11 545
CS125-6.0 | 419 465 090 | 2,033 | 0.69 666
CS150-4.5 327 440 0.74 1,586 - 790
CS150-6.0 422 446 0.95 2,048 1.15 2,745
CS100-2.3  (E=210GPa, Steel Grade: SRT275
| | “— Thickness of the steel tubes
| b—— Width of the steel tubes
L———— Coupon of Steel
oy: Yield stress, ou' Tensile strength,
oy/oy © Yielding ratio, ey Yield strain
es Strain of strain hardening,
Eq Elastic modulus of strain hardening
YIReE 24973 A s A2, Fig.
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Table 2. Designed mix ratio of concrete

Compressive | Max dimension of Slump | W/C S/A
Strength coarse aggregate (cm) ©) ©)
(MPa) (mm) 5 ?
21 25 15 58.2 47.5
Unit mass (kg/m3)
Water Cement Sand | Gravel | Admixture
147 325 893 957 2.76

W/C : Water-cement ratio, S/A : Fine aggregate rate

Table 3. Result of the compressive tests for concrete

Age f' EBe Slump
(days) (MPa) (GPa) (cm)
28 17 14 15

f."" Compressive strength
Ec: Secant modulus of elasticity
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Table 4. Dimensions of specimens < Alstete] AES FY3Itt
5t HAI5=0] adske X ASlElT EHE s Al

Secimens 5 - T o T E3h HASHE S FHAsholal SRS Alst
SH 75-23 75 | 25 | 658 | 286 | 1875 7t 4 $ JEE S AXg HEEE e 49
SH 75-3.2 75 32 62.2 19.4 187.5 =o}H £ H3zslo] X517 =8 A8y
SH 7545 | 75 | 45 | 570 | 127 | 1875 F°TOﬂ_W'S'G'E FAe] AL A= A9
SH 75-6.0 75 | 60 | 510 | 85 187.5 9] 7} geof £AFo R 2719 HAAD.T. )E
SF 75-2.3 75 | 23 | 658 | 286 1875 o oz M| ste] =3k
SF 7532 75 | 32 | 622 | 194 | 1875 A dAlstel St
SF 75-4.5 75 | 45 | 570 | 127 1875
SF 75-6.0 75 6.0 51.0 8.5 187.5 AlS] 7471
SH100-2.3 100 | 23 | 908 39.5 250.0 33 &% Z4
SH100-3.2 100 | 32 | 872 | 273 250.0 3.3.1 =21 ZHO T

SH100-4.5 100 45 82.0 18.2 250.0
SH100-6.0 100 6.0 76.0 12.7 250.0

SF100-2.3 100 | 23 90.8 39.5 250.0 Table 5. Result of the experiment
SF100-3.2 100 3.2 87.2 273 250.0
SF100-4.5 100 4.5 82.0 18.2 250.0 . Pu Py Pu <Py
SF100-60 | 100 | 60 | 760 | 127 | 2500 Specimens | b/t | gy | ) | () | Gy | PPy | P/
SH125-3.2 125 3.2 112.2 35.1 312.5 SH 75-2.3 | 286 100 | 206 _ _ 0.49 _
SH125’45 12? 45 107.0 23.8 31245 SH 75-3.2 ]94 232 276 - - 0.84 -
SHI25-60 | 125 | 60 [ 1010 | 168 | 3125 7545127 Taoo Taea T =T = Tios T =
SFI25-32 | 125 | 32 | 1122 | 351 | 3125 e 55 Ten o T =T~ 10—
SF125-4.5 125 4.5 107.0 23.8 312.5 - . -
SF125-6.0 125 6.0 101.0 16.8 3125 SF 75-2.3 | 28.6 | 264 | 206 | 86 | 292 1.28 0.91
SH150-4.5 150 45 132.0 293 375.0 SF 75-3.2 | 19.4 | 360 | 276 | 80 | 356 | 1.30 1.01
SH150-6.0 150 | 60 | 126.0 21.0 375.0 SF 75-4.5 | 12.7 | 591 | 464 | 75 | 540 | 1.27 | 1.10
SF150-45 | 150 | 45 | 1320 | 293 | 3750 SF 75-6.0 | 85 | 999 | 737 | 68 | 805 | 136 | 1.24
SF150-6.0 150 6.0 126.0 21.0 375.0 SH100-2.3 | 395 | 175 | 332 - - 0.53 -
§S100-2.3 (Steel Grade: SRT275), (Unit: mm) SH100-3.2 | 273 | 355 | 426 | - - | 083 -
[I'| = Thickness of the steel tubes SH100-45 | 183 | 612 | 574 N N 1.06 N
|| “—— Width of the steel tubes . = .
| L—— Filled or not (S: Hollow, F: Filled) SH100-6.0 | 12.7 |1,164|1,059| - - 1.10 -
L Sub Column SF100-2.3 | 395 | 447 | 332 | 158 | 490 | 1.35 | 0.91

SF100-3.2 | 27.3 | 547 | 426 | 152 | 578 | 1.29 | 0.95
SF100-4.5 | 182 | 751 | 574 | 144 | 718 | 131 1.05

3.2 7|-F_5| ';‘_J ég%ﬂé" SF100-6.0 | 12.7 |1,321|1,059| 134 |1,193| 125 1.11
SH125-3.2 | 35.1 | 460 | 540 - - 0.85 -
SH125-4.5 | 23.8 | 810 | 714 - - 1.13 -

SH125-6.0 | 16.8 |1392|1,160| - - 1.11 -
SF125-3.2 | 35.1 | 691 | 540 | 244 | 784 | 1.28 | 0.88
SF125-4.5 | 23.8 |1,050| 714 | 233 | 951 | 147 1.10
SF125-6.0 | 168 |1,569|1,160| 221 |1,381| 1.35 1.14
SH150-4.5 | 29.3 | 908 | 856 - - 1.06 -

SH150-6.0 | 21.0 | 1380|1419 - - 0.97 -

SF150-4.5 | 29.3 |1,332| 856 | 345 |1.201| 1.69 1.21

U.T.M Head

SF150-6.0 | 21.0 |1,801[1,419] 330 |1,749| 1.31 1.06
& b/t : Width-thickness ratio
I % P, Ultimate load
ws.af m JE— P, Aco,
17 Py A
1IN} As ¢ Area of the steel tubes
1‘ ll I Ac @ Area of the concrete
— [T oy @ Yield stress of the steel tubes
— It ' . .
e fe : Compressive strength of the concrete

= e =o] = A= Ak
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Table 6. Concrete-filled effects
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4.2 HEFXT|1Z(KDS 41 31 00)

e | 51 | o | o | o | o | em 20169 SRSl e wgel S A%
Sh A AH /K
SF 7523 | 286 | 264 | 100 | 86 | 186 | 142 TEZIE WAHIA™KDS 41 31 00/LSD)2NA
SF75-32 | 194 | 360 | 232 | 80 | 312 | 115 Y 7159 FFAR AR Table 7014 A
SF 75-4.5 | 12.7 591 499 75 574 1.03 }\]‘8}-_7]_ C}zl% 7(}-37‘,1-_0,] 5_‘59[_7}."]:]] Z«"f}l—%}—i]‘,}— ]:—1 % %}\-‘% }\]-
SF 75-6.0 | 8.5 999 | 875 68 943 1.06 - -
QI = Z5F71 9
SF100-23 | 395 | 447 [ 175 [ 158 | 333 | 1.34 gotes sHdotal glnt
SF100-3.2 | 27.3 547 355 152 507 1.08
SF100-45 | 182 | 751 | 612 | 144 | 756 0.99 Table 7. Limiting Width-to-Thickness Ratios for
SF100-6.0 | 127 | 1321 | 1,164 | 134 | 1298 1.02 Compression Steel Elements in Filled
SF125-32 | 351 | 691 | 460 | 244 | 704 0.8 Composite Members Subject to Axial
SF125-4.5 | 23.8 | 1,050 | 810 233 1,043 1.01 Compression|3]
SF125-6.0 | 16.8 | 1,569 | 1,392 | 221 1,613 0.97
SF150-45 | 293 [1332] 908 | 345 | 1253 | 1.06 Width-to- A, A, Aax
SF150-6.0 | 21.0 | 1,801 | 1,380 | 330 1,710 1.05 Elements | Thickness Compact/No|Noncompact/| Maximum
b/t : Width-thickness ratio Ratios ncompact Slender Permitted
P, : Ultimate load of the filled steel tubes = I3 I
wPu @ Ultimate load of the hollow steel tubes Rectangular b/t 2.26 ./ —13.00 /| = 15.00 ,/ —=
Do A Sections F F F
R y y y
sPu 1 hPu + Pu
f' 1 Compressive strength of the concrete Round D/t 0.156 0.19£ 031
Sections ’ Fy Fy Fy
b . Clear width of the rectangular steel tubes
qj ] —] E]E %Fﬁ_‘é—_ﬂ% ii]—@,"é]?] -CH‘ET]—Ofl D . Diameter of the round steel tubes
_ _ _ t . Thicknessof the steel tubes
A‘__]%]oﬂ ‘1 ly H]%‘d 70"3.’—’] }’]EHLH F’—ﬂjq' %‘@ %EE]E E . Elastic modulus of the steel tubes
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Table 8. Result of the experiment

Specimens b/t (EKU (lf]sl) Pu/cPp
SH 75-2.3 28.6 100 209 0.48
SH 75-3.2 194 232 276 0.84
SH 75-4.5 12.7 499 464 1.08
SH 75-6.0 8.5 875 736 1.19
SF 75-2.3 28.6 264 282 0.94
SF 75-3.2 19.4 360 344 1.05
SF 75-4.5 12.7 591 527 1.12
SF 75-6.0 8.5 999 794 1.26
SH100-2.3 39.5 175 328 0.53
SH100-3.2 273 355 425 0.84
SH100-4.5 183 612 592 1.03
SH100-6.0 12.7 1,164 1,077 1.08
SF100-2.3 39.5 447 463 0.97
SF100-3.2 273 547 554 0.99
SF100-4.5 18.2 751 714 1.05
SF100-6.0 12.7 1,321 1,191 1.11
SH125-3.2 35.1 460 540 0.85
SH125-4.5 23.8 810 713 1.14
SH125-6.0 16.8 1,392 1,158 1.20
SF125-3.2 35.1 691 747 0.93
SF125-4.5 23.8 1,050 911 1.15
SF125-6.0 16.8 1,569 1,346 1.17
SH150-4.5 29.3 908 839 1.08
SH150-6.0 21.0 1,380 1,419 0.97
SF150-4.5 29.3 1,332 1,133 1.18
SF150-6.0 21.0 1,801 1,700 1.06
b/t : Width-thickness ratio
Py Ultimate load
Py : FyA+0.85fcAc
HBANE H8A TRE B A7 Yoz A
R e Pt I ER I S RS
FYHETAY] SHAZEFA M= 32.032 4FgEgloH, o]
© Y9 A5T2712(KDS 41 31 00)[2]°] tha Fhof
Brlela Qe AoE & 4= Qlo] & o BH4ERl Wk
2 FAZFA Mo gt ~7g0] Hagh Ao R YZHHch
wEhA, AE SHAEFANE F-Eoto] SAZEA
u] 7j24E Zstel TRl Bq Q3 2L A% A
E
1.35, 7 2

Where, £ denotes modulus of elasticity of steel,

F, denotes specified minimum yield stress
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Z2AH] ASHAE Matsuil6]e] dTolA= Eq. (2)
o] Alg= 1.35H941 1.55 AlkstaL 3L, Choil7]9] A+
A= 2.958 AAStE o, A9 A+dE2 XY
237 HE e shal Q7] wiiol A/g71sol Qg
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