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An Experimental Study on Structural Performance
of SFRC filled Built-up Square Columns
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Abstract - This study suggests mixing steel fibers in concrete to secure the toughness of the columns. Therefore, to evaluate the
structural behavior of welded built-up square columns filled with steel fiber reinforced concrete, ten stub column specimens were
fabricated for compressive loading test with variables of steel fiber mixing ratio and loading condition. It is deduced that the steel
fibers continue to provide tensile strength even after the concrete cracks and thus improve the strength and behavior of the
column when bending moment is applied to it. A small amount of steel fibers can improve compressive strength and bending
strength and thus produce economically efficient results when employed in structural design.
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Fig. 1. Process of making welded built-up square column

Fig. 2. Interaction between concrete and steel tube when pure
pending
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Table 1. Shape and size of steel-fiber

Table 2. Specimen list

RC-65/60-BN

<«
%Diameter (d)

=/7 = Length ()
60 mm 0,75 mm
h, b’ (mm) a, a’ (degree) I, I’ (mm)
= 0.75 = 20° 1.5~5.0mm

Specimen (n]13m) (mtm) b/t | ¢/B (mI;n) (r:rrslz) (r:nclz) RI
C0000 | 300 | 6 | 48 | 0O | 1050|9126 | 80874 | 00
C0008 | 300 | 6 | 48 | 0 | 1050|9126 | 80874 | 08
C0020 | 300 | 6 | 48 | 0 |1050|9126 | 80874 | 20
C0030 | 300 6 48 | 0 | 1050 | 9126 | 80874 | 30
E2500 | 400 9 42 10.25| 1400 [17026|142973| 00
E2520 | 300 | 6 | 48 |0.25]1050 | 9126 | 80874 | 20
E2530 | 300 | 6 | 48 |0.25]1050 | 9126 | 80874 | 30
E5000 | 400 | 9 | 42 |0.50| 1400 [17026|142973| 00
E5020 | 300 | 6 | 48 |0.50| 1050 | 9126 | 80874 | 20
E5030 | 300 | 6 | 48 |0.50| 1050 | 9126 | 80874 | 30
C 00 00

[ RrI = @wodpvE
: Mudulus of Eccentricity (00; 0B, 25; 0.25B,
50; 0.5B)

: Loading Method (C; concentric, E; Eccentric)
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(a) Centric load (b) Eccentric load

Fig. 3. Specimen details
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Table 3. Results of coupon test

Thick.| No £y B | B/E, Elongation =
(MPa) | (MPa) | (%) (GPa)
1 411.2 474 87 30.13 201.70
2 | 4314 495 87 28.89 202.00
6mm | 3 409.8 447 92 34.01 202.80
4 | 405.0 493 82 29.20 201.50
AVE| 4144 477 87 30.55 202.00
1 4194 490 85 22.60 265.15
2 | 4357 507 86 20.51 303.46
9mm | 3 411.8 472 87 23.81 247.14
4 396.9 493 80 23.94 236.80
AVE| 416.0 491 85 22.72 263.14

A8 §HEY 2495w 7150 a4

Table 4. SFRC mixing

Slt)reeiiggl WiC SIA | Stump Unit weight (kg/m®)
(MPa) (%) (%) em) | « 1wl s|qg
40 27.9 40.1 15 | 585|178 | 563 | 847

Table 5. Compressive strength of SFRC (MPa)

days | Vf(%) 0 0.1 025 | 0375
Casel | 40.0 | 406 | 425 | 482
Case2 | 41.7 | 434 | 425 | 466
28 Case3 | 430 | 412 | 433 45.1
AVE | 416 | 417 | 428 | 466
Casel | 317 - 317 | 372
Case2 | 283 255 | 284 | 356
2l Case3 | 316 | 318 | 322 | 326
AVE | 305 | 286 | 308 35.1
Casel | 22.1 22 | 231 26.5
Case2 | 220 | 23.1 238 | 261
7 Tewes | 112 112 | 225 | 262
AVE | 185 188 | 23.1 263
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Table 6. Initial stiffness and maximum load capacity

Specimens S'{infltfrllzlss Yield Load M?;Z:flum 087,
@@Nmmy | N pany |6
C0000 922 5675 7089 6026
C0008 737 5699 7204 6123
C0020 819 6403 7460 6341
C0030 875 6873 7682 6529
E2500 445 4346 5429 4615
E2520 519 3195 4405 3744
E2530 538 3220 4491 3818
E5000 303 3145 4085 3473
E5020 304 2068 2920 2520
E5030 241 1970 3060 2605
& 0] 80%712 "olZ e (0.8P max , O)& F7]5H3 (b) Eccentric loading
O G AL SAF-MAEANN 271712712) 4 Fig. 5. Failue mode
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Table 8. Influence of mixing ratio _ _
TE 11 FAE At AL R YEeigTh &, HdH 232
P PP M | MM ‘ _
Specimens | RI ! "* . . “* “ YE+= QS EE IS A FHA7E S He A e
(kN) ™) (kN-m) (*) _
2 gk}
C0000(*) | 0 |7,089.0 | 1.00 0 0 L sl 1 o .
okA] A3 B o) A 74 7y 2 E A7
C0008 08 7,203.9 1.02 0 0 3T 1 ALY L.:IL w _'Oﬂ 1L. (a=a1n H (<] L.ELE] 5
C0020 | 20 |7.4597| 1.05 0 0 W59 AR A AFE 27081k 1 % Zhong Tao(2007)
C0030 30 |7.681.7| 1.08 0 0 Aol 2 AP ARSE 752 P A 9 E2
E2520(%) | 20 |4,4052| 1.00 | 3304 | 1.000 B9 MuAwrt 7V fArsto] AP ATE vl Bzt
E2530 30 |4,491.5| 1.02 3369 | 1.020 ot B AN(UCFT: ¥t 21y 7+t + Uut 238 E)
E5020(*) | 20 |2,919.5| 1.00 | 437.9 | 1.000 (UFRC: 28} 718 733t + 7449 B7) 298 E) S0 =
E5030 30 [3,060.1 | 1.05 | 459.0 | 1.048
Table 10. Ductility index
Table 9. Infl £ tricity rati
(3 uence ol eccent Clty ratio Sy 811 So‘gpmax
6u/8y | 60.8max/ Oy
: szntric PEboentric (mm) (mm) (mm)
Specimens RI Pon! Ppe
(kN) (kN) C0000 | 6.25 8.1 11.6 1.44 1.85
Po (400x9) 0 - 1.00 C0008 | 6.04 8.3 11.4 1.37 1.89
E2500 (fck: | 10,780 | 5,430 0.50 C0020 | 6.50 8.5 112 1.29 1.69
E5000 30MPa) 4,086 0.38 C0030 | 6.57 7.9 11.0 1.20 1.67
C0020 20 . 1.00 E2500 | 9.37 153 32.0 1.64 3.41
E2520 (fck: | 7460 4405 0.59 E2520 | 5.05 8.2 18.0 1.63 3.56
E5020 42MPa) 2920 0.39 E2530 | 5.09 8.1 18.5 1.58 3.63
C0030 30 - 1.00 E5000 | 11.62 | 21.3 39.0 1.83 3.36
E2530 (fek: | 7682 4491 0.58 E5020 | 6.23 10.6 26.5 1.71 425
E5030 46MPa) 3060 0.40 E5030 | 5.92 10.8 26.0 1.83 4.39
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Fig. 7. Comparison of ductility index
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Table 11. Studies on SFRC filled columns

Column Slenderness | Buckling | Column Ductilit
No | Author (Year) [Main parameter and note| Specimen length ratio length. strength. factory
L(mm) (L/D) /(mm) Pu(kN)
Giuseppe Mixing ratio (0, 2%) - I;(la(linSF ggg
. . ooke
1 Campione Flber. Type (End hooked, Polyolefin F 1000 8.33 - 980 -
(2000) Crimped, Polyolefin) Crimped SF 1055
G.D
2 Hatzigeorgiou |Plain concrete Vs SFRC - - - - - -
(2005)
C1-P 206 15.0
C2F 88 13 128 196 | 167
C4-pP 184 15.7
C5.F 1216 16 1356 176 16.0
C7-P 170 14.4
3 S. Ramana Gopal|Plain concrete Vs SFRC C8-F 1444 19 1584 168 16.0
(2006) Slenderness (13~28) C10-P 150 16.0
CILF 1672 22 1812 156 | 167
C13-P 135 14.2
CI4F 1900 25 2040 148 | 150
Cl16-P 125 18.2
C17-F 2128 28 2268 140 20.2
UFRCI-1 2275 2.556
SCFTI1-1 2640 1.845
UFRC1-2 1740 3.022
SCFT1-2 190 206 190 1770 2.473
Square steel tube shape | UFRC1-3 1189 3.326
4 Zhong Tao  |Plain concrete Vs SFRC| SCFTI1-3 1220 2.510
(2007,2009)  |Compressive Strength of| UFRC2-1 2285 2.510
Concrete SCFT2-1 2455 1.818
UFRC2-2 1555 3.483
SCFT22 | 20 40:5 2340 1660 | 3325
UFRC2-3 1150 2.969
SCFT2-3 1200 2.939
SS-0 1320.3 2.45
Yiyan Lu Mixing ratio SS-1 1389.6 3.85
> (2010) (0, 0.6 0.9, 1.2%) SS-2 393 30 393 1430.0 5.76
SS-3 1452.0 6.98
20.83 128 -
17.85 168 -
CFSTC-1 15.62 173 -
12.50 245 -
20.83 124 -
CFTC-1I - 17.85 174 -
Serkan Tokeo Plain concrete Vs SFRC SF }; 23 ;4712 =
6 £02 Width of thickness 1250 - 1250 -
(2010) . 20.83 97 -
ratio(10,12,18,23) 17.85 142 _
CFSTC-II 15.62 147 -
12.50 218 -
20.83 104 -
CFSTC-1I- 17.85 148 -
SF 15.62 156 -
12.50 222 -
CFT 350 1.98
o ) S1ICFT 400 3.15
Mixing ratio S2CFT 490 3.96
P.Gajalakshmi (0,0.75,1,1.25%) S3CFT 382 2.56
7 (2012) | Width of thickness ratio _ CFT 1000 877 1000 430 | 245
57,38 SICFT 480 4.05
S2CFT 560 5.16
S3CFT 460 3.78
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