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Sample ID L(mm) D(mm) tymm) f(Mpa) f(MPa) A(mm’) A(mm?) PE%S:Il,J)re
C15POR50 253 103 2 12.1 213.02 7697.69 634.60 0
C15P50R50 249 102.3 2 12.1 213.02 7589.22 630.20 50
C15P0R100 253 101.5 1 12.1 223.3 7775.64 315.73 0
C15P50R100 255 101.6 1 12.1 223.3 7791.28 316.04 50
C15P0R200 254 101.5 0.5 12.1 218.2 7932.72 158.65 0
C15P50R200 255 98 0.5 12.1 218.2 7389.81 153.15 50
C15P100R200 252 101 0.5 12.1 218.2 7853.98 157.87 100
C15P150R200 252 101 0.5 12.1 218.2 7853.98 157.87 150
C30POR50 252 102.1 2 33.09 213.02 7558.37 628.95 0
C30P50R50 247 102.4 2 33.09 213.02 7604.66 630.83 50
C30POR100 252 101.3 1 33.09 223.3 7744.41 315.10 0
C30P50R100 251 100.7 1 33.09 223.3 7651.11 313.22 50
C45P0R200 252 102.1 0.5 42.1 218.2 8027.72 159.59 0
C45P100R200 247 102.4 0.5 42.1 218.2 8075.43 160.06 105
C45P150R200 252 101.3 0.5 42.1 218.2 7901.18 158.34 140

Table 1. Specimens’ properties

159



Qb&u&_’ ;;!.ls)j"‘: >\J‘.>.wa.>u

63&}9 onnglJa 4.3)5 S ;;.'.LG" u}wﬂ@)ﬂ)wﬂ

Jowe 31 (G o~ )8 B b i gad [KosenS Y S

Fig. 2. Failure of specimen- Left: welding failure, right:
metal failure
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Fig. 3. Behavior of welded tube by argon welding
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Nominal Mix proporions (to weight of
concrete Water/ cement)
Cement -
strenght ratio Cement Fine Coarse
(Mpa) agar. aggr.
C15 0.80 1.0 5.44 2.74
C30 0.41 1.0 2.22 1.39
C45 0.32 1.0 1.57 1.11

Table 2. 15, 30 and 45 MPa concrete mix design
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Fig. 7. Failure mode of column without external pressure, 15
MPa concrete, D/t=100
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Fig. 11. Load-axial deformation curves, 50 bar external
pressure, 30 MPa concrete, D/t 100

16l

bbb 6y e Sl S sl ad ) culhs als

.JJ\J &‘LGJ

S IS ¥ 010 )bk gad plralr S Slaged 4 JKS
(v g0 Cubrd 4 ki 5 L0 b

500

f am s mm s wm s wm o em o == =

400

300 I

200

100 |J C15POR50-II
= - = C15P50R50-II

Axial Load (kN)

350
300 e

250

200 ]

150 |

100 |1

C15POR100-I
- « = C15P50R100-I

Axial Load (kN)

50 |1

0 5 10 15 20 25 30

800
700
600
500

N
o
o

C30POR50-I

Axial Load (kN)
N w
S o
& o

=
o
o

= « = (C30P50R50-II

o

0 5 10 15 20 25 30

700
600 TS
500
400
300

200

Axial Load (kN)

C30POR100-I

= - = (C30P50R100-I
0 1 1

100

0 5 10 15 20 25 30
Displacement (mm)

Fig. 9. Load-axial deformation curves, 0&50 bar external
pressure, 15&30 MPa concrete, D/t 50 &100



IS 3 b e a8 s anes Y S
t f . .

Ly, s 1+ﬂ15é oo sl b gn Caglie 55 E
o S g b sy Bl b
L Ol 35 o (SHs8 s pame Rl o 25
ML:J:T L ol 4.:‘)‘ .}4;\‘5) DL L}..:.i‘)ﬁl “""f.j’“p JLQ_C«\
3R SAE pame oMy s (8) Jsd 53 s
)‘ onT QST ;J.J: PR g,u..f.pjv_:l.wabm Q,A}LS.»
Coed Jsdr 51 Oyt 5 ol ol &l gla ilesl
dubﬁd\ﬁd\uUngdA@uﬂ&;m)w
)‘ ny M;QL@ el 0 Wl}ad f)l? )L&ﬁ JLQ.“‘ lJ
2 oo Ll U Ol cud jasiie i ol

sl i S Culbess U glads gl

LSJYP alJJS ‘ﬁlﬁ A.Sjj S5 ;S’.L@" CAJJULAJJO_’}):J)L:JJS\

L alie @y 33 8ln bl Sb Jlsges (V) S

.M)@Ouﬁbd&wg&r' 5\0 QA}L&L’L&&JD

AISC 4olicpT 9¢ 0579599 b duslio -0
Cuslis b ARGLST cbad i Cuglio alis
Copo (F) Jsd> 538 US55 5 AISC glaasl -yl b
odalin u‘):v@ ool Cowds @L’U 4 odx g L el 4.’1.9)§
= LAISC bl b ol ailue ol L 45 55
L ses e 53 )l auls  Sales 2Ll
35 Flwbme Ll iy Ao NV L8 ol Ceples
B ol J)j,'v Sy ‘-;L:k:»w‘ CLLS.A élf L;@JL»:«A @L’b sl
ool oy [7] (gLl 5 U sla fass 55 on belkd

ssame S8 US 5, 55 AISC bl OO ol

baasb ol b iles @ amlis ¥ dou

sample ID e MualkN) NeckN)  —E Naolkh)

EC4 AlSC
C15POR50-I 1.45 0 235.73 320.36 0.74 223.66 1.05
C15POR50-11 1.45 0 235.13 320.47 0.73 223.66 1.05
C15P50R50-I 1.46 50 436.70 317.68 1.37 221.48 1.85
C15P50R50-I1 1.46 50 433.42 318.02 1.36 222.10 1.84
C15P0R100-I 0.75 0 165.91 213.80 0.78 159.88 1.04
C15P50R100-1 0.75 50 314.90 214.00 1.47 160.13 1.90
C15P50R100-11 0.76 50 309.02 210.68 1.47 157.39 1.86
C15P0R200-I 0.36 0 132.73 155.08 0.86 125.80 1.06
C15P0OR200-I1 0.36 0 128.76 152.52 0.84 123.66 1.04
C15P50R200-1 0.37 50 247.52 146.15 1.69 118.36 1.92
C15P50R200-11 0.36 50 243.19 152.52 1.59 123.66 1.89
C15P100R200-I 0.36 100 315.88 153.86 2.05 124.73 2.38
C15P100R200-I1 0.36 100 332.56 155.18 2.14 125.80 2.51
C15P150R200-I 0.36 150 409.08 153.86 2.66 124.73 3.08
C15P150R200-11 0.36 150 412.20 152.52 2.70 123.66 3.33
C30POR50-I 0.54 0 396.32 466.77 0.85 371.58 1.07
C30POR50-I1 0.53 0 392.11 468.43 0.84 372.81 1.05
C30P50R50-I 0.53 50 667.57 469.75 1.42 373.43 1.68
C30P50R50-I1 0.53 50 662.18 470.17 1.41 374.67 1.67
C30POR100-I 0.27 0 330.60 369.52 0.89 313.81 1.05
C30POR100-I1 0.27 0 344.43 369.52 0.93 313.81 1.10
C30P50R100-I 0.28 50 601.06 365.72 1.64 310.46 1.75
C30P50R100-I1 0.27 50 588.11 370.33 1.59 314.37 171
C45P0R200-I 0.10 0 380.77 392.39 0.97 355.89 1.07
C45P0R200-11 0.10 0 370.80 390.19 0.95 353.89 1.05
C45P100R200-I 0.10 105 641.42 394.83 1.62 357.90 1.68
C45P100R200-11 0.10 105 614.01 395.92 1.55 359.25 1.61
C45P150R200-I 0.10 140 713.87 386.55 1.85 350.56 1.87
C45P150R200-11 0.10 140 700.15 382.24 1.83 346.58 1.84
C45P150R200-111 0.10 140 704.78 387.37 1.82 351.22 1.85

Table 3.Comparision of test result via design codes
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C15P0OR50-1 3.821 0.781 2.306 320.36  235.73 1.40 -

C15P0OR50-11 3.825 0.781 2.308 32047  235.13 1.39 -
C15P50R50-I 3.830 0.781 2.318 317.68  436.70 3.61 1.56
C15P50R50-11 3.812 0.781 2.309 318.02  433.42 3.56 1.54

C15P0OR100-I 3.774 0.782 1.686 213.80  165.91 1.18 -
C15P50R100-I 3.767 0.783 1.684 21400  314.90 2.75 1.64
C15P50R100-11 3.772  0.782 1.693 210.68  309.02 2.76 1.63

C15P0OR200-I 3.752 0.783 1.333 155.08  132.73 1.10 -

C15P0R200-I1 3.741 0.783 1.336 152,52 128.76 1.08 -
C15P50R200-I 3.710 0.784 1.341 146.15 24752 2.47 1.85
C15P50R200-11 3.741 0.783 1.336 15252  243.19 2.30 1.72

EF: Enhancement Factor

Table 4. Concrete Enhancement factor in EC4
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ABSTRACT:
Concrete -filled steel tube are widely used today in many civil engineering structures. The advantage of steel
members is their high tensile strength and ductility and, on the other hand, concrete members have high
compressive strength. Composite members combine steel and concrete, which have positive properties of
both materials. In members under compressive loading, circular tube columns, for a given cross section area,
have the large uniform bending strength in all directions in comparison to other cross-sections. Filling the
pipe with concrete will increase the ultimate strength of the member without significantly increasing costs.
On the other hand, the concrete in the tube delays the local buckling of the pipe wall. In this type of section,
the outward buckling will reduce the amount of confinement, ductility and ultimate strength.
Subsea and offshore marine structures are mainly made of hollow steel circular sections, where water
pressure reduces their load carrying capacity. By converting these sections to concrete filled tube, external
pressure can improve the behavior by increasing the confinement. This paper tries to investigate the effect of
external pressure on the ultimate strength of CFT, so that the use of this kind of composite sections in
construction and retrofitting of marine structures would be investigated. This paper tried to evaluate the
effect of lateral pressure on improving the behavior of concrete-filled steel tubes (CFT) by conducting
laboratory studies. For this purpose, tri-axial testing set up, with capability of 400 bars pressure, was
designed and constructed by the authors. Parameters such as lateral pressure, concrete strength and diameter
to thickness ratio (D/t) of steel tube were tested.
Concrete with strength of 15 to 45 MPa was cast in pipes of 0.5 to 2 mm thickness and subjected to axial
loading under external pressure between 0 and 150 bars. All specimens have a constant diameter of 100 mm
and a height of 250 mm and are filled with ordinary concrete. All specimens have a diameter of 100 mm and
a height of 250 mm and are filled with normal concrete. To evaluate effect of lateral pressure on the final
strength, the ratio of d Parameters such as ultimate strength and failure mode of specimens along with their
displacement load diagrams were investigated. Diameter to thickness in some samples was considered higher
than the values proposed in the standards. Experimental tests results were compared with the relationships
presented in the Eurocode 4 and AISC standards.
According to the calculations, the AISC standard result in conservative numbers compared to the EC4
standard for the ultimate strength of the specimen. External pressure has increased the loading capacity, as
well as the ductility of the specimens by preventing the buckling and sudden crushing of the core concrete.
Increase in load carrying capacity due to external pressure was up to 91% in some specimen. The effect of
increasing on ultimate strength on the lower thickness specimens was significant. In conclusion, results of
the experiments showed a significant effect of lateral pressure on the final strength of the CFT with normal
concrete.

Keywords: Concrete Filled Steel Tube (CFT), External Pressure, Confinement, Local Buckling, Concrete,
Steel
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