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Abstract- This thesis focus to study the behavior of axially
loaded concrete filled steel tube (CFST) segments under
monotonic loading by utilizing the finite element software
ANSYS. Modeling exactness is built up by using outcomes
obtained from BS 5400, Eurocode 4 and AS 3600 codes. It is
inferred that various parameters have considerable impact on
the behavior of concrete filled steel columns, the prime
variables are cross sectional area, thickness, and diameter of
steel tube etc.., Most of the Researches on concrete filled steel
tube is limited to deterministic approach yet in this thesis it
also includes the reliability analysis of concrete filled steel
tubes using First Order Reliability method and Latin
Hypercube method utilizing 2R rel software.
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1. INTRODUCTION

Nowadays, the composite components are very much
effectively used in tall Buildings, Bridges and other various
types of structures because CFST columns have several
advantages over the conventional reinforced concrete and
structural steel columns. The first one is the concrete infill is
confined by the steel tube.

The second one is concrete infill delays local buckling of the
steel tube. And finally the combined capacity of the steel and
concrete significantly increases the stiffness and ultimate
strength of CFST columns which makes them very suitable
for columns and other compressive members. Finally, the
steel tube serves as longitudinal reinforcement and
permanent formwork for the concrete core.

1.1 CONCEPT OF RELIABILITY

Reliability is the ability to meet specific requirements under
a specified period. Structural reliability of the system cannot
be find through failure rates because

e the structure are unique in nature
e structure fails due to loads exceeding the
residual strength.

Therefore structural reliability models are built for
Resistance R and loads S independently and then structural
reliability is evaluated through probability of failure.

That is, Probability of failure, Pf = P(R-S< 0)
Reliability = 1-pf
» First order reliability method(FORM)

FORM was first developed by Hosfer st al (1974). It s fit for
handling non linear performance function using Taylor
series. FORM utilizes only mean and standard deviation of
variables.

Therefore, limit state function is given by Z= R-S

If both R & S are assumed as normal random variables, then
Z can also be referred as a random variables.

thatis (uR-us,NoR2+05s2). Then probability of failure can be
defined as

pf = P(Z<0)

pf =®[0-(uR-uS) 4/ eRZ + 552 ]
pf=1- ® [uR-uS/+/oR2 + 552 ]
@ is the CFD of the standard normal variant

Thus, the probability of failure is a function of the mean
value of Z to its standard deviation.

B =uR-uS/(UR-uS) /v aR2Z + 552 ]

The probability of failure can be expressed in terms of the
safety index as follows.

pf= @ (-B)=1-¢(B)
» Latin hypercube method (LHM)

To increase the efficiency of monte carlo simulation
technique, a new sampling method is introduce called Latin
hypercube sampling. Latin hypercube sampling utilizes the
stratified sampling scheme to improve the coverage of input
space.

2. EXPERIMENTAL RESULTS

The ultimate loads are calculated by using ANSYS software
which are shown below table i.e. Table:2.1
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Table 2.1: ANSYS results 11 50.94 1.1 0.1317 | 0.8683 86.83
12 51.62 1 0.147 0.853 85.3
sl | D T L 13 55.32 0.9 0.169 0.831 83.1
fo fy Py 14 56.78 1 0.1415 | 0.8585 85.85
No | mm | mm | mm 15 56.93 1 01562 | 0.8438 84.38
1 21.3 2 290 23.93 310 30.39 16 59.86 1 0.1575 0.8425 84.25
2 213 2 290 28.06 1310 | 3123 17 60.52 1.1 0.1301 | 0.8699 86.99
7 213 23 1290 2393 1310 13995 19 63.59 1.8 0.0313 | 0.9687 96.87
z 213 23 1290 2806 1310 1 2012 20 64.08 2 0.0216 | 0.9784 97.84
A 213 >3 13290 2901 | 310 | 20386 21 64.83 1.9 0.025 0.975 97.5
7 | 213 |26 |290 | 2393 |310 | 4562 22 | 6721 | 15 0.06 0.94 o4
5 513 > 1290 5806 1310 2621 23 67.94 1.7 0.0422 | 09578 95.78
5 513 55 T390 5501 1310 14736 24 68.02 1.7 0.0445 | 0.9555 95.55
10 | 213 29 | 290 2393 | 310 | 50.12 25 70.12 14 0.065 0.935 935
26 71.35 1.6 0.05 0.95 95
11 | 213 29 | 290 28.06 | 310 | 50.94
27 71.79 1.6 0.0511 | 0.9489 94.89
12 | 213 29 | 290 29.01 | 310 | 51.62
13 | 213 32 ]290 2393 | 310 | 55.32 Ultimate Loads For Different D/T Ratio
14 | 213 3.2 | 290 28.06 | 310 | 56.78
15 | 213 32 | 290 2901 | 310 | 56.93 The ultimate loads are calculated for different /D ratios and
16 1213 36 1290 2393 310 | 59.86 the results are compared with different available codes
i i i : which is listed in below tables.
17 | 213 3.6 | 290 28.06 | 310 | 60.52
18 | 21.3 3.6 | 290 29.01 | 310 | 60.76 Table 2.3:For Thickness 2mm and length 290mm
19 | 213 4 290 2393 | 310 | 63.59 < — = T
= ° o g Il o < o S
20 | 213 4 290 28.06 | 310 | 64.08 2 = = g ‘E, S S| I
21 [213 |4 |290 | 2901 | 310 | 6483 Eela |l e | 2 I S| A
— ~ = = = = O =
22 | 213 45 | 290 2393 | 310 | 67.21 8E| = a B i< AR | Am | &
23 | 213 45 | 290 28.06 | 310 | 67.94 213 | 13.6 | 10.65 30.3 | 43.21 | 4237 | 41.3
24 | 213 45 | 290 29.01 | 310 | 68.02 269 | 10.7 | 135 & | 501 | 5834 | 5687 | 551
on
25 | 213 48 | 290 23.93 | 310 | 70.12 337 | 861 | 169 N | 601 | 7831 | 75.82 | 72.9
26 | 213 48 | 290 28.06 | 310 | 71.35 213 | 136 | 10.65 31.2 | 44.18 | 43.19 | 42.0
27 | 213 48 | 290 29.01 | 310 | 71.79 269 | 107 | 135 S | 506 | 6005 | 5831 | 562
[ee]
337 | 861 | 169 N | 608 | 81.17 | 78.25 | 74.8
Table -2.2: Reliability Results 213 | 13.6 | 10.65 319 | 444 | 4338 | 42.1
269 | 10.7 | 13.5 — | 513 | 60.44 | 5864 | 565
sl Pu LHM P R Rin% 2
. 33.7 | 861 | 169 N | 613 | 81.83 | 7881 | 75.3
1 30.39 2.4 0.0076 | 0.9923 99.231
2 31.23 2.4 0.0075 | 0.9924 99.246 Fig 2.1: Pu vs D/t ratio for 2mm thickness
3 31.92 2.3 0.01 0.99 99
4 39.95 1.1 0.125 0.875 87.5 iy
5 4012 | 12 0.09 0.91 91 b ke
50 ot
6 40.86 1.2 0.11 0.89 89 0 S s
7 45.62 0.8 0.2 08 80 2 ' Py As 3600
-~ 949
8 46.21 0.8 0.1925 | 0.8075 80.75 994
9 4736 | 07 | 02225 | 0.7775 | 77.75 SRR
10 50.12 0.9 0.162 0.838 83.8 1065135 1691065135 1691065135 169
| Dt ratie
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Table 2.4 For Thickness 2.3mm and length 290mm

Fig 2.3: Pu vs D/t ratio for 2.6mm thickness

5 | |8 |%B B < |3
T |8 | ® g = .
g - - ~ = S =3 =
SE| 8 g Z -8 5| =88 =% 120 -
AE|l S | A G | S| A Amd &M
21.3 | 13.6 | 9.3 39.9 | 47.79 | 47.01 | 46.0 oo -
269 | 107 | 117 |R 55.7 | 64.44 | 63.04 | 61.4 g 80 P
o 2 analytical
337 | 861|147 | 68.5 | 86.23 | 83.85 | 82.9 T = Pu Furocode
4
213 | 13.6 | 9.3 40.1 | 48.7 | 47.77 | 46.7 “ ® U As 3600.
269 | 107 [ 117 |8 |[56.1 | 66.05 | 64.41 | 62.4 A,
337 | 861 147 |x 69.2 | 88.98 | 86.18 | 83.3 20 1
213 | 136 |93 40.8 | 489 | 47.95 | 46.8 0 +
269 |10.7 | 11.7 56.8 | 66.42 | 64.72 | 62.7 82 10.3 13 82 103 13 8.2 103 13
—
o 4 N
337 [ 861|147 | 70.1 | 89.61 | 86.72 | 89.0 Dt atio
4
Table 2.6 For Thickness 2.9mm and length 290mm
Fig 2.2 Pu vs D/t ratio for 2.3mm thickness 7
« | = /g |s
= =) =) I )
100 - g |E | % g = T8 >
90 A g o ] ~ = 8 2 <+ 8
80 - SEle |& | = 2| 55| =58 | =
70 A a gl 3 a < A< A@m| A | &
60 - "y _ 213 | 13.6 | 7.3 50.1 | 56.4 | 55.79 |55
50 - analytical o
& 269 | 107 |93 | o 63.5 | 76.1 | 74.88 | 73.4
440 mPuEurocode 4 Q
20 4 337 | 861 | 116 | N 81.5 | 101. [ 99.4 | 96.8
£ - "R A53600-1954 213 | 136 | 73 509 | 57.2 | 56.46 | 555
13 Py BS 5400 269 | 10.7 | 9.3 § 639 | 775 | 7611 | 74.3
A A m A A A A 337 | 861 | 116 | N 82.0 | 104. | 101.5 | 98.3
REENAEEE BN N RN 213 | 13.6 | 7.3 51.6 | 574 | 56.61 | 55.6
Ditratio 269 | 10.7 | 9.3 § 64.1 | 779 | 7639 | 74.6
337 | 861 | 116 | ™ 82.6 | 104. | 102.0 | 98.9
Table 2.5 For Thickness 2.6mm and length 290mm
E — ) T - . .
= . E -§ § S Fig 2.4 Pu vs D/t ratio for 2.9mm thickness
S S S £ s ) ) ~
S |5 |E |8 |T |2 |2+
§ s |2 |2 |3 |5 |38]¢% 120 1
S R Q 3 a3 v | &9 & w0 |
213 | 13.6 | 8.2 456 |52.2 | 514 |506 m P analytical
269 | 107 | 103 | & [599 | 703 | 690 | 674 280 1
o i
33.7 | 861 | 13 N 75.3 | 94 91.7 | 89.0 B 60 - ® Ty Eurocode 4
21.3 | 13.6 | 8.2 46.2 | 53.0 |522 |51.2 I 10
269 | 10.7 | 103 é 60.4 | 71.8 | 703 | 685 1 '1]3;;:53509-
33.7 | 861 |13 N 76.1 | 96.6 | 939 |90.8 20 -
NPy BE 5400
213 | 13.6 | 8.2 473 |53.2 |523 |513 0
269 | 107 |103 | S [609 | 722 706 | 687
o)) 73 93116 73 93116 73 93116
33.7 | 861 | 13 N 76.7 | 97.2 | 944 |91.2
Ditratio
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Table 2.7 For Thickness 3.2mm and length 290mm

Fig 2.6 Pu vs D/t ratio for 3.6 mm thickness

p-ISSN: 2395-0072

s < = o
& o | o E -E S 3 S 140
g |E|8 |E|§ |& |L_|®8
£ = = ~ o = << @ 120
SElelg |2 |5 |25
QE|l | A T - A | - | & 100 1 N
213 | 13 | 6.7 55.32 | 60.57 | 59.94 | 59.21 ?éau =Py Eurocode 4
269 | 10 | 8.4 § 68.49 | 81.74 | 80.56 | 79.18 Een | Py s 360015
33.7 | 8. | 105 | 87.32 | 109.0 | 106.9 | 104.4 i mFy B 3400
213 | 13 | 6.7 56.78 | 61.29 | 60.56 | 59.7
269 | 10 | 84 § 69.38 | 83.11 | 81.72 | 80.1 -
33.7 | 8. 105 | 87.61 | 111.4 | 1089 | 106.1 b
213 |13 | 67 56.93 | 61.45 | 60.7 | 59.81 5975 94 5975 5435 75 94
269 | 10 | 84 S 69.81 | 83.42 | 81.98 | 80.31
337 |8 |105 | 88.09 | 112.0 | 109.7 | 106.4 Table 2.9 For Thickness 4mm and length 290mm
] @ S
Fig 2.5 Pu vs D/t ratio for 3.2mm thickness o o ° NE = § 2 §
S E| 8 £z < L: = & n:
. AE|l a3 | &£ A | Av | &
: 213 | 136 | 53 |+ 63.59 | 70.7 | 70.21 | 69.62
A (@)
10 WPy analytical 269 [107 | 67 |& | 7631 | 959 | 949 | 9372
&0 33.7 | 861 | 8.4 9496 | 128.0 | 126.2 | 124.0
40 'E“Emmdﬂ 213 [ 136 | 53 |o 64.08 | 71.28 | 70.69 | 70.01
o
~ 269 | 10.7 | 6.7 | 76.86 | 97.06 | 95.88 | 94.5
g 40 WPy As3600- N
2, 1004 33.7 | 861 | 8.4 95.14 | 130.2 | 128.0 | 125.5
0
£ STy ES 400 213 [136 |53 | | 6483 | 71417081 | 70.1
d 269 | 10.7 | 6.7 a 77.14 | 97.33 | 96.11 | 94.68
67 B4 105 67 B4 105 67 84 105 33.7 8.61 8.4 95.65 | 130.7 | 128.4 | 125.8
Ditratio Fig 2.7 Pu vs D/t ratio for 4mm thickness
Table 2.8 For Thickness 3.6mm and length 290mm 1407
_ . . 120
3 = e =3
~ ° 3 S 100
E g % E E’ § g §; 50 B Py analytical
g E |8 | & |8 5 2+ | 2
S E| & [ Z < = o /M 60 B Pu Eurocode
SE|S |5 |z = |2.)28]2 | 8 :
b 40 ® Pu A5 3600-
213 | 13.6 | 59 | 59.86 | 65.78 | 65.22 | 64.57 g 1994
o 20 B Pu BS 5400
269 [10.7 | 7.5 @ 72.34 | 88.97 | 87.87 | 86.6
33.7 | 861 | 9.4 88.98 | 118.7 | 116.7 | 1144 0
213 136 | 59 |o 60.52 | 66.43 | 65.77 | 65 53 67 84 33 67 84 53 67 84
o .
269 [10.7 | 7.5 g 73.19 | 90.23 | 88.94 | 87.45 Ditratio
33.7 | 861 | 9.4 89.56 | 120.9 | 118.6 | 115.9
213 | 136 | 59 |4 60.76 | 66.57 | 65.89 | 65.1
o
269 | 10.7 | 7.5 2 73.84 | 90.52 | 89.19 | 87.64
33.7 | 861 | 9.4 90.13 | 121.5 | 119.1 | 116.3
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Table 2.10 For Thickness 4.5mm and length 290mm Fig 2.9: Pu vs D/t ratio for 4.5mm thickness
N — *
St (=] %)
S8 | |E| 8 _E 28 gs
@ El s g =8| 30| < m S
EEl & e > AR &S| 3 | BT
S S N - g Sl &S | &aw 160
= = = e < = S 140
120 B analytical
213 | 13.6 | 4.7 67.2 | 764 | 76.03 | 75.53 100
269 107 | 6 | & [ 818 | 104 | 1032 | 102.2 g @ H oo
(22]
337 | 861 | 75 | N 99.0 | 139. | 137.6 | 135.6 g -11-;;;535:10
213 | 136 | 47 67.9 | 76.9 | 76.45 | 75.86 ] u BS 5400
269 | 10.7 6 é 82.4 | 105. | 104.1 | 102.2 u
337 1861 | 75 | N 99.7 | 141. | 1393 | 137.0 T a4 56 T a4 96 7
213 | 13.6 | 4.7 68.0 | 77.0 | 76.54 | 75.94 Cit ratio
269 | 10.7 6 |3 82.7 | 105. | 104.3 | 103.0 '
337 | 861 | 7.5 Q 100. | 141. | 139.7 | 137.0 Following are the results obtained from L9 taguchi’s
approach
Fig 2.8 Pu vs D/t ratio for 4.5mm thickness Table:2.12 strength/weight ratio obtained from
Taguchi’s method
ten Sl (D T Pu Weight | Strengt
140 :
120 no h/weigh
100 ® Ty analytical 1 21.3 2 30.39 2.69 31.71
E g0 Py Eurocode 4 5 21.3 2.3 | 40.12 3.05 36.92
= &0 9 21.3 2.6 | 47.36 3.39 38.26
& an = Fu A5 3E00-
1954 11 | 269 2 50.68 3.47 25.70
20 Ty BE 5400
o 15 | 269 2.3 | 56.84 3.94 25.39
T 6 TS5 47 6 75 47 6 16 | 269 2.6 | 59.95 4.4 23.98
Ditratio 21 | 337 2 61.32 4.42 15.56
22 | 337 2.3 | 68.51 5.03 15.27
Table 2.11 For Thickness 4.8mm and length 290mm 26 | 33.7 26 | 7619 5.64 15.15
5 2 |8 |E | 3| % .3
'95'3 E| © 8 E . Bl =8 < — 838 Fig 2.10: L9 Array Combination for strength/ weight ratio
sfle 5 |2 |TE tz|Eg|E®
a - a B < = ° 2
213 | 13.6 | 44 701 | 79.6 | 793 | 78.8 -‘5;; 3
T 30
269 | 107 | 56 | & 85.6 | 108. | 108. | 107 B 25
(22] =2 20 +
337 | 861 | 7 | N [ 105 | 145. | 144. | 142 B sl
213 | 13.6 | 44 713 | 80.1 | 79.6 | 79.1 = ol
269 | 10.7 | 5.6 é 85.9 | 109. | 108. | 107. 1 5 9 111516212226
33.7 | 8.61 7 N 105. | 147. | 145. | 143. LY array combination
213 | 13.6 | 44 71.7 | 80.2 | 79.7 | 79.2
269 | 107 | 56 | © 863 | 110. | 109. | 107. Table: 2.13 Taguchi’s L 9 Orthogonal array approach
ol
33.7 | 8.61 7 N 106. | 148. | 146. | 144 S Pu | B(LHM) P: Reliability | R%
no
1 |303 2.4 0.077 0.9923 99.2
5 |40.1 1.2 0.09 0.91 91.0
47.3 0.7 0.222 0.775 77.7
11 | 50.6 1.1 0.137 0.8683 86.8
15 | 56.8 1 0.156 0.8438 84.3
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16 | 59.9 1 0.157 0.8425 84.2
21 | 61.3 1.9 0.025 0.9750 97.5
22 | 68.5 1.5 0.06 0.94 94
26 | 76.1 1.6 0.05 0.95 95

Fig: 2.11Taguchi’s method vs Reliability

120
=100
<0 W“
a0
40

20

0]

%

Reliability in

11 15 16 21 22 26

L9 array combination

3. Conclusion

[1] The ultimate load Pu obtained from ANSYS result
shows that the ultimate load carrying capacity of
CFST tubes increases with increase in thickness.

[2] The ANSYS results shows that the ultimate load
carrying capacity of CFST columns increases with
decrease in D/t ratio.

[3] Ultimate load Pu obtained from ANSYS and various
codes like Eurocode, BS 5400 and AC3600-1999
shows that Pu obtained from ANSYS is higher than
the Pu obtained from codes.

[4] It is observed that as the L/D ratio decreases,
ultimate load Pu increases.

[5] The Reliability of member decreases with increases
in diameter.

[6] Maximum strength/ weight ratio is obtained for
model 9 having diameter 21.3mm and thickness
2.6mm.

[7] Maximum reliability of 99.23 % is obtained for
model 1 having diameter 21.3mm & thickness 2mm
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