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Abstract 
To gain clear knowledge about the effect of random properties of CFT, reliability analysis of CFT is carried out in the present 

study. The parametric influences on the CFT should be studied.In most of the previous research, CFT are restricted to a 

deterministic approach. For reliability analysis, a performance function is used to define. The capacity of the structure was 

obtained by Experimental results conducted. Resistance function for the structure formulated based on the provisions of Euro 

code on composite structures. Then the reliability of CFT by using Monte Carlo simulation is carried out. Form the research, it is 

concluded that fluctuations of such parameters has significant influences on structural reliability of the CFT. 
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1. INTRODUCTION 

In all the developed countries the composite constructions is 

popular and in the recent years the composite construction 

gaining its importance in India. The level of handling in 

low-rise residential and commercial constructions is 

increasing since few decades, owing to the merits such as 

highest strength-to-weight ratio thereby reducing 

transportation and handling costs. The composite 

constructions offer high flexibility in design leading to 

wider range of applications. 

 

The idea of filling concrete into the hallow steel tubes gives 

several structural advantages such as enhancement in 

strength due to confinement of concrete, reduction in dead 

load, subsequent decrease in material and quick construction 

compared to usual methods. The strength enhancement is 

found to be depending on factors such as cross-sectional 

shape, slenderness ratio, flat width or diameter to thickness 

ratio or thickness of steel tube, concrete core strength and 

local buckling behavior of steel tube. 

 

Fred Moses summarizes the steps involved in Reliability 

analysis as follows: 

 Collection and statistical analysis of data on basic 

variable. Defining the probability distribution of each 

variable in terms of mean values, standard deviation 

and type of probability distribution. 

 Statistical study of strength (resistance) of members and 

establishing their statistics. 

 Reliability analysis & determination of reliability index, 

β for the members designed as per the present code for 

each load combination. 

 Determination of the probability of failure through the 

reliability index. 

 

Numerical procedures viz, the Monte Carlo Simulation, the 

First Order Reliability Method (FORM) and Second Order 

Reliability Method (SORM) are used to calculate the 

probability of failure in Reliability based design 

optimization .Large numbers of samples were used to derive 

the probability of failure in crude Monte Carlo method or 

importance sampling method. 

 

Probability of failure is calculated by using some numerical 

methods such as FORM, SORM, Monte Carlo simulation & 

etc. in direct Monte Carlo simulation or importance 

sampling method probability of failure is obtained by using 

the several large number of test data . In FORM, SORM or 

AMVM, a additional procedure is used locate the most 

probable point of failure. 

 

 
Fig:1 RBDO design strategy 

 



IJRET: International Journal of Research in Engineering and Technology        eISSN: 2319-1163 | pISSN: 2321-7308 

 

_______________________________________________________________________________________________ 

Volume: 05 Issue: 07 | Jul-2016, Available @ http://ijret.esatjournals.org                                                                     338 

2. EXPERIMENTAL RESULTS 

Table: 1 Result 

Exp 

no 

D 

mm 

T 

mm 

L 

mm 
fck f Pu 

1 33.7 2.6 300 23.93 310 123 

2 33.7 2.6 300 28.06 310 138 

3 33.7 2.6 300 29.01 310 135 

4 33.7 3.2 300 23.93 310 145 

5 33.7 3.2 300 28.06 310 147 

6 33.7 3.2 300 29.01 310 143 

7 33.7 4 300 23.93 310 172 

8 33.7 4 300 28.06 310 178 

9 33.7 4 300 29.01 310 175 

10 42.4 2.6 300 23.93 310 165 

11 42.4 2.6 300 28.06 310 175 

12 42.4 2.6 300 29.01 310 169 

13 42.4 3.2 300 23.93 310 182 

14 42.4 3.2 300 28.06 310 190 

15 42.4 3.2 300 29.01 310 185 

16 42.4 4 300 23.93 310 210 

17 42.4 4 300 28.06 310 221 

18 42.4 4 300 29.01 310 216 

19 48.3 2.6 300 23.93 310 190 

20 48.3 2.6 300 28.06 310 198 

21 48.3 2.6 300 29.01 310 191 

22 48.3 3.2 300 23.93 310 198 

23 48.3 3.2 300 28.06 310 203 

24 48.3 3.2 300 29.01 310 200 

25 48.3 4 300 23.93 310 223 

26 48.3 4 300 28.06 310 230 

27 48.3 4 300 29.01 310 228 

 

3. SIMULATION-BASED RELIABILITY 

METHODS 

A variety of approximation schemes are employed to 

compute these probabilities, including sampling techniques 

based on the Monte Carlo Simulation (MCS) procedure. The 

Accuracy of MCS estimations increases with increased 

sampling size, but setting low failure probability levels Pf 

and dealing with costly constraint functions makes this 

impractical. Many sampling techniques have been proposed 

to maintain the advantage of MCS with smaller samples 

 

4. RELIABILITY ANALYSIS 

According to Eurocode -4 

 

Limit state function is 

 

G(θE x E, θR x R)= θR x R-θE x E 

 

Where 

E- Random variables for action effects. 

R- Random variables for resistance of structural member. 

Design buckling resistance of composite column 

Rd = k {(AsFy/γm) + (0.875AcFck/γc)} 

As- Area of steel tube, 

Ac- area of concrete, 

Fy- yield strength of steel, 

Fck- compressive strength of concrete, 

γm&γc- partial safety factor, 

 

Table: 2 Statistical parameters of random variables 

Catego

ry of 

Variabl

es 

Variables 
Distributio

n 

Mean 

Value µx 

Standar

d 

Deviati

on Σx 

Model 

Uncert

ainty 

Action 

Effect 

Factor (Θe) 

Normal 1 0.10 

 
C/S Area 

(A) 
Normal µa 0.02 µa 

 

Yield 

Strength 

(Fy) 

Log-

Normal 
Fy+2 Σx 30 

 

Compressi

ve Strength 

(Fck) 

Log-

Normal 
Fck+2 Σx 5 

 

Resistance 

Factor For 

CFT (Θr) 

Normal 1.10 0.14 µq 

Actions 
Permanent 

(G) 
Normal GK 0.1 µg 

 

4.1 Sample Study 

The reliability of resistance of a CFT column with 

D×t=33.7mm×2.6mm & length 300mm is investigated. The 

following material properties are employed in the 

deterministic analysis: compressive strength of unconfined 

concrete 23.93N/mm
2
, yield strength of steel 310N/mm

2
, 

and elastic modulus of steel 2000 s E. GPa. 

 

By solving the above by Monte Carlo simulation method in 

COMREL 9 the obtained reliability index is β is -1.579. The 

corresponding probability of failure is obtained by using Z-

table. Pf=0.05821, therefore the reliability of the CFT 

column subjected to axial load is R=1-Pf, i.e. R=94.179%. 
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Table: 3 Reliability Analysis 

Exp no Pu MCS  β Pf R R in % 

1 123 -1.579 0.0582 0.9418 94.179 

2 138 -2.125 0.017 0.983 98.3 

3 135 -1.988 0.0239 0.9762 97.615 

4 145 -1.617 0.0537 0.9463 94.63 

5 147 -1.63 0.0516 0.9485 94.845 

6 143 -1.459 0.0722 0.9279 92.785 

7 172 -1.628 0.0516 0.9485 94.845 

8 178 -1.77 0.0384 0.9616 96.164 

9 175 -1.666 0.0485 0.9515 95.154 

10 165 -1.61 0.0537 0.9463 94.63 

11 175 -1.832 0.0336 0.9664 96.638 

12 169 -1.61 0.0505 0.9495 94.95 

13 182 -1.21 0.1131 0.8869 88.686 

14 190 -1.451 0.0735 0.9265 92.647 

15 185 -1.276 0.102 0.898 89.796 

16 210 -1.134 0.1292 0.8708 87.076 

17 221 -1.371 0.8534 0.1466 14.66 

18 216 -1.215 0.1131 0.8869 88.686 

19 190 -1.476 0.7078 0.2922 29.22 

20 198 -1.578 0.0582 0.9418 94.179 

21 191 -1.01 0.1563 0.8438 84.375 

22 198 -0.815 0.209 0.791 79.103 

23 203 -0.857 0.1977 0.8023 80.234 

24 200 -0.737 0.2327 0.7673 76.73 

25 223 -0.521 0.2451 0.7549 75.49 

26 230 -0.622 0.2676 0.7324 73.237 

27 228 -0.549 0.2912 0.7088 70.884 

 

5. RESULTS 

For the analysis of results obtained Taguchi‟s L9 

combination considered. Results for the constant length 

various diameters, thickness, grade of concrete are 

considered as per Taguchi level-3 design (Table-4) with 3- 

factors. 

 

Table: 4 Taguchi‟s L 9 Orthogonal Array 

Sl No Dia Thickness 
Grade of 

Concrete 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

Exp 

no 
Pu 

MCS  

β 
Pf R R in % 

1 123 -1.579 0.05821 0.94179 94.179 

5 147 -1.63 0.05155 0.94845 94.845 

9 175 -1.666 0.04846 0.95154 95.154 

11 175 -1.832 0.03362 0.96638 96.638 

15 185 -1.276 0.10204 0.89796 89.796 

16 210 -1.134 0.12924 0.87076 87.076 

21 191 -1.01 0.15625 0.84375 84.375 

22 198 -0.815 0.20897 0.79103 79.103 

26 230 -0.622 0.26763 0.73237 73.237 

 

 
Fig: 2 Grade of Concrete V/S Reliability 

 

 
Fig: 3 Diameter V/S Reliability 

 

 
Fig: 4 Taguchi‟s Array Combination V/S Reliability 
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6. CONCLUSION 

 As the Grade of concrete is increased, the safety of the 

designed element also increased.This was due to the 

fact that the load carrying capacity of the designed 

section is a function of concrete strength.(Fig 2) 

 Generally, as diameter of the section increases, the 

safety of the designed section decreases. (Fig 3) 

 It can be observed from the table-4 L9 array, that the 

maximum reliability obtained is 96.638% for D2, T1, 

and G2 combination for a constant length. 

 From fig 4 it can be conclude that the optimum 

combination obtained was D2, T1, and G2. 
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