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Abstract
This paper presents an outlook on experimental behavior and a comparison with predicted formula on the behaviour of circular
concentrically loaded self-consolidating fibre reinforced concrete filled steel tube columns (HSSCFRC). Forty-five specimens were
tested. The main parameters varied in the tests are: (1) percentage of fiber (2) tube diameter or width to wall thickness ratio (D/t
from 15 to 25) (3) L/d ratio from 2.97 to 7.04 the results from these predictions were compared with the experimental data. The

experimental results) were also validated in this study.
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1. INTRODUCTION

Concrete-filled steel tubular (CFST) columns posses

excellent earthquake-resistant properties suclighsstrength,
high ductility, and large energy absorption capadit recent
years, the possibility of using thin-walled HSSwuhs filled
with self-consolidating concrete (SCC), or self-gauting
concrete, in practical engineering has been ofrasteto
structural engineers. Self-consolidating concreds, it is
sometimes known, arrived as a revolution in thddfief
concrete technology The self-compactability of gebe refers
to the capability of the concrete to flow underatsn weight
and fill in the formwork in cast processing. Due its
rheological properties, the disadvantage of vibratcan be
eliminated while still obtaining good consolidatioApart
from reliability and constructability, advantagesick as
elimination of noise in processing plants, andrémuction of
construction time and labor cost have been cite@resng
from the self-consolidation function of SCC. Théelature
review points out that the reputed investigatiorthofi walled
structural steel sections with SCC fill are lessnerous. fibre
reinforced concrete (FRC) is used as an in-fill eniat, as it
has greater flexural strength and tensile strerigim plain
concrete. The purpose of this study was to exathieeffects
of FRC on the strength and behaviour of compositanens.
However it is to be noted that the addition of éirin the
concrete will enhance the load carrying capacityabiee the
infill material has greater flexural strength aeddile strength
than plain SCC. Therefore the lack of information the
behaviour of HSS Columns with SCC & Fibres as linfil
necessities the need for research in this areardhgonship
between workability and strength and co-relatioriwieen

compressive and tensile strength of self compadtimcrete
have been established in the earlier studies.(1,2).

The present study is an attempt to study the pitigsibf

using high strength self-compacting concrete aeéldibres
in thin walled HSS columns. The objectives of préssudy
are: -

1. To develop High Strength self-compacting corerby
adopting Nan-su method, this is regarded as theplesh
method of mix design.

2. To study the acceptance characteristics of SGC b

measuring filling ability, passing ability and segation
resistance by using different test methods likenf@idlow, U-
box, L-box, Orimet and V-funnel test.

3. To compare strength parameters (compressivagsire
Tensile strength and Flexural Strength) of normalf-S
compacting concrete and fibre reinforced self-cottipg
concrete.

4. Analytical method formulated (7) is used todicethe
failure load is examined with the experimental eatiserved
.The formula for calculating the theoretical vaisi® .= C A,
fo+Asfy, where C=1.18 (7)

A.=Area of Concrete, fcompressive strength of concrete,
Ag=Area of steel,,EYield stress of steel.

The final objective was to evaluate the possibitifyusing
High strength self-compacting concrete with
(HSSCFRC) in thin-walled HSS columns in practice.
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2. EXPERIMENTAL PROGRAM

2.1 Concrete Properties

Concrete of design strength of 70 MPa was producsidg
commercially available materials with mixing usisgnple
curing techniques. Mix design of grades was carpatl in
accordance to the Nan-su method .The mix designstawn
in Table 2. These grades of concrete are designated
controlled concrete. The concrete mix was obtaineskd on
nan su method dosages: 500 ky/ofi Portland cement,
728.25 kg/m of sand, 720.82kg/Mof stone aggregate with
maximum size 10 mm and. the fibres employed, wiluwme
percentage equal to 0.5% to 2.0% by volume of amcr
corresponding to 76 kg/m3 the steel fibres used evimsped
which was made from low carbon drawn flat wirese3é are
commercially marketed as SW 30 crimped steel fibregth
Lt = 30 mm and diameter;> 0.5 mm (aspect ratio; LDy =
60). These fibres were distributed randomly in toacrete
during the mixing stage. The compressive strenfittoncrete
mixes satisfying the workability criteria were deténed. The
final optimum process involved five fresh propetggts like
slump flow, U-box test, L-box test, J-Ring test @imet test
were conducted to check the fresh properties of fthsh
concrete (Table 3) and mix design for M-70 withant with
fibres are tabulated are summarized in table nbelstope of
the present study is limited to following: -

1. To study the behavior of CFT by using SCFRC W/ttand
L/D ratio.

2. The materials used in this study are aggregafte<Omm
downsize, sand confirming to zone Il as fine aggtegClass
F-type fly ash from Raichur power plant, 53 gradeli@ary
Portland Cement (Birla Super), super plasticizetefEm
6100).

3. The measurement of fresh properties of SCC for

experimentations is limited to filling ability (styp flow, T50
slump flow, Orimet and V funnel) and passing apilit-box
and U-box) and segregation resistance (V funnelTat
minutes).

In order to characterize the mechanical behaviéuwoaocrete,
three cubes, three prismatic and three cylindrips@cimens
were prepared from each type and tested. The catinar
studies have been made on the Compressive strefabile
strength, Flexural strength, Young's modulus of sktity,
Poisson’s ratio and Density of concrete and havenbe
determined after 7, 28, and 56 days curing.

In these concretes a vibrator was not employeddarpaction
A total of 45 cubes, 45 prisms, 45 cylinders (essented in
Table 5) were prepared by adding different peraggts steel
fibre and admixtures and tested after 7,28 & 56sdsfycuring
on a compression testing machine of 2000 kN capacit

3. CFT DETAILS

The curing of the CFT specimens was done by se#liagop
surface with a polyethylene sheet, after wettirggtdp surface
in order to avoid shrinkage of the concrete.

In order to study the behaviour of the compositd €6lumn,

the following methodology is followed

1) 45 CFT Specimens of circular shape for M70 gsadg
concrete will be tested.

2) CFT will be casted using 0%, 1% .1.5% 2.0% fiboatent
for D/t ratios.

3) Available properties such as outer nominal dictual

dimensions, Actual wall thickness, D/t, L/D ratiorea
measured. (Table 1)

4) Four strain gauges will be attached to the eslesurface
of the steel tube at two opposing sides at eactnuolmid

height. Two strain gauges at each side measurbdtizontal

and longitudinal strains in the steel respectiv&liial gauges
will be used to measure the lateral deflectionthefcolumn at
mid height.

5) At each load increment, the strain readings &mel

deflection measurements were recorded .All specinvegre

loaded to failure

4. TEST RESULTSAND DISCUSSIONS

The typical structural behaviour of the tested nois was
studiedby the relationship between the loRdand the lateral
deflection at mid-height. The study shows quiteadie that
deflection was small during the initial part of tleading and
increased rapidly near the ultimate load Furtheemtre study
also shows that columns filled with plain concrebehibit
greater mid-height displacement than columns filléith FRC
at any given level of load. It is seen, therefdhat the FRC
filled specimen’s exhibit lower flexibility compadewith plain
concrete filled specimens throughout the entiredfoa
deflection range. The reason may be attributethécfact that
FRC has higher flexural strength than plain comcréthe
curve also implies that FRC filled specimens haslatively
less strain gradient, as seen from the higher skip¢he
ascending branch, than plain concrete filled spensnuntil
failure occurred. This was most likely influencegdthe higher
elastic modulus of FRC.

CONCLUSIONS

This paper presents an experimental study on @ircul
concentrically loaded concrete filled steel tubelusms,
Parameters for the study included the diameter,r&ib of
steel tube, L/D ratio of steel tube and additior@@fof steel
fibre. The influence of these parameters on thdimement of
the concrete core, the compression shared by e¢keétsbe and
ultimately load carrying capacity of the CFTs was
investigated.
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Following are the conclusions drawn from this irtigegtion:

1. FRC filled steel tubular columns has relativéligh

stiffness compared with plain concrete filled cohsn

2. The ductility is found to be almost equal fottbplain and

FRC filled steel tubular columns.

3. The use of FRC in the steel tube results in rmaeced

energy absorption capacity of the composite columns

4. The use of FRC as a filling material increadss lbad
bearing capacity to a much greater extent compartdthat
of unfilled columns and reduces the lateral disphaents.

From the bare tube results it was observed thatldhd
carrying capacity of the steel tube per unit voludeereases
as the D/t ratio increases. Hence it is suggestefixtthe
correct D/t ratio in order to make optimum usage tioé

material.

5. Results were found to be increasing till 1.5%tefel fibres
added to Self-compacting concrete and .the relstiipn of
compressive strength to tensile strength of hamieacrete
was found to béc=10.35ft

Table 1: Selection criteria for cft

(D mm) t(mm) As(mmz) fv(N/mmZ) Ac (mmz) D/t L L/D

48.3 3.2 453.00 310.00 1379.03] 15.09 340.00 7.04
76.1 4.5 1010.00 | 310.00 3536.44 16.91 340.00 4.47
114.3 4.5 1550.00 | 310.00 8709.69 25.40 340.00 2.97

Table 2: Details of basic ingredients required for SCC vfighash as per Nan-Su Method

Grade of Concrete SCC with Fly ash
P(C+F):FA:CA:W/P
M70 1:1.142:1.13:0.33.
I ngredients Required SCCM70
Cement in kg/m(C) 500.00
Fly ash in kg/rﬁ (3] 137.508
Powder content in kg/f(P) 637.508
F.Ain kg/n? 728.25
C.Ain kg/n? 720.83
Water in liters 214.732
Super Plasticizer Dosage (SP) 12.908

Table 3: Workability Test Results with Recommended Valu€kAV 70 of SCC with Fly ash

Sl.no M ethods Units Test Results Recommend values
Adopted of SCC
M70 Min M ax
1 Slump Flow Mm 790 650 800
2 T50 slump flow Sec 5 2 5
3 V Funnel Sec 10 6 12
4 L Box H/H; 0.85 0.8 1.0
5 U Box H-H; 15 0 30
6 J Ring Mm 6 3 10
7 Orimit Sec 5 0 5
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Table4: THE summarized Super Plasticizer dosage is asWslfor M70 without & WITH % fibers:

Super Plasticizer Dosage (SP) Values Units
Fibres Vf: 0.00 % 12.908 kg/m
Fibres Vf: 0.50% 14.79 kg/ni
Fibres Vf: 1.00 % 18.49 kg/nd
Fibres Vf: 1.50 % 23.43 kg/nd
Fibres Vf: 2.00 % 29.58 kg/nd

Table 5: properties of hardened concrete

SCCM70 (0%) SCCM70 (0.5%) SCCM70 (1.0%)
Strength 7 28 | 56 | 7 28 56 | 7 28 56
f.in 43 | 62. | 63.| 45| 6577] 665 44. 6800 690
Mpa
f.in 26| 610 | 610 48 650 6.50
Mpa 44 | 581 | 5.9
e 1N 58| 730 | 7.40] 60 _ 7.40 7.50
Mpa 56 | 7.25 | 7.4
E.in ~ | - | 358 ~ | - | 3600 =
Gpa - 35.8

I T o017 | = | - | o017 U R— 0.16
Jain - | 245 | — | —| 2450 -] —| 2500
KN/m®
SCCM70 (1.50%) SCCM70 (2.0%)
Swength 7128 [ 56 | 7 28 | 56

feinMpa | 49 | 70.22| 70.70| 44 64.00 64
fg inMpa | 5.0 | 6.70 6.78 4.5 6.00 6.10

feinMpa | 6.2 | 7.80 7.9 55 7.20 7.30

Fig 1 Cft Specimens Fig 2: Testing Of Cft
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Table 6: Comparison of load carrying capacity of CFTs

Specimens Outer Wall D/t L L/D Pexp Ptheo
Diameter(mm) Thickness(t)

D2M7C1 48.3 3.2 15.09 340mm 7.04 240.00 241.68
D2M7C10.5 48.3 3.2 15.09 340mm 7.04 241.00 247.45
D2M7F1,1 48.3 3.2 15.09 340mm 7.04 246.00 251.09
D2M7F1.5,1 48.3 3.2 15.09 340mm 7.04 249.00 254.7(
D2M7F2.0,1 48.3 3.2 15.09 340mm 7.04 241.00 24457
D3M7C1 76.1 4.5 16.91 340mm 4.47 565.00 572.74
D3M7F0.51 76.1 4.5 16.91 340mm 4.47 579.00 587.56
D3M7F11 76.1 4.5 16.91 340mm 4.47 580.00 596.86
D3M7F1.5,1 76.1 4.5 16.91 340mm 4.47 600.00 606.13
D3M7F2.0,1 76.1 4.5 16.91 340mm 4.47 575.00 580.12
D47C1 114.3 4.5 25.40 340mm 2.97 1115.00 1119.96
D4M7F0.51 114.3 4.5 25.40 340mm 2.97 1145.00 156.4
D4M7F1.01 114.3 4.5 25.40 340mm 2.97 1146.00 11779.3
M7F1.5,1 114.3 4.5 25.40 340mm 2.97 1202.18 1202.18
D4M7F2.0,1 114.3 4.5 25.40 340mm 2.97 1134.00 DE38.

D2- 48.3mm, D3-78.1mm D4-114.3mm.diameter tube, W3 Concrete C-Control mix, FXY-fibre, X-Percentagfefibre Y-
specimen number (Average of 3 Specimens)

Pthe by Pexp
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