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Experimental behaviour of Self Compacting Concrete Filled Steel
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Abstract: A well planned experimental work on thirteen regular concrete filled steel fluted columns (CFSFC).
The parameters chosen for the study are Geometry of the specimen - Rectangular flutes. Different L/D ratios,
Longitudinal reinforcement. Three series of specimens having different L/D ratios, 2500 mm long have been
tested with M,, grade of concrete. Study has been made with respect to the Self Compacting Concrete as per
Nan Su method and tested for conformity as per 1S Specifications is poured into the fluted steel tube. These
columns were cured for 28 days by frequently pouring water over top of the column. Pilot specimens cured in a
similar manner were tested to know the basic properties. It has been found from the observation that columns
had good confinement and SCC the failure was at supports for all columns by opening up of steel sheet showing
local buckling. It was also observed that as the L/D ratio increased the opening up of steel sheet moved towards
the supports. None of the columns showed any buckling characteristics for enhanced loading or for higher L/D
ratios of 25. Results obtained from the experiments have been compared with earlier developed empirical
equations and have been found that generally, the theoretical values are conservative compared to the
experimental values by about 50 to 60%.
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l. INTRODUCTION

CFST (Concrete Filled Steel Tubes) Columns came into existence during early 1960. Substantial
research has been made to understand the behaviour since then (1-21).The advantage of using these CFST
Columns have been found by Japanese first and employed in the construction of multi-storied buildings
effectively. Now, the analysis and Design of these CFST Columns have found place even in Codes and
Specifications. It has been envisaged to study strength, stiffness and buckling characteristics by providing flutes
to steel sheet of columns which enhances aesthesis of columns. Also, fluted columns enhances the strength and
also stiffness as the surface area of steel sheet and moment of inertia of the column increases. The advantage of
steel members having high tensile strength and ductility and concrete members having better compressive
strength have been better made use as a composite member. Additional longitudinal reinforcement in the
columns makes the columns still stronger. Hence, it has been envisaged to check whether such a columns would
act as a slender column.

Research has been in progress around the world on experimental and analytical studies on Concrete
Filled Steel Tubular Columns for more than four decades. Substantial contribution has been made since then in
understanding the behaviour of CFST columns and to arrive at a design procedure. Quite few countries have
incorporated the design procedure in their respective codes also.

Most of the researchers ¢ have considered the contribution of geometric properties like shape, L/D
ratio, t/D ratio, boundary conditions, strength of materials and the loading conditions. It has been found that
generally the failure occurs by either local buckling or yield failure. It has been found that Euro code gives a
better design method which yields values nearer to experimental values.

1.1 SCC:

The introduction of self compacting concrete(SCC) technology has significantly changed the way the
concrete operation is executed. It enables improvements in the concrete construction techniques for increased
and efficient results. Elimination of discontinuous mechanical vibration makes concrete structures more
consistent having reliable properties. General enhancement of the working environment is paid off by
improvement in health and safety of workers, which also adds to the increase of productivity. SCC is new and
improved way of executing the concreting operations, while maintaining homogeneity without the need for
external vibration.
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Requirements for SCC

SCC exhibits following properties in its plastic state.

» Filling Ability: It is the ability of SCC to flow into and fill completely all spaces in the formwork and
encapsulate reinforcement while maintaining homogeneity.

» Passing Ability: It is the ability of concrete mix to pass through obstacles like narrow sections in form
work, closely spaced reinforcement bars without getting blocked by interlocking of aggregate particles.

» Resistance to segregation: Segregation resistance of self compacting concrete is its capability to retain
homogeneity in the distribution of ingredient in fresh state during both static and moving condition i.e.,
during mixing , transportation and placing. It is dependent on viscosity of mix in fresh state.

1.2 Materials

Materials were used in this study like Cement, Fine aggregate, Coarse aggregate, Flyash, GGBFS,
Super Plasticizer (SP) and Viscosity Modifying Agent (VMA) for mixing SCC concrete, steel sheet, Fe 415
reinforcement and their characteristics obtained by testing of materials.

1.3 Testing Methods for SCC

Cement
Birla super (53 grade) cement

Tests on cement

» Normal consistency = 33%
» Initial setting time = 45min
»  Final setting time = 375 min
» Soundness of cement = 1mm
»  Fineness of cement = 2.6%
»  Compressive strength of cement

3days = 23.67 N/mm?
7days = 35.97 N/mm?
28 days = 42.32 N/mm?

1.4 Design mix for SCC by Nan Su method

Details of selecting a suitable SCC mix for evaluating its performance in terms of strength and
durability are described. For selecting a suitable mix using local aggregates, eight trial mixes were considered
by varying the mix parameters, such as quantity of filler and super plasticizer and fine aggregate/coarse
aggregate ratio, while keeping the water/powder ratio constant. Proportioning of the trial mixes was carried out
using the absolute volume method. Each mix was tested for self compatibility and compressive strength. Finally,
a suitable mix was selected based on the self-compatibility and strength test results.

Data's are obtained from experimental program

Packing factor (PF)=1.07

Sp gravity of Cement (G.) =3.1
Sp gravity of FA (Gy) =2.66
Sp gravity of CA (Gg) =27

Sp gravity of Flyash (Gy) = 2.1

Sp gravity of GGBS (Gp) =2.97

Sp gravity of water (G,) = 1.0

Bulk density of FA (Wy) =1589 Kg/m®

Bulk density of CA (Wy)  =1569 Kg/ m®

Max size of aggregate =10 mm

The ratio of flyash / GGBS=7/3

The volume ratio of fine / coarse aggregate =58/ 42

Super Plasticizer (SP) = Glenium B233(BASF chemicals company)
Viscosity Modifying Agent (VMA) = Structuro 480 (FOSROC chemicals company)
Air content (Va) = 1.5%

Designed compressive strength (psi) f'c =20 MPa

VVVVVVVVVVVVYVYVYYY
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Mix Proporations:

Cement : Fine Aggregate : Coarse Aggregate : Flyash : GGBS : Water : SP : VMA

145:986: 705:204.4: 87.6 : 176.92 : 6.118 : 0.437
1:6.8:4.86:1.40:0.60:1.22:0.042:0.003

1.5 Tests conducted on SCC
Slump flow test

V- funnel flow test
L-box test

U-box test

el NS

1.5.1 Slump flow test

Slump test is one of the most popular method of measuring workability throughout the world. The
slump flow is used to assess the horizontal free flow of SCC in the absences of obstructions. The slump cone,
filled with concrete, if lifted off and concrete will flow — the horizontal diameter of the flowed material is
measured. The average diameter of the concrete circle is measure for filling ability of the concrete. The T, time
is a secondary indication of flow, it measures the time taken in secs from the instant the cone is lifted to the
instant when horizontal flow diameter reaches 500 mm as shown in Fig 1.1 According to Nagataki and
Fujiwara® , a slump flow ranging from 500 to 700 mm is considered to be self-compacted. At more than 700
mm the concrete might segregate and at less than 500 mm the concrete may have insufficient flow to pass
through highly congested reinforcement.

Concrete spread diameter
d1=630 mm and d2 = 630 mm
(d1+d2) (630+ 630)

Avg = = 630 mm
2 2
Perimeter (P)= 2040 mm, P==n x d
p 2040
d= ; = T = 649.50 mm (600 mm — 700 mm) hence safe

1.5.2 V-funnel flow test

The flowability of the fresh concrete can be tested with the V- funnel test, where by the flow time is
measured. The funnel is filled with about 12 liters of concrete and the time taken for it to flow through the
narrow end of the apparatus is measured. Further, another parameter Ts min, is also measured with V- funnel.
This is to indicate the tendency for segregation. For this, the funnel is refilled with concrete and left for 5 min to
settle. If the concrete has exhibited segregation the flow time will increase significantly, compared to the
measurement as shown in Fig 1.2

Time required to concrete flow through v — funnel = 12 secs ( 8 — 12 secs) Hence safe.

1.5.3 L — box test
Passing ability of SCC is determined using the L-box test. The vertical section of the L-box is filled
with concrete, and then the gate lifted to let the concrete flow in to the horizontal section. The height of the
concrete at the end of the horizontal section is expressed as a proportion of that remaining in the vertical section
(H2/H1) as shown in Fig 1.3(a) and 1.3(b)
H1 =100 mm and H2 =90 mm
H2z 90

Ratio ——="- = 0.9 (0.8-1.0) Hence safe.
H1 100 ( )

1.5.4 U-Box Test

The test was developed by the Technology Research Centre of the Taisei Corporation in Japan.
Sometimes the apparatus is called a “box — shaped “test. The test is used to measure the filling ability of self —
compacting concrete. The apparatus consists of a vessel that is divided by a middle wall into two compartments
as shown in Fig 1.4
Height of the concrete in first compartment H1 =270 mm
Height of the concrete in second compartment H2 = 260 mm
Passing ability of concrete
H1-H2=270-260 = 10 mm ( Max difference is allowed 30 mm) Hence safe.
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1.5.5 Chemical Admixtures

Superplasticizers are an essential component of SCC to provide necessary workability. The new
generation superplasticizers termed poly-carboxylated ethers (PCE) is particularly useful for SCC. Other types
may be incorporated as necessary, such as Viscosity Modifying Agents (VMA) for stability, air entraining
agents (AEA) to improve freeze — thaw resistance, and retarders for control of setting.

1.5.6 Fly ash
Fly ash in appropriate quantity may be added to improve the quality and durability of SCC.

1.5.7 Ground Granulated Blast Furnace Slag ( GGBFS)
GGBFS which is both cementitious and pozzolanic material may be added to improve rheological
properties.

1.5.8 Casting and curing of specimens

From each trial mix, a total number of 3 cubes concrete specimens were prepared. 150 mm in length and
150 mm height, were cast for determining the compressive strength after 7, 14 and 28 days of water curing as
shown in Fig 1.5

Compressive strength of SCC
7days = 13.47 N/mm?
14 days = 15.70 N/ mm?
28 days = 27.10 N/ mm?

F19.1.1 Slump flow Fig 1.2 V-funnel flow Fig 1.3 (a)L — box

el

Fig 1.3 (b)L — box Fig 1.4 U-

Box | Fig 1.5 Piloted Specimens

1. EXPERIMENTAL INVESTIGATION

2.1 Preparation of Specimen

Mild steel sheet having thickness 0.8 mm has been pressed in a mill to obtain five rectangular fluting
of 40 mm width 10 mm at apex uniformly along the length. These sheets were given a tubular shape and tacked
along the edges at an interval of 250 mm along the length of the column. The number and the size of the flutes
remained same irrespective of the diameter of the column i.e., for different L/D ratios. The development length
of the width of each of these columns with different L/D ratios as compared to a circular column of the same
diameter is 24, 29 and 34 % for L/D ratios of 15, 20 and 25 respectively. Reinforcement cage is then placed
inside these fluted tubes taking care to maintain the necessary cover. The five types of columns have been
shown in Fig 2.1.Though regular ties have not been used, however four ties have been provided at equal
distances to keeE) the reinforcement in position. A Self Compacting Concrete of design mix My, designed as per
Nan Su method® and tested for conformity as per IS specifications is poured into the fluted steel tube. These

www.iosrjournals.org 44 | Page



Experimental behaviour of Self Compacting Concrete Filled Steel Rectangular Fluted Columns for

columns were cured for 28 days by frequently pouring water over top of the column. Pilot specimens cured in a
similar manner were tested to know the basic properties and are entered in Table 1.

No Reinforcement
Fig 2.1. Rectangular fluted steel tube with and without reinforcement

2.2. Experimental Setup

The tests were conducted using a 2000 kN capacity hydraulic jack placing the specimen in the testing
machine as shown in Fig.2.2. The bearing surfaces of the testing machine and the bearing plates were wiped
clean and any loose sand or other material removed from the surface of the specimen. Which were to be in
contact with the bearing plates. The specimen was placed between the bearing plates in such a manner that the
upper bearing plate was directly in line with the lower plate and the bearing plates extend at least 25 mm from
each end of the specimen. The columns were at placed restraining rotation at both ends. Care was taken to
ensure that truly axial load was transformed to each of the columns. This was achieved by using plumb bob and
Theodolite.

Fig 2.2. Experimental Setup Fig 2.3 Connection of Dial Test Indicators laterally

2.3.Instrumentation

Foil strain gauge (8mm x 8mm) 350 + 0.5 Q has been used to measure the strains at the centre of the
steel tube and centre of the reinforcement (core) of the specimens. Three numbers 50 mm dial test indicator with
a least count of 0.01 mm one for axial and the other two for lateral were used to measure axial and lateral
deformations upon loading as shown in Fig 2.3. Apart from these instruments plumb bob and linear scales have
been used.

1. RESULTS AND DISCUSSION

Behaviour of the columns has been studied with respect to deformation characteristics in the axial
direction and in the transverse direction. Strains have been measured on the steel sheet in two perpendicular
directions.

Generally the columns have shown linear behaviour up to about one third of the total load that is about
200 kN axial compressive load. It was envisaged to study the buckling characteristic because of the less width to
length of column. None of the columns have shown buckling, near the mid portion of the column. The
confinement of the column is so large and even the columns without the longitudinal reinforcement have not
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shown any buckling. All the columns have failed near supports of column showing local buckling .Columns
with L/D ratio of 25 also have not buckled. Behaviour of each column and its characteristics have been
explained in subsequent articles. Among various number of reinforcements, the ultimate load has been found to
be maximum for L/D ratio of 15, 20 and 25 to be in 4 number of reinforcements as shown in Fig.3.

1000

——|/D=15
= 800

= ——L/D=20
8 600

; L/D=25
® 400

E
5 200
0]
0] 100 200 300 400
Area of reinforcement mm2

Fig 3 Ultimate load v/s Area of reinforcement

V. EMPIRICAL EQUATIONS
These results of tests of CFSFC have been compared with the results of various existing theoretical equations
given here under.

4.1 Euler’s equations

z
" El
Pcr: Q= = ch

4.2 Rankine-Gorden’s formula

frx 4

P= — =
|:1+|'I|::E} ]

4.3 Secant formula

p= Fua

(e ()b r e ()]

4. 4 Tangent Modulus equation
P nt Ep
(E)cr: ?:chA
®
4.5 Rankine-Merchant’s formula
e xf,
f,. = {0.66 LX%
[Fm:'n + F}' n] .'w
4.6 Infilled columns
o.ooo02s LF

Pa =114, f, [1-(2255)] +4, £ +Adt

4.7 1S:456-2000
Py=0.4fy A+ 0.67 f, A,
Composite section
Py =0.4fy Ac + 0.67 fy A + 0.67 fss Agc
Reduction factor C, has not been considered as none of the columns have shown any sort of buckling

4.8 Nominal Design
P=Ppi+pP2+ps

Where p;= Lxtxf, ( Load taken by steel sheet)

po=Acx fye = [(m(d)*/4) +5 (1xh)]xfy (Load taken by concrete)

ps=Agxfy = [(n(d)’ /4) x n] x f, ( Load taken by reinforcement)

These equations have been modified to consider equivalent area, moment of inertia and young's

modulus of that of CFSFC members . The values obtained from these equations have been compared with the
experimental values and are tabulated in table 2. It can be observed that the values obtained by Secant and
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Rankine's Merchant equation are about 40% conservative as compared to that of no reinforcement column for
the column with L/D ratio of 15, 20 and 25.

The following Fig 4.[ Fig 4(a) to Fig 4 (d)] shows the failure of columns buckling does not exist
even L/D 25

4(c) Failure of column L/D 25 at top with 3/#8 4(d) Failure of column CFSFC L/D 20 at bottom with 3/#8

Fig 4. Failure of columns
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Table 2. Details of Load carrying capacities, of CFSFC from Experimental and Empirical values.

b
SI' | Nameofthe | Expt Nominal design Infilled 15 436-2000 Euler’s Rankine's Secant Tangent Rankin's
No | Specimen | load column Equation (orden's Equation | Equation Equation Merchant
(LDCNoof | KN Equation
rein) Load | Ydecrea | Load | %decrea | Load | %decrea | Load | Ydecre | Load | %decre | Load | Ydecre | Load | %decre | Load | %decre
kN % KN ® kN 5 kN as kN ase kN as kN ase N ase
T TI3CT 670 1L BX |8 a0l |13 SV TR (¥ |0 (%6 (88 [3I [B7 [39 |55
1 [T3C3 N0E | eIl Q03T | 182 {078 08 134 [0 (35 (2430 3% 3081 [0 (180 3% [47d
T 10 500 [£)8 T | 196 gm0 [’ [ [0 SIS [0 (4730 [ 307|616l |49 | 3L3T |30 | 600
I 100 TS0 (5] B0 |30 866|302 B NCI B A6 4T (8608 I8 [3760 |39 7546 |36 [ %633
Y |10 ] 03 T 38 W18 [ [, TIT T8 (e [308 [6102 |38 |77 [ 330 |78
¢ [20CT b1 kk] B8 |16 T |38 [T |3 B TI7 (6036 [BF 666 | 3T [HBA |18 |36
7 [20C3 30 L1 630 T8 00 [T | 6836 |30 RO 1Y [0 (19 AT {30 (38 [T’ [676
T [20CY (31 3k ST 170 6L |86 [0 [0 B 1B (60 B (805 |30 [#3 [ N8
7 [20C3 0 pen [ 118 BLE E I I O ) Wk S I3 36 |75 [WAT [T |63 |39 | 3036 |18 [ 6403
10 12008 600 168 KB 6218 |17 | edes |09 B30 |45 [93% [TeT |18 [ 369 | 3830 | 197 | 680
T T23C0 T80 Al 3637 [T IR 605 |10 3 T0O7 1637 | W n [ (43 [ [0
17 7235C3 a0 303 IR o0 |10 035 |28 0TI 167 (108 [he [ [47 [ |[BD
T ¢4 0 kY1 LI R 1) 00 |37 [ 7780 |13 {0 (W7 060 |08 |[R40 |57 |68 |18 | T840

# Without arc weld column. First experiment tgst the sheet is opened up, immediately put arc weld for remaime columns,

vV VY

vV VYV V

V. CONCLUSION
SCC has been one of the most significant achievement in concrete construction process.
For Columns without reinforcement, the ultimate load for L/D ratio of 20 and 25 reduced by 18% and
43% as compared to the Column with L/D ratio of 15.
The reinforcement improves the axial strength of the column by about 19 % , 13 % and 32 % for 4
number of reinforcements with L/D ratio of 15, 20 and 25 as compared to the column with no
reinforcement.
The strength of Column reduces by 23% and 38% when L/D ratio reduces from 15 to 20 and 15 to 25.
It can be observed that the values obtained by Secant and Rankine's Merchant equation are about 40%
conservative as compared to that of no reinforcement column for the column with L/D ratio of 15, 20
and 25.
the ultimate load has been found to be maximum for L/D ratio of 15, 20 and 25 to be in 4 number of
reinforcements
All the columns have failed near the supports of the column.
As the reinforcement in the column increased the distance of failure point moves towards centre of the
column and as L/D reduces the failure point moves towards the support.
As number of reinforcement increases the distance of failure due to buckling has also increased by 43%,
22%, 65% & 43% respectively. For 3,4,5 & 6 number of reinforcements for L/D = 15. Similar results
have also been found for other L/D ratios.
No buckling has been observed for any of the columns even with higher L/D ratio of 25
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