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Abstract: Steel hollow sections are frequently utilised in the building sector because
of its structural benefits and ability to save construction time. The steel hollow
section, on the other hand, is prone to buckling due to its high slenderness ratio. By
introducing the concrete filled in hollow section, it will help to reduce the buckling
of the steel section. Therefore, this study was carried out to determine the strength of
lightweight cellular concrete filled steel hollow section added steel fiber. The
dimension of steel hollow section that used is 100 x100 x350 mm with thickness of
2mm and 4mm. Specimen was tested under compression test.The result shows that
steel fiber can help to increase the strength of lightweight Cellular concrete filled
hollow section. The strength increase is due to the enhancing effect from the addition
of fiber.

Keywords: Concrete Filled Steel Hollow Section, Foamed Concrete, Fly Ash, Steel
Fiber.

1. Introduction

Steel hollow sections are used extensively in the construction, offshore, mining and security
industries. In many applications these sections are concrete filled in order to gain strength advantages
under axial compression loads. The steel hollow section will undergo local buckling easily due to high
slenderness ratio (L/d) and sectional dimension to thickness (D/t) when subjected to bending or
compression. Concrete is utilised to infill the steel hollow section in order to overcome the steel hollow
section weakness. Concrete infill is used to prevent or postpone local buckling while also increasing
the compressive strength of the steel hollow section.

Concrete filled steel hollow sections (CFSHS) is a type of composite structure that can replace
traditional column structures, such as reinforced concrete columns or steel columns. CFSHS can help
to delay the failure of hollow section. CFST section is much more significant than that of reinforced
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concrete, positioned at the farthest end of the section. This could significantly increase the bearing
capacity of the structure [1].
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Figure 1: Concrete filled hollow section

A local buckling was detected on all of the specimens during the investigation. Local buckling
causes increasing strain localization with repeated load cycles, and section ripping causes loss of
carrying capacity. The change of the local buckling mode at steel hollow section filled concrete resulted
in increased axial load capacity and ductility.

The used of normal concrete filled in steel hollow section will increase the self-weight of the
structure. To reduce the self-weight of the structure, the used of lightweight concrete such as foam
concrete is recommended due to light density range between 1000 kg/mm?3 to 1600 kg/mm?. However,
the strength of foam concrete is lower [2]. Fiber was added to foam concrete to improve its ductility,
strength, and mechanical characteristics in order to improve its performance [3]. The compressive
strength of foam concrete is increased by adding 0.4 percent polypropylene fibre and a proportion of
steel fibre [4]. When steel fibre accounts for 1% of the volume of the concrete, however, compressive
strength is reduced. Fly ash is one of the key components of lightweight cellular concrete, it resolves
the issue of disposal and at the same time it’s very economical. For same reason, foamed concrete is
considered environment friendly. Therefore study of lightweight cellular concrete filled hollow section
(LCCFHS) should be carried out.

The strength of steel hollow section is affected by several parameters such as slenderness, strength
of material, shape of cross-section and volumetric steel-to-concrete ratio.

To identify the strength effect CFSHS on load bearing capacity of steel hollow section the Sl is
evaluate by using the formula in Eurocode 4 as:

Ny, (2)

SI =
Ny

N, = Ultimate load reach during test

A A
Nuo — sf sk + sf sk
Vs Vs
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2. Material and Testing
2.1 Material Preparation

In the material preparation for casting cube samples and short column specimen, the mix design of
foamed concrete is based on the previous study proposed by Khairuddin [5] show in table 1. The
materials used in Lightweight Cellular Concrete (LCC) are ordinary Portland cement (OPC), sand, fly
ash (FA), steel fiber (SF), foam agent, superplaticizer and water. Figure 2 shows the materials for LCC.
In this study, FA was used as partially sand replacement at 60% [6]. Meanwhile, the addition of
superplasticizer is to improve the workability of foamed concrete. Another important material that need
to be prepared is steel hollow section. In this study, square steel hollow section was used. The size of
steel hollow section is 100 x 100 x 350 mm with 2mm and 4mm thickness.

Table 1: Mix design [5]

Mixture Foam concrete steel fiber foam concrete
Cement-sand ratio (C/S) 0.50 0.50
Foam-cement ratio (F/C) 0.70 0.70

Water-cement ratio (W/C) 0.55 0.55
FA % 60 60
Steel fiber % - 0.8

d) Fly Ash

Figure 2: Material of LCC

2.2 Specimen Preparation

Six sample cube of LCC with and without steel fiber was prepared for the compression test.
The size of mould that used is 100 x 100 x 100 mm. The cube was undergoes air curing for 28 days
before the cube were testing in compression test as show in figure 3. For the specimen short column,
12 specimens was prepare for axial compression test. The size of the specimen is 100 x 100 x 350 mm
with thickness 2 mm and 4mm. After foam concrete was done pour in steel hollow section, the specimen
was undergoes air curing for 28 days before axial compression test can be performed.
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a) Sample of Cube b) Specimen
Figure 3: Air Curing

2.3 Concrete Strength

Six samples of the cubes were cast for each type of fibre foam concrete and foam concrete. A
cube sample size of 100 x 100 x 100 mm was prepared. The cubes were subjected to air curing and
were tested after 28 days (Figure 4). Table 2 show the compressive strength of LCC and LCC-SF. Figure
4 show the compression test for cube sample to determine the strength of LCC.

Table 2: Compressive strength of concrete cube at different age of testing

Type of foam
concrete added Compressive strength (Mpa) on 28 days curing
A Sample 1 Sample 2 Sample 3 Average
With SF 26.8 28.7 27.4 27.6
Without SF 22.2 22.1 21.9 22.1
* FA — Fly Ash

* SF — Steel Fiber

Figure 4: Compression test for cube sample
2.4. Compression test on FCFHS

The 350 mm-long composite column was tested under axial compression load using different
thicknesses to determine the bond strength between the steel section and concrete. Figure 4 illustrates
the arrangement of test specimens. The universal testing machine was set at the minimum speed of
Imm/min to provide sufficient time for specimens to fail. Loading rate was maintained, and the readings
were recorded.
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Figure 5: Axial compression test setup
3. Results and Discussion

Axial compression test was conducted after the specimen were completely cured within 28 days.
The test was held to determine the mode of failure on the specimen. LCCFHS with steel fiber of 2 mm
thick hollow section can achieve maximum load 589.58 kN higher than foam concrete added fly ash
without steel fiber, 498.11 kN. Other than that, the test also conducted on 4 mm thick hollow section.
The results show that foam concrete added fly ash with steel fiber obtain the load of 997.66 kN before
failure which is greater than foam concrete added fly ash without steel fiber, 927.05 kN.

Table 3: Result of FCFHS strength

Sample Thickness (mm) Load Value (kN)
FCFHS-FA-01 2 333.15
FCFHS-FA-02 2 483.68
FCFHS-FA-03 2 498.11
FCFHS-FA-01 4 927.05
FCFHS-FA-02 4 900.60
FCFHS-FA-03 4 914.57

FCFHS-FA-SF-01 2 589.58
FCFHS-FA-SF-02 2 550.45
FCFHS-FA-SF-03 2 509.90
FCFHS-FA-SF-01 4 971.11
FCFHS-FA-SF-02 4 986.34
FCFHS-FA-SF-03 4 997.66

3.1 Strength Index

According to table 4.3, strength index foam concrete added fly ash with steel fiber a higher compare
to foam concrete added fly ash without steel fiber. The result shows that steel fiber can help to increase
the strength index of concrete filled hollow section. The strength increase is due to the enhancing effect
of fiber addition [7]. Thus, from table 4, Sl for the steel fiber is greater than 1, it means that steel fiber
is able to postpone local buckling effect on concrete filled hollow section [8]. According to
Soundararajan [9], It was observed that low-strength concrete has a lower bond strength than normal
mix concrete, fly ash concrete and quarry waste concrete.

Table 4: Data for strength index, SI

Sample Thickness,t  fo (Mpa) Nuo (KN) Nee (KN)  Strength Index,
(mm) Si
FCFHS-FA -01 2 22.1 367.40 333.15 0.91
FCFHS-FA -02 2 221 367.40 483.68 1.32
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FCFHS-FA -03 2 221 367.40 498.11 1.36
FCFHS-FA-SF-01 2 27.6 397.83 589.58 1.48
FCFHS-FA-SF-02 2 27.6 397.83 550.45 1.38
FCFHS-FA-SF-03 2 27.6 397.83 509.90 1.28

FCFHS-FA -01 4 221 407.62 927.05 2.27

FCFHS-FA -02 4 22.1 407.62 900.60 2.21

FCFHS-FA -03 4 22.1 407.62 914.57 2.24
FCFHS-FA-SF-01 4 27.6 438.05 971.11 2.21
FCFHS-FA-SF-02 4 27.6 438.05 986.34 2.25
FCFHS-FA-SF-03 4 27.6 438.05 997.66 2.28

The mechanical characteristics of the hollow section with different thicknesses are given in terms
of stress, strain and deformation. It is found that the properties of the hollow section have an important
relationship with the wall thickness. After loading, the model will still deform tension until it fails.
Although the deformations are similar, the gap between the stresses is large.

3.2 Failure Mode

Failure mode of CFHS usually occurs either near or at the load end in the form of an elephant’s
foot or bulging. The assumption of elephant foot buckling has been made because the presence of
concrete infill does not significantly affect the local buckling of steel tubes. The local buckling occurred
to all specimen. The results show that the general failure mode was elephant foot at figure 6 (a) and
local buckling behaviours in figure 6 (b) for modified FCFHS with SF specimens for 2 mm thickness.
Buckling failure mode on modified FCFHS with SF occurs on the top of the specimen for the 4mm
thickness while for specimen without SF the buckling failure mode occurs on the bottom which is 2mm
thickness hollow section. However, the amount of buckling that occurs on the same size specimen varies
since some specimens have more buckling and others have less.
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Figure 6: Typical local buckling of specimen typical local buckling of specimen
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4. Conclusion

Twelve specimens were tested under axial compression test to determine the behaviour of the
modified FCFHS. All 12 specimen are infill modified FC using FA as sand replacement with and
without Sf. Six of the specimens have the thickness have 2 mm thickness while the rest have 4 mm
thickness. Based on the information presented in this study, several observations and conclusions may
be derived.

Modified FCFHS with SF reveal that modified FC with SF exhibit higher strength than FC without
SF. From the axial compression test, this can be concluded that modified FCFHS using fly ash with SF
improve the strength of the CFHS under axial load. From the observation, there is failure mode occur
after the specimen undergoes the axial compression test. The composite column has inconsistent failure
mode that occurs on top and bottom of the column. In figure 6 show that the general failure mode was
elephant foot and buckling failure mode on modified FCFHS with and without SF occurs on the top
and bottom of the specimen for the 2mm and 4mm thickness.

As the conclusion, the strength of modified FCFHS using FA with SF is stronger compare to
without SF. In addition, the cube test shows that SF slightly helps increase the compressive strength of
the foam concrete.
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