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Abstract

No-Fine concrete filled double steel tube columns (CFDST) are being increasingly used
for structural applications. It has been used for submerged tube tunnels, nuclear
containment, liquid and gas retaining structures, vessels under external pressure in very deep
water and for compression members in offshore construction, this is due to the aesthetic
appearance, ease of maintenance and simple of construction. The (CFDST) columns also have
excellent resistance to seismic loads and fire. This paper comprises of an experimental
study on the structural behavior of double steel tubular columns filled with No-Fine
concrete under axial load. Eight samples of double steel circular tubes with different
diameters for the inner and outer tubes are used, with different slenderness ratios (L/r),
different ultimate strengths of No-Fine concrete (£), Also two cases are study for
(CFDST) samples first with hollow inner tube and second with completely filled inner and
outer tubes with No-Fine concrete.

The experimental results show that the effect of height (the slenderness (L/r) ratio) on
the ultimate strength of CFDST columns will have a reverse relation. While the effect of
uniaxial compressive strength () and the effect of fully filling the core of internal tube on
the ultimate strength of CFDST columns will have an increase relation.

Keywords: No- Fine Concrete, Compression Members, Concrete Filled Double Steel Tubes
(CFDST).

4538 sl Jlaall) 3l caat A g3 3ad) A8 jal) 5_yaalll aas M (5 gualll da glial)
Ladall
Jaxiadi Cinpeal A 50 3l A 501 Anpaad) 3aae S AL (Jal1) ac Ll oS 11 Jlasins) ) 923 daiiall dilus jal) )
Aaldll 3R (al gal g Ay g 6al) chliiiall g Adalal) A sV ol g8l e diliny) culindadl) 8 5y Jia s ) gean s
Ll eline | 8 Qo SIS 5 jad) Jaud 35S Slacly s i Jla o g ) i yaiiall € S5 J3) sy
Nemioat Al Lgiiibnm A s s s sgdan llan 1) 25 lld 6 Canadl) () elalidl ciliiall (5202 Y1)
Ganall 13 ol 33 pall s J5Y 50 8 3liae Auilis) da glie Gllic da 9o hall du siY) aaal) saac Y1 ol Gy ) daLeaYl
ac il LS 1 Jlasind ) sy daiiall Al Al 3o shaall 4 ¥ apaad) 50ee DU ALY Co peaill dlae Al 50 Ganaly
e (ka5 Llas) USY) Aabiaall 4 yilall A o 3al) naad) saee S 3las Al ¢y ) gaall Jlaa¥) Ll cons
Y saae V) adgd il Al 5o s SIS 5 65 juaia ol AL (5 gl A slia 55 juaie Adlat and eili Cand Lgiad
i 28] Al A0 WIS ¢ glaa oa il g a0l 3 sl ¢ o0 Al Al 5 Aol all e A S 3 sanll o S
D8 (55 e 83ae W) 03] (5 gl A gliall i e LS ()5S (ARBail) dpusi) 3 ganll s s il ) il
Lok Jahall o seall Clll e 50355 (5 gacaill Al A) da glie A s

*Received at 2 /11 /2013 *Accepted at 4 /3 /2014

ALMUTHANNA JOURNAL FOR ENGINEERING 11 VOL.(3) NO.(1)
SCIENCES



Makki: The Ultimate Strength Of Double Short Composite Columns Under Concentric Loads

Introduction

Recently many different types of composite material systems have been widely applied to
concrete column design to provide better performance in terms of high strength, stiffness,
ductility and seismic resistance. Some of these composite columns are fully encased steel
sections, partially encased steel sections and concrete filled steel tube. Among them, the
concrete-filled double steel tube (CFDST) column system has turned out to be one of the most
successful composite concrete column systems. The (CFDST) column is a composite material
system which employs the various advantages of different materials and combines them
together in a double steel tube column which is filled-in with concrete [1].

Steel members are characterized by high tensile strength which is equal to its compressive
strength and ductility. On the other hand, concrete members have the advantages of high
compressive strength and stiffness. Thus, steel-concrete composite members have the
advantageous qualities of both materials, e.g. sufficient strength, ductility and stiffness.
Modern structures tend to be composed of different materials in their individual elements, and
in recent years innovative new construction systems have been developed and tested. Issues
such as ductility, durability, fire, earth quake, ease of erection and maintenance have been
major concerns. Nowadays, it is common practice to have associations of reinforcement and
prestressed, concrete-encased steel profiles and concrete-filled tubes assembled together in the
same structure. The behavior of these assemblages however is not always covered by design
codes [2].

Concrete-Filled Double Steel Tube Columns (CFDST)

Concrete-filled double steel tube columns (CFDST) are being increasingly used for structural
applications. It has been used for submerged tube tunnels, nuclear containment, liquid and gas
retaining structures, vessels under external pressure in very deep water and for compression
members in offshore construction, this is due to the aesthetic appearance, high corrosion
resistance, ease of maintenance and ease of construction.

This type of composite columns Figure (1) consisting of two concentric circular thin steel
tubes with filler (concrete) between them, the inner void may be filled with concrete if
desired. the concrete is enclosed in such a way that axial loading of the column results in a
triaxial stress state in the concrete. Axial loading of any of these column sections will cause a
tendency of the concrete to expand laterally which is counteracted by the shell. This will bring
the concrete in a state of confinement and thus change its stress-strain behavior and increase
its compressive strength. In this way, the composite column will act as a synergetic system
where the confining pressure of the shell brings the concrete in a triaxial stress state, allowing
it to reach higher strength, while the concrete prevents the shell from buckling. This will
create a more-than-optimum engineering solution where the strength of the composite column
is higher than the sum of its components.

outer steel
tube

inner steel
tube

concrete

t
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Fig. (1) :Cross-section of CFDST
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Advantages of Concrete-Filled Double Steel Tube Columns

The CFDST columns system has many advantages compared with ordinary steel or reinforced
concrete system. The main advantages are listed below [3]:

1- Interaction between steel tube and concrete

Local buckling of the steel tube is delayed and the strength deterioration after the local
buckling is moderated, both due to the restraining effect of the concrete. On the other hand,
the strength of the concrete is increased due to the confining effect provided by the steel tube,
and the strength deterioration is not very severe, because concrete spalling is prevented by the
tube.

2- Cross-sectional properties

The steel ratio in the CFDST columns cross-section is much larger than in reinforced concrete
and concrete-encased steel cross sections. The steel of the CFDST columns section is well
plasticized under bending because it is located most outside the section.

3- Construction efficiency

Labor for forms and reinforcing bars is omitted, and concrete casting is done by pump-up
method. This efficiency leads to a cleaner construction site and a reduction in manpower,
construction cost, and project length.

4- Cost performance

Because the above reasons, better cost performance is obtained by replacing a steel structure
with a concrete-filled double tube structure.

5- Ecology

The environmental burden can be reduced by omitting the formwork and by reusing steel
tubes and using high-quality concrete with recycled aggregates.

The location of the steel and the concrete in the cross-section optimizes the strength and
stiffness of the section. The steel lies at the outer perimeter where it performs most effectively
in tension and in resisting bending moment. Also, the stiffness of the concrete-filled column is
greatly enhanced because the steel is situated farthest from the centroid, where it makes the
greatest contribution to the moment of inertia.

No-Fines Concrete

No-fines concrete can be defined as a lightweight concrete composed of cement and coarse
aggregate. Uniformly distributed voids are formed throughout its mass. The main
characteristics of this type of lightweight concrete is it maintains its large voids and not
forming laitance layers or cement film when placed on the wall. No-fines concrete usually
used for both load bearing and non-load bearing for external walls and partitions. The strength
of no-fines concrete increases as the cement content is increased. However, it is sensitive to
the water composition. Insufficient water can cause lack of cohesion between the particles and
therefore, subsequent loss in strength of the concrete. Likewise too much water can cause
cement film to run off the aggregate to form laitance layers, leaving the bulk of the concrete
deficient in cement and thus weakens the strength.

Experimental Work

The main purpose of the test program is to generate data and provide information about the
structural behavior of compression members (No-Fine Concrete-filled double steel tube
columns (CFDST)) under concentric loading conditions through a series of eight columns.
The experimental work is carried-out in the Structural Laboratory of the College of
Engineering, University of Kufa. The parameters considered are the No-Fine concrete

compressive strength (fc) , the length of columns (the slenderness ratios (L/r)). Also two
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cases are study for (CFDST) samples first with hollow inner tube and second with completely
filled inner and outer tubes with No-Fine concrete. The column specimens are instrumented to
evaluate the behavior in terms of the load-axial displacement response.

Materials Used to Fabricate the Specimens

The materials used in this investigation are commercially available materials, which include
cement, natural gravel, water and Steel tubes.
Cement

Ordinary Portland cement manufactured by TASLUJA BAZIAN CEMENT COMPANY
(Product of SULAYMANIYAH- IRAQ) is used throughout the investigation. The cement was
kept in closed plastic containers throughout the experimental work to keep the cement in good
condition to minimize the effect of humidity.

Coarse Aggregate (Gravel)

Natural gravel obtained from Al-Badra-wa-Jasan is used throughout the experimental work.
Its grading satisfied the limits of Iragi standard N0.45/1984 for graded gravel with maximum
size of 125 mm. The sieve analysis test was conducted according to
ASTM C136.

Steel Tubes

The Steel tubes used are commercially available (Galvanized Iron tubes of Turkish type). The
tubes are of two circular cross sections first with 3" (76.2mm) and second with 6" (152.4mm)
of external diameters and tube thickness of 2 mm.

Mechanical Properties of the Steel Tubes

The mechanical properties of the steel tubes were obtained by testing specimens from them
and verified with the data provided by the manufacturer (see Table 1). The material properties
were determined by tensile test conducted on cut coupons from the tube. Although the
nominal dimensions of the tubes are known, the outside diameter and wall thickness are
measured at several locations. These measured values are used in determining the cross-
sectional properties.

Table (1): Steel tubes properties

Steel tube thickness (mm) Yield Stress f, Ultimate Stress f,
(MPa) (MPa)
2 300 380

Concrete Mix

Two concrete mixes are used to investigate the influence of the concrete strength on the
behavior of No-Fine concrete composite columns. The mix proportions of the ingredients of
the first mix, Mix 1, by dry weights are [1 cement : 2 gravel], and the water cement ratio (w/c)
was 40%, to give a cylinder compressive strength of about 35 N/mm? at age of 28 days (three
standard cylinders (200x100) mm were cast and test). For the second mix, Mix 2, the mix
proportions of the ingredients by dry weights were [1 cement : 3 gravel], and the water
cement ratio (w/c) was 40%, to give a cylinder compressive strength of about 25 N/mm? at
age of 28 days.
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No-Fine Concrete Composite Column Specimens

A total of eight columns are tested under axial compressive loads. The columns are divided
into two groups (C) and (D) and each sample is consisting of two steel tubes (the first have
3"(76.2mm) diameter and the second have 6"(152.4mm) diameter . For each group, four
specimens are prepared {two with different heights (300mm and 600mm) and two with
different cases (the first is hollow inner tube) and (second with completely filling for inner
and outer tubes) by No-Fine concrete.

The two groups are casted without steel reinforcement. Two concrete mixes are used, Mix 1 is
used for group (C) and Mix 2 is used for group (D). The variables in this stage are the column
height (the slenderness (L/r) ratio), the concrete cylinder compressive strength (35 and 25
N/mm?), and the hollow inner tube and completely filling inner and outer tubes. All
specimens are tested under compressive axial force up to failure. Table (2) gives the details of
the columns including their designation, also (see Figure 2).

Table (2): Details of samples

Outer and Slenderness
I T Ti Length i
Group Column Concrete nper ube Ou.ter ube Inner Tube Do/t eng ratio (L/r)
. . . diameter diameter . . (L) L/r=4L/D
No. designation mix X thickness (t) | ratio r=
(Di) (mm) (Do) (mm) (mm)
(mm)
C1 1 76.2 152.4 2 76:2 300 7.87
C2 1 76.2 152.4 2 76.2 600 15.75
C
C3* 1 76.2 152.4 2 762 300 7.87
Cc4* 1 76.2 152.4 2 76.2 600 15.75
D1 2 76.2 152.4 2 762 300 7.87
D2 2 76.2 152.4 2 76.2 600 15.75
D
D3* 2 76.2 152.4 2 762 300 7.87
D4* 2 76.2 152.4 2 76.2 600 15.75

Note: the symbol (*) meaning that the sample is completely (inner and outer cores) filling by
No-Fine concrete.

g

Fig. (: Column specimens
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Fabrication of the Specimens

The steel tubes are cut to the desired length of the columns and cleaned. For concreting, tubes
were positioned vertically, fixed on the laboratory floor, and filled with concrete in
approximately 75 mm layers, and each layer is compacted by a steel rod. To prevent the
leakage of cement paste from the bottom of the steel tube, it is closed with nylon. After the
tube is filled, the top surface was flattened carefully. The composite columns were left in the
laboratory till the time of testing. The specimens were moistened with water every day after
twenty four hours after of casting. During casting, three 150 x 300 mm cylinders are made for
each group. The specimens are wrapped with the burlap sacks and moistened with water till
the time of testing.

Samples Preparation

Before testing, the top and the bottom surfaces of column specimens are smoothened by a
scraper machine to make the surfaces of concrete and steel lying on the same elevation, and
therefore ensuring a transfer of load to both concrete and steel at all levels Fig(3).

Fig. (3) :Smoothing the columns surface

Instrumentation and Test Setup

All specimens are tested under axial compression loads using a universal testing machine with
a capacity of 2000 kN at the laboratory of structures in Engineering college of Kufa
University. The column specimen is centered in the testing machine to ensure that the
compressive axial load is applied without any eccentricity. The top and bottom faces of
specimen were grinded and made smooth and leveled to remove surface imperfections and
maintain uniformity of loading on the surface. The vertical displacement of the lower
movable head of the testing machine was measured in relation to the upper head of the testing
machine by a dial gauge with magnetic base and the accuracy of the dial gauge is 0.01 mm.
Readings of applied load and displacement are recorded at regular intervals during the tests.
The application of the load was continued until the failure of column (see Figure 4).
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Fig. (4): Test setup and instrument of samples tested

Behavior of (CFDST) Samples

In (CFDST) samples, the steel tubes cause the development of a triaxial stress field within the
confined concrete, constraining it during dilation and thereby increasing the load carrying
capacity[4]. The axial load plotted as a function of axial displacement for (CFDST)
No-Fine concrete composite columns shown in Figures (5) to (12). It is shown that the tubes
can improve the performance of concrete, both its strength and ductility, under axial load. The
load-displacement relationships of all (CFDST) composite columns are generally bilinear in
nature with a small transition zone. Therefore, the behavior of composite columns under axial
loading can be divided into three regions. In the first region, the behavior of composite
column is similar to that of plain concrete column: this is due to the fact that the confining
effect of (CFDST) columns is still not activated by the lateral expansion of the concrete core.
In the vicinity of the peak load of plain concrete columns, the confined concrete reaches a
state of unstable volumetric growth caused by excessive cracking. At this point, the (CFDST)
column is activated and starts to gradually restrain the rapid growth of the lateral strains. This
region of response is characterized by a transition curve at approximately the ultimate load of
the plain concrete column. Finally, a third region is recognized in which the (CFDST) No-
Fine composite column fully activated and the load-displacement relationship continued as a
straight line with a second slope up to the failure at ultimate load. The figures show that the
slope of third part of relationship is less than the slope of the first part, and proportional to the
stiffness of the (CFDST) column used. Observations, after peak loads, showed that the failure
of the composite columns happens step by step and a complete collapse of the column by a
suddenly explosive mode does not occur until large deformations are introduced (The failure
patterns of the columns are shown in Figures 13 to 20). However, the presence of the
(CFDST) column significantly increased the axial plastic strain before collapse.
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Fig. (5) Load- Axial Displacement for Column (C1)
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Fig. (6) Load- Axial Displacement for Column (C2)
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Fig. (7) Load- Axial Displacement for Column (C3)
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Fig. (8) Load- Axial Displacement for Column (C4)
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Fig. (9) Load- Axial Displacement for Column (D1)
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Fig. (10) Load- Axial Displacement for Column (D2)
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Fig. (11) Load- Axial Displacement for Column (D3)

1600 ~
1400
1200
1000
800
600
400
200
0 . . . . . . .

0 2 4 6 8 10 12 14

Axial Load (kN)

Axial Displacement (mm)

Fig. (12) Load- Axial Displacement for Column (D4)
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Fig. (16): Failure Pattern of Sample C4
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Fig. (18): Failure Pattern of Sample D2

Fig. (19): Failure Pattern of Sample D3

Fig. (20): Failure Pattern of Sample D4
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Conclusions
The most important conclusions that can be drawn from the present study are:

1-

The using of double steel tube provided sufficient lateral support to the concrete core and
increased the ultimate strength of the composite columns, the steel shell will confine the
concrete and improve its strength and ductility. At the same time the filling concrete will
enhance the steel carrying capacity so that all the section will reach its limit state and
avoid the possibility of buckling until cracking induced in concrete at high load levels.

It was found that the typical failure mode for all the tested concrete filled double steel
columns was the local buckling mode, and this local buckling was in an outer direction
(outward folding mechanism) because of the infill of concrete.

The effect of height (the slenderness (L/r) ratio) (varies from 7.87 to 15.75) on the
ultimate strength of CFDST columns will have a reverse relation (about -5.76 to -17.36%).
The effect of fully filling the core of internal tube on the ultimate strength of CFDST
columns will have an increase relation (about 3.89 to 18.48%).

The effect of uniaxial compressive strength () (varies from 25 to 35MPa) on the ultimate
strength of CFDST columns will have an increase relation (about 12.66 to 18.44%).
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