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Abstract. The paper studies estimate ultimate strength and local buckling of circular concrete
filled steel tube (CFST) specimens subjected to axial load using strain gage, force transducer
and displacement sensor. The strain responses of CFST column in testing procedure and the
results of finite element modelling will be used to predict failure modes when cracks occur in
concrete core and deformation increases on steel tube’s surface. Besides, the principles of
Eurocode 4 and AISC 360-10 are used to calculate the critical buckling stress in comparison
with experimental approach and numerical evaluation. Combining experimental and simulation
data can be very useful for diagnostic load rating and limit, and effective to evaluate the
damage on structural health monitoring of CFST members.

1. Introduction

It is undeniable that concrete structures with CFST members play a major role in modern construction
structures and materials for coastal and island construction buildings in recent years. CFST column
using high-strength steel is one of the most promising new developments to increase fatigue life of
concrete and reduce corrosive effects of seawater for concrete structures in coastal areas. The behavior
of CFST column under compressive axial load is an important factor in limit load analysis for
engineers that will be calculated by using finite element method (FEM), can be estimated via testing
methods and measurements. The familiar research of this problem is the response of circular and
square thin-walled CFST specimens with length-to-diameter ratios subjected to axial loading through
finite element analysis (FEA) model to predict bearing capacity and the failure modes, experimental
analysis using displacement transducer and strain gauges to plot load versus strain curve [2].

In addition, Investigating failure under flexural buckling of CFST columns by an experimental study
was compared with compression load limits in the South African code (SANS 10162-1) and Eurocode
4 (EC4) [3]. Experimental behavior of circular CFST columns with different L/D ratios and D/t ratios
are based on EC4 and AISC 360-10 predictions [4]. Also, Experimental investigations with
displacement transducers using the Design of Experiments (DOE) approach on circular CFT samples
with D/t ratio of 22.3-50.8 and L/D ratio of 7.8-22.5, were compared with AISC-LRFD-2005 and
EC4-1994 [1].

Besides, there are many studies for experimental approaches and some other papers only focus on
theoretical methods: Computer-aided engineering (CAE) and Design Codes. To illustrate, new
theoretical model developed to analyze the axial and lateral stress—strain response of CFT columns by
integrating a lateral-to-axial strain model of confined concrete, an axial stress—strain model of
confined concrete, and a biaxial stress—strain model of steel tube [5]. A parametric study was
investigated on the effects of concrete strength, steel pile, FRP wraps and steel ring properties on the
structural capabilities of external CFST columns [6]. The F.E modelling of confined concrete and steel
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tube (concrete-steel interface) was analyzed and compared with CFST specimens tested by other
published researches [7].

Similarly, the behavior of concrete-encased CFST columns, concrete-encased CFST, hollow RC and
conventional CFST with square and circular section under combined compression and torsion were
investigated according to the Chinese design guideline for concrete structures GB50010-2010,
experimental method using strain gages to predict shear strain and failure modes [8]. Axial
compressive strength and ductility of CFST stub columns using new approach for reducing the axial
stress in the steel tube were experimentally studied [9]. Tensile properties of steel in CFST columns
applied to a cyclic loading and corrosion test [10].

There has been no shortage of heated discussion on the issues from experiment to computation, and
the purpose of the present works was to study the behavior of CFST specimens under axial load. The
specimens were analyzed theoretically and experimentally to estimate the capacity of CFST and to
calculate ultimate compressive strength, and determine positions of local buckling through the 3D-
finite element modelling of steel tube and concrete core, together with testing procedures via
measuring strain, displacement and force.

2. Experimental investigation and computational model evaluation

An overall view of the test facilities in the experimental study will be as shown in Figure 1 and 2. The
system consists of stand-alone Mobile Base Station along and three four-channel Nodes, which can
communicate through wireless with the user’s PC. WinSTS software controls over the wireless
structural testing system (STS-WiFi) to monitor Node status, signal strength, and record sensor signals.
The wireless structural testing system was supplied by Bridge Diagnostics - USA [17].
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Figure 1. Wireless structural testing system Figure 2. Overall view experimental
(STS-WiFi). equipment and instruments for CFST.

The mix proportions of 01 cubic metre concrete are: PCB 40 Cement (Nghi Son, Vietnam): 395
kilograms; water: 210 litres; river sand: 530 kilograms; coarse aggregate: 1150 kilograms. The
concrete strength B25 with slump of 12 centimeters follows to TCVN 5574:2012, [13], equal to
C20/25 according to Eurocode 2 (EC2), [11] which is compressive strength for cylindrical concrete
specimens f. ., of 20 MPa and modulus of elasticity of concrete E. of 29x10° MPa at 28 days. Material
properties of steel follow to BS 1387/1985, ASTM AS3 with specified minimum yield stress F, of 240
MPa and modulus of elasticity of steel E; of 2x10° MPa. Three CFST specimens are shown in Figure 3.
It is assumed that there is sufficient interaction between the steel pipe and the concrete core, then the
ultimate bearing strength of CFST, P, . is determined according to Eurocode 4 (EC4) as follows, [12]:

I:)u,cal = I:)a,cal + I:)c,cal = fy Aa + fc,cyl Ac (1)

where: P, IS the nominal yielding strength of steel material; P, is the nominal yielding strength of
concrete material; f, is specified minimum steel yield stress; f.., is compressive strength for
cylindrical concrete specimens; and A,, A is are cross-sectional areas of the steel pipe and concrete
core, respectively.
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AISC 360-10: The specimens are classified as compact sections for filled composite sections subjected
to axial compression, Width (D) to Thickness (t) Ratio is checked as follows, (Table I1.1A —
ANSI/AISC 360-10 Pages 16.1-84), [14]:

(DIt) <X, = (0.15%E) / Fy @)

The available compressive strength of axially loaded doubly symmetric filled composite members for
compact sections shall be taken as, [14]:

Pp =Fy As + C2 fc’ (AC + Asr >£3/Ec) (3)

In which: coefficient of C, is 0.85 for rectangular sections and C, is 0.95 for round sections; A is
equal to 0.0 with no steel reinforcement (rebar) in composite members; Fy is specified minimum yield
stress of steel section; A is area of steel; A. is area of the concrete section; f. is specified compressive
strength of concrete.

The mounting of the test specimen and the arrangement of Spring Return Linear Variable Differential
Transformer (LVDT), strain gages are shown in Figure 4 and more clearly in Figure 5. The loading
apparatus consists of compression testing machine pressure machine set with 100 tons, Model: WE-
1000B produced by Wuxi Xiyi - China; LoadCell with 120000 Ibs of RDP Electronics Ltd, UK
(Model: RSL0710/120000LB) is used to measure compression force signal and installed at bottom of
CFST. Strain gauge PL-60-11(TML Tokyo Sokki Kenkyujo co., Ltd. - Japan) in concrete core is 60
mm length, 120Q gauge resistance, 2.13 gauge factor. Strain gauge PLA-5-11 (TML Tokyo Sokki
Kenkyujo co., Ltd. - Japan) on steel surface is 5 mm length, 120Q gauge resistance, 2.13 gauge factor.

igure 4. Test setup for CFST column.
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Figure 5. Schematic diagram of positions and
identifications for strain gages.

Figure 6. Buckling failure mode of the
steel tube surface.

The numerical results in CAE are shown in Figure 7 for observing and predicting failure mode of
modelling CFST, and large deformation under compressive stresses on the steel tube’s surface near
the concrete top surface also is described in this Figure. However, Three test specimens have different
failure modes compared with numerical simulation of CFST model under axial load. Specimens,
namely MUCE-01 is Euler buckling [15]; MUCE-02 is local buckling near the column top; The
clearest result is MUCE-03 with outward local buckling in the region near the top and middle of CFST

column, are shown in Figure 8.a, 8.b, 8.c respectively.
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Figure 7. Finite element modelling of CFST
column: steel tube and concrete core.

Figure 8. Tested results and failure modes of
three CFST specimens.
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Figure 9 illustrates the behavior of CFST specimen (MUCE-03) subjected to compression force.
Figure 9.b shows force versus strain of strain gages at the top (Q1084), the bottom (Q1081), the
middle (Q1086), H/4 (Q1085 and Q1083) of steel tube surface parallel to the longitudinal direction. It
can be seen that loading is about 101100 Ibf, compression strain at position H/4 (Q1085) decreases
rapidly from 0.1104 to 0.05, part of the explanation lies in local outward buckling. Two strain gages
including Q1087 and Q1088 are mounted at H/4 of steel surface in the horizontal direction for
monitoring local buckling as shown in Figure 9.c. The axial load versus displacement (LV3552) with
approximately maximum values: 116600 Ibf and 1.119 inches in the Figure 9.d. Moreover, Figure 9.a
demonstrates crack occurring in concrete core (installed strain gage - Q1082) due to local buckling,

signal curve of Q1082 is interrupted, as well as some other signals can be errors at this time.
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Figure 9. Force-displacement and force-strain curves of tested specimen (MUCE-03).
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Figure 10. Response history curves of three tested specimens.
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As shown in Figure 10 above and Figure 11 below, displacement and strain versus axial force graphs
are measured in different positions of three specimens. As can be seen, MUCE-01, MUCE-02,
MUCE-03 correspond to dashed line with square markers, dashed line with upward-pointing triangle
markers, dashed line with circle markers, respectively. Load test records are compared with data in
CAE for fracture simulation of CFST model applied to longitudinal compression and CAE result is
dashed line with plus-sign markers. In this paper, ultimate strength of concrete-filled composite steel
column is calculated by equation (1) according to EC4 with dashed line of this figure. Moreover, the
ultimate capacity prediction of CFST is based on AISC 360-10 from the equation (3) with dash-dot
line under line of EC4. According to EC4 and AISC 360-10 standard are about 84190.949 Ibf (374.5
kN), 82504.882 Ibf (365 kN), respectively, while the real axial load capacity of CFST specimen is
approximately equal to 96430 Ibf (nearly 429 kN) under failure modes higher than design standards.
From Figure 10.a, it is observed that critical load of CFST specimens reaches a peak at just over
101200 Ibf (450 kN) and then loading increases very slowly while strain signal is error in Figure 10.b,
partly because of failure criterion for concrete core, partly because local buckling occurs in the region
near the top of column in Figure 10.c and the region near the mid-height of specimen in Figure 10.d.
Strain values in CAE modelling are less than results in experiment of figures because CFST modelling
is not calibrated, steel and concrete's modulus of elasticity can be changed to compare with design
standards. From CAE modelling of CFST can be used to simulate failure modes, and then support in
planning and optimisation for installing sensors, and can be used to calculate ultimate strength
calculations of CFST column under axial compression.
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Figure 11. Behavior curves at different locations.

In Figure 11.a, strain data at region of H/4 rises significantly (MUCE-02), MUCE-03 jumps sharply
then goes down moderately. This means that, large deformation on steel surface corresponding to
region of local buckling is unstable (Figure 11.b, ¢, d). Buckling modes can be monitored by strain
gages at weak locations near top and bottom of CFST column.

3. Conclusions

The following principal conclusions are drew from the results that were obtained in the study:

- The ultimate strength of CFST specimen under axial load was determined by EC4, AISC 360-10 and
strain measurement.

- The location of local buckling failure of CFST column was observed clearly through testing
procedure, and also showed in CAE modelling. Comparison between measured results and predicted
by uncalibrated model was moderately error because material properties, friction coefficients of steel
and concrete were obtained as described in design standards and studied papers. In order to solve
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limitations of this paper, the modelling of CFST member can be updated by data of strain and force
load overtime in the further work.

- The wireless structural testing system (STS-WiFi) in this study was correctly measured and recorded
dynamic and static time historical responses of CFST specimens. This experimental equipment and
instruments can be used in long-term structural health monitoring (SHM) for CFST members and
other structures including: buildings, bridges, industrial structures based on Non-Destructive Testing-
NDT in the field.
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