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To investigate the ultimate bearing capacity and deformation of the recycled self-compacting concrete-filled circular steel tubular
(RSCCFCST) long columns subjected to axial load, nine specimens with different recycled self-compacting concrete (RSCC)
strength grades and slenderness ratios are tested. The experimental results indicate that the lateral deflection dominates the
buckling failure of the specimens. The ultimate bearing capacity of the specimens is enhanced gradually as the RSCC strength
grade increases but decreases as the slenderness ratio rises. The load-strain curves are linear and basically coincide at the elastic
stage. The decrease in the slenderness ratio or increase in the RSCC strength grade contributes to the improvement of the stiffness
and ultimate circumferential and axial strains of the columns gradually. Based on the combined tangent modulus theory and
bearing capacity of the RSCCFCST short columns, two estimation models are presented to predict the ultimate bearing capacity of
the RSCCFCST long columns. Additionally, comparisons between the calculation results of the ultimate strength demonstrate
that the prediction models established in this study are more accurate than the other specifications mentioned.

1. Introduction

With the economic development and urbanization over
the last decades, a huge amount of construction and
demolition wastes was generated. There are 40 countries
in the world whose annual construction and demolition
waste production exceeds 3.0 billion tons until 20. In
China, almost 1.6-1.8 billion tons of construction and
demolition waste is produced every year. Those wastes
have caused a series of problems, such as the occupation
of arable land and pollution of environment [1, 2]. As a
main component of construction and demolition wastes,
the recycling of the waste and demolished concrete has
become an indispensable part of the ecological civiliza-
tion construction, which has been focused on all over the
world [3, 4].

It has been proved that recycled aggregate (RA) from
waste concrete can be effectively used to obtain RA products
used in buildings [5-7]. Recycled aggregate concrete (RAC)
is mainly made of recycled aggregate, partially or completely
replacing natural aggregates. Thomas [8] and Dimitriou [9]
found that the failure mode of RAC was similar to the
ordinary concrete, and the compressive strength of RAC can
be improved by adjusting the water-to-cement ratio and
optimizing the mix ratio. Laserna [10] pointed out that the
elastic modulus and compressive and tensile strength of
RAC decreased with the increase of the replacement rate of
RA. Some scholars conducted experiments and illustrated
that the mechanical properties of RAC prepared by modified
RA were better than those of ordinary concrete [11-13].
Limbachiya [14] also illustrated that the durability of RAC
can be improved by adding an appropriate amount of fly-
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ash. Xiong et al. [15, 16] investigated the static and dynamic
bond behaviors of RAC with BFRP bars and proposed the
constitutive model simulating the bond stress-slip relation
and formulae for predicting the dynamic bond performance,
which provide the basis for the design.

Concrete-filled steel tube (CFST) structures take full
mechanical advantages of the concrete and steel, which has
high strength and good ductility. Numerous studies on
CFST have been carried out and plenty of achievements have
been made [17-21]. Recycled concrete-filled steel tube
(RCEFST) is a special kind of CFST which is filled with RAC.
Research conducted by Chen et al. [22] on the properties of
the normal RCFST strength under combined loading indi-
cated that the effects of the slenderness ratio, eccentricity,
and steel ratio on the performance of RCEST columns were
analogous to the CFST. Li et al. [23] experimentally ex-
amined the behaviors of the RCFST columns subjected to
higher elevated temperature and revealed that improving the
impact strength of the RCFST columns by increasing the
steel ratio was effective. Wang [24] experimentally found
that the increasing large pore volume fraction is the key
reason for the durability failure of RAC under complex
environmental factors. Then, a model for predicting the
chloride ion migration coefficient and compressive strength
of RAC in a complex environment was proposed. Tang et al.
[25] investigated the seismic behavior of the RCFST columns
and illustrated that the RCFST columns had marginally
lower energy dissipation ability, remarkably superior lateral
strength, and higher ductility, which indicated that they had
good seismic behavior.

However, the compactness of RAC in the steel tube,
which has an obvious influence on the confinement between
the steel tube and RAGC, is difficult to be ensured. Therefore,
self-compacting concrete (SCC) is tried in the RCFST as an
effective way to solve the problem. Manzi et al. [26] indicated
that the mechanical properties of SCC including RA were
similar or even superior compared with SCC containing
100% natural aggregates. Al-Shaar and Gogiis [27] examined
the flexural behavior of the self-compacting concrete-filled
steel tube (SCCEST) beams. They demonstrated that the
filling of the steel tubes with SCC can observably increase the
ductility, flexural stiffness, and moment capacity of the steel
sections. Mahgub et al. [28] researched the axial compres-
sion behaviors of the SCCFST columns and proved that the
axial strength of the specimens improved as the SCC
compressive strength was enhanced but decreased as the
slenderness ratio rose. Tang et al. [29] proved that the
SCCFST columns also had a good seismic performance.

In general, plenty of achievements on the RCFST and
SCCEFST columns have been attained, whereas few investi-
gations have been focused on the recycled self-compacting
concrete-filled circular steel tubular (RSCCFCST) columns.
Consequently, the failure mode, deformation, and ultimate
bearing capacity of the RSCCFCST columns subjected to
axial compression are investigated in this study. Nine col-
umns were designed to research the influence of the slen-
derness ratio and RSCC strength grade on the mechanical
properties of the RSCCFCST columns. An analytical model
for predicting the ultimate bearing capacity of the
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RSCCFCST long columns subjected to axial load is pre-
sented on the basis of the tangent modulus theory. In ad-
dition, a simplified formula based on the RSCCFCST short
columns is proposed by introducing a stability coefficient.

2. Experimental Program

2.1. Design and Preparation of the Specimen. Nine
RSCCECST columns were prepared and examined in this
experiment, including three short columns as reference
groups and six long columns. The thickness and outer di-
ameter of the steel tube were 3.63mm and 140 mm, re-
spectively. Different lengths (i.e., 500 mm, 1000 mm, and
1500 mm), RSCC strength grades (i.e., C30, C50, and C60),
and slenderness ratios (i.e., 3.57, 7.14, and 10.71) were
considered. The detailed factors are listed in Table 1.

Firstly, both ends of the steel tube should be lathed to
ensure that they were flat, and the length must be strictly
controlled as designed. Then the steel tube was placed on the
flat ground, with the bottom sealed with a piece of plastic
film to avoid mortar leakage, whereafter the steel tube was
filled with the RSCC without vibration. In order to prevent
water evaporation during the hardening process, the top
surface was sealed with another piece of plastic film. Before
the test, the surface of the specimens was polished to ensure
that the steel tube and RSCC could work together in the
initial loading stage.

2.2. Material Properties

2.2.1. Steel Tube. The steel type Q235 was used to make the
circular steel tube. According to Chinese standard GB/
T228.1-2010 (2010) [30], the samples shown in Figure 1 were
used in the tensile test and the steel tube with 500 mm in
length, 140 mm in outer diameter, and 3.63 mm in thickness
was used in the compressive test to obtain the mechanical
properties of the steel tube. The measured stress-strain curve
and the relationship between the circumferential strain (g)
and longitudinal strain (e,) are shown in Figures 2(b) and
2(d), respectively. As a result, the yield strength of the steel
tube was 233.23 MPa, the ultimate tensile strength was
295.68 MPa, and Poisson’s ratio and Yong’s modulus were
0.297 and 2.00 x 10° MPa, respectively.

2.2.2. RSCC. The RSCC used in the specimens consisted of
P. O 42.5R Portland cement, fine aggregates (sand and fly-
ash), RA, polycarboxylate superplasticizer, and city tap
water. The continuously graded RA with a particle size range
of 5-35mm formed by crushing the waste concrete blocks
was adopted. Table 2 summarizes the proportioning of the
RSCC with different strength grades. Moreover, the mea-
sured mechanical properties of the RSCC are shown in
Table 3.

2.3. Loading Procedure and Experimental Measurement.
The experiment was conducted on the electron-hydraulic
servo pressure machine. To prevent the destruction of the
end parts, both ends of the columns were, respectively,
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TaBLE 1: Design parameters of the RSCCFCST columns.

Specimen ID D (mm) L (mm) L/D C t (mm) D/t N, (kN) Ehae Ele

RSCS-1 140 500 3.57 30 3.63 38.56 1159 0.0143 -0.0083
RSCS-2 140 500 3.57 50 3.63 38.56 1312 0.0156 —-0.0092
RSCS-3 140 500 3.57 60 3.63 38.56 1331 0.0168 —-0.0102
RSCS-4 140 1000 7.14 30 3.63 38.56 1122 0.0133 -0.0074
RSCS-5 140 1000 7.14 50 3.63 38.56 1246 0.0149 —-0.0088
RSCS-6 140 1000 7.14 60 3.63 38.56 1272 0.0152 -0.0097
RSCS-7 140 1500 10.71 30 3.63 38.56 1095 0.0123 —-0.0064
RSCS-8 140 1500 10.71 50 3.63 38.56 1200 0.0135 -0.0079
RSCS-9 140 1500 10.71 60 3.63 38.56 1229 0.0141 —0.0085

Note: D and t are the outside diameter and thickness of the steel tube, respectively. L is the length of the column. C is the number of the RSCC strength grades.

N, is the measured bearing capacity of the specimens. ¢, and ¢

respectively.

uae ule

are the measured ultimate longitudinal and circumferential strains of the specimens,
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FiGURre 1: Test samples and mechanical properties of the steel tube. (a) Tensile sample. (b) Stress-strain curve of the tensile sample. (c) Axial

compression steel tube. (d) Relationship between ¢y and &,.

sheathed with the steel column caps before applying the
load. Figure 3 shows the strain gauges arrangement and the
experimental device. Eight strain gauges were installed at the
height of 0.25L, 0.5L, and 0.75L, respectively (L represents
the length of the column), among which four were adopted
to measure the lateral strains of the specimens and another

four were used to gauge the axial strains. To inspect the axial
deformations of the specimens, two linear variable dis-
placement transducers (LVDTs) were arranged at the bot-
tom of the loading plate.

Preloading was performed to ensure that the specimens
were subjected to axial load. In the initial phase of the formal
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FiGure 2: Effects of the studied parameters on the load-strain relationship. (a) RSCC strength grade. (A) Specimens with L/D 7.14.
(B) Specimens with L/D 10.17. (b) Slenderness ratio. (A) Specimens with C30 concrete. (B) Specimens with C50 concrete. (C) Specimens

with C60 concrete.
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TaBLE 2: Proportioning of RSCC.

Water-to-binder 3 3 Cement Fly-ash 3 RA
Strength grade ratio Water (L/m”) Sand (kg/m”) (ke /m?) (kg /m?) Water reducer (kg/m”) (kg /m?)
C30 0.46 210 736 305 144 3.143 798
C50 0.32 176 798 449 106 3.885 798
C60 0.28 164 736 477 113 1.770 798
TaBLE 3: Mechanical properties of RSCC.

Number ~ Cube compressive strength (MPa)  Axial compressive strength (MPa)  Poisson’s ratio ~ Young’s modulus (10* MPa)
C30 33.0 26.3 0.152 2.31
C50 53.4 42.8 0.168 2.73
C60 61.8 49.5 0.165 3.02

-

Steel column caps
| Specimen

-7 [~ —.

Strain gauges —{—i| T

(a)

()

FIGURE 3: Strain gauges arrangement and test setup.

loading process, the increment of the load was approxi-
mately 10% of the predicted ultimate strength of the col-
umns. After yielding, the load increment with 1/15 of the
predicted ultimate strength of the columns was adopted and
each step was kept steady for 2 minutes. When approaching
failure, the loading mode became slow and continuous. The
failure of the specimens can be determined under the fol-
lowing two conditions. One was that the axial load suddenly
dropped sharply to 70% of the ultimate strength. Another
was the compression displacement of the columns came up
to 3cm if the decrease of the load-displacement curve was
unobvious.

3. Test Results

3.1. Failure Modes. The failure modes of RSCCFCST spec-
imens are presented in Figure 4. Three stages were ap-
proximately divided into the loading and failure process. The
first stage, named the elasticity phase, lasted longer as the
RSCC strength grade increased and shorter as the slen-
derness ratio grew. No apparent deformation and deflection
were observed in this stage. The vertical displacement and

longitudinal and axial strains of the RSCCFCST long col-
umns increased linearly as load increased, and the longi-
tudinal strains of the specimens were basically the same at
each direction.

The second stage named elastoplasticity appeared when the
strains and vertical displacement deviated from linear growth
and the growth rate was accelerated, when no visible defor-
mation was found. The short columns yielded and a slight
sound of crushed concrete could be heard when loaded to 80%
of the ultimate strength. However, for the long columns, the
development of the longitudinal strains became slow at the
tension side and fast at the compression side when loaded to
70% of the ultimate strength. The increase of the vertical dis-
placement was also obviously accelerated and the deflection was
observed in the midspan of the columns. When loaded to about
85% of the ultimate strength, the midspan deflection was sig-
nificant, and the growth rate of the strains decreased as the
RSCC strength grade improved but increased as the slenderness
ratio increased.

Finally, the drum-like bending in the middle of specimens
dominated the buckling failure of RSCCFCST short columns,
while the development of the deflection was accelerated
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FIGURE 4: Failure modes of the RSCCFST columns under axial compression. (a) RSCS-1. (b) RSCS-2. (c) RSCS-3. (d) RSCS-4. (e) RSCS-5.

(f) RSCS-6. (g) RSCS-7. (h) RSCS-8. (i) RSCS-9.

evidently, and the overall bending instability failure occurred in
the long columns. Compared with the short columns, the ul-
timate strength of long columns decreased significantly and
obvious flexural deformation can be observed. The stiffness
degeneration is accelerated and the final deflection is more
evident as the slenderness ratio rose or the RSCC strength grade
is decreased.

3.2. Ultimate Bearing Capacity. The influence of two pa-
rameters as the slenderness ratio and RSCC strength grade
on the ultimate bearing capacity of the specimens was
considered in this paper as discussed in the following.

Figure 5(a) depicts that the ultimate bearing capacity of the
specimens improved gradually as the RSCC strength grade
increased. For example, compared with the specimen RSCS-4
with the RSCC strength grade C30, the ultimate strength of the
specimen RSCS-6 with the RSCC strength grade C60 was
enhanced by 13.37%. The main reason was that, as the RSCC
strength grade rose, the water-to-cement ratio decreased and
the content of the cementing material increased. As a result, the
porosity of hardened concrete was reduced. In addition, the
bonding force between the cementing material and RA was
enhanced. So the compressive strength of the core RSCC in-
creased, and the ultimate bearing capacity improved.
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F1Gure 5: Effects of the studied parameters on the ultimate bearing capacity. (a) RSCC strength grade. (b) Slenderness ratio.

Figure 5(b) indicates the effect of the slenderness ratio on
the ultimate bearing capacity of the specimens subjected to
axial compression. In general, the increase in the slenderness
ratio reduced the ultimate bearing capacity of the specimens
gradually. Taking specimen RSCS-5 and specimen RSCS-8
for example, the ultimate bearing capacity was reduced by
3.69% when the slenderness ratio rose from 7.14 to 10.71.
This was due to the fact that the stiffness reduced with the
raise of the slenderness ratio, leading to the fact that the
deflection development of the columns accelerated and the
second-order effect occurred earlier. Accordingly, the
bearing capacity of the columns decreased.

3.3. Load-Strain Relationship. The load-strain curves of the
RSCCFCST long columns subjected to axial compression are
indicated in Figures 2 and 6, in which P is theload and ¢; and
¢, designate the circumferential and longitudinal strains,
respectively.

Figure 2(a) demonstrates the influence of the RSCC
strength grade on the load-strain relation of the specimens.
At the elastic phase, the load-strain curves of the RSCCFCST
long columns were linear and basically coincide. After en-
tering the elastoplasticity phase, the strain grew fast, and its
development rate increased as the RSCC strength grade
decreased until the specimens failed.

As presented in Figure 2(b), the slope of the load-strain
curves at the initial loading stage was basically the same. As
the loading increased, the load-strain curves of the speci-
mens gently deviated from the linear relationship, the strain
growth speed of the specimens rose, and the specimens
entered the elastic-plastic stage. The inelastic strain growth
rate was accelerated as the slenderness ratio increased.

Figure 6 indicates that the load-strain curves of the
specimens at different heights (i.e., 1/4L, 1/2L, and 3/4L)
were almost the same. However, the elastic phase of the load-
strain curve at 1/2L was relatively longer than that of the

other two heights. An obvious inflection point appeared on
the load-strain curve when the specimen yielded, and the
yield load at the 1/2L was the highest. After yielding, the
growth rate of the strain was faster at 1/2 L than that at the
other heights.

3.4. Deformation. The influence of the RSCC strength grade
and slenderness ratio on the deformation of the specimens
was analyzed as follows.

Figure 7(a) shows the influence of RSCC strength grade
on the ultimate longitudinal strain and circumferential
strain of the specimens, in which ¢, stands for the ultimate
longitudinal strain and ¢, represents the ultimate cir-
cumferential strain. The ultimate circumferential strain and
longitudinal strain of the specimens rose gradually as the
RSCC strength grade increased. For instance, for the
specimens RSCS-7 and RSCS-9, when the RSCC strength
grade increased from C30 to C60, the ultimate circumfer-
ential strain and longitudinal strain, respectively, increased
by 32.81% and 14.63%. The reason may be that the ultimate
bearing capacity of the specimen was enhanced as the RSCC
strength grade rose, while the cross-sectional area of the
specimen remained unchanged. As a result, the stress in-
creased and the ultimate strain of the specimens increased
accordingly.

Figure 7(b) indicates that the ultimate circumferential
strain and longitudinal strain of the RSCCFCST long col-
umns decreased gradually as the slenderness ratio increased.
For example, the ultimate longitudinal and circumferential
strains of the specimen RSCS-5 with the slenderness ratio of
7.14, respectively, reduced by 9.40% and 10.23% compared
to those of the specimen RSCS-8 with the slenderness ratio
of 10.71. This may be because the lateral stiffness and de-
formation capacity reduced as the slenderness ratio rose.

Figures 8(a)-8(b) indicate the ultimate circumferential
strain and longitudinal strain at different heights of the
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RSCCFCST long columns. The ultimate strains at 1/2 L were
the largest. The strains at 1/4L and 3/4 L were basically the
same. This illustrated that the specimens were in an ideal
state of axial compression, which was consistent with the
expected results.

3.5. Stiffness Analysis. The influence of two parameters,
such as the slenderness ratio and RSCC strength grade, on
the stiffness of the specimens was taken into account in
Figures 9(a)-9(b), where N, and K, are the axial load and
stiffness of the specimens, respectively. Corresponding
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with the failure process, three stages named elastic,
elastoplasticity, and failure were divided. The stiffness
curves are basically kept horizontal at the elastic stage. In
the elastoplasticity phase, the stiffness of the specimens
began to degrade, the curve deviated from the horizontal
state. When the ultimate strength was reached, the
stiffness remained to degenerate until the specimens
failed.

As depicted in Figure 9(a), the horizontal stages of the
stiffness curves last longer as the RSCC strength grade in-
creased. The cause may be that the increment of RSCC
strength grade improved the compactness and stiffness of
RSCC to some degree. When the external steel tubes were
kept constant, the overall stiffness of the specimens was
improved. The conclusion 1is slightly different from
Figure 9(a), probably due to the fact that (1) few specimens

have some defects in the process of fabrication; (2) some data
collected at the later loading stage may have some deviations.
The stiftness curves showed obvious inflection points when
entered into the elastoplasticity stage. When the load
approached the ultimate bearing capacity, the increase in
RSCC strength grade resulted in the reduction of the stiffness
degradation rate.

Figure 9(b) indicates the influence of the slenderness ratio
on the stiffness of the specimens. In the elastic stage, the in-
fluence of the slenderness ratio on the stiffness of the columns
was not significant. Overall, with the increase of the slenderness
ratio, the slope of the descending section of the stiffness curves
increased, and the degradation rate of the stiffness was
accelerated. This was mainly due to the fact that the stiffness of
the specimens decreased with the increase in the slenderness
ratio.



10

o
<
3

LY

0.016
0.014 +
0.012 |
0.010 -
0.008 -
0.006 -
0.004 T T T
0.25 0.50 0.75
h(L)
—=— RSCS-4 —v— RSCS-7
—e— RSCS-5 —o— RSCS-8
—a— RSCS-6 —<— RSCS-9

(a)

Eule

Advances in Civil Engineering

0.009 -
0.006
0.003
0.000 T T T
0.25 0.50 0.75
h(L)
—=— RSCS-4 —v— RSCS-7
—e— RSCS-5 —o— RSCS-8
—4— RSCS-6 —<— RSCS-9

(b)

FiGure 8: Ultimate strains at different heights of the specimens. (a) Ultimate longitudinal strain. (b) Ultimate circumferential strain.

K, (10°kN)

12

N

i LN
’ . ‘\A‘\
A\A‘\A}A_ AA\A\
o =R A
61 \ V\.-_-i’-"—l k
° "-mgy)
o\._._._./.&—o-ﬁ—-o._.\.\ ~x

i

600 900
N, (kN)

0 300

—u— RSCS-4-C30
—e— RSCS-5-C50
—a— RSCS-6-C60

1200

1500

K, (10°kN)

()

12
9 °
N
2yl A
- i v LY S
6 - ® S ‘._‘. k‘A\
1‘}"\.“A‘A
34 \\ .....‘o \A
)
" o
1 o
L ]
0 T T T T
0 300 600 900 1200
N, (kN)
—m— RSCS-7-C30
—eo— RSCS-8-C50
—a— RSCS-9-C60
(B)

FiGgure 9: Continued.

1500



Advances in Civil Engineering

12
N
9 4 L\-
" A \--
—~ AA
E \ /A\AA.A}—.’II\..
s o 4 A, ~y
S o] AR
Mv oo‘-\..._. \
s
A W
3 NN
a e
\ o m
b.
0 T T T T
0 300 600 900 1200 1500
N, (kN)
—®= RSCS-1-L/D3.57
—®— RSCS-4-L/D7.14
—4— RSCS-7-L/D10.71
(A)
12

11
12
\
9 Py
= /A/ \‘ \./'\
E A l/‘\‘\}-_
) [ ] A\
= 6 1 \ “ b‘-
Z —~A\
ol .'\o 0%-0%-00 o B4
“0-0-®~ LN AA\
34 %,
o\&\
°
Nt
0 T T T T
0 300 600 900 1200 1500
N, (kN)

—u— RSCS-2-L/D3.57
—e— RSCS-5-L/D7.14
—a— RSCS-8-L/D10.71

(B)

K, (10°kN)

0 300

—u— RSCS-3-L/D3.57
—e— RSCS-6-L/D7.14
—a— RSCS-9-L/D10.71

(b)

600

900 1200 1500

o (kN)

©

F1GURre 9: Effects of the studied parameters on the stiffness. (a) RSCC strength grade. (A) Specimens with L/D 7.14. (B) Specimens with L/D
10.17. (b) Slenderness ratio. (A) Specimens of C30 concrete. (B) Specimens of C50 concrete. (C) Specimens of C60 concrete.

4. A New Model for Predicting the Ultimate
Bearing Capacity
4.1. Basic Assumptions. Assumptions were made as follows

for the purpose of simplifying the analysis of the RSCCFCST
long columns subjected to axial compression:

(1) The RSCCFCST long columns were the ideal straight
rods with two hinged ends
(2) The load was ideal axial without any eccentricity

(3) The deflection curve of the specimens was assumed
to be a sinusoidal curve in the critical state

4.2. A New Model for Predicting the Ultimate Bearing
Capacity. Based on He’s [31] analytical model in terms of

the combined tangent modulus theory, the calculation
model for estimating the ultimate bearing capacity of
RSCCFCST long columns subjected to axial load using
the modified Euler formula is shown in equation (1). The
confining effect of the steel tube on the RAC was con-
sidered, and the strength enhancement coefficient of RAC
was introduced.

2
= 0
L
where N, is the Euler critical force, E, stands for the
combined tangent modulus, I denotes the moment of the
inertia of the long column, and L represents the length of the
column. The value of E, and I can be obtained from the
following equations:
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where D designates the diameter of the long column, E
denotes the elastic modulus of the long columns, o, stands
for critical stress of the specimen, A, and B, designate the
factors acquired by regression analysis, respectively, f,
represents the combined limit of the proportionality of the
axially loaded specimen, and f, is the combined yield
strength of the specimen. The strength enhancement coef-
ficient of RAC y was introduced here to modify f, con-
sidering the influence of the confining effect of steel tube on
RAC. E, 0y, A, By, f, f» and p are determined as follows:
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where ¢, stands for the combined proportional limit strain
of the RSCCFCST long column, A, represents the cross-
sectional area of the specimen, E' denotes the strain-
hardening modulus of RAC, C, and D, stand for the factors
acquired by regression analysis, respectively, 6 is the con-
fining effect coeflicient, f,, designates the yield strength of
steel tube, and f_, denotes the uniaxial compressive strength
of RACand f_, = 0.67f,. f, and f are the cube and axial
compressive strength of RAC, respectively.

(10)

0.67f,
g, = — (11)
P E5
, 5000« + 550, 62>0.96,
= (12)
4000 - 150, 0<0.96,
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where E, stands for Yong’s modulus of the steel tube and « is
the steel ratio and a = (A,/A.). A, and A, designate the
cross-sectional areas of RAC and steel tube, respectively.

When equations (2)-(15) were considered, (1) was
changed into (16) as follows:

_ AlfyAsc _ L?(fy - fp)Agcfp'

(16)
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4.3. Simplified Formula for Predicting the Ultimate Bearing
Capacity. The experimental results and discussion showed
that the ultimate bearing capacity of the specimens reduced
gradually as the slenderness ratio rose. Comparing the long
columns to short columns, it can be found that the ultimate
bearing capacity of the long columns can be simplified to
estimate based on the ultimate bearing capacity of the short
columns by introducing a stability coeflicient named ¢,.
Regression analysis was conducted on mass data from this
experiment and the others [22, 32-36] to obtain the rela-
tionship between ¢, and L/D as shown in Figure 10 and
equation (20).

N{=¢,N, (17)
Af
6= (19)
Acfei)
L\? L
0, = —0.0013(—) + 0.0029(—) +0.992, (20)
D D
fey =1 =0.097p) f o> (21)

where N| and N designate the ultimate bearing capacity of
the long columns and short columns, respectively, 0 rep-
resents the confining effect coefficient considering the effect
of RA, y stands for the replacement ratio of RA, and f(,
denotes the axial compressive strength of the RA prism.

4.4. Evaluation of the Accuracy for Different Models. To
estimate the accuracy of different models, the experi-
mental results in this paper were analyzed. Different
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FiGure 10: Relationship between ¢, and L/D.

TaBLE 4: Comparison between the theoretically predicted values and experimental results.

Specimen number RSCS-4  RSCS-5 RSCS-6  RSCS-7  RSCS-8 RSCS-9  Average value  Mean variance

Test data N, (kN) 1122 1246 1272 1095 1200 1229 -
Formula N, (kN) 954 1247 1368 928 1214 1332 -

v N,/N, 0.850 1.001 1.075 0.848 1.012 1.083 0.978 0.096
Simplified model N' (kN) 1030 1246 1334 952 1151 1232 -

p N'/N, 0.918 1.000 1.049 0.869 0.959 1.002 0.966 0.059
Nggp (kN) 911 1185 1292 832 1083 1179 -

GB50936-2014 Ney/N, 0812 0951 1016 0760 0902  0.960 0.900 0.088
N sc (KN) 522 624 692 516 616 683 -

AISC360-16-2016 N uisc/N, 0.465 0.501 0.544 0.471 0.513 0.556 0.508 0.037
Ny (kN) 808 1095 1215 774 1052 1166 -

AIJ-SRC-2001 N,y/N, 0.721 0.879 0.955 0.707 0.877 0.949 0.848 0.100
EC4.2004 Npc (kN) 626 784 850 577 734 798 -

Ngc/N, 0.558 0.629 0.669 0.527 0.612 0.650 0.607 0.050

specifications for designing the CFST columns, such as
Chinese code GB50936-2014 [37], American standard
AISC360-16-2016 [38], Japanese code AIJ-SRC-2001
[39], and European standard EC4-2004 [40], were also
compared as depicted in Table 4. It can be found that the
average ratios of the predicted values by AISC360-16-
2016 and EC4-2004 to the test data were 0.508 and 0.607,
and the standard deviations were 0.037 and 0.050, re-
spectively, which indicated that American and European
standards were conservative on estimating the ultimate
bearing capacity. Chinese code and Japanese code were
comparatively accurate. The average ratios of the pre-
dicted values by GB50936-2014 and AIJ-SRC-2001 to the
test data were 0.900 and 0.848, and the standard devia-
tions were 0.088 and 0.100, respectively. However, the
discrepancy between the presented model as equation
(16) and experimental results was merely 2.2%, while the
simplified model as equation (17) made 3.4% discrepancy
to the experimental data, and the standard deviations
were 0.096 and 0.059, respectively. Correspondingly, the

proposed models in this study were superior for evalu-
ating the ultimate bearing capacity than the other existing
specifications mentioned.

5. Conclusions

A sequence of experiments on the static behaviors of the
RSCCFCST columns under axial compression was carried
out, and the conclusions were summarized as follows:

(1) The drum-like bending in the middle of the speci-
mens dominated the failure of RSCCFCST short
columns. In contrast, the lateral deflection domi-
nated the buckling failure of the RSCCFST long
columns subjected to axial load, just as normal CEST
long columns.

(2) The ultimate bearing capacity of the RSCCFCST long
columns increased gradually as the RSCC strength
grade increased but decreased as the slenderness
ratio rose.
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(3) Asthe RSCC strength grade increased or slenderness
ratio reduced, the stiffness, ultimate circumferential
strain, and longitudinal strain of the columns were
aggrandized gradually.

(4) Based on the combined tangent modulus theory, an
estimation model was proposed to predict the ulti-
mate bearing capacity of the RSCCFCST long col-
umns, whereafter, by introducing a stability
coefficient, a simplified model was suggested
according to the ultimate bearing capacity of the
RSCCFCST short columns.

(5) Comparisons of the ultimate bearing capacity of the
RSCCEFCST long columns under axial compression
estimated by various specifications and the proposed
models in this study indicated that American and
European standards were a little conservative and
Chinese code and Japanese code were comparatively
accurate, while the proposed models in this study
were the most accurate.
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