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The critical influencing factors of the interface bonding properties of concrete-filled steel tubes (CFSTs) under fire and postfire
conditions are analyzed. This paper analyzes and summarizes the existing research related to the bonding performance of CFST
interfaces under fire and postfire conditions at home and abroad, which includes the bonding mechanism of CFST structures, the
bonding strength of CFSTs during and after fire exposure, and the main factors influencing bond strength. The analysis results
indicate that the temperature has noticeable influences on the bond strength of a CFST during and after fire exposure. The bond
strengths of the specimens are reduced more severely under high-temperature conditions than after high-temperature cooling.
Shear connectors can significantly improve the bonding performance of CFSTs and effectively reduce the relative slip between steel
tubes and concrete. The paper concludes with an analysis of the deficiencies in bond-slip research on the bonding properties of the
CFST interface during and after fire exposure and future research directions. First, we can study the use of new technologies and
materials to solve the problem of bonding and slipping of CFSTs during and after fire exposure. Second, we can perform extensive
experimental research and theoretical simulation analysis to enrich the research in this field, which can provide a reference for

engineering practice.

1. Introduction

In the last few decades, concrete-filled steel tube (CFST)
elements have been widely utilized in civil structural ap-
plications, particularly in high-rise buildings and bridges,
and this demand is due to their significant advantages, in-
cluding favorable strength, good ductility, excellent seismic
performance, and high fire resistance [1]. Their superior
performance depends on the cooperation of steel tubes and
concrete, but their interaction mechanism is complex. In the
load transfer process, steel tubes and concrete coordinate
deformation and joint forces, and the interface bonding
force, especially the shear bonding force, plays an extremely
important role. Fire degrades the material properties of steel
tubes and concrete after heating because the difference in the
lateral dilations of steel tubes and concrete can deteriorate
their interface properties, resulting in the loss of the bond

strength at the steel and concrete interface and great re-
duction in the bearing capacity and stability of structural
members. As a result, the steel-concrete composite bond
must be good enough to act together as one element, es-
pecially during the early elastic stage.

At present, extensive research has been carried out by
different researchers on the performance of CEST members
under fire and postfire conditions. Earlier, Han [2] explored
the behaviors of CFST axial compression members under
high constant temperature. They observed that there are
interactions between steel tubes and the core concrete of
CFST members during fire exposure, and this characteristic
should be considered for research on the behaviors of CFST
members subjected to fire exposure. In recent years, Huo
et al. [3, 4] conducted experimental studies on the impact
behavior of CFSTs at elevated temperatures. Jiang et al. [5]
conducted experimental studies on fire-exposed rectangular


mailto:1095928061@qq.com
https://orcid.org/0000-0003-4970-4327
https://orcid.org/0000-0001-8300-0257
https://orcid.org/0000-0003-2926-7641
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/9969966

CFST columns subjected to biaxial force and bending. Li
et al. [6] studied the mechanical behavior of recycled ag-
gregate CFST stub columns after exposure to elevated
temperatures. Wang et al. [7] explored the axial compression
performance of thin-walled T-shaped CFST columns at
constant high temperature. A parametric study was con-
ducted, showing that the temperature, thickness of the steel
tube, yvield strength of the steel tube, and compressive
strength of concrete are the key factors contributing to the
axial compressive performance of CFST stub columns.
Karimi and Nematzadeh [8] investigated the axial com-
pressive performance of steel tube columns filled with steel
fiber-reinforced high-strength concrete containing tire ag-
gregate after exposure to high temperatures. Based on the
above study, CFST columns after exposure to fire retain high
load-bearing capacity, stiftness, ductility, and energy ab-
sorption capacity, and the magnitude of the effect of high
temperature on the mechanical properties of the members is
directly related to the bond strength of steel tubes and
concrete [9].

Previous studies have shown that the material properties
of steel and concrete (such as strength and elastic modulus)
are degraded to varying degrees after exposure to high
temperatures. At high temperatures, the expansion of cement
colloids and aggregates is inconsistent, leading to the oc-
currence of microcracks in concrete. The moisture in concrete
migrates and evaporates with increasing temperature, which
makes the chemical bonding force of cement colloids dis-
appear [10]. The deterioration of the properties of CFESTs
under fire and postfire conditions and their bonding per-
formance has been a concern in engineering practice and for
researchers. A large number of studies on the bonding per-
formance of CFSTs have been conducted by domestic and
foreign researchers. This paper reviews and discusses research
related to the bonding performance of CFSTs under fire and
postfire conditions, provides an outlook on the research to be
carried out in the future, and makes some suggestions.

2. Bond Mechanism of CFSTs

The combination of steel tubes and concrete, materials with
two different properties, exploits both the high load-bearing
capacity of concrete and the high tensile and compressive
strength and good elasticity of steel, thus enhancing the
mechanical properties of steel tubes and concrete to a large
extent. Under external loading, the two materials are jointly
stressed, and the steel tube restrains the internal concrete,
which puts the concrete in a multidirectional stress state and
improves the strength and toughness of the concrete [11, 12],
while the support provided to the core concrete by the steel
tube endows the steel tube with enhanced load-bearing
capacity and delays the local yielding of the steel tube; thus,
the two materials with different properties work in concert
to greatly improve their load-bearing capacity and strength
[13]. CFSTs can be divided into circular CFSTs, square
CFSTs, and polygonal CFSTs according to different section
forms, as shown in Figure 1. Different cross-section forms
are used under different conditions to maximize the me-
chanical properties and economic benefits.
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Similar to the bonding mechanism between the rein-
forcement and concrete in reinforced concrete, the interface
adhesion between the steel tube and concrete also includes
three parts: the chemical adhesion force of the cement gel
and concrete surface, the mechanical joint force between the
steel and concrete interface, and the frictional force at the
steel and concrete interface. The working mechanism of the
CFST structure is shown in Figure 2.

3. Interfacial Bonding Performance of a CFST at
Room Temperature

At present, the influencing factors and mechanism of bond
slip at room temperature have been studied in depth and
have achieved certain results. These results lay a foundation
for the study of the bond properties of steel tube and
concrete interfaces under fire and postfire conditions. The
main factors affecting the bond strength of CFSTs are
summarized as follows.

3.1. Concrete Strength. The results obtained by different
researchers are controversial. Shakir-Khalil [14] depicted
that the effect of concrete strength on the bond strength of
concrete-filled steel tubular interfaces has no regularity. The
bond strength increased as the concrete strength increased
[15-23]. Zhang [24] displayed that the interfacial bond
strength decreases to a certain extent with increasing con-
crete strength. Zhang [25] also indicated that the bond
strength is nearly independent of concrete strength in
stainless steel circular steel tube-reinforced concrete speci-
mens and decreases with increasing concrete strength in
square stainless steel tube-reinforced concrete specimens.
Some studies [26-28] have shown that the average bond
strength of the interface has no apparent relationship with
the concrete strength.

3.2. Diameter-to-Thickness Ratio (D/T) or Width-to-Thickness
Ratio (B/T) of the Steel Tube. The wall thickness of the steel
tube will affect its ability to bind the core concrete, thus
affecting the interfacial bond strength between the steel tube
and concrete. Some studies [17, 21, 24, 25, 27-31] have
shown that bond strength decreases with increasing diam-
eter-to-thickness ratio or width-to-thickness ratio of steel
tubes.

3.3. Length-to-Diameter Ratio (L/D) or Length-to- Width Ratio
(L/B) of the Steel Tube. Research results have not been
uniform. Some studies [9, 21, 28] have indicated that the
bond strength increases with the slenderness ratio, whereas
other studies [14, 31-33] have shown that the slenderness
ratio of steel tubes has no obvious effect on the bond
strength. Some studies [17, 34, 35] have shown that the bond
strength of specimens decreases with an increasing slen-
derness ratio. Ren [36] showed that when the specimen
width is smaller, the bond strength decreases first and then
slightly increases with the increase in the slenderness ratio of
the steel tube. However, when the width and thickness are
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Ficure 1: Cross-sectional profile of the CFST. (a) Circular. (b)
Square. (c) Polygonal.
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FIGURE 2: Schematic diagram of the working mechanism of CFST
structures.

relatively large (D/t=50), the bond strength is basically
unchanged by the slenderness ratio.

3.4. CFST Shear Connector. In engineering, when the
bonding strength is insufficient, shear connectors are usually
set to enhance the ability of the steel tube to bind concrete.
Tao et al. [37] showed that the most significant factor im-
proving the interface shear bonding strength is provided by
welding shear studs, followed by welding shear rings. Some
studies [14, 18, 30, 38-41] have shown that CFST columns
with reinforcing rings or stiffeners have significantly im-
proved the interfacial bond strength. Guo and Tong [42]
studied the influence of diaphragms on square and rect-
angular CFST specimens and found that diaphragms prevent
the relative slip of the interface. Compared with studs, di-
aphragms were rigid shear members and did not cause stress
concentrations. It was suggested that diaphragms should be
installed in beam-column joints. Xu et al. [43] added welded
longitudinal ribs to the inner wall of a steel tube to sub-
stantially improve the bond strength, which is proportional
to the rib length. Increasing the number of studs can increase
the bond strength, but the position of the studs has little
effect. Qian et al. [44] performed a push test on 10 CFST
composite columns and compared the welded reinforcement
ring, stud, and unwelded shear connector on the outer wall
of the steel tube. The results showed that an increase in the
diameter of the reinforcement ring or the number of studs
and an increase in the diameter of the studs would improve
the interfacial bond strength, and the reinforcement rings
were more effective in improving the bond strength. Dong

et al. [45, 46] used different types of connectors, built-in
bolts, built-in circular ribs, embedded ribs, embedded steel
cages, and various combinations of the above. The results
showed that the bonding strength can be substantially
improved.

3.5. Concrete Type. Experimental studies on the bonding
behavior of self-compacting concrete-filled rectangular steel
tubular members have been performed, and the results show
that self-compacting concrete can improve the bond
strength between the steel tube and core concrete [17]. The
test shows that the bond strength of the raw material form of
limestone is greater than that of pebbles, and there is a clear
cutoft point for the effect of stone powder content on the
interfacial bond strength, which increases first and then
decreases with increasing stone powder content [24]. The
effect of using microexpansive concrete to improve the
interfacial bond strength is obvious [37, 47]. The results
show that the effect of the aggregate substitution rate on the
ultimate bond strength is large, the ultimate bond strength
increases first and then decreases with increasing substitu-
tion rate, and the optimal substitution rate of recycled ag-
gregates is predicted to be approximately 40% [45, 48-50].
Research on the interface adhesion properties between self-
compacting desulfurized slag and concrete-filled steel tubes
has shown that the limiting bond strength increases with
increasing desulfurization slag content [51]. Experimental
research on the bond-slip behavior of red mud concrete-
filled square steel tubes showed that the bond strength first
increases and then decreases with the increase in the red
mud substitution rate [52]. Increasing the steel fiber content
is an effective measure to improve the bond strength of the
CFST interface [53, 54].

In addition to the above influencing factors, researchers
have also found that the internal surface condition of the
steel tube, cross-sectional shape, and mineral additives are
the main factors affecting the interfacial bond performance
of CFSTs. Xu and Chen et al. [37, 43, 55] indicated that the
rougher the inner surface of the steel tube is, the higher the
bond strength between the steel tube and concrete is. Chen
et al. [56] proposed a new type of concrete-filled checkered
steel tube structure prepared by applying a checkered pat-
tern to the inside wall of a steel tube to increase the natural
bond strength of the steel tube and concrete. Morishita et al.
[57-59] performed a push-off test on CEST columns, and the
results showed that when the section shape changed from a
circle to an octagon and then to a square, the bond strength
decreased in turn. Radhika and Baskar [9] showed that
mineral additives can improve the ductility and ultimate
load capacity of components, but mineral addition of more
than 20% will reduce the strength. Huang et al. [60] con-
ducted repeated launch tests on self-compacting concrete
columns with round steel tubes, and the results showed that
an appropriate amount of expansive agent could increase the
interfacial bond strength. Chen et al. [61] showed that the
bond strength of steel tube-reinforced microexpansion
concrete is 1.36-1.38 times that of ordinary concrete-filled
steel tubes, and both the expansive agent and water-cement



ratio have an important influence on the expansive be-
haviors of the concrete core. Analysis shows that the amount
of mineral added should be moderate, as too much will
reduce the bond strength. The factors influencing bond
strength at room temperature have been studied in depth,
and specific relevant research results can be found in the
literature [27, 37, 62, 63].

4. Bonding Performance of the CFST
Interface after Fire

Domestic and foreign scholars have conducted a series of
studies on the interfacial bond performance of CFST col-
umns after exposure to fire. Research parameters such as
temperature, length-diameter ratio, and concrete strength
have all been discussed. Compared with research performed
at room temperature, research performed on CESTs after fire
exposure is scarce, and further research is needed to derive
more laws of influencing factors to provide a reference for
engineering design. The effects of some parameters on the
bond strength of CESTs after exposure to fire are summa-
rized as follows.

4.1. Temperature. Temperature has a noticeable influence on
the bond strength of a CFST after fire exposure. Tao et al.
[64] considered several parameters and performed push-out
tests on CFST column specimens. The heating curve control
is the standard heating curve of a building fire specified in
the International Committee for Standardization Standard
ISO-834, and its expression is T, = T'yy + 3451g (8¢ + 1), in
which T is taken at room temperature of 20°C and ¢ is the
heating time. The results show that the interface bond
strength decreases after fire exposure, but the interface bond
strength of the specimens after fire exposure for 180 min is
higher than that of the specimens after fire exposure for
90 min. Zhang [65] performed the push test on self-com-
pacting CFSTs at 20-600°C. The test results showed that the
bond strength first decreased and then increased with in-
creasing temperature. Wu [66] pointed out that the bond
strength decreases more after 3 hours of heating, resulting in
a decrease that is 61.2% of that at room temperature. Xiang et
al. [67] showed that the bond strength between the steel tube
and concrete decreases obviously when the temperature rises
to 200~400°C, and when the temperature rises to 400°C, the
bond strengths of the specimens with circular and square
cross sections are 16% and 14% of those at a normal tem-
perature, respectively. Fawzy et al. [68] conducted tests at
four temperatures (T'=25°C, 70°C, 200°C, and 400°C) and
showed that the bond strength decreased with increasing
temperature. Liu [69] showed that the interfacial bond
strength of a CFST is greatly improved after fire exposure,
and the bond strength of most of these specimens is higher
than that of specimens exposed to normal temperatures.
Chen et al. [70] designed 22 specimens for push-out tests to
study the bonding performance of a high-strength concrete-
filled steel tube interface after high-temperature water spray
cooling. The results showed that the bond strength of the
specimens after high-temperature water spray cooling was
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higher than that at room temperature. When the temper-
ature is less than 600°C, the bond strength increases with
increasing temperature, and the bond strength decreases
when the temperature is more than 600°C.

A summary of the parameters used to study the bond
performance of concrete-filled steel tubes after high-tem-
perature treatment is shown in Table 1. Figure 3 shows the
bond strength of each specimen after high-temperature
exposure relative to that at normal temperature. The analysis
results show that the bond strength of the specimens after
high-temperature treatment is lower [64-68] or higher
[69, 70] than that at room temperature. The results are
inconsistent for the following reasons: (1) Interface adhesion
between the steel tube and concrete mainly includes three
parts: chemical adhesion force, mechanical joint force, and
frictional force. A series of physicochemical reactions occur
in concrete at high temperatures, resulting in the degra-
dation of its properties, which can reduce the chemical
adhesion force between the concrete interface and the steel
tube. (2) Because of the “thermal expansion and cold
contraction” effect of different materials, there are differ-
ences, especially in concrete materials at elevated temper-
atures, where irreversible microfractures are produced.
Irreversible microfractures cause the concrete to shrink less
during the cooling process than the steel tube, which in turn
prevents the steel tube from shrinking, resulting in the
interface forming a pair of compressive forces produced by
the residual deformation difference after cooling. (3) At a
certain temperature range, the higher the experienced
temperature is, the greater the shrinkage difference between
the two materials after cooling and the greater the mutual
shrinkage squeezing pressure, thus effectively improving the
mechanical joint force and frictional force between the two
materials and gradually increasing the ultimate bond
strength. With increasing temperature, the maximum
temperature is high, which results in a greater loss in
strength and an increased brittleness of the concrete. The
concrete will be more easily broken after exposure to higher
temperatures. Once the steel tube and concrete undergo
relative sliding, a fine particle layer composed of concrete
debris will form, forming a rolling friction layer and re-
ducing the friction resistance between the interfaces, thus
gradually decreasing the bond strength. (4) The results are
also inconsistent because of the inevitable error in the test
results and the different test conditions.

4.2. Compressive Strength of the Concrete. The strength of
concrete has an obvious effect on the bond strength of a
CFEST after fire exposure. Tao et al. [64] showed that the bond
strength of concrete-filled round steel tubes decreases with
increasing concrete strength after exposure to fire, and the
decrease is more obvious with increasing fire exposure time.
The bond strength of a concrete-filled square steel tube
increases with increasing concrete strength. Some studies
[70, 71] showed that the bond strength of concrete-filled
square steel tubes increases with increasing concrete
strength. With increasing concrete strength, there is no
obvious change in bond strength [72, 73].
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TaBLE 1: Parameters of the study of the bond behavior of a CEST after fire exposure.

. Heating . (/D) (D) 1 .
Literature time (min) Temperature (“C) or or (Mcga) Cooling system Notes
(L/B)  (B/t)
0 20
90 1005 3 353 52.3
Tao et al. 180 1109 Natural cooling in
[64] 0 20 a furnace i ISO834 standard fire
90 1005 3 40 52.3
180 1109
20, 200, 300, 400, Natural cooling in  Muflle furnace heating (heating rate of
Zhang [65] and 600 3.33 31.8 60 a furnace ¢ 4°C/mi§1)( i
Wu [66] lgO 1%80 4.17 15 422 Natural cooling Electric heating
Xiang et al. 20, 200, 300, 400, Natural cooling in  Electric heating (heating rate of 10°C/
500, 600, 700, and 3 45 45.1 . .
[67] 300 a furnace min) constant temperature of 420 min
Xiang et al. 52 (? 6 260(?(; 3708)(’) 400, Natural cooling in  Electric heating (heating rate of 10°C/
5 s , and 3 47.5 45.1 . .
[67] 300 a furnace min) constant temperature of 420 min
fgg‘]’ zy etal. 25,70,200,and 400 3.5 286  33.85 Natural cooling Electric heating
300 824?1 Reduce the
Liu [69] 60 945 2.5 36.5 50 tempfratufe by 1SO834 standard fire
90 1005 10°C/min
A resistance furnace was heated at a
Chen et al. 20, 200, 400, 600, 287 60 Water spray steady rate and then cooled with water
[70] and 800 ’ cooling spray after maintaining a constant
temperature for 60 min
exposed to fire for 180 min increases with an increasing
2.5 length-to-width ratio, while that of concrete-filled round
_ steel tubes decreases with an increasing length-to-diameter
§ 2.0 4 ratio. Liu [69] showed that the bond strength of concrete-
Z filled round steel tubes decreases with an increasing length-
§° 15 to-diameter ratio. Zou et al. [71] showed that the interfacial
g bond strength of concrete-filled square steel tubular speci-
—§ Lo mens increases with an increasing length-to-width ratio. The
2 analysis of the above experimental results shows that the
z bond strength decreases with an increasing length-to-di-
;ﬁ 05 1 ameter ratio of a concrete-filled circular steel tube and in-
creases with an increasing length-to-width ratio of a
0.0 4 concrete-filled square steel tube.
T T T T T T T

0 200 400 600

Temperatures (°C)

800 1000 1200

—- Taoetal. [64]C
-@- Taoetal.[64]S
—A— Zhang et al.[65]
-“¥- Wuetal.[66]
-9 Xiangetal.[67]S

-4 Xiangetal.[67]C
—p— Fawzy et al.[68]
-@- Liuetal.[69]
—k— Chen etal.[70]

FIGURE 3: Relative bond strength of each test piece. Note. C stands
for circular CFST specimens. S stands for square CFST specimens.

4.3. Length-to-Diameter Ratio or Length-to-Width Ratio of a
Steel Tube. Tao et al. [64] showed that the interface bond
strength of concrete-filled square steel tube specimens

4.4. Other Influencing Factors. (1) Concrete type: Tao et al.
[64] showed that the interfacial bond strength of self-
compacting CFST columns containing fly ash is lower than
that of ordinary CFST columns after fire exposure. Zou et al.
[71] studied the bond performance of recycled coarse ag-
gregate concrete on steel tubes after high-temperature ex-
posure, and the results showed that the more the recycled
coarse aggregate that was added, the greater the bond
strength would be. (2) Cross-section shape: circular columns
generally had much higher bond strength than square
columns [64, 68, 69], which is basically consistent with the
observation made at room temperature [37, 57-59]. (3)
Cooling method: Chen et al. [70] showed that the ultimate
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TaBLE 2: Parameters of the study of the bond behavior of a CFST during fire exposure.
Literature Serial number  Incubation time (h)  Constant temperature (‘\C)  L/D D/t feu 7, (MPa)
CNR-a 25 1.35
CNF70 70 1.17
CNF200 200 33.85 1.08
CNF400 400 0.937
CR4R-a 25 1.185
CR4F70 70 1.125
Fawzy et al. [68] CRAF200 200 35 28.6 33 0.975
CR4F400 400 1.04
CR8R-a 25 1.185
CR8F70 70 319 1.17
CR8F200 200 ’ 1.035
CR8F400 400 1.05
C8A20 0 20 2.36
C8A100 9 100 2.21
C8A300 8 300 0.13
Chen et al. [74] C8A500 9 500 2.74  27.38 50 0.38
C8A700 8 700 0.62
C8A900 7 900 0.37
LCFT0-20 20 22 1.967
. . LCFT0-200 200 20.9 1.548
Amirreza and Mahdi [75] LCET0-400 400 3.39 44.3 187 0137
LCFT0-600 600 13.3 0.055

bond strength of specimens cooled by water spray was lower
than that of specimens cooled naturally. (4) Cross-sectional
dimension: Tao et al. [64] demonstrated that the bond
strength decreased significantly when D (diameter of a
round steel tube) or B (width of a square steel tube) in-
creased. This is basically consistent with the observations
made by Roeder et al. [27] and Liu [69].

5. Bonding Performance of the CFST
Interface during Fire Exposure

Domestic and foreign scholars have conducted a small
number of studies on the interfacial bond performance of
CFST columns during fire exposure. Research parameters
such as temperature, length-diameter ratio, and diameter-
thickness ratio have all been discussed. The effects of some
parameters on the bond strength of CFSTs during fire ex-
posure are summarized as follows.

5.1. Temperature. Chen et al. [74] showed that, at
20°C~900°C, temperature has a significant influence on the
average bond strength of concrete with round steel tubes,
and the average bond strength first decreases and then in-
creases and decreases with increasing temperature. As the
expansion deformation of the steel tube is obviously greater
than that of concrete at the beginning of the temperature
increase and the concrete undergoes water vapor volatili-
zation at high temperature, the chemical bonding force
between the steel tube and concrete decreases, leading to a
reduction in the average bond strength. However, with the
increase in temperature to a certain point, the unrecoverable
expansion deformation of concrete also increases and is near

the expansion deformation of steel, which increases the
extrusion pressure at the concrete and steel interface. Thus,
the bonding force between the steel tube and concrete in-
creases, and the average bond strength increases. When the
temperature increases again, although the expansion de-
formations of the steel tube and concrete continue to in-
crease and become closer to each other, the chemical
bonding force between the steel tube and concrete basically
disappears, and the strength and elastic modulus of the steel
and concrete decrease significantly, leading to the decline in
the average bonding strength. Amirreza and Mahdi [75]
studied the bond behavior of lightweight concrete-filled steel
tubes containing rock wool waste after exposure to high
temperatures. It can be seen that the bond stress-slip be-
havior of the lightweight concrete-filled steel tube specimens
after thermal loading at 400 and 600°C considerably dete-
riorated relative to that of the corresponding specimens
exposed to the room temperature and 200°C. This deteri-
oration was accompanied by a significant reduction in the
contribution of chemical adhesion and microlocking com-
ponents. After 200°C, the bond strengths of the lightweight
concrete-filled steel tube specimens containing different
contents of rock wool declined by up to 21% relative to those
of the corresponding specimens at the room temperature,
while after 400 and 600°C, the reduction values were on
average 93 and 97%, respectively (independent from the rock
wool content). The analysis of the above experimental results
shows that the temperature has a great influence on the bond
strength of CFST during fire exposure. However, the law of
influence is not clear.

The inductive test data are shown in Table 2. A com-
parison with the effect of temperature on the relative bond
strength after fire exposure is shown in Figure 4. The analysis
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FIGURE 4: Comparison of relative bond strengths at high tem-
perature and after exposure to high temperature. Note. C stands for
circular CFST specimens. S stands for square CFST specimens.

results of the figure show that the bond strength of the
specimens decreases more severely at high temperature than
after high-temperature cooling, which is consistent with the
experimental conclusion in the literature [68], as shown in
Figure 5. Two main reasons can explain this. During cooling,
microcracks form, potentially leading to radial expansion of
concrete, which in turn increases the contact pressure be-
tween the concrete core and steel tube and increases friction
resistance. On the other hand, after cooling, the concrete
recovers part of its lost strength, and the residual expansion
of concrete increases the bonding force between the concrete
core and steel tube. Moreover, concrete may absorb some
moisture, which also affects the size of the sample and thus
increases the bonding strength.

5.2. Length-to-Diameter Ratio of Steel Tubes. Chen et al. [74]
showed that the average bond strength decreases with an
increasing length-to-diameter ratio of round steel tubes. This
result is consistent with the effect of the length-to-diameter
ratio on the bond strength of CFSTs after a high-temperature
test.

5.3. Diameter-to-Thickness Ratio of Steel Tubes. Chen et al.
[74] showed that the diameter-to-thickness ratio of steel
tubes has little effect on the average bond strength. Because
the hoop effect of steel tubes on concrete does not change
obviously with the change in the diameter-to-thickness ratio
in this test, it has little influence on the average bond
strength.

6. Discussion

At present, experimental research on the bond performance
of CFSTs is carried out in a press. The following methods are
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Ficure 5: Effect of temperature on the relative bond strength
(Fawzy et al. [68]). Note. The dashed and solid lines denote bond
strengths during and after high-temperature exposure, respectively.

used to measure the change law of the interface bond-slip
data of CFST specimens during and after fire exposure. (1)
The longitudinal and transverse deformation of CFST
specimens after fire exposure was measured by pasting strain
gauges and installing displacement gauges. (2) A high-
temperature resistant material was introduced at the free end
of the specimen to indirectly measure the relative slip of the
steel tube and concrete during fire exposure. However, due
to the difference between the expansion coefficients of the
steel tube and concrete during fire exposure, the interface
slid slightly, and the lateral deformation of the CFST could
not be measured in the whole test process. Therefore, it is
necessary to adopt new test technology and test equipment
to measure the stress and strain variation law of CFSTs
during fire exposure.

7. Conclusions and Perspectives

7.1. Conclusions. This paper analyzes and summarizes the
existing research related to the bonding performance of
CFST interfaces under fire and postfire conditions at home
and abroad, which includes the bonding strength of CFSTs
during and after fire exposure and the main factors influ-
encing bond strength. The following conclusions can be
drawn:

(1) The concrete strength, cross-sectional shape, diam-
eter-to-thickness ratio, and length-to-diameter ratio
of steel tubes are the main factors affecting the in-
terface bonding performance of CFSTs at room
temperature. The influence laws of the cross-sec-
tional shape, diameter-to-thickness ratio of the steel
tube, inner surface roughness of the steel tube, and
mineral additives on the bond strength are clear, but
the influence laws of the concrete strength and
length-to-diameter ratio on the bond strength are



controversial. The type of concrete also has a certain
influence on the bond strength of CFSTs, but re-
search on this topic is scarce due to the various types
of concrete materials.

(2) Temperature, concrete strength, specimen cross-
section type, and so on are the main factors affecting
the bond performance of CFSTs after fire exposure.
As the length-to-diameter ratio and section size D or
B increase, the bond strength of the concrete-filled
circular steel tube decreases. However, with the in-
crease in the length-to-width ratio, the bond strength
of the concrete-filled square steel tube increases.
However, the effects of temperature and concrete
strength on the bond strength of CFSTs are discrete,
and the influence law is not clear.

(3) The diameter-to-thickness ratio of specimens has little
influence on the bond strength of CFSTs during fire
exposure, while the temperature and length-to-diam-
eter ratio have a great influence on the bond strength of
CFST during fire exposure. However, due to the lack of
research results, the law of influence is not clear.

(4) Shear connectors can significantly improve the
bonding performance of CESTs and effectively re-
duce the relative slip between steel tubes and con-
crete. Note that a new type of concrete-filled
checkered steel tube structure with a raised pattern
on the inner wall of the steel tube can significantly
improve the bond strength of the interface between
the steel tube and concrete.

7.2. Perspectives

(1) At present, although researchers have researched the
main factors influencing the interfacial bonding
performance of CFSTs during and after fire exposure,
because of its many influencing factors and complex
deformation mechanism, the results are discrete, and
it is necessary to further analyze and study the law of
the main factors influencing the bond properties of
CFSTs during and after fire exposure.

(2) The bond slip of the CFST interface is large during
and after fire exposure, which seriously affects its
later use. Therefore, new technologies and new
materials can be used to solve the problem of the
bond slip of CESTs during and after fire exposure.
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