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ABSTRACT

ARTICLE HISTORY

This paper studies the eccentric compression of short concrete-filled square steel tube column under corrosive pitting. The
random pitting is implemented in Python and the short concrete-filled square steel tube column is simulated by the finite
element software ABAQUS. The results show that pitting will affect the ultimate bearing capacity of the specimen. The
ultimate load of specimens with regular pitting is higher than that of specimens with random pitting. The pitting will
reduce the strength of the steel tube, leading to the decrease of the longitudinal stress of the steel tube. Pitting will cause
the early contact between steel tube and concrete, reducing the interaction between steel tube and concrete, and causing
the reduction of the bearing capacity of the specimen. For every 0.25 increase in eccentricity, the bearing capacity will
decrease by approximately 20%. As the strength of the concrete increases, the bearing capacity of the regular pitting
specimens is much higher than that of the random pitting specimens, approximately by about 5%. For every Imm increase
in the thickness of the steel tube, the bearing capacity can be enhanced by approximately 8%. Increasing the strength of
concrete, the strength of steel tube, and the thickness of steel tube, the bearing capacity of the regular pitting specimens is
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generally higher than that of the random pitting specimens.
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Finite element analysis

1. Introduction

Corrosive pitting is a common metal corrosion, as shown in Fig.1. The
metal loss caused by the pitting is very small, but it can cause a serious decline
in the performance and structural strength of the steel, or even the sudden

destruction of the structurel™. The occurrence of pitting corrosion in
concrete-filled steel tubular (CFST) structures results in the deterioration of
structural stiffness and bearing capacity, as well as a reduction in the service
life of the structures.**).

Fig. 1 Metal pitting corrosion

Many experts have studied the mechanical behavior of CFST structures
after corrosiont” %, Xiel'! et al. performed to examine how the acid rain
corrosive environment influences mechanical properties of concrete-filled
steel tubular (CFST) members. The results indicated that corrosion
significantly decreased the yield strength, elastic modulus, and tensile strain
capacity of steel plates, along with a notable decline in the ultimate strength of
CFST members. Hual' et al. conducted finite element analysis on
concrete-filled steel tubular (CFST) columns subjected to the combined
influence of sustained loading and corrosion. The study revealed that sustained
loading causes concrete stress hysteresis and alters the strength. Zhang!'¥l ez al.
investigated the effects of acid precipitation corrosion and freeze-thaw cycles
on the degradation of the axial properties of concrete-filled square and
thin-walled steel tube. The results showed that acid rain corrosion had more
serious effects on stiffness, ductility, confinement effects and ultimate bearing
capacity than freeze-thaw. Alil'Y e al. tested 11 long concrete-filled square
steel tube columns under uniaxial eccentric loading and examined the impacts
of concrete strength, slenderness ratio, and eccentricity on parameters like
buckling mode and ductility. The findings showed that the type of failure
behavior of the eccentric members with high slenderness ratio was overall
buckling, starting with yielding of the outer steel tube followed by cracking of
the concrete on that side; the ultimate strength of the eccentric members
decreased with increasing slenderness ratio and eccentricity. Huil™! et al.

performed uniaxial axial compression tests on 15 concrete-filled steel tube
columns with varying concrete strengths and corrosion levels to evaluate
corrosion's impact on their axial compressive properties. The study revealed
that corrosion diminished the characteristics of concrete-filled steel tubular
(CFST) members. However, increasing the steel tube's wall thickness can
sustain high ductility and stiffness, thereby counteracting corrosion's adverse
effects on the structure. Wang!'® et al. established a numerical model for
concrete-filled locally corroded steel tube to study the effects of corrosion
position, corrosion volume rate, and corrosion area rate on the bearing
capacity under eccentric loading. When the corrosion volume rate was
identical, the bearing capacity of the specimen with mid-span corrosion was
found to be lower than that of the specimen with end corrosion. Luol'”! et al.
introduced an artificially processed defect to simulate the localized corrosion
on the surface of steel tube, and tested 45 CFST long columns, medium-length
columns, and other columns with different slenderness ratios by different
corrosion locations, corrosion volume, corrosion area, and corrosion wall
thickness. The results indicated that all specimens' failure modes manifested as
overall compressive-bending failure accompanied by localized outward
buckling. As the corrosion volume loss increased, the load-bearing capacity,
stiffness, and ductility of CFST specimens with localized corrosion decreased
to different extents.
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In conclusion, the current research on corroded concrete-filled steel tube
mainly focuses on concrete filled circular steel tube. The research on
concrete-filled square steel tube is relatively scarce. However, in real life, the
usage rate of concrete-filled square steel tube is no less than that of circular
ones. Moreover, the research on concrete-filled steel tube affected by pitting
corrosion is even more scarce. In this paper, the regular and random pitting is
implemented in Python and the short square CFST column is simulated by the
finite element software ABAQUS. The load-deflection, stress distribution and
interaction between different specimens under regular and random pitting are
analyzed. The impacts of various parameters on mechanical properties under
regular and random pitting are taken into account.

2. Constitutive model of materials
2.1. Steel tube
Based on the data in Fig.2, The elastoplastic mechanical behavior of steel

tube has the same properties under tension and compression and the
stress-strain relationship is:
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Fig. 2 Steel's stress-strain relationship

2.2. Concrete

(a) A0-a
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The damage model is applied to the concrete, as illustrated in Fig.3, and
the stress-strain relationship is:
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Fig. 3 stress-strain curve of concrete

3. Trial-based validation of the finite element model

The computational simulation results are verified with the test data
according to the reference[18].

3.1. Failure pattern of specimen

The failure pattern of the specimen as depicted in the finite element
analysis is illustrated in Figure 4. A0-a denotes the uncorroded specimen,
whose failure mode is characterized by local bulging in the mid-section of the
steel tube and its crushing behavior of the concrete in the compression zone.
The failure pattern of specimen A3-020-A is marked by outward bulging of
the steel tube's compression area within the corrosion region, accompanied by
lateral bending deformation in the same area.The maximum deflection occurs
in junction of the corroded area and uncorroded area, and near the corrosion
side. And the steel tube at the junction shows different degrees of buckling.
The failure mode of A3-M20-a is the overall lateral bending in the middle
section, and the maximum deflection is similar to that of the uncorroded
specimen. It occurs in the middle area of the specimen, and the steel tube at
the junction of the corroded area on both sides shows different degrees of
bulging. The failure mode of A3-B20-a is lateral bending deformation at both
ends of the corrosion area, and these deformation are distributed at both ends
of the specimen in a symmetrical way. In the junction of the corroded area, the
steel tube shows different degrees of buckling, and the concrete within the
corrosion affected zone at the junction is crushed.

(b) A3-020-a
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(c) A3-M20-a
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(d) A3-B20-a

Fig. 4 Comparison of failure modes between test and finite element model

3.2. Load-deflection curve

Fig.5 presents the load-deflection curves obtained from tests and finite
element analysis. The difference of the ultimate bearing capacity of the
specimen is 8.4kN, 1.0kN and 10.6kN, and the deformation difference of the
middle section is 0.28mm, 1.09mm and Omm. The finite element simulation

agrees well with the test.

3.3. Load-longitudinal strain curve test

Fig.6 illustrates the load-longitudinal strain curves from both the test and
finite element analysis. A high degree of consistency is observed between the
test and finite element results for each specimen in the elastic and elastoplastic
stages, with an overall consistent trend, confirming the feasibility of the

modeling approach.
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Fig. 6 Load-strain curve comparison

4. Realization of the random distribution of pitting
4.1. Shape and distribution of pitting

Because ABAQUS can’t directly realize the random distribution of steel
tube pitting, the ‘RAND function’ with the help of ‘Python’ is used to realize
the secondary development of ABAQUS finite elements and complete the
random distribution of pitting, as shown in Fig.7. The pitting shape is defined
as the cylinder, as shown in Fig.8.

Fig. 7 Random distribution of pitting

Fig. 8 Pitting shape

4.2. Test model parameter setting

To facilitate the finite element calculation, the variation in corrosion
volume is achieved by adjusting the pitting depth. The corrosion volume DOV
and pitting number » are used as the parameters to establish a finite element
model of different pitting numbers. Corrosion volume DOV is defined as
follows:

DOV =13 dixh 3)

i=l

Where V is the volume of the intact steel tube; N is the total number of
pitting; A4;is the area of the ith pitting; 4, is the depth of the izh pitting.

In the square CFST column, the steel tube is Q345, concrete is C60,
section size D is 200mm X 200mm, column length L is 600mm, and steel tube
thickness t is 4mm.The specimen parameters are shown in Table 1.

In Table 1, / is the intact specimen, Re is the pitting is regular arrangement,
and Ra is the pitting is randomly generated. n is the total number of pitting, R
is the radius of the pitting, 4 is the depth, V is the corrosion volume and e is

the eccentric distance. Table 2 presents the ultimate bearing capacities of each
specimen. Pge represents the ultimate bearing capacity of the specimen
experiencing regular pitting corrosion, while Py, denotes that of the specimen
affected by random pitting corrosion.

Table 1
Test specimen parameters

number n R (mm) h (mm) DOV (%) e (mm)
1 0 / / / / 20
205 100 17.3
405 200 12.2
Re /Ra 1/2/3/4 5/10/15/20 20
605 300 10
805 400 8.65
Table 2
Bearing capacity of various specimens under the influence of pitting
Etchi it Vol 1
Number ching pi olume foss Pro/kN Pr/kN
number rate
1-0 / / 2267.3 2267.3
Re -205-1 100 2187.0 2179.0
Re -405-1 200 2211.5 2181.1
5%
Re -605-1 300 2215.4 21830
Re -505-1 400 2216.6 2186.5
Re -205-2 100 2137.8 2121.3
Re -405-2 200 2178.3 21445
10%
Re -605-2 300 2186.7 2160.5
Re -505-2 400 2192.0 2163.6
Re -205-3 100 2057.8 2038.7
Re -405-3 200 2143.4 2083.5
15%
Re -605-3 300 2162.1 21229
Re -505-3 400 2167.4 2123.8
Re -205-4 100 1625.1 1721.3
Re -405-4 200 1838.5 1726.3
20%
Re -605-4 300 1908.5 1760.8
Re -505-4 400 1933.5 1804.7

5. Analysis of regular and random pitting
5.1. Load-deflection curve

Fig.9 presents the load-deflection curves for specimens with different
regular and random pitting. For the specimens with regular pitting,
corresponding to volume losses of 5%, 10%, 15%, and 20%, respectively. As
corrosion progresses, the bearing capacity of the specimen decreases. Ultimate
load of the specimens named Re-205 decreases obviously. When the corrosion
is 5%, 10%, 15% and 20%, the bearing capacity decreases 60.8kN, 110.0kN,
190.0kN and 622.7kN, respectively. The results indicate that specimen's
ultimate bearing capacity gradually deteriorates with increasing corrosion.
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Notably, when the corrosion level reaches 20%, the bearing capacity
degradation is 165% relative to that at a 15% corrosion level. This is because
as the steel tube's volume loss rises, its outer cross-sectional area shrinks,
reducing confinement on concrete and thus lowering the ultimate bearing
capacity. Compared with regular pitting, the degradation of bearing capacity
caused by random pitting will be more obvious than regular pitting with the
same pitting number and corrosion rate. With the escalation of corrosion
degree, the specimen's bearing capacity decline becomes more pronounced,
especially when the corrosion level attains 20%. When the corrosion increased
from 5% to 15%, the maximum ultimate load increment can be increased
from7.5kN to 85.1kN. However, once the quantity of corrosion pits surpasses
300, the bearing capacity of the specimen remains largely unaffected. For
example, when the pitting increases from 300 to 400, the maximum ultimate
load change of the specimen is about 3.5kN.When the volume loss reaches
20%, no matter the specimens are under regular pitting or random pitting, the
corrosion pit penetrates the steel tube, resulting in the weakest confinement of
the steel tube on the concrete and a sudden drop in the bearing capacity.
However, under the same corrosion condition, specimen's ultimate
bearing capacity under regular pitting varies with the number of pitting
sites. Take the Re205 for example, when the corrosion is 5%, The maximum
load carrying capacity of Re405, Re605 and Re805 increases by 24.5kN,
28.4kN and 29.6kN, respectively; When the corrosion is 10%, The ultimate
bearing capacity of Re405, Re605 and Re805 increases by 40.5kN, 48.9kN
and 54.2kN, respectively; When the corrosion is 15%, The ultimate bearing

411

capacity of Re405, Re605 and Re805 increases by 80.6kN, 104.3kN and
109.6kN, respectively; When the corrosion is 20%, the ultimate bearing
capacity of Re405, Re605 and Re805 increases by 213.4kN, 283.8kN and
308.4kN, respectively. This is due to the same volume corrosion, the area of
single pit such as Re405, Re605 and Re805 decreases compared with Re205 in
the compression area of middle section, and the constraint effect on concrete
gradually increases. Consequently, it will result in an elevation of the bearing
capacity. Under a constant corrosion condition, the impact of an increasing
number of pitting sites on the bearing capacity will gradually diminish. When
the number of pitting sites reaches 300, the variation in pitting begins to affect
the stability of the specimen's bearing capacity. Take Re605 and Re805 for
example, the ultimate load at each corrosion is extremely close, and the
maximum difference is about 25.4kN. This is because when the number of
corrosion pits gradually increases to 300, the corrosion's impact on the bearing
capacity is closer to uniform corrosion. Specimen's load-carrying capacity
with random pitting is significantly lower than that of specimen with regular
pitting. The bearing capacity of Ra405, Re605 and Re805 is 112kN, 148kN
and 120kN larger than that of Ra205, Ra405 and Ra605. However, when the
pitting is 100, the bearing capacity of Re205 will be lower than that of Ra205.
This may be related to the distribution of pitting. Compared with Ra205, the
pitting of Re205 is near the middle part, and the reduction of cross-section
area of the steel tube is more obvious, resulting in the weaker constraint of
tube on the concrete.

2500 2500 =
= — Re205-1 i— - Ra205-1
P - Re405-1 2 [ - - ‘Rad05-1
2000 VAN Re605-1 2000 //”\. - . ~Ra605-1
N Tl |7 —Re805-1 > 2
/ SIveed / 3
/ R —— /
~ / — = ~15
21500 / 1500 2
=2 / 2220) = / e —
=1 / —_ [ = { 2185 T
~t1o00f /g T = 1000t / g
/ 2210 / g
! ! 2175
500}/ 500t/
20186 188 19 / WP T T 176 1
/ u(mm) ’ u(mm)
0 0 =
0 1 2 3 4 5 6 0 1 2 3 4 5 6
u(mm) u(mm)
Regular pitting Random pitting
(a) DOV =5%
2500 2500
= = Re205-2| [~ — Ra205-2
SN - "Red05-2 s - - - -Rad05-2
2000 NN Re605-2 2000 FN — - —Ra605-2
7 S It [~ Re805-2 A s - - ~Ra805-2
/ T~ S 7 i
~ 1500 / 2200 - = = 1500 =il
2™ / g/ -
= ! R I - = ioimmem
& 1000} / Z2190 &1000f / Zameopee -
,l 2 ,/ s
500}/ 2180| - : 500 [
/ 1.80 1.82 184 1.86 188 / 213 168 171 174 177
f u(mm) / u(mm)
00 1 2 3 4 5 6 00 1 2 3 4 5 6
u(mm) u(mm)
Regular pitting Random pitting
(b) DOV =10%
2500 2500
- - Re205-3 [~ = Ra205-3]
PN - - -Red05-3 i - Rad05-3
2000 ARNES Re605-3 2000 £\, Ra605-3
K S |oo-Resos:3 4 . - -- —Ra805-3
Ay = . K7 <
olso0f  fr === 1500 S
Z i 2179 g 5 2120 i B
= 7’ =1 ! oo
& 1000} / 22160 1000t [z, |
[z P
/ 2145| f
500F/ 500t/ 2080
i
f UG T8 186 T8 / 167 165 168 1T 174
u(mm) 0 u(mm)
T 2 3 4 5 6 @ 1 2 8 4 5 6
u(mm) u(mm)
Regular pitting Random pitting

(c) DOV =15%



Wen-Yu Hou et al.

2000
— = Re205-4
- Red05-4
Re605-4
1500 <[ rResos
AZ%IOOO .-;/I wof T T T T T T T
> nz
/ g 1880
500 '," 1840
,I 1800956775 T80 182 184
0 w(mm)
0 1 2 3 4 5 6
u(mm)
Regular pitting

412

2000
— — Ra205-4
- Ra405-4|
Ra605-4
1500 ~---Ra805-4
iz‘, 1000 T = — r
5 !
500¢ ¢
| 1710)
/ T62 165 168 171 174
O u(mm)
0 1 2 3 4 5 6
u(mm)
Random pitting

(d) DOV =20%

Fig. 9 Load-displacement of different DOV

5.2. Stress distribution

Fig.10 illustrates the stress-vertical displacement correlation for the steel
tube It shows that the pitting volume loss exerts a negligible impact on the
Mises stress of the steel tube. For regular pitting, the development of
transverse stress and longitudinal stress under the same pitting will be slightly
different with the increase of corrosion. As the tube attains its yield strength,
the longitudinal stress in the middle section progressively diminishes with
escalating corrosion. This can be ascribed to the fact that the increasing
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corrosion gradually degrades the steel tube's strength, consequently leading to
a reduction in its longitudinal stress. The transverse stress of the steel tube
progressively decreases with the increase in corrosion, which is due to the
weakening of concrete constraint by steel tube caused by pitting. At the same
time, the increase of pitting will also cause the early yield of steel tube, which
the most obvious is Re205. When the corrosion is 5%, the displacement is
0.97mm when the steel tube yielded, while the corrosion is 10% and 15%, the
displacement is 0.94mm and 0.85mm, decreasing by 3% and 12.4%,
respectively.
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Fig. 10 Longitudinal stress-vertical displacement curve of steel tube

For random pitting, pitting volume loss significantly affects steel tube's
longitudinal and transverse stresses. When the pitting ratio rises from 5% to
15%, the longitudinal stress decreases as the pitting ratio increases. The
longitudinal stress of Ra205, Ra405, Ra605, and Ra805 ranged from 0.88f;,
0.971,, 1.04f1,, 0.94f,to 0.67f,, 0.93f,, 0.90f,, 0.78f,, by about 24%, 4%, 13.5%
and 17%, respectively. The transverse stress in the steel tube progressively
rises as the corrosion degree increases, which is due to the increase of pitting,
which strengthens the contact between the corrosion pit and concrete, leading
in the increase of transverse stress. The increase of pitting will also cause the
advance yield of steel tube. Compared with regular pitting, random pitting will
be more obvious than regular pitting. Take Ra205 for example, the
displacement of the specimen with the corrosion of 5% is 0.63mm when the
steel cylindrical conduit is yielded, and the displacement of the specimen with
the corrosion of 10% and 15% is 0.58mm and 0.55mm, reducing 8% and
12.7%, respectively.

Fig.11 illustrates the stress-vertical displacement relationship of concrete
in the middle section. It's evident that concrete's transverse stress rises with
increasing corrosion. This is attributable to the enhanced contact between the
steel tube and concrete induced by the increase in pitting. Additionally, the
longitudinal stress of concrete also increases as corrosion intensifies. For
regular pitting, take the Re205 with 100 corrosion pits for example, concrete's
longitudinal stress in the limit state with 5% of corrosion is 1.13 £, Whereas
the concrete's longitudinal stress with 10% and 15% corrosion is 1.41 £, 1.71
/', increasing by 24.8% and 51.3%, respectively. Owing to the proliferation of
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pitting, the load-bearing capacity of the steel tube progressively diminishes,
while the load bore by the concrete gradually rises, consequently leading to
an increase in the longitudinal stress of the concrete. Simultaneously, the
presence of pitting induces an uneven longitudinal stress distribution in the
middle section concrete, inducing stress concentration and thereby elevating
the longitudinal stress of the concrete. Additionally, the evolution of corrosion
pits also influences the stress development of the concrete. At the same
corrosion, the longitudinal stress of concrete will change with the change of
the pitting. This is due to the increase of the pitting, which increases the
effective constraint of the concrete at the middle section. At the same time,
With the increase of the pitting, the pitting will be uniform at middle section,
and the stress concentration will be significantly weakened.

For random pitting, take Ra205 for example, the axial-direction stress
within concrete in the limit state with corrosion of 5% is 1.28£' , and the
longitudinal stress of concrete with corrosion of 10% and 15% of the
specimens is 1.42f;', 1.58f;', increasing by 11.2% and 23.4%, respectively. The
increase of longitudinal stress of concrete under random pitting is similar to
that of regular pitting, which is caused by the increase loading of concrete
caused by the change of pitting, and the constraint of surrounding pitting on
concrete is uneven, resulting in the stress concentration. However, different
from the regular pitting, the longitudinal stress of concrete in the middle
section is not much different under the same corrosion, which indicates that
the change of pitting will not lead to the obvious change of the stress along the
axial direction in concrete in the middle section under the random pitting.
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Fig. 11 Longitudinal stress-vertical displacement curve of concrete in middle section

5.3. Interaction

Figl2 illustrates the relationship between vertical displacement and
contact stress for the steel tube-concrete interface. It shows that the contact
stress is closely related to the corrosion degree and has the same change rule.
During the initial loading phase, the contact stress at the steel-concrete
interface is zero, implying no contact between the two. This stems from steel's
higher Poisson's ratio than concrete's at the initial loading stage, leading to
greater transverse deformation in steel relative to concrete, which results in the
absence of contact between them. As the loading escalates, concrete's
transverse deformation exceeds steel's, facilitating their contact. Regular
pitting and random pitting trigger local steel buckling, prompting early
steel-concrete contact, and will change with the change of corrosion. When the
corrosion is 5%, the tube will contact with the concrete when the vertical
displacement of the specimen with the pitting number of 100 reaches 0.3 1mm
and 0.29, respectively, 6.5% compared with regular pitting. And the corrosion
is 10% and 15%, the vertical displacement decreases by 6% and 10%, 5.1%
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and 8.4%, respectively. Moreover, the progression of pitting corrosion will
diminish the contact at the steel-concrete interface. When the corrosion is 5%,
the contact stress in the limit state is about 8.9MPa and 9.75MPa, respectively,
0.85MPa increment than regular pitting. When the corrosion increases to 10%
and 15%, the contact stress decreases to 6.92MPa and 5.43MPa, 8.37MPa and
6.66MPa, respectively. For regular pitting, the change of pits also has an
impact on the contact stress. When the number of pits increases from 100 to
400, the contact stress increased from 8.9MPa to 10.49MPa, increasing by
about 17.8%, that is the reason why the bearing capacity changes with the
increase of the number of pitting. For random pitting, when the number of
pitting is 300, the contact stress at the middle section is 11.3MPa, which is
significantly greater than the contact stress of other number of pitting. This
may be related to the distribution of pits under the random distribution. When
the number of pitting is 300, there is no distribution of pitting near the value
point, so the contact stress at this point is higher than that under the other
number of pits.
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Fig. 12 Mid-section corner contact stress

6. The influence on different parameters
6.1. Eccentricity

Fig.13 presents the load-deflection curve for various eccentricities. It
shows that maximum load will decrease with the increment of eccentricity.
When the eccentricity increases from 0.25 to 1, maximum load of Re205-1
with regular pitting will decrease from 2187kN to 996kN, decreasing by
54.5%. When the eccentricity increases from 0.25 to 0.5, maximum load will
decrease by 23.3%; when the eccentricity increases from 0.5 to 0.75,
maximum load will decrease by 21.6%; when the eccentricity increases from
0.75 to 1, maximum load will decrease by 19.4%. However, maximum load of
Ra205-1 under random pitting is consistent with the regular pitting. When the
eccentricity increases from 0.25 to 1, the decrease ratio of maximum load is
about 20.9%, 21.4% and 19%, respectively.

6.2. Concrete strength

Fig.14 illustrates the load-deflection curves for varying concrete strengths.
It indicates that both the ultimate load and stiffness increase as the concrete
strength rises. When the concrete's strength increases from C30 to C60, the
ultimate load of Re205-1 with regular pitting will increase from 1556kN to
2186kN, an increase of 40.5%. When the strength of concrete rises from C30
to C40, the maximum load will increase by 13.8%; when concrete strength
rises from C40 to C50, the ultimate load increases by 11.8%; when it rises
from C50 to C60, the increase is 10.3%. However, the ultimate load of
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Ra205-1 under random pitting is consistent with the regular pitting. When the
concrete strength rises from C30 to C60, the increase of the maximum load is
about 14.0%, 14.1% and 13.9%, respectively. The ultimate load affected by
random pitting is slightly lower than that of affected by regular pitting. For
each grade of concrete, the increase of the bearing capacity under the two
corrosion conditions is basically consistent.

6.3. Steel strength

Fig.15 presents the load-deflection curves for varying steel strengths. It
indicates that the ultimate load will rise as the steel strength increases, while
the initial stiffness remains largely unchanged. When the yield strength of steel
increases from 235MPa to 460MPa, the maximum load of Re205-1 with
regular pitting will increase from 1920kN to 2489kN, increasing by 29.3%.
When steel's strength increases from 235MPa to 345MPa, the ultimate load
will increase by 13.9%; when steel's strength increases from 345MPa to
420MPa, the ultimate load of the will increase by 9.3%; when steel's strength
increases from 420MPa to 460MPa, the ultimate load will increase by 4.1%.
However, the ultimate load of Ra205-1 under random pitting is consistent with
the regular pitting When the steel strength increases from 235MPa to 460MPa,
the increase ratio of the ultimate load is about 14.3%, 8.3% and 4.0%,
respectively. The ultimate load of affected by random pitting is slightly lower
than that of affected by regular pitting. For each increase of the steel, the
increase of the bearing capacity under the two corrosion conditions is basically
consistent.
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Fig. 13 Load-deflection of different eccentricities
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Fig. 15 Load-deflection of different steel strengths

6.4. Steel tube thicknesses

Fig.16 illustrates the load-deflection curves for varying steel tube
thicknesses. It indicates that both the ultimate load and stiffness will rise as the
steel tube thicknesses increase.When steel tube's thickness increases from
4mm to 7mm, the ultimate load of Re205-1 with of regular pitting will
increase from 2187kN to 2750kN, increasing by 25.7%. When the steel tube's
thickness increases from 4 mm to 5 mm, the ultimate load exhibits a 7.8%
increase; when it increases from 5 mm to 6 mm, the ultimate load rises by
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7.9%; and when the thickness goes up from 6 mm to 7 mm, the ultimate load
shows a 7.3% increment. However, the ultimate load of Ra205-1 with random
pitting is consistent with the regular pitting. When the thickness of the steel
tube increases from 4mm to 7mm, the increase ratio of the ultimate load is
about 7.5%, 7.6% and 7.0%, respectively. The maximum load affected by
random pitting is slightly lower than that of affected by regular pitting. For
each thickness of steel, the increase of the bearing capacity under the two
corrosion conditions is basically consistent.
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Fig. 16 Load-deflection of different steel tube thicknesses

7. Conclusions

This paper analyses the eccentric compression mechanical property of
square CFST column with of regular and random pitting. And parametric
analysis like eccentricity, concrete's compressive strength, steel strength and
steel tube thicknesses is analyzed. The conclusions are as follows:

(1) Pitting reduces the specimen's maximum load bearing capacity.
Specimens exhibiting regular pitting demonstrate a higher ultimate bearing
capacity compared to those with random pitting. And under the same pitting,
increasing pitting number will increase the bearing capacity, but when the
pitting reach 300, the maximum bearing capacity of the specimen will remain
stable.

(2) Pitting diminishes steel tube's strength, consequently resulting in a
reduction of its longitudinal stress. Increased pitting enhances the

steel-concrete interface interaction, raising transverse stress. It reduces the
steel tube's load, increasing the concrete's load and thus elevating its
longitudinal stress. At the same time, pitting will cause the steel tube to the
yield state in advance, and with the increase of pitting, this situation will
become more obvious.

(3) Pitting will cause the early contact between steel tube and concrete,
Weakening the steel-concrete interaction, and cause the reduction of the
bearing capacity of the specimen. The steel-concrete interaction gradually
diminishes as pitting increases. However, under normal pitting conditions, a
rise in pitting can enhance this interaction. But this influence rule is not
applicable to random pitting.

(4) Under diverse parameters, specimens with regular pitting consistently
exhibit higher load bearing capacity than those with random pitting. When the
eccentricity increases from 0.25 to 0.5, 0.75, and 1.0, specimens' bearing
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capacity with regular pitting will decrease by 23.3%, 44.9% and 64.5%
respectively. However, specimens' bearing capacity with random pitting will
decrease by 20.9%, 42.3% and 61.3%, respectively. When the strength of
concrete increases from C30 to C40, C50 and C60, specimens' bearing
capacity with regular pitting will increase by 13.8%, 25.6% and 35.9%,
respectively, while the specimens with random pitting will increase by 14.3%,
22.6% and 26.6%, respectively. When the strength of the steel increases from
235MPa to 345MPa, 420MPa and 460MPa, specimens' bearing capacity with
regular pitting will increase by 13.9%, 23% and 27.3%, respectively.

Specimens' bearing capacity with random pitting will increase by 14.3%, 22.6%

and 26.9%, respectively. When the thickness of the steel tube increases from
4mm to Smm, 6mm and 7mm, specimens' bearing capacity with regular pitting
will increase by about 7.8%, 15.7% and 23%, respectively. Specimens' bearing
capacity with random pitting will increase by 7.5%, 15.1% and 22.1%,
respectively.
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