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Abstract

Welded spiral steel tubes are adapted for use in a majority of the large-diameter concrete-filled steel tube (CFST) arch bridges due to
technical as well as economic reasons. However, the welding temperature and other factors during the process of manufacturing of
steel tube, initially result in a reduced spiral-welded seam (SWS) strength. Moreover, with the pumping of concrete into a steel tube,
numerous deformities of the likes of laitance coating and air-voids occurred inevitably, particularly with the lack of air-entraining
agent in China almost 20 years ago. This work makes use of ultrasonic scanning field experience to investigate the capacity of bearing
within a repaired and reconditioned CFST arch bridge rib having defects such as air-void and reduced SWS strength under negligible
compression of eccentric axial by carrying out its finite element model analysis of group. The outcome reveals that CFST bearing
capacity is only minimally affected by the SWS strength as compared to concrete air-void, which can be ignored. The effect of air-voids
and the nonlinear behavior of the constituents on the CFST behavior have also been probed into. The impact of the air-void on the rib
capacity of bearing was investigated by conducting parametric studies. To conclude, we proposed a new index defining the ultimate
strength of the rib for the defect, and presented a rather simple blueprint to determine the influence of air-void on the final strength
of the arch bridge rib of CFST.
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1 Introduction

Quite a few concrete-filled steel tubes (CFST) arch bridges,
being used for several years, have manifested part defects.
These defects occur in the steel tube or are concrete column
imperfections that arise due to initial manufacturing or dur-
ing their service life [1]. Pumping of concrete into the steel
tube leads to the inevitable occurrence of laitance coat-
ing and air-voids, when there wasn't any provision for air-
entraining in China. In the harsh environments, the air-void
undergoes expansion, shortening the bridge service life and
eventually leading to the eventual collapse of the bridge.

The Chang-Qing Hun River bridge was originally built
in 1997 and is represented in Fig. 1. The major portion of
the bridge encompasses a stretch of 120 + 140 + 120 m.
A through-type CFST arch rib framework comprised the
bridge bearing type. The cross-section of arch is 1.8 m in
width and 2.4 m in height. Four tubes, each having a diame-
ter of 720 mm comprise each rib whereas the spiral-welded
tube (SWT) has a thickness equal to 10 mm.

The adjoining edges of a steel plate that bends heli-
cally are welded to fabricate SWTs. Nevertheless, com-
pared to the base metal, SWTs manifest a reduced welded
seam strength, and thereby, are considered to have a single
defect. Concrete-filled SWT columns have been subjected
to several tests, considering long and short column behav-
ior, to ascertain the extent to which the current guidelines
are applicable for evaluating their strength and types of
failures [2, 3].

Fig. 1 Chang-Qing Hun River bridge
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There was only 70 % penetration of the spiral-welded
seam (SWS). Therefore, as illustrated in Fig. 2, a steel
band 10 mm thick and 80 mm wide was put in place to
strengthen the welded joint of the bridge in the 2012 main-
tenance event.

The concrete originally employed for use in the men-
tioned bridge was ordinary concrete [4]. To fill in the tubes
of the bridge, C50 concrete was chosen. Nevertheless, due
to the construction technology being limited in that era,
the concrete within the tube got segregated. In the light of
the core-taking test carried out on the location, near the
inner tube wall and within a range of 7 cm, the strength of
concrete was found to be C20, as illustrated in Fig. 3 due
to the presence of the laitance coating and air-voids in the
core of concrete.

In civil engineering, non-destructive ultrasonic test-
ing technology is being extensively in use for inspecting
the defects lying in the structure of concrete. Recently,
a good number of indoor assessments on CFST defects
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Fig. 2 Details of CFST arch
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Fig. 3 Concrete segregating specimen in tube
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have proven the reliability of its test results [5—8]. In the
vast majority of cases, detection of the imperfections of
the CFST is sufficient to furnish enough data for assessing
defects in the arch rib of CFST. The results of this research
illustrated in Fig. 4 have been obtained by making use of
MIRA A1040, a scanning imager based on the principle of
ultrasonic three-dimensional (3D) scanning and produced
via ACSYS of Russia. The area of interface gap and the
total area of tube have a ratio of 3.6 % to 30.5 % approxi-
mately, whereas the signal anomaly region lies at a depth
of around 0 to 70 mm.

Finite element (FE) analysis is also an important tech-
nique utilized in CFST research, in addition to ultrasonic
testing. For CFST columns, an elastic-to-plastic FEM was
constructed by Ellobody and Young [9] Han et al. [10],
Schneider [11], Hu et al. [12], and, having a square or circu-
lar section. A nonlinear FEM was carried out by Ellobody
and Young [13], Hassanein [14], and Tao et al. [15, 16] on
CFST long or short columns. A nonlinear FEM for compre-
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Fig. 4 Ultrasonic scanning imagery of CFST, (a) 3D section scanning

imagery, (b) Plane scanning imagery
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hensively analyzing elliptically sectioned CFST columns
was established by Dai and Lam [17] and Hu and Su [18]
and Huang et al. [19], made use of ABAQUS to analyze
CFST columns behavior nonlinearly. Jaishi and Ren [20]
utilized two-node beam elements by making use of ANSYS
to establish a linear FEM for a through arch bridge.

The primary focus of most of the aforementioned inves-
tigations has been seamless small-diameter or straight-
welded CFSTs, omitting the impact of the concrete air-void
defects and the strength of SWS on their bearing potential.
Nevertheless, the above defects will inevitably affect actual
CFSTs, in particular large-diameter CFST arch bridges.
So far, Han et al. [21, 22], Huang et al. [23], Liu et al. [24],
and Liao et al. [25, 26] have extensively examined the sin-
gle-factor defects of CFST ribs. They established FEMs
for analytical investigations after performing a series of
experiments for the estimation of the cap and circumfer-
ential gaps, where the section gap ratio is the key calculat-
ing parameter. In the light of these facts, an assessment of
the impact of concrete ratio of air-void (o) as well as SWS
on the bearing potential of CFST was complemented by
a group of FEM in this work.

For an air-void containing CFST rib, as depicted in Fig. 5:

Vair-vuid

“ ve o M
where the volume corresponding to the air-void lying
within the concrete core is represented by V. ., is, as
shown in Fig. 5; V, refers to the cylinder volume which can
vibrate the concrete without causing it to compact.

The objective of the on-going investigation is to carry
out a sequence of nonlinear FEM of 3-m length rib ele-
ment of a CFST arch bridge, corresponding to the distance
of the two vertical braces, with the concrete core fringes
having air-void and composite defect due to reduced SWS
strength under the influence of eccentric axial compres-
sion. The main process steps of this work are outlined
below; firstly, a 3D elastic-to-plastic FEM with no-de-
fect is created on ABAQUS, which includes the nonlin-
ear material constitutive model only. Secondly, CFST ribs

Spiral-welded seam

Air-void (Vairvoid)

Cylinder (77)

Fig. 5 Mesh of CFST composite defects

with only one fault such as the air void or decreased SWS
strength, detected in the light of the ultrasonic detection
data of the arched rib of the River Bridge CFST of Chang-
Qing Hun, were investigated for their bearing capacity
making use of a python stochastic FE analysis program
developed on ABAQUS. Thirdly, a prediction regarding
the strength of the rib of the CFST arch bridge is made
after performing a composite defect study on the above
stochastic FE analysis program.

2 FE analysis

2.1 Basic conditions

For the FE analysis, ABAQUS, the general finite element
software, was utilized. 4-node reduced integration shell
element (S4R) was employed to stimulate SWT. 8-node
hexahedral elements (C3DS8) having a total of three trans-
lation degrees of freedom (DoFs) at individual nodes were
employed for modeling the concrete in the core. In an
attempt to receive reliable data, identification of an appro-
priate mesh density was done by carrying out a mesh opti-
mization design. The CFST rib as a 3D mesh with com-
posite defects is illustrated in Fig. 5.

A new Python script process was developed to study
the internal air-void defects of concrete by re-editing the
ABAQUS.inp files of the CFST rib FEM with no defects.
Following the given probability distribution function, one
could randomly select the elements of the correspond-
ing volume fraction defined by the air-void ratio («) in
the particular area, followed by categorizing it into the
corresponding sets, using the material parameters of the
defects, in order to attain appropriate defects simulation in
FE analysis, finally.

The typical zone identified by CFST ultrasound com-
prises the defect elements and mainly lies within a 70 mm
range from the center to the fringe of the concrete core.
Python random software is used to observe the constitu-
ents in this FEM zone, randomly extracting respectively
10 %, 20 %, and 30 % elements as pores, in accordance
with the space normal distribution, so the sampling level
of various air-void faults can be realized.

To actualize the eccentric axial loading boundary cir-
cumstance, the top-most point of reference of a rib was
subjected to enforced displacement. With the arch rib of
the bridge being a compression element having a mini-
mal irregularity, the eccentricity was ascertained as D/6,
as per the combination of load. An analytical rigid body
was used to constrain the CFST ends.



2.2 Material characteristics and constitutive models
2.2.1 Steel

The arched rib of the River Bridge of Chang-Qing Hun
which had been repaired was utilized to furnish the concrete
and steel tube samples employed in this FEM assessment.

In the case of steel tubes, different researchers have
used a variety of stress (o)—strain (¢) models, for instance,
the linear elastic perfectly plastic model with multi-curve
hardening [27]. At strain values corresponding to general
structural requirements (g < 0.005), very little strain-hard-
ening is manifested by steel. Various o—¢ relations of
steel cast an impact on CFST rib in terms of the load—
strain curves at the desired strains within the arch bridge.
Specifically, for the 150 m spans of the arch bridge struc-
ture examined as a part of this work, a little strain will
subsequently cause alterations in the rigidity of the bridge.
Tao et al. [28] proposed a 6—e model for the steel tube with
a validity strength which ranges from 200 to 800 MPa.
As per the tensile measurement of the sample of steel tube,
o—e¢ relation of the steel-based piping functions according
to a trilinear material property model within the arch rib
belonging to this bridge, as illustrated in Fig. 6.

At the starting point of the o—¢ line, the elastic mod-
ulus is represented by E; the ultimate strength of the
steel tube in the arch rib of the CFST for the under con-
sideration case is referred to as f; the yield strain is €y
e,= f,/ E; the strain at the location of strain-hardening
is represented by ¢, the ultimate strain which corre-
sponds to the ultimate strength is ¢,. The expression put
forth by Tao et al. [29] was employed for distinguishing
J, from f in circumstances where no tensile collapse was
encountered via the steel.

Table 1 presents the key attributes of the steel tube in
the aforementioned circumstance.

2.2.2 Concrete
In the case of this bridge, the respective values of the cyl-
inder compressive strength f.' Poisson's ratio x ., and the
strain ¢’ corresponding to a specimen of concrete sub-
jected to uniaxial compressive stress and having a diam-
eter equivalent to 100 mm are 33 MPa, 0.21, and 0.0033.
E_was calculated as 2.7 x 10* MPa by adopting the empir-
ical Eq. (2) as per the recommendation in ACI318 [30],
the value of /" being in the MPa's units.

E.=4700,[f! ©)

Papanikolaou and Kappos [31] collected test data based
on which the value of f,./f." was found to 1.12 using the
Eq. (3) proposed by them:
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Herein, the initial equibiaxial compressive yield stress
is denoted by f,.. When a circular confining pressure is
subjected upon the core concrete, the uniaxial compressive
yield strength £, and corresponding strain ¢,’ as shown in
Fig. 7 are notably high in comparison to the concrete that
is unconfined. Mander et al. [32, 33] estimated the correla-
tion among and and among and .

Han and An [34] proposed a comparable o—¢ model in
the light of the model originally presented by Mander, to
replicate the plastic behavior of the concrete within the
CFSTs core under the influence of pressure or compression

y=2x-x", *)
I+g-(x*%-1)  (£21.12)
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Fig. 6 Model for steel tube properties

Table 1 Key attributes of the steel tube
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in which x = S/go, y = U/go; the confinement factor ¢ is

denoted by
A,
Af.

where the area of cross-sectional corresponding to the con-

(10)

crete based core and SWTs are sequentially represented by
A.and 4.

The data obtained as a result of the experiments pre-
sented in [35] suggest that the concrete confined within the
interior of the CFST having only circumferential gap as
a single defect was fractured once it approached the ulti-
mate strength, without being confined by the outer SWTs.
Hence, unconfined concrete is best described by the com-
pressive o—e model put forth by Samani and Attard [36].

To model the concrete yield surface, a linear Drucker—
Prager yield criteria G (Fig. 8) is employed, and is repre-
sented by the following expression

G=qg-ptany —d =0, 1D
where in
p=-(ci+0.%0,)/3 (12)
d :(1_ ta‘“”j 7 (13)
3 ,
3 1 1 3
g =Y 1+——(1——) i (14)
2 K K\ 37,
9 1/3
r=[—(si+si+si)} (13)
2

in which the primary stress deviators are denoted by S, S,,
and S;. The most important parameter utilized to estimate
the yield surface of the concrete plasticity stress space is
the fraction relationship of the second stress invariant on

the tensile meridian to that on the compressive meridian K.
As per the reports of Tao et al. [15], and Yu et al. [37, 38]
K can be determined in this study as 0.846 using the fol-
lowing Eq. (16):

5.5
S ISR 16
5 + 2(/;/)0.075 ( )
56.3(1-¢)
Y= 74 (17)
6.67205000

whereas ¢ = 0.42 within the arch rib of this CFST bridge.

2.2.3 SWTs—core concrete interface
An increment in the normal contact interaction will cause
a continuous rise in the shear stress (z,,,) on the junction
among the SWT and core concrete until it surpasses the
bond strength of surface (z,,,,).The

crit

value is given by
the following expression:

Tcrit:u'pszond~ (18)

The value of u the coefficient of friction is considered to
be equal to 0.6 in this work [29], and

Tyns =2.314-0.0195x(D /1) . (19)

The value of the typical pressure stress (p,) determines
the tangential frictional stress (z,), and the following
expression can be used to represent it.

T/rie:u.pn (20)

3 Verification of FEM

The typically measured curves were compared with the pro-
jected eccentric axial load (V) against axial strain (g) curves.
The ultimate limit states attained from the assessment
were compared with the projected ones. The rib bearing
capacity is decisively affected by the air-void rate ina CFST
rib having an air-void defect. There has been no research

/

Fig. 8 Drucker—Prager criterion




in terms of SWS strength defect so far. Accordingly, the
following sections are based on an analysis of the compos-
ite deformities of the CFST columns with air-voids well as
a decreased SWS strength.

3.1 Analyzing the CFST rib in the presence or absence
of SWS defect

The sectional dimensions of the analytical columns are
D x¢=720 %10 mm, and concrete strength of /,'=41 MPa
corresponding to the theoretically estimated strength of
the Chang-Qing Hun River bridge framework.

3.1.1 N-¢ curves of CFST rib in the presence or absence
of SWS defect

The SWS strength (S) was 50 %, 70 %, and 100 %, respec-
tively, of desirable strength, equivalent in strength to the
parent material. The length L was 300 mm and the screw-
pitch was 0.95 m. The analysis was first focused on the
empty steel tube (EST), followed by the analysis of CFST
rib, as shown in Fig. 9, which precisely draws comparative
scrutiny of the N—¢ graphs of the EST in the presence and
absence of an SWS fault. It is evident from Fig. 9(a) that
in the presence or absence of an SWS deformity, the N of
the EST manifested a strain-softening potential until the
axial strain (¢ = 0.03) reaches a maximum after the yield
strength was attained. Nevertheless, an EST strength loss
of 2.6 % and 11.2 %, respectively was caused by a 30 %
and 50 % reduction in strength, due to the SWS deformity,
which additionally led to a diminution of the strain-hard-
ening potential. Hence, it is safe to conclude that the
reduced strength contribution is primarily responsible for
the strength diminution of the EST with an SWS defect.

Under different SWS defect conditions, the N—¢ curves
of the CFST rib more or less match with each other as
evident in Fig. 9(b). Thus, it can be safely deduced that
the CFST bearing potential is practically not impacted
the strength reduction of the EST having an SWS defor-
mity or in circumstances when there are no defects in the
internal concrete.

A comparison of the characteristic devastated modes
of the EST rib is shown in Fig. 10. On the compression
side of the EST, localized fold-like buckling of the SWS-S
was found to take place in the situation where SWS-S was
lower in comparison to the parent material. With the reduc-
tion in the SWS-S, this phenomenon became increasingly
obvious. EST rib shows different failure modes. When the
SWS-S is equal to or close to that of the parent material,
local buckling failure occurs at the far end of the pipe;
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Fig. 9 Comparison of N versus ¢ relations, (a) EST, (b) CFST

while the SWS-S is far lower than the base metal, the
instability failure occurs in the middle of the pipe along
the SWS, which indicates that the SWS-S has an import-
ant influence on the static stability of EST.

3.1.2 Characteristic destroyed modes in the presence or
absence of SWS defect

The fracture modes of the core concrete column in the
CFST rib and the characteristic SWT-S are compared in
Figs. 11-12.

As evident in Fig. 11, where the SWT-S is different
from that of parent material, the stress distribution of each
part of the steel pipe is uneven under eccentric axial-load,
but the yield strength of each part of the steel pipe also
reaches the peak point, same as the parent material.

It depicts that the SWTs strength belonging to the CFST
reduced at the SWS; nevertheless, it was not the same as
the modes of EST failure with localized fold buckling.
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Fig. 10 EST Mises stresses with different SWS-S, (a) SWS: 100 %, (b)
SWS: 70 %, (c) SWS: 50 %

Besides, a high potential for the confinement of the core
concrete was manifested, and the core concrete prevented
local bucking by providing firm support to the outer SWT.
Subsequently, it was ensured that the concrete and steel
tube function together to attain the desired output.

The Mises stresses of the CFST concrete core encoun-
tering various SWS-S are presented in Fig. 12. According
to the findings, the SWTs or core concrete carries the
same stresses (Mises) and an approximately similar CFST

(®)

©
Fig. 11 Tube Mises stresses in CFST with different SWS-S, (a) Tube
SWS: 100 %, (b) Tube SWS: 70 %, (c) Tube SWS: 50 %

deformation was manifested by the ribs in the presence or
absence of an SWS-S fault. This took place despite SWS
leading to a 30 % to 50 % loss in the strength of the SWTs
belt in this particular case due to faults in the weld seam.

As a matter of fact, the decline in the strength of CFST
rib having a defect of SWS-S was not clear under circum-
stances when the core concrete was accumulated. Also, it
could be ascertained that the SWS strength having defects
became lessened in the weld zone.



(b)

Fig. 12 Concrete Mises stresses in CFST with different SWS-S,
(a) Concrete SWS: 100 %, (b) Concrete SWS: 70 %, (c) Concrete
SWS: 50 %

3.2 Analyzing the CFST arch rib having a defect of
air-void

3.2.1 N-¢ curves with defect of air-void

The curves of N—¢ corresponding to the CFST rib with or
without various rates of air-void (a = 10 %, 20 %, and 30 %)
are compared in Fig. 13 compares. It is evident from Fig. 13
that whether or not there were air-voids, the CFST man-
ifested characteristic strain-softening attributes, which
is in complete agreement with the outcomes reported by
Gunawardena and Aslani [2], and Gunawardena et al. [3].
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Fig. 13 Comparison of N—¢ relations

The strain-softening and yield took place when air-
void remained in the CFST rib, which again corroborates
with the outcomes of Han et al. [22], Liu et al. [24] and
Liao et al. [25, 26]. The N—¢ curves under the circum-
stances of individual air-void ratios are depicted individu-
ally in Fig. 13 to have a better examination of the impact of
the air-void rates on the capacity of bearing related to the
CFST. A single point of yield at various a conforming to
the curves of N—¢ when the peak load was achieved, cor-
responds to the stage when the strain-softens. The value
of N of the rib having air-voids underwent a sudden
decrease after the peak load as evident in Fig. 13 whereas
at o = 10 % to 30 % or without any air-void faults the N—¢
curves of the rib manifest a rather smoother form. Later,
in the absence of any defect of air-void, the highest value
of N—¢ curves approaches a maximum of 18.1 x 10° N;
the highest value of N—¢ curves falls to 17.4 x 10° N at
o = 10 %; while the highest value of N—¢ curve falls to
15.1 x 10° N at & = 30 %, which is 16.6 % low in compari-
son to the sound condition.

3.2.2 Characteristic destroyed modes in the presence of
an air-void defect

The characteristic devastated modes of the CFST rib are
juxtaposed in Fig. 14. In an attempt to put forth a clear
illustration of the deformed appearance of the columns,
a two-fold amplification of the elephant foot-shaped buck-
ling deformation has been shown. These deformations
were located around the center of the CFST stub col-
umn. It is noteworthy that, the wall enclosing the tube is
nearly even having no localized buckling for the CFST
with a = 10 %. However, at o = 20 %, only one buckling
deformity with an elephant foot-shape can be seen to take
place, while for the CFST with a =30 %, there was a series
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of foot-shaped buckling deformations, thus implying that
a bigger air-void led to the creation of a substantial space
for localized buckling misshaping in the steel tube.

The destroyed modes of CFST with various air-void
ratio show that the failure modes of the SWTs are dif-
ferent from the modes when the concrete core column
is perfect, and also different from that of the EST. This
shows that whether or not the interplay among steel tube
and concrete, directly influences the instability mode of
SWTs, which makes the unified theory of bearing capac-
ity calculation of CFST based on ideal state encountered
difficulties.

The malformed figures of the concrete core at 70 mm
thick cylindrical region with different air-void rates are
depicted in Fig. 15. The concrete manifested various
bending deformation modes at different air-void rates.
It is observable that the stress state of concrete transforms
from being uniformly distributed to being entirely con-
centrated on the core area, with the increase of a, which is
practically equivalent to the decrease of diameter. When
the ratio of air-void was not considerable, the bending
deformation of concrete was relatively close to what could
have taken place under the influence of a full restraint, as

depicted in Fig. 15.
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Fig. 14 Destroyed modes of CFST with different a, (a) a = 10 %, (b)
a=20%c)a=30%
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Fig. 15 Concrete Mises stresses in CFST with different air-void rates,
@) a=10%, (b) a=20%, (c) a=30%



Stress and bending deformation become exceedingly
concentrated in the central zone with the increment in the
rate of air-void, practically resulting in a brittle failure and
local fracture stage manifested by the CFST. It is evident
that, with the further enhancement within the ratio of air-
void, a large cross-section malformation within the con-
crete took place in the middle. Thereafter, once the con-
crete air void was packed, the cross-section deformation
of the concrete at the origin was once again limited via
the SWTs. As a consequence, the fractured site of the
concrete showed a tendency of movement towards the
rib mid-height. In the portions where the SWTs localized
deformation took place, failure of the concrete was seen,
as indicated in Fig. 14.

4 Composite strength index

The entire analysis shows that the net impact of the degree
of SWS on the bearing capacity of CFST differs substan-
tially as compared to the concrete core, and the influence
of weld seam, in turn, relies upon the effects of the con-
crete defect, Hence, the concrete air-void is the decisive
defect of CFST. For quantitative evaluation of the extent to
which CFST bearing capacity is influenced by the air-void
rates, a strength criterion SI is given through the follow-
ing expression:

N, a—def
N n—def

SI = 1)

N,_4r1s the maximal value of the CFST rib N—¢— curves
with no defects whereas is the maximal value of the
CFST rib N—e— curves with air-void defects. Fig. 16 pres-
ents the values matrix of SI for the CFST ribs having var-
ious air-voids. As per the experience data in the reports
of Liao et al. [26], a reduction in the cross-type circum-
ferential gap to a value of 0.05 %, the resultant loss in
the strength of the CFST rib is well under 5 %. When the
decline in the SWS strength is not taken into consider-
ation while defining SI of the CFST, it agrees quite closely
to the outcomes reported by Ellobody and Young [9],
Hassanein [14] and Dai and Lam [17]. However, in real-
time, this bridge does not a have cross-type air-void and
is much larger than the mentioned experimental level,
thereby implying that the area covered by the FEM deter-
mined results was relatively large. In addition, the SI val-
ues went through a rapid decline from 1 to 0.835 with the
increase in a from 0 to 0.3. Therefore, the relationship
between SI and a was established as indicated in Fig. 16,
using a multiple linear regression method outlined below:
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SI=1-a(1-¢™) (22)

Following are the coefficients (with 95 % confidence
bounds): a =-0.2144 (-0.7586, 0.3298), b = 1.917 (-1.892,
5.727). Determination of the goodness of fit was car-
ried out in the following manner follows SSE: 6.772¢-05,
R-square: 0.9958, modified R-square: 0.9937, and RMSE:
0.005819. The significance of a on S/ was considerably
high as determined from Eq. (21). Additionally, the CFST
ribs are significantly influenced by the air-void in terms of
the bearing capacity, destroyed mode, and corresponding
deformation.

5 Conclusions

This work is based on the collection of empirical field data
based on ultrasonic scanning related to the bridge con-
structed on Chang-Qing Hun River. The gathered data has
been utilized to create a compound FEM for the simula-
tion of the arch rib of the CFST bridge under the influ-
ence of eccentric axial compression. The existing FEM
and CFST indoor experiments put forth by Tao et al. [15],
Han et al. [22] and Liao et al. [26], were contrasted with
the calculated version. In [22], particularly in terms of the
reliability of prediction. The interpretations elaborated
below are the primary outcomes of this study:

(1) Quite a few reasonable predictions can be made by
the FEMs and various investigations performed through
Hanetal. [22], Liao et al. [26], and Tao et al. [ 15], for a small
circumferential gap, normal, or cap-gap defect, of the col-
umns of CFST; Nevertheless, these predictions understate
the notable impact of arbitrary air-void within the core of
concrete on the subsequent toughness of circular truss ele-
ment ribs for CFST in usage for an extended duration and
rather rough settings within the systems of arch bridge.
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Fig. 16 Influence of & on SI
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(2) During this investigation, a group of FEMs was cre-
ated for the truss rib of the CFST arch bridge, wherein
the field ultrasonic inspection test data was employed to
calibrate the defect of the air-void in the core concrete
shaft. Simultaneously, we obtained the strain-softening/
hardening and yielding rules related to the curves of peak-
post corresponding to CFST for localized deformation in
the steel tube accompanied by different SWS strength.
Another important finding included CFST bearing capac-
ity being only minimally affected by weld strength.

(3) For the group of FEM results, the strength index
S1 corresponding to the CFST having a defect of air-void
was outlined anew. A comparison was drawn between the
projected outcomes making use of the new index and the
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