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Abstract: This study investigates cable tension forces in a one-plane cable-
stayed bridge in Vietnam using field measurements and numerical simulation.
Cable forces obtained from the Finite element method (FEM) are compared
with design values and field-measured data from lift-off and vibration-based
method. Results show that field-measured forces generally deviate within 7%
of the design values, confirming their reliability. Both measurement methods
effectively capture cable force variations, with low tension in long cables and
high tension in shorter ones. Numerical simulations accurately represent cable
rigidity, with frequency discrepancies remaining below 3%. However, larger
errors of 12% to 15% occur in shorter cables near the tower, while longer
cables closely align with design values within 3%. Despite these differences,
simulation-based preliminary analysis is acceptable for minimizing field
measurements and serves as a valuable reference for structural assessments
in service stage.

Keywords: cable, tension force, vibration-based method, lift-off test, FEM.

1. Introduction

Cables play a vital role in bridge engineering,
serving as essential structural elements in both
long-span cable-stayed and suspension bridges.
Cable structures often have costly anchorage
systems, as well as nonlinearity and complex
geometry. Therefore, it is difficult to accurately
predict their performance and align cable tension
with theoretical design forces during construction.

Over time, cable forces may vary due to
temperature changes, dynamic loads, and steel
relaxation. Thus, accurate cable tension
measurements during both construction and
maintenance stages are crucial for maintaining
structural stability and safety.

There are various measurement methods for
determining the tension in a cable-stayed bridge,
including both direct and indirect approaches [1].
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Direct methods involve using dynamometers or
fiber optic sensors attached to the cables. Another
option is employing hydraulic jacks, load cells, and
displacement meters to measure cable force
through lift-off testing. The lift-off method is a
common technique for measuring cable tension;
however, it can be particularly expensive for larger
cables due to the high cost of specialized
equipment. Meanwhile, the vibration-based
method is a widely used indirect approach for
estimating cable forces in practice [2-5]. In this
method, the relationship between cable tension
and frequency is established using empirical
formulas or analytical expressions [6-8]. In 2020,
the reliability of cable tension measurements
obtained using the lift-off and vibration-based
method was confirmed by comparing them with
design values on a cable-stayed bridge [5]. The
precision of cable tension estimation is further
improved by considering factors such as the sag
effect, flexural stiffness, and boundary conditions at
the cable ends [9-15]. Although these methods
provide reliable cable force measurements, they
require physically attaching devices to the cable,
which involves complex installation and calibration.
Consequently, applying these techniques to all stay
cables in a structure is both costly and time-
consuming. Therefore, developing alternative non-
contact methods for accurately determining cable
forces is crucial.

In literature, finite element method (FEM) is a
common approach to simulate the cable structure.
This method represents the cable as a discretized
system to analyze its mechanical behavior under
various loading conditions [16]. In the numerical
simulation of cable structures, cable elements can
be modeled by modifying physical properties such
as the elasticity modulus to account for the cable
sag effect. In some studies, the nonlinearity of the
cable structures is considered by using the truss
element model [17, 18], while other researches
incorporate interpolation functions to account for
sag effects and the cable's shape [19-21]. Besides,
the analytical expression of the cable shape was
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developed via the catenary system [22-24]. It can
be observed that the finite element approach
enables a more detailed assessment of cable
responses and allows for precise tension force
prediction. Most of the aforementioned studies
have validated FEM simulations using only a single
measurement method. Therefore, a
comprehensive  study comparing numerical
simulations with other approaches, i.e., the lift-off
method, vibration-based methods, and design
values, is essential for a more thorough evaluation
of cable tension measurement techniques.

This study investigates the cable tension
force in a one-plane cable-stayed bridge in
Vietnam using the lift-off method, an indirect
vibration-based field test, and FEM simulation. The
FEM simulation of cable tension follows the
procedure of the vibration-based method used in
the field test. The simulated tension forces for all
cables are validated by comparing them with the
design and the measured values obtained from the
lift-off test and the indirect vibration-based method.
The numerical simulation results serve as areliable
database for assessing cable forces during the
service stage.

2. Materials and methodology
2.1. Field test
2.1.1. Target bridge

The target structure of the current work is
Nguyen Tat Thanh bridge, a cable-stayed bridge
located in Vinh Phuc province. It features a steel
box girder with a height of 2.3 m and a bridge deck
thickness of 250 mm. At the center of the girder,
within the 3 m-wide median strip, an additional 200
mm concrete layer is applied, increasing the total
cross-sectional height to 2.5 m. The bridge has a
total width of 22.5 m in standard sections,
expanding to 26.9 m in widened sections to
accommodate landscape arrangements. The pylon
comprises a steel bridge tower section and a lower
reinforced concrete (RC) pier section. It supports
the bridge girder through 18 stay cables arranged
in a fan-shaped configuration, with a 7 m spacing
between them, as shown in Fig. 1.
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Fig. 1. The cable arrangements in Nguyen Tat Thanh bridge

Each stay cable consists of 157 mm
diameter strands with a tensile strength of 1,860
MPa, anchored to both the girder and the tower.
The cables have an elastic modulus of 195,000
MPa. The system consists of 8 cables on the left
(side span) and 10 cables on the right (main span),
with lengths from 30 m to 126 m, inclination angles
between 23° and 45°, and varying cross-sectional
areas. These structural features make Nguyen Tat
Thanh bridge a representative case study for
investigating cable tension forces in cable-stayed
bridges.

2.1.2. Measurement of cable tension

The bridge structure was analyzed to
evaluate the tension forces in the stay cables after
the construction process was completed. This
assessment was carried out using two standard
measurement techniques, i.e., the lift-off and
vibration-based methods. The lift-off test directly
measures the tension by temporarily detensioning
the stay cables, while the vibration-based method
estimates the tension based on the cable’s natural
frequency. These methods provide an accurate
evaluation of the stay cables of the completed
bridge.

The lift-off test is a mechanical method used
to assess cable tension forces in individual wires or
strands. It employs a small-scale load cell, a

hydraulic jack, and a displacement meter (Fig. 2).
This test verifies tendon or cable forces after
stressing and can be performed before cutting off
the stressing tails of the tendons. The
displacement meter has a tolerance of £7%. The
equipment and measurement procedure for the lift-
off test and Vvibration-based method were
presented in a previous study by the author [5].
Meanwhile, the vibration-based method
determines cable tension by establishing the
relationship between cable force and natural
frequency while accounting for the sag effect and
flexural rigidity. This approach is based on modal
properties theory, which correlates natural
frequencies with mode shapes [25]. Shimada and
Nishimura [26] further developed this method by
incorporating  theoretical and experimental
analyses, which serve as the basis for the present
study. This study ultilizes a small-sized, oil damping
type acceleration transducer (model AS-10GB of
Kyowa) for measuring cable acceleration. It has a
measurement range of +10 G and a frequency
range up to 220 Hz, with a sensitivity deviation of
15%. The installation of the vibration equipment on
the cables is presented in Fig. 3. The tension was
assumed to be uniformly distributed on the
anchorage base, perpendicular to the anchorage
surface along the cable direction. To ensure data
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consistency, actual tension values were measured
and used as input for computational models. The
field test was performed in the morning during
winter with temperatures ranging from 18°C to
20°C.

Nguyen et al

The simple equation used to calculate cable
tension is derived from taut string theory [27],
which assumes that the cable behaves as an ideal
tensioned string without considering sag or
bending stiffness:

Fig. 3. Set up the equipment for measuring the cable tension in Nguyen Tat Thanh bridge

AW(TL)?
T2
g (1)

When considering the sag of cable , the cable
tension can be calculated as [28]:
In case of 3<E (17

T=M{0.875—10.89 (EH (2)

g f
Incase of 17<¢

_4w(Ly[, o, (C) ,(CY

T_—g {1 2.2(fj Z[fﬂ (3)

Where & = \/7 nd C= 4/53

where: T is the tension force in cable (kG);
f is the fundamental natural frequency of
cable (Hz);

W is the weight of cable per meter (kG/m);

L is the length of cable (cm);

g is the gravitational acceleration (981 cm/s?);

E is the elastic modulus of cable (kG/cm?);

| is the inertia bending moment of cable (cm*).
2.2. Cable tension calculation using Finite
Element Method

In the present work, the procedure of the

cable tension in finite element model follows the
vibration-based method in the field test. The stay
cable was modeled by three dimensional element
Beam188 in ANSYS software. Assume that the
cable has a total length of L meters. It was
discretized into 100 equal segments to ensure
simulation accuracy, with each segment measuring
L/100 meters. The cable's endpoints were defined
by coordinates (xi1,y1,z1) and (x2,y2,z2), and the
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nodal coordinates along the cable were computed
accordingly (Fig. 4). The boundary conditions at
two end points of the cable are assumed as hinged
supports. Due to its self-weight and pre-tension
forces, the cable exhibited an initial sag. The sag
value is automatically calculated in the software
during the simulation process based on the input
parameters.

The vibration of the stay cables was
simulated using ANSYS software. The equation of
motion, taking into account the effect of bending
stiffness [29], is given by:

o 02 o
Elaﬁ—HaéerAat—yz:O (4)

Where E is Young Modulus (MPa); | is the
inertia moment of the cable (m*); H is the cable
tension force (N); p is the weight density (kg/m?®);

A is the cross-section area of the cable; and tis the
simulation time. Equation (4) describes the
transverse vibration of a stay cable with bending
stiffness, or equivalently, a classical beam
subjected to axial tension. In this context, y
denotes the transverse displacement function of
the cable. The equation does not account for the
inherent damping resistance component of the
cable, as its value is theoretically considered
negligible.

The cable in the target bridge has a Young’s
modulus of 195 GPa. The cross-sectional area of

Pulled force P

Measuring
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X
z
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each strand is 150 mm?, with the total strand count
ranging from 27 to 37. Due to the difficulty in
accurately determining the flexural rigidity of the
cable, an equivalent modeling approach is
employed in this study. This method preserves the
cable’s cross-sectional area while appropriately
adjusting its flexural moment of inertia. The
Beam188 element is modeled with a rectangular
cross-section, with an area equivalent to that of the
cable. The side length of the equivalent rectangle
is determined as the square root of the cross-
sectional area. As the bending moment of inertia of
the cable strand is small and often neglected, the

cable can be considered to have a width of 0.1 ~/A
and length of 10 </A . The initial tension force of
each cable in the FEM simulation is from the
calculated designed value in Table 1. The self-
weight of the cable is specified using gravitational
acceleration g=9.81 (m/s?). The cable weight
density p is determined from the mass per unit
length p, =1.3 (kg/m) and the crosss section area
A:

_P
=f (5)

Then, the angular frequency of the cable [29]
can be calculated by:

2
ne\2 [E1 [ HE
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p

Fig. 4. Finite element model of the stay cable in ANSYS

In the simulation, a pulling force of 500 N,
equivalent to the force exerted by a human, is
applied to the cable. The applied force is

considered an impulsive force that varies over
time. The force application point is selected based
on its location in the vibration-based method (Fig.
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4). Typically, in practice, this position is located at
about 0.3 to 0.5 of the cable length from one end,
and at a distance of approximately 2 to 3 meters
from the vibration sensor. The impulse force stops
after 4 seconds, after which the stay cable
undergoes free vibration. The total analysis
duration is 60 seconds, with a time step of 0.01
seconds. The structural damping of the stay cable
is characterized by amplitude attenuation over
time, with a default value of 0.5% in ANSYS

software. In this study, the transient dynamic
Acc. 4

(m/52)3
2 |

1

0 WM'
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-2
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analysis in ANSYS software is performed to solve
the equation of motion for the cable.

3. Results and discussions

3.1. Field test’s results

In this study, the measurements were
conducted using the vibration-based method,
incorporating frequency analysis and Fast Fourier
Transformation (FFT) to accurately determine the
cable tension based on its dynamic characteristic
(Fig. 5).
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Fig. 5. The cable tension of cable R10 measured by vibration-based method
Table 1. Comparison of the design cable force and measured cable tension using the lift-off test and
vibration-based method

Cable force (kN)

Cable Length Number Area Inclination . Lift-off Vibration- Difference Difference
No.  (mm) of (mm?) angle Design . .  based between (Il)  between (Ill)
strands (degree) value (1) (I mt(altlrlw)od and (1) (%) and (1) (%)
L1 87,621 75 11,250 31 6,975 6,765 6,714 3.10% 3.53%
L2 78,901 75 11,250 31.5 6,855 6,578 6,503 4.22% 3.71%
L3 70,271 75 11,250 32 6,623 6,368 6,273 4.00% 4.16%
L4 61,834 70 10,500 324 5,495 5,411 5,230 1.55% 5.67%
L5 53,566 70 10,500 32.8 5,642 5,663 4,999 0.37% 2.18%
L6 45,569 70 10,500 33.5 5,201 5,215 4,544 0.27% 1.79%
L7 37,826 70 10,500 34.6 5,264 5,600 4,868 6.00% 1.29%
L8 30,231 70 10,500 36 5,936 6,307 5,563 5.88% 1.16%
R1 126,576 45 6,750 23.3 2,232 2,354 2,273 5.16% 4.36%
R2 101,608 45 6,750 23.7 3,560 3,798 3,707 6.28% 2.32%
R3 85,957 50 7,500 24.3 4,185 3,945 3,922 6.08% 3.62%
R4 87,863 60 9,000 24.9 4,464 4,350 4,287 2.62% 1.69%
R5 71,569 65 9,750 25.8 4,973 5,057 4,458 1.67% 3.36%
R6 73,974 70 10,500 26.8 5,292 5,551 4,962 4.67% 3.78%
R7 57,623 70 10,500 28.2 5,138 5,187 4,778 0.94% 6.28%
R8 44,148 75 11,250 29.9 5,453 5,798 4,799 5.95% 1.60%
R9 45,953 75 11,250 31.9 5,340 5,580 4,952 4.30% 0.28%
R10 31,160 75 11,250 34.7 5,565 5,228 4,997 6.46% 0.85%
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Fig. 6. Comparison of the design cable force and measured cable tension using the lift-off test
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Fig. 7. Comparison of the design cable force and estimated cable tension using the vibration-based
method

Table 1 compares the cable tension forces
measured in field tests with the design values. The
design tension force is calculated according to the
guidelines of the French Interministerial
Commissions [30]. Additionally, the table presents
details of each cable in the Nguyen Tat Thanh
Bridge, including length, inclination angle, number
of strands, and cross-sectional area. The results
show that the differences are relatively small.
Specifically, the deviation between the lift-off
method and the design values ranges from 1% to
6%, while the difference between the vibration-
based method and the design values changes
within 0.3% to 6%. Overall, the discrepancy
between the measured and design data is
generally within 7%, which is considered
acceptable. This finding confirms the reliability and
accuracy of both the measurement and design

data.

Figs. 6 and 7 compare the cable tension
force obtained from the lift-off test and the
vibration-based method with the design value.
Although the methods for determining cable
tension are different, both can capture the
variations in cable tension across all cables.
Similar to the design value, the cable force is lower
in long cables and higher in short ones. It can be
seen that both field tests provide reliable data on
cable tension force. This dataset from field tests
serves as a basis for assessing cable tension
determined through numerical simulation in the
following section.

3.2. Simulation results

The analysis results provide the time history
of displacement at the measurement point on the
stay cable R10 (Fig. 8a). Using the FFT, the natural

7



JSTT 2025, 5 (2), 71-83

frequency of the cable is determined, as shown in
Fig. 8b. Based on the calculated natural frequency

Nguyen et al

of the cable, the tension force is calculated using
Equations (2) and (3).
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Fig. 8. Time history and FFT analysis of the simulated displacement of stay cable R10

To verify the FEM simulation, the natural
frequencies of the structure, calculated based on
the design cable force values, are compared with
the results from the simulation analysis. The results
indicate that the discrepancies in natural
frequencies for most cables are below 2%.
However, certain cables, such as L4 and R7, show
a larger deviation of approximately 3% (Table 2).

Fig. 9 presents a comparison between the
frequencies obtained from the FEM simulation and

those derived from theoretical calculations. The
results indicate that the numerical simulation
effectively captures the exact rigidity of each cable,
demonstrating its accuracy in modeling the
structural behavior and dynamic characteristics of
the cable system.

The cable tension forces evaluated at the
design stage, in the lift-off test, using the vibration-
based method, and in the FEM simulation are
compared in Table 3.
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Table 2. Comparison of natural frequency calculated from the design value and FEM

Cable Length Number of Area Inci:;’:on flr:or??:;;?; i:j;uﬁga Discrepancy
No. (mm) strands (mm?) (degree) (H2) (H2) (%)
L1 87,621 75 11,250 31 1.53 1.50 1.71%
L2 78,901 75 11,250 31.5 1.68 1.65 1.81%
L3 70,271 75 11,250 32 1.86 1.82 2.03%
L4 61,834 70 10,500 32.4 1.99 1.93 2.73%
L5 53,566 70 10,500 32.8 2.32 2.35 -1.12%
L6 45,569 70 10,500 33.5 2.62 2.60 0.89%
L7 37,826 70 10,500 34.6 3.18 3.20 -0.66%
L8 30,231 70 10,500 36 4.22 4.20 0.56%
R1 126,576 45 6,750 23.3 0.77 0.79 -2.28%
R2 101,608 45 6,750 23.7 1.21 1.20 0.53%
R3 85,957 50 7,500 24.3 1.48 1.45 1.75%
R4 87,863 60 9,000 249 1.36 1.35 0.86%
R5 71,569 65 9,750 25.8 1.69 1.67 1.62%
R6 73,974 70 10,500 26.8 1.63 1.60 1.82%
R7 57,623 70 10,500 28.2 2.06 2.00 2.99%
R8 44,148 75 11,250 29.9 2.68 2.70 -0.80%
R9 45,953 75 11,250 31.9 2.55 2.55 -0.15%

R10 31,160 75 11,250 34.7 3.83 3.85 -0.42%

5
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Fig. 9. Comparison of calculated natural frequency in theory and FEM simulation

The results show that the error in tensile
force values determined by the numerical
simulation method, compared to the design values,
ranges from approximately 2% to 8% for most
cables. However, for cables L5, L6, R5, R8, and
R10, the error falls within the range of 11% to 15%.
The discrepancy in cable force between the lift-off
test and FEM simulation is below 5% for most
cables, while some cables exhibit higher errors.
Specifically, the error for cables L5 to L8, R5, R6,
and R9 ranges from approximately 11% to 15%,
with the highest value reaching 20.81% in cable

R8. Meanwhile, the difference in cable tension
force between the numerical simulation and the
vibration-based method is approximately 2% to 3%
for most cables. However, this value increases to
8% to 10% for cables R5, R9, and L7, and further
rises to 12—15% for cables L5, L6, R8, and R10.
Fig. 10 plots the cable tension values from
the FEM simulation, design, lift-off test, and
vibration-based method. A similar trend is observed
when comparing the tension differences between
the numerical simulation and the design, as well as
those measured using the vibration method.
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Significant discrepancies occur in the second to
fourth cables from the tower and in cables
positioned close to the tower. In contrast, longer
cables located farther from the side span closely
match the design values, with deviations of only
about 3%. Meanwhile, cables near the tower, which
are shorter and stiffer, exhibit larger discrepancies,
around 12% to 15%. This suggests that cable
stiffness has a considerable impact on the dynamic
analysis results. The short cables in the side span

Nguyen et al

near the tower tend to have relatively high errors.

The analysis results suggest that, when
compared to the design tension values, the FEM
simulation exhibits larger errors for shorter cables
located near the tower than for longer cables
positioned farther from the tower. This discrepancy
becomes even more significant for cables situated
in the main span, highlighting the influence of cable
length and stiffness on the accuracy of numerical
simulation.

Table 3. Cable tension force by lift-off and vibration-based method

Cable force (kN)

Discrepancy

Discrepancy  Discrepancy

Cs(t:e L(?:r?]t;] Design Lift-off (Il Vibration- F(IV) between (IV)  between (1V) (I\t;)e::]ze(?”)
(1 based (ll1) and (1) (%) and (I1) (%) (%)
L1 87,621 6,975 6,765 6,714 6,737 3.89% 0.76% 0.34%
L2 78,901 6,855 6,578 6,503 6,610 5.41% 1.15% 1.64%
L3 70,271 6,623 6,368 6,273 6,358 5.57% 1.51% 1.36%
L4 61,834 5,495 5,411 5,230 5,200 5.07% 3.46% 0.57%
L5 53,566 5,642 5,663 4,999 5,768 12.86% 13.28% 15.38%
L6 45,569 5,201 5,215 4,544 5,110 14.46% 14.77% 12.45%
L7 37,826 5,264 5,600 4,868 5,333 8.13% 15.04% 9.55%
L8 30,231 5,936 6,307 5,563 5,868 6.71% 13.37% 5.48%
R1 126,576 2,232 2,354 2,273 2,334 1.80% 3.54% 2.68%
R2 101,608 3,560 3,798 3,707 3,479 3.98% 2.45% 6.16%
R3 85,957 4,185 3,945 3,922 4,039 6.71% 0.59% 2.98%
R4 87,863 4,464 4,350 4,287 4,390 4.13% 1.47% 2.40%
R5 71,569 4,973 5,057 4,458 4,811 11.54% 13.44% 7.92%
R6 73,974 5,292 5,551 4,962 5,099 6.65% 11.87% 2.76%
R7 57,623 5,138 5,187 4,778 4,834 7.53% 8.56% 1.18%
R8 44,148 5,453 5,798 4,799 5,541 13.62% 20.81% 15.47%
R9 45,953 5,340 5,580 4,952 5,355 7.84% 12.68% 8.14%
R10 31,160 5,565 5,228 4,997 5,613 11.37% 4.61% 12.32%
9000 FEM
8000 Design
~ 7000
24 6000
S 5000
= 4000
% 3000
U 2000
1000
0
PILLLOLL RIS OO IPEOP

Cable No.

(a) Comparison of cable force between FEM simulation and design values
Fig.10. Comparison of cable force in FEM simulation with design values, lift-off test and vibration-based
method
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(c) Comparison of cable force between FEM simulation and vibration-based method
Fig.10. (continued)

4. Conclusions

This study examines the cable tension forces
in a one-plane cable-stayed bridge in Vietnam
using both field measurements and numerical
simulations. The cable tension forces derived from
the finite element model are evaluated by
comparing them with the design tension forces and
field-measured values obtained through the lift-off
and vibration-based methods.

The following conclusions can be
summarized from the results of the current work:

e The discrepancy between field-measured
cable forces and design data is generally
within 7%, confirming the reliability and
accuracy of both the measurement and
design data.

e Both the lift-off test and vibration-based
method effectively capture variations in
cable tension across all cables. Similar to
the design values, longer cables exhibit

lower tension forces, while shorter cables
experience higher forces.

The numerical simulation accurately
represents the rigidity of each cable. The
discrepancy  between the natural
frequencies of cables, calculated based on
design tension force values, and those
obtained from simulation analysis is less
than 3%.

Numerical simulations show greater errors
for shorter cables near the tower than for
longer cables farther from it. Significant
discrepancies of around 12% to 15% are
observed in the second to fourth cables
from the tower and in cables positioned
close to the tower. In contrast, longer
cables in the side spans closely match the
design values, with deviations of only about
3%.

Despite these discrepancies, preliminary
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analytical values obtained from the simulation are
considered acceptable, as they help reduce the
need for extensive field measurements, especially
in cases where direct measurement is impractical.
The proposed numerical model can be applied to
various cable-stayed bridges to establish a
comprehensive database for tension assessment
under different load cases. This database can aid
in optimizing cable force adjustments during the
design and construction phases. Additionally, it can
provide an initial assessment of structural
performance and serve as a valuable input for
further analyses, including Al-based structural
evaluations using machine learning.

Declaration of Competing Interest

The authors declare that they have no known
competing financial interests or personal
relationships that could have appeared to influence
the work reported in this paper.

References

[1].S. Cho et al. (2013). Comparative field study of
cable tension measurement for a cable-stayed
bridge. Journal of Bridge Engineering, 18(8),
748-757.

[2].B.H. Kim, T. Park. (2007). Estimation of cable
tension force wusing the frequency-based
system identification method. Journal of Sound
and Vibration, 304(3-5), 660-676.

[3].J. Lardies, M.-N. Ta. (2011). Modal parameter
identification of stay cables from output-only
measurements. Mechanical Systems and
Signal Processing, 25(1), 133-150.

[4].L. Zhang, G. Qiu, Z. Chen. (2021). Structural
health monitoring methods of cables in cable-
stayed bridge: A review. Measurement, 168,
108343.

[6].D.T.T.D. Nguyen, H.H. Nguyen. (2020).
Evaluating the cable tension results by lift-off
and vibration method in Viet Nam. /OP
Conference Series: Materials Science and
Engineering. 2020. IOP Publishing, 869,
052062.

[6].Y.-H. Huang, J.-Y. Fu, R.-H. Wang, Q. Gan, A.-
R. Liu. (2016). Unified practical formulas for

Nguyen et al

vibration-based method of cable tension
estimation. Advances in Structural Engineering,
18(3), 405-422.

[7]. W.-X. Ren, G. Chen, W.-H. Hu, (2005).
Empirical formulas to estimate cable tension by
cable fundamental frequency. Structural

Engineering and Mechanics, 20(3), 363-380.
[8]. H. Zui, T. Shinke, Y. Namita. (1996). Practical
formulas for estimation of cable tension by

vibration method. Journal of Structural
Engineering, 122(6), 651-656.
[91.M.A.  Ceballos, C.A. Prato. (2008).

Determination of the axial force on stay cables
accounting for their bending stiffness and
rotational end restraints by free vibration tests.
Journal of Sound and Vibration, 317(1-2), 127-
141.

[10]. R. Geier, G.D. Roeck, R. Flesch. (2006).
Accurate cable force determination using
ambient vibration measurements. Structure
and Infrastructure Engineering, 2(1), 43-52.

[11]. B. Yan, J. Yu, M. Soliman. (2015).
Estimation of cable tension force independent
of complex boundary conditions. Journal of
Engineering Mechanics, 141(1), 06014015.

[12]. S. Li et al. (2013). Vibration-based
estimation of axial force for a beam member
with uncertain boundary conditions. Journal of
Sound and Vibration, 332(4), 795-806.

[13]. C.-C. Chen et al. (2018). A novel tension
estimation approach for elastic cables by
elimination of complex boundary condition
effects employing mode shape functions.
Engineering Structures, 166, 152-166.

[14]. N. Hoang. (2015). Design Formulas for
Cable Tension in Cable-stayed Bridges
Considering Sag and Bending Rigidity. Science
and Technology Development Journal, 18(K2),
95-101.

[15]. L.X.Luu, L.X. Binh, H.V. Quan, P.B. Thang.
(2025). Cable tension estimation by Rayleigh’s
method  considering restraint  boundary
conditions. Journal of Science and Transport
Technology, 5(1), 92-103.

[16]. N.T. Ngoc, P.B. Thang, T.T. Hieu, N.T.

82



JSTT 2025, 5 (2), 71-83

Dong. (2025). Analysis of the efficiency in
reducing stay cable vibrations using hydraulic
dampers (in Vietnam). Journal of Science and
Transport Technology, 5(1), 58-65.

[17]. J.Wu, D.M. Frangopol, M. Soliman. (2015).
Geometry control simulation for long-span steel
cable-stayed bridges based on geometrically
nonlinear analysis. Engineering Structures, 90,
71-82.

[18]. M. Hdttner, J. Maca, P. Fajman. (2015). The
efficiency of dynamic relaxation methods in
static analysis of cable structures. Advances in
Engineering Software, 89, 28-35.

[19]. J. Wu, S. Wenzhang. (2005). The non-
linear finite element analysis of cable structures
based on four-node isoparametric curved
element (in China). Journal of Chongqing
Jianzhu University, 27(6), 55-58.

[20]. Y. Wang, S.R. Zuo, C.F. Wu. (2013). Afinite
element method with six-node isoparametric
element for nonlinear analysis of cable
structures. Applied Mechanics and Materials,
275-277, 1132-1135.

[21].  W. Li, Q. Huang, S. Chen. (2024). A cable
finite element formulation based on exact
tension field for static nonlinear analysis of
cable structures. Thin-Walled Structures,
205(Part B), 112371.

[22]. H.-K. Kim, M.-Y. Kim. (2012). Efficient
combination of a TCUD method and an initial
force method for determining initial shapes of
cable-supported bridges. International Journal
of Steel Structures, 12, 157-174.

Nguyen et al

[23]. M.-Y. Kim et al. (2014). Improved methods
for determining the 3 dimensional initial shapes
of cable-supported bridges. International
Journal of Steel Structures, 14, 83-102.

[24]. W.-m. Zhang et al. (2019). An iterative
calculation method for hanger tensions and the
cable shape of a suspension bridge based on
the catenary theory and finite element method.
Advances in Structural Engineering, 22(7),
1566-1578.

[25]. G.B. Warburton. (1995). Dynamics of
structures, by Ray W. Clough and Joseph
Penzien, McGraw-Hill, New York, 1993. No. of
pages: 738. ISBN 0-07-011394-7. Wiley Online
Library.

[26]. T. Shimada, A. Nishimura. (1988). Effect of
flexural rigidity on cable tension estimated by
vibration method (in Japan). Doboku Gakkai
Ronbunshu, 1988(398), 409-412.

[27]. J. Humar. (2012). Dynamics of structures.
CRC press.

[28]. T. Shimada. (1994). Estimating method of
cable tension from natural frequency of high
mode (in Japan). Doboku Gakkai Ronbunshu,
1994(501), 163-171.

[29]. S. Park, H.R. Bosch. (2014). Mitigation of
Wind-Induced Vibration of Stay Cables:
Numerical Simulations and Evaluations. United
States. Federal Highway Administration. Office
of Infrastructure.

[30]. SETRA. (2002). Cable stays:
Recommendations of French interministerial
commission on prestressing.

83



