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The numerical simulation of transmission tower-line systems’ progressive collapse performance is considered as a major research
hotspot and significant project, due to the increasing number of wind-induced collapse accidents recently. In this study, the
finite element models for single tower and transmission tower-line system were established to simulate wind-induced progressive
collapse by birth-to-death element technique in ABAQUS/Explicit. The wind field, based on the Kaimal fluctuating wind power
spectrum and harmonic superposition method, was constructed by MATLAB commercial software. The current research focuses
on the dynamic behaviour and the mechanism of a typical transmission tower-line system progressive collapse under wind action
with clear step-by-step description. The numerical simulation results demonstrated that transmission tower-line system collapse
mechanism depended on the number, position and last deformation of damage elements. Since the gallop effect of conductor and
ground lines were ignored in the single tower model, the transmission tower-line system model, which has higher computational
precision than the single tower model, is relatively accurate and recommended strongly in the design.

1. Introduction

The transmission tower-line system, consisting of lattice
support towers and conductor cables, is an important lifeline
project as a high-voltage electric power carrier and play, an
important role in the infrastructure system inmany countries
throughout the world [1, 2]. Along with rapid development
of the power industry and national economy, designing and
constructing much taller and longer span high-voltage trans-
mission towers is obvious current trend, which has proposed
new requirements for structural engineering. This structural
system has some particular characteristics, such as high-rise
tower, large-span and crossing hypsography, the flexibility
of entire structure increasing nonlinearly as its height, and
power transmission tower coupling with transmission lines
with different amplitude of dynamic properties [3]. Due to
their particular structural characteristics, many transmission
tower-line systems often collapse because of wind-loading
effect. For example, the most severe events of transmission
tower collapse were reported when seven towers fall down

once under wind action in 1992 and 1993 [4]. The four
transmission towers with 500 kV were damaged in 1998. Six
years later, the 3342 km electrical transmission system was
destroyed by severe typhoon called Yunna [5]. According to
statistical data, in 2005, there were eighteen 500 kV high-
voltage transmission towers and sixty 110 kV transmission
towers broken because of wind loads. Figure 1 shows the
wind-induced collapse accident of the 5237 liner with 500 kV
transmission tower, and 10 transmission towers were broken
once in Jiangsu, China [6]. The collapse of high-voltage
transmission tower in Quanzhou had a significant influence
on the power outage. In 2008, the pylon collapse accident
of 110 kV Pin-Zha Line Ι and Line ΙΙ occurred in Yangjiang,
China, as shown in Figure 2 [7]. Worldwide, hurricanes and
downbursts also give rise to serious damages every year,
especially in U.S. and Japan. A significant portion of the
reported collapses include progressive collapse under wind
loads that often leads to large economic and property losses.

Progressive collapse is one of the critical issues in civil
engineering. It can be defined as a widespread propagation
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Figure 1: Collapsed tower in Jiangsu.

Figure 2: Collapsed tower in Yangjiang.

of several structural members suddenly fail in which the
resulting damage is disproportionate to the original cause
[8, 9]. The attention of the engineering community was first
drawn to the accident of progressive collapse following the
partial collapse of a building called “Ronan Point,” in London
on May 16, 1968 [10], and decided on simulating, analyzing,
and resisting structural progressive collapse. “Prevention of
Progressive Collapse” is one of most initial comprehensive
papers on the subject of progressive collapse proposed by
McGuire (1974) [11]. Breen (1975) summarized the results
of a workshop on progressive collapse and discussed sev-
eral methods to resist progressive collapse in design which
generated a number of controversial terms and debates
[12]. Krauthammer (2003) discussed the limitations of using
linear models to simulate the nonlinear response associated
with progressive collapse and the importance of nonlinear
dynamic analysis for the understanding of collapse charac-
teristics [13]. In 2001, Lu and Jiang presented a simulation
for the collapse of World Trade Center processed with the
finite element software of LS-DYNA, and the parameterswere
discussed with real conditions [14]. The dynamic response of
2D steel-framed structures with different connection models
during progressive collapse was investigated by Lim and
Krauthammer (2006) [15]. Based on program of MSC.Marc
finite element analysis software, a program THUFIBER for
fiber model of pole system structure of ferroconcrete, was
developed to simulate structure collapse by Lu et al. [16].
Three years later, Zhou presented a simulation and analysis
on the collapse of mason building under earthquakes [17].
Lin et al. (2009) investigated and analyzed the damage
mechanism of a typical RC frame in Wenchuan earthquake
[18]. Lu et al. discussed the development of numerical models
for earthquake-induced progressive collapse of high-rise
buildings [19]. As a vital component and management in
transmission tower networks, transmission tower-line system

needs to assess the reliability and safety to minimise the
risk of disruption to power supply that may result from
in-service tower collapse or failure. However, progressive
collapse analytical studies conducted by research groups in
corporations or institutes evidently were not adequate and
intensive, especially transmission tower-line system.

To simulate and analyze the behaviour of transmission
tower-line structures during a wind-induced progressive col-
lapse process is a complex operationwith strong nonlinearity.
A comprehensive study was presented in this paper to assess
and understand the progressive collapse performance of
transmission line structures under wind loads. The research
was conducted numerically using a three-dimensional finite
element model in the ABAQUS software and the simulation
rule of collapse process is established based on explicit finite
element method and birth-to-death element approach.

2. Wind Load Model

Thewindflow speeds and the direction changeswith time and
space. As a dynamical action, the wind load is a key design
load for structures, especially for high-rise and superhigh-
rise transmission tower structures [20]. Generally, design
wind loads are determined by wind tunnel tests, field mea-
surements, or numerical simulations. Currently, numerical
simulation wind is used wildly and trusted in civil engineer-
ing. Stochastic wind simulation is often divided into two
parts, including stationary and nonstationary wind simula-
tion. Both the classical linear filtrationmethod and harmonic
superposition method all belong to stationary stochastic
simulationmethod.The nonstationary stochastic wind simu-
lation [21–24] also can be realized by autoregressive method
(AR), empirical mode decomposition method (EMD), spec-
tral representation method (SR), Spline-interpolation-based
FFT approach (SFFT), and so on. Considering transmission
tower structural geometric nonlinearities, explicit finite ele-
ment dynamics analysis, and simplification wind load, the
turbulent wind is assumed zero-mean stationary stochastic
process in this paper. Furthermore, the Kaimal fluctuating
wind power spectrum and harmonic superposition method
are employed by MATLAB.

2.1. Wind General Conditions. The total wind velocity in any
point of a structure is the sum of the mean wind velocity and
the turbulent wind velocity:

V (𝑧, 𝑡) = V (𝑧) + V𝑓 (𝑧, 𝑡) , (1)

where V(𝑧, 𝑡) is the total wind velocity in structures, V(𝑧) is
the mean wind velocity, and V𝑓(𝑧, 𝑡) is the turbulent wind
velocity.

2.1.1. Mean Wind. According to the statistic data, the mean
wind is often expressed by logarithmic function or exponent
function associated with the height [25]

V (𝑧) =
1

𝑘
𝑢∗ ln(

𝑧

𝑧0

) , (2)
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where 𝑘 is Karman constant and equal to 0.4, V(𝑧) is themean
wind speed of 𝑧, 𝑧 is the standard height, 𝑧0 is the ground
roughness length (m), and 𝑢∗ is friction velocity.

2.1.2. Turbulent Wind. The fluctuating wind can be regarded
as a 3D turbulent flow composed by the along-wind, across-
wind, and vertical-wind components. The capability char-
acteristics of fluctuating wind range can be described by
the power spectrum in various directions. According to the
characteristic of transmission tower-line system, only the
along-wind dynamic response is considered in this study, and
the along-windKaimal [26] fluctuatingwind power spectrum
is as follows:

𝑛𝑆 (𝑓)

𝑢2∗

=
200𝑥

(1 + 50𝑥)
5/3

, (3)

where 𝑥 = 𝑛𝑧/V(𝑧) is the dimensionless Monin coordinate,
𝑧 is the height of the simulation point, f is the frequency of
fluctuating wind, and 𝑢∗ is the friction velocity.

2.2. Harmony Superposition Method. The harmony superpo-
sition method is a discrete numerical method to simulate the
steady random process. Random signal can be decomposed
into a series of sinusoidal wave with different frequency and
amplitude through discrete Fourier transform. The fluctuat-
ingwind velocity time series are regarded as a randomprocess
which is determined by its power spectrum.When𝑁 → ∞,
with the theory presented by Shinozuka and Jan [27], the
fluctuating wind velocity time series 𝑢𝑖(𝑡) is satisfied by the
following:

𝑢𝑖 (𝑡) =

𝑖

∑

𝑙=1

𝑁

∑

𝑘=1

𝐻𝑖𝑙 (𝜔𝑘)

√2Δ𝜔𝑘 cos [𝜔𝑘𝑡 − 𝜃𝑖𝑙 (𝜔𝑘) + 𝜑𝑙𝑘] ,

𝑖 = 1, 2, . . . , 𝑚,

(4)

whereN represents the division numbers of fluctuating wind
frequency, 𝑖 refers to the calculation point numbers, 𝐻𝑖𝑗 is
obtained from Cholesky decomposition of the wind cross-
spectral density matrix, 𝜃𝑖𝑙(𝜔) is the argument of 𝐻(𝜔), 𝜑𝑙𝑘
denotes the uniformly distributed random numbers in [0,
2𝜋], and 𝜔𝑢 is the upper limit circle frequencies of fluctuating
wind as follows:

∫

𝜔
𝑢

0
𝑆 (𝜔) 𝑑𝜔 = (1 − 𝜀) ∫

∞

0
𝑆 (𝜔) 𝑑𝜔 (5)

𝑆(𝜔) is the autopower spectrum density function, is much
smaller than 1, Δ𝜔𝑘 is frequency increment, and Δ𝜔 =

(𝜔𝑢 − 𝜔𝑠)/𝑁. To increase the period of the simulated sample,
Shinozuka and Deodatis [28] suggested that

𝜔𝑘 = 𝑘Δ𝜔𝑘 −
𝑁 − 𝑙

𝑁
Δ𝜔𝑘

= (𝑘 − 1) Δ𝜔𝑘 +
𝑙

𝑁
Δ𝜔𝑘.

(6)

Positive integer 𝑁 should be defined sufficiently large in
order to avoid the result of distortion in (4); the number of
samples in the simulated time series should be more than 2N,
the time increment should be small enough (Δ𝑡 ≤ 𝜋/𝜔𝑢).
Therefore, the time increment must be considered as follows:

Δ𝑡 =
𝑇0

𝑀
=

2𝜋

𝑀Δ𝜔
=
2𝑁

𝑀
⋅
𝜋

𝜔𝑢

, (7)

where𝑀 is an integer and𝑀 > 2𝑁.
In conclusion, the fluctuating wind speed is a stochastic

process. At this stage, time histories of the wind speed which
satisfy the given power spectral densities function can be
obtained. The wind speed provides that the target spectrum
density function of 𝑆0(𝜔) is designated by selecting the proper
value of the N, 𝜔𝑢, and Δ𝑡.

2.3. Cross-Power Spectrum. A number of observations
showed that the wind field has spatial coherence which
should be included in the simulation of fluctuating wind
velocity on the wind turbine. In general, the simple
phenomenon appeared in the natural wind field that the
higher point of the structure would be attacked first and the
lower point later, for the unevenness turbulence, different
wind speed and phase in the different heights. Even on
the same height, spatial coherence decreases as the space
distance increases. 𝑆𝑖𝑗(𝜔) is the cross-power spectrum which
reflects the spatial coherence of fluctuating wind fields on
the wind turbine and can be expressed as follows:

𝑆𝑖𝑗 (𝜔) = √𝑆𝑖𝑖 (𝜔) 𝑆𝑗𝑗 (𝜔)Coh𝑖𝑗 (𝜔) exp [𝑖𝜙 (𝜔)] ,

𝑖 = 1, 2, . . . , 𝑚,

(8)

where Coh𝑖𝑗(𝜔) is a coherence function with characteristics
of spatial coherence. Considering transmission tower-line
system in this study, 𝜙(𝜔) is the length of spatial coherence
between two points, which can be regarded as follows [29]:

𝜙 (𝜔) =

{{

{{

{

0.25𝜋𝑓 𝑓 ≤ 0.1

−10𝜋𝑓 + 1.25 0.1 < 𝑓 ≤ 0.125

random 𝑓 > 0.125,

(9)

where 𝑓 = 𝑛𝑧/V(𝑧) is the Monin coordinate and 𝑛 is the
frequency.

The calculation points on the tower have a vertical
correlation, which is only considered in this study [30]. The
fluctuatingwind power spectrum can be expressed as follows:

Coh𝑖𝑗 (𝜔) = exp(−
2𝑛𝐶𝑧


𝑧𝑗 − 𝑧𝑖



𝑈 (𝑧𝑖) + 𝑈 (𝑧𝑗)

) . (10)

The transmission tower-line system is located in flat zone
in this study, so the line is considered at the same level with
a smaller gap and vertical correlation in one span [31]. As
a result, the mean wind and turbulent wind velocity of the
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different simulation points on line are the same, which can
be expressed by the following:

𝑆11 (𝜔) = 𝑆22 (𝜔) = ⋅ ⋅ ⋅ = 𝑆𝑚𝑚 (𝜔) = 𝑆 (𝜔) ,

𝑆𝑖𝑗 (𝜔) = √𝑆𝑖𝑖 (𝜔) 𝑆𝑗𝑗 (𝜔)Coh𝑖𝑗 (𝜔) exp [𝑖𝜙 (𝜔)]

= 𝑆 (𝜔)Coh𝑖𝑗 (𝜔) exp [𝑖𝜙 (𝜔)] .

(11)

3. Collapse Simulation

3.1. ABAQUS/Explicit. The ABAQUS/Explicit provides
ABAQUS analysis technology focus on transient dynamics
and quasi-static analyses using an explicit approach
appropriate in those portions of the analysis where high-
speed, nonlinear, and transient response dominates the
solution. The ABAQUS/Explicit is considered as an explicit
time integration method based on the central difference
(CD) method to analyze and simulate. In order to handle
effectively and accurately linear and nonlinear behaviour, the
applicability of the ABAQUS/Explicit in structural dynamics
is often limited by a uniform restrictively small solution
time increment, without relating to load types and duration
time. Each of increment steps only demands little CPU time
expended. Furthermore, the lumped stiffness matrix and
balance equation of structure need not to figure up by explicit
finite element method. Therefore, a complex and nonlinear
structural dynamics analysis can be performed effectively
and successfully without a large-duration simulation [32, 33].

The numerical model and the boundary conditions of the
transmission tower-linewere constructed to simulate the pro-
gressive collapse by ABAQUS finite element software in this
study. Because the wind flow speed and direction vary from
time and space all the time, the system dynamic response was
rapid and frequent. In order to analyze instantaneous stress
and displacement of transmission structure accurately, the
uniform and smaller time step for the entire mesh should be
formulated to compute with the high performance, quality,
and ability of the “Explicit” version of ABAQUS. Therefore,
ABAQUS/Explicit was used to perform the computations to
simulate the progressive collapse process by wind.

3.2. Birth-to-Death Element. In this research, the technique
of element birth and death was used to simulate the pro-
gressive collapse process of transmission tower-line system.
When the overloaded structural elements are caused by wind
loads, these elements would be defined as failure elements
and subsequently led to the progressive collapse. Because the
progressive collapse of structures is initiated by the loss of
one or more load-carrying members, the most important
is that the loss or failure element would be simulated by
the technique of element birth and death in ABAQUS.
A finite element algorithm and the birth-to-death element
technique were used to deal with the damage and failure
evolution behavior of transmission tower members. The
elements would be deleted or removed when the strain and
stress increased over the critical value. Actually, the “killed”
element was not removed from model [24], but the element
was fabricated or deposited in a particular process step,

Figure 3: Practical graph of transmission tower-line system.

which was considered as inactive or “dead.” To achieve the
element “death” effect, the selected “dead elements” were
deactivated by multiplying their stiffness matrices with a
reduction factor, which caused the element loads associated
with the deactivated elements to be zeroed out in the load
vector and the element strains were also set to be zero
[34]. Although the mass, specific heat, and damping of the
deactivated elements were all set to zero likewise, it still
appeared in element-load lists [35]. In the finite element
program ABAQUS, the technique of element birth and death
could be realized by writing key word. Consequently, the
progressive collapse process of the transmission tower-line
system under wind loads condition could be simulated in
ABAQUS/Explicit.

3.3. Governing Equation of Motion. The equation of struc-
tural system under wind loads is given by finite element
theory as follows:

[𝑀] {�̈� (𝑡)} + [𝐶] {�̇� (𝑡)} + [𝐾] {𝑥 (𝑡)} = {𝑃 (𝑡)} , (12)

where [𝑀], [𝐶], and [𝐾] represent structural mass, damp,
and rigid matrix, respectively; {�̈�(𝑡)}, {�̇�(𝑡)}, and {𝑥(𝑡)} stand
for acceleration response vector, velocity, and displacement
in system with initial conditions; {𝑃(𝑡)} is action vector on
transmission tower-line system, which in this circumstance
means wind loads [20].

4. Wind-Induced Collapse Simulation

4.1. Structural Model. A three-dimensional finite element
model of the transmission tower-line system was established
according to practical project [36, 37] in Gaizhou, China,
as shown in Figure 3. A 53.9m high tower was constructed
with steel angle sections with 206Gpa elastic modulus. Its
mass is 19.95 tons. The distance between adjacent towers is
400m. The upper 8 cables are ground lines and lower 24
cables are four-bundled conductor lines. The properties of
the conductor line and ground line properties are listed in
Table 1. The power transmission tower-line system including
three towers (1#, 2# and 3#) and four span lines is shown in
Figure 4.

4.2. Wind Simulation. Mean wind speed on 10m height is
assumed to be 35m/s in this project. The fluctuating wind
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Figure 4: Transmission tower-line system model in ABAQUS/Explicit.
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Figure 5: The simulated fluctuating wind time history of points.

Table 1: Conductor line and ground line properties.

Type Conductor line Ground line
Transmission line LGJ-400/35 LGJ-95/55

Aluminium
conductor

Aluminium
conductor

steel reinforced steel reinforced
Outside diameter (m) 26.82𝐸 − 3 16.00𝐸 − 3

Modulus (Gpa) 65 105

Transversal cross-section
(m2) 425.24𝐸 − 6 152.81𝐸 − 6

Mass per unit length
(Kg/m) 1.3490 0.6967

Line expansion coefficient
(1/∘C) 2.05𝐸 − 005 1.55𝐸 − 005

speed simulations were conducted for 5 minutes with time
intervals of 0.1 s. In order to be more accurate, the last 100
seconds would be used to the wind velocity distribution
of the SZ21 transmission tower. Because the transmission
tower nodes are numerous, it is difficult to simulate the wind
velocity history for every node of the tower. Simplification
of the transmission tower is necessary, and in each part of
the simplified region, the wind velocity of the center point
is considered standard. As shown in Figure 7, the tower is
divided into 15 regions. The position of load and area of
wind pressure are illustrated in Table 2. Figure 5 showed a
simulated fluctuating wind speed at the points 8 and 12. As
illustrated in Figure 6, their power spectrum densities are
described at the tower tip compared with theoretical wind
samples.

The along-wind loads are calculated by the following:

𝐹 (𝑡) =
𝜇𝑠𝐴𝑉(𝑡)

2

1.6
, (13)

Table 2: The position of load and area of wind pressure.

Point Height/m Area/m2

1 9.00 7.083
2 15.0 4.506
3 19.5 1.868
4 24.0 2.435
5 26.8 2.369
6 30.0 2.344
7 32.4 2.029
8 35.2 1.672
9 37.9 1.602
10 40.6 1.810
11 43.4 1.591
12 46.2 1.117
13 48.8 1.062
14 51.4 1.164
15 53.9 0.611

where 𝐴 is the area acted by wind in Table 2, and 𝜇𝑠 is shape
coefficient. The shape coefficient transmission tower is equal
to 2.5 based on the code. The shape coefficient of conductor
line and ground line is 1.2 and 1.1, respectively. The shape
coefficient of insulator is 1.0.

4.3. Progressive Collapse Simulation. As shown in Figures
8 and 9, the single tower, three-tower and four-line finite
element models were established. The structural members of
towers are simulated by the B31beamelements; lines and insu-
lators are defined as T3D2 truss elements in ABAQUS. The
beam and truss elements of ABAQUS/Explicit, which could
be easily implemented into existing finite element codes,
are extended and applied to analyze progressive collapse.
The base points of the transmission tower are fixed on the



6 Mathematical Problems in Engineering

10
−3

10
−2

10
−1

10
0

10
1

10
−4

10
−2

10
0

10
2

10
4

Frequency

s1
/p
ow

er

(a) Simulation point 8

10
−3

10
−2

10
−1

10
0

10
1

10
−4

10
−2

10
0

10
2

10
4

Frequency

s1
/p
ow

er

(b) Simulation point 12

Figure 6: Power spectral comparison between simulated and theoretical wind samples at points.
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ground. The connections between transmission towers and
lines are hinged, and the side spans of the lines are hinged
at the same height of middle tower in Figure 9. Geometric
nonlinearities played a very important role in determin-
ing the progressive collapse behaviour of the transmission
tower-line system in three-dimensional space. Therefore, the
material nonlinearities are ignored. When the stress of steel
material is larger than material yield strength, the element is
considered as “deleted” in birth-to-death element technique

Figure 8: Single tower model.

in ABAQUS/Explicit. The analyses are conducted for a wind
direction perpendicular to the transmission line.

4.4. Transmission Tower-Line System. Three-tower and four-
line finite element models are subjected to the wind loads,
which caused total progressive collapse. In several parts of the
literatures, 2# tower is considered as the most accurate model
to explain nonlinear dynamic response and progressive col-
lapse behaviour as shown in Figures 10, 11, 12, 13, and 14. The
damage element occurred on the main material of transmis-
sion tower on 15.5 second, especially the members close to
the wind load point. Due to the failure of brace in portal
frame, the “deleted” effect goes on from the middle to up and
down. Finally, the 2# tower completely collapsed in several
seconds. Figures 10(a), 11(a), 12(a), and 13(a) revealed the
whole progressive collapse process and Figures 10(b), 11(b),
12(b), and 13(b) showed the local region of tower. Figure 14
declared the subsequent progressive collapses process of the
middle tower (2# tower) from 14.65 to 15.30 seconds. More
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Figure 9: Three-tower and four-line finite element model.

(a) 2# tower model (b) Local region model

Figure 10: Wind-induced collapse of transmission tower-line system, time = 14.53 s.

(a) 2# tower model (b) Local region model

Figure 11: Wind-induced collapse of transmission tower-line system, time = 14.54 s.

(a) 2# tower model (b) Local region model

Figure 12: Wind-induced collapse of transmission tower-line system, time = 14.55 s.
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(a) 2# tower model (b) Local region model

Figure 13: Wind-induced collapse of transmission tower-line system, time = 14.60 s.

(a) Time =14.65 s (b) Time = 14.70 s

(c) Time = 14.80 s (d) Time = 14.90 s

(e) Time = 15.00 s (f) Time = 15.30 s

Figure 14: Wind-induced collapse of transmission tower-line system.

details about these processes are given in the following
portion of this section.

Before the 14.53 second, the transmission tower-line sys-
temworks well and all of elements remain elastic. Figure 11(a)
showed the maximum stress of several transmission tower
members reached or exceeded the material yield stress,
especially on the members near the wind load point on the
14.54 second. For some tower elements satisfying “death”
rule, they were “deleted,” as shown in Figure 11(b), which
lead to progressive collapse. That also demonstrated that the

progressive collapse of structure is initiated by the loss of
one or more load-carrying members. At the next instant, the
dead elements lost load carrying cause further redistribu-
tion of loads and the resulting elements damage might be
disproportionate in the local region near the lost member,
compared with Figures 12–14, which also caused more and
more elements to be failed and invalided. The order of tower
element damage in progressive collapses process is illustrated
in Figures 10–14. Moreover, transmission tower progressive
collapse speed and path are also influenced by conductor and
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(a) Time = 14.53 s (b) Time = 14.54 s

(c) Time = 20.00 s (d) Time = 30.00 s

Figure 15: Wind-induced dynamic response of the single tower.

ground lines which still are kept pulling up the tower head. It
was at the time 15.30 second that the transmission tower-line
system was viewed as structure complete collapse.

4.5. Transmission Tower. In order to compare and illus-
trate, the single transmission tower (2# tower) is mod-
eled and analyzed by birth-to-death element technique in
ABAQUS/Explicit. In this case, conductor lines, ground lines
and insulators were simplified to the load forces, which
were applied in the model. The load condition was the
uniform with tower-line system. Compared with progressive
collapses of transmission tower-line system, Figures 15(a)∼
15(d) showed the nonlinear dynamic response of the single
tower among the time 14.53 s to 30.00 s. At the same time,
the single tower structure did not collapse under wind load
and the maximum stress of all the tower members is less than
design values of material death technique. The comparison
of the single transmission tower model and transmission
tower-line system revealed that the conductor and ground
line could appear serious gallop response in Figures 10∼14
and accelerate structures collapse. Therefore, using the single
transmission tower to simulate progressive collapses process
by wind is inaccurate and transmission tower-line system
model should be recommended.

5. Conclusions

A 3D-FEMmodel was constructed for analyzing the progres-
sive collapses dynamic coupled behavior of a single tower
and transmission tower-line system under the action of wind
by the finite element software ABAQUS/Explicit. Accurate

structural analysis of power transmission structures is com-
plicated and close to the real application, which meant that
the current computer simulation technique is effective for
predicting and evaluating the ultimate structural progressive
collapse behavior. The conclusions are as follows.

(1) A nonlinear response analysis associated with wind-
induced progressive collapse process of transmis-
sion tower-line system by the birth-to-death element
technique in ABAQUS/Explicit is carried out. The
simulation technique is important for analysis of
transmission tower-line system dynamical behavior
and advances the structural ability in resisting pro-
gressive collapse.

(2) When themaximum stress value of the tower element
exceeds the death technique design value, the pro-
gressive collapse along with the direction of the last
instantaneous deformation happened quickly. The
number, position, and last deformation of damage
elements are responsible for the majority of trans-
mission tower-line system progressive collapse path.
Moreover, progressive collapse speed and path are
also affected by conductor and ground lines.

(3) Comparing the numerical results, the three-tower
and four-line finite element model is more accurate
and dependable than the single tower model with
the same load condition and technique for analyzing
structural nonlinear dynamic and progressive col-
lapses behavior. Ignoring conductor and ground line
gallop response, the transmission tower-line system
model is recommended for progressive collapses sim-
ulation and analysis.
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[32] Dassault Systèmes Simulia Corp, “Abaqus Glossary,” 2012,
http://simulia.custhelp.com/cgi-bin/abaqus.cfg/php/enduser/
home.php.

[33] Y. Shi and Y. Zhou, ABAQUS Finite Element Analysis Example
Explanation, China Machine Press, Beijing, China, 2006 (Chi-
nese).

[34] R. S. Long, W. J. Liu, F. Xing, and H. B. Wang, “Numerical
simulation of thermal behavior during laser metal deposition



Mathematical Problems in Engineering 11

shaping,” Transactions of Nonferrous Metals Society of China
(English Edition), vol. 18, no. 3, pp. 691–699, 2008.

[35] S. Nadimi, R. J. Khoushehmehr, B. Rohani, and A.Mostafapour,
“Investigation and analysis of weld induced residual stresses
in two dissimilar pipes by finite element modeling,” Journal of
Applied Sciences, vol. 8, no. 6, pp. 1014–1020, 2008.

[36] T. Li and H. N. Li, “Parametric study of seismic response of
transmission tower-line system subjected to multi-component
earthquake excitations,” in Proceedings of the 12th International
Conference on Engineering, Science, Construction, and Opera-
tions in Challenging Environments (Earth and Space ’10), pp.
2925–2932, March 2010.

[37] T. Li, L. Hongnan, and L. Guohuan, “Seismic response of power
transmission tower-line system under multi-component multi-
support excitations,” Journal of Earthquake and Tsunami, vol. 6,
no. 4, Article ID 1250025, 21 pages, 2012.



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematical Problems 
in Engineering

Hindawi Publishing Corporation
http://www.hindawi.com

Differential Equations
International Journal of

Volume 2014

Applied Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Probability and Statistics
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematical Physics
Advances in

Complex Analysis
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Optimization
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Combinatorics
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Operations Research
Advances in

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Function Spaces

Abstract and 
Applied Analysis
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International 
Journal of 
Mathematics and 
Mathematical 
Sciences

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Algebra

Discrete Dynamics in 
Nature and Society

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Decision Sciences
Advances in

Discrete Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014 Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Stochastic Analysis
International Journal of


