Open Journal of Civil Engineering, 2026, 16(1), 83-99

X/
%

Scientific

N/

‘ ‘ Research https://www.scirp.org/journal/ojce
94% Publishing ISSN Online: 2164-3172
< ISSN Print: 2164-3164

Application of In-Situ Live-Line
Pole Replacement Technology

in Iron Tower Construction

Kongliang Chen!*, Tao Zhang?, Guoqing Yuan?

!School of Civil and Architectural Engineering, Wuyi University, Jiangmen, China

Jiangxi Applied Engineering Vocational Institute, Pingxiang, China

Email: *kongliangchen@126.com

How to cite this paper: Chen, K.L., Zhang,
T. and Yuan, G.Q. (2026) Application of
In-Situ Live-Line Pole Replacement Tech-
nology in Iron Tower Construction. Open
Journal of Civil Engineering, 16, 83-99.
https://doi.org/10.4236/0jce.2026.161005

Received: February 11, 2026
Accepted: March 10, 2026
Published: March 13, 2026

Copyright © 2026 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

The transmission tower serves as a critical component of the national power
transmission system, and together with overhead transmission lines, consti-
tutes a nationwide power grid. However, as an indispensable part of transmis-
sion line infrastructure, it is highly susceptible to extreme structural failures
such as overturning and collapse induced by external loads or material corro-
sion, which severely undermine the operational stability and safety of trans-
mission lines. This paper proposes an innovative construction technique for
replacing structural members of high-voltage transmission towers. The pro-
posed method ensures the stability of the local member system during the re-
placement process and guides the construction under the coupled interaction
of the tower-line system. A form-finding analysis of the ground wire is per-
formed, deriving a mathematical model that characterizes the profile of trans-
mission lines under combined self-weight and wind load conditions. By ap-
plying the equal-strength replacement principle and numerical simulation
methods, the feasibility and practicality of in-situ live-line member replace-
ment are verified. This method enables construction and maintenance work
by replacing partial structural members without the need for complete tower
dismantlement. Monitoring results indicate that the deformation deviations
of the tower in all directions are maintained within the allowable safety range.
Compared with conventional methods, this technique facilitates rapid in-situ
live-line repair, offering remarkable advantages in terms of construction du-
ration and economic efficiency.
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1. Introduction

Over the past few decades, against the backdrop of rapid economic development,
large-scale steel transmission tower projects have been constructed nationwide to
satisfy the demands of infrastructure construction and expansion. However, trans-
mission line towers are continuously exposed to harsh natural environments and
must withstand extreme weather events as well as fluctuating structural loads,
which gives rise to widespread corrosion and damage to key structural compo-
nents such as tower bases. Thus, how to carry out efficient repair and reinforce-
ment of tower structures has become a critical issue that cannot be overlooked. A
comprehensive review of existing literature reveals that domestic scholars and
practicing engineers have conducted a series of in-depth theoretical investigations
and practical studies in this field, yielding fruitful results and accumulating valu-
able engineering experience [1]-[7].

Liu Xuewu et al [8] studied the failure process, failure modes, and ultimate
loads of reinforced transmission tower members and summarized the corre-
sponding patterns. Chen Kongliang et al. [9] proposed an innovative low-cost
technology is proposed to upgrade the foundation in-situbased on no power out-
ages, and studied the analysis of the whole process of the in-situlive jacking con-
struction. Furthermore, new progress has been made in research on tower rein-
forcement. Dinis et al. [10] used numerical analysis to investigate the global and
local buckling behavior of equal-leg angle steel. Lu et al [11] proposed a reinforce-
ment method by attaching cross-shaped connecting elements outside the legs of
the original angle steel to enhance capacity under increased wind and power loads.
Oszvald et al. [12] investigated the buckling behavior of corroded equal-leg angle
steel members through experiments. Research into the coupled behavior of trans-
mission tower-line systems has gradually garnered attention. Wang Jia et al [13]
explored the dynamic coupling effect clarifying the performance mechanism of
the tower-line system under various influencing factors. A new modeling method
[14] for lattice transmission towers with retrofitted leg members was developed.
Tapia et al. [15] used the pushover method to establish finite element models of
two in-service transmission towers and conducted nonlinear buckling analysis
under strong wind loads.

These studies have laid a solid theoretical foundation for addressing transmis-
sion tower -related issues. However, there have been few methodologies to prevent
the collapse of severely corroded towers. Therefore, this paper comprehensively
considers the local stability of tower structures and integrates a coupled tower -
line system analysis. A numerical model of the transmission tower is established
for both before and after member replacement scenarios, followed by an analysis
of the support reactions under the most unfavorable wind direction and the stress
distribution in the members to be replaced. The proposed method reduces con-
struction costs and improves operational efficiency, and boosts construction effi-
ciency substantially, whereas conventional reconstruction projects typically re-

quire around three months from design to completion, with at least three days of
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forced power outage, and this method is mainly used for the member reinforce-

ment of 110 kV and 220 kV transmission towers.

2. In-Situ Live Pole Change Plan of the Tower
2.1. Project Background

This research was conducted based on the practical engineering case of Tower #13
(shown in Table 1) on the Chengxiang Branch of the 110 kV Hantang Transmis-
sion Line, which is located in Fujian Province. The tower is situated within an
orchard, with its foundation fully enclosed by the fruit-growing area. Due to the
frequent application of herbicides and pesticides in the vicinity, long-term chem-
ical residues, combined with rainwater and mist, have continuously dripped onto
the tower components over time. This persistent exposure has kept the structural
members and concrete surfaces in a prolonged damp state, ultimately leading to
severe corrosion and even partial fracture of the tower structure, as shown in Fig-

ure 1.

Table 1. The parameters of tower #13.

Transmission Transmission tower

tower type G-shaped lines 110 kV dual circuit
Tower height 40 m Horizontal spacing 270 m
angle 0° The type of the base ~ Freestanding rigid foundation
Wire model LGJ-900/75 Calculated weight (N/m)  30.086

Figure 1. Corrosion rods.

2.2. In-Situ Live Pole Replacement Method

Following comprehensive on-site inspections and investigations, relevant engi-
neering and technical personnel proposed a member replacement method for
high -voltage transmission towers. This approach leverages the tower’s existing
structural foundation to realize equal-strength replacement of corroded compo-
nents.

The construction procedure of this method is described in this paragraph.
Given the severe corrosion of the tower base members, temporary reinforcement
was deemed a prerequisite construction step. Temporary supports were installed
at the tower base, and the diagonal bracing on both sides of the main legs were
reinforced by electric welding to preclude catastrophic failures such as tower over-

turning or collapse. After the temporary support system was securely established,
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the corroded segments of the main legs were cut away. Drilling operations were
then performed on both the original tower base and the residual intact angle steel.
New angle steel members (16 Mn steel, L100x8 specification) were selected and
connected by M20 high-strength bolts. These new angle steel members were ex-
ternally fitted over the corroded main legs: their lower ends were bolted to the
original tower base, while the upper ends were fastened to the existing main tower
poles. Finally, all bolted connections were fully tightened and reinforced, as illus-
trated in Figure 2. During construction, the displacement of the tower base is
controlled within 5 mm, ensuring the reliability of the operation through defor-

mation monitoring.

16Mn  LSOX8

16Mn L100X8

Figure 2. Temporary support schematic.

A supporting strut, fabricated from the same grade and size of angle steel as the
main tower legs, was prepared with a length matching that of the removed cor-
roded segment. This strut was installed in parallel with the existing structural
members. Its lower end was welded to a dedicated connection base anchored to
the concrete foundation, while the upper end was bolted to the externally fitted
angle steel and fully secured, as illustrated in Figure 3. The joints between the new
angle steel and the original tower components were further reinforced by electric
welding. Upon completion of the main leg reinforcement work, the diagonal brac-
ing on both sides were removed sequentially and replaced with new members of

identical specifications.

Figure 3. Main pole replacement.

Upon finishing the replacement of all tower structural members, concrete was

poured into the bearing supports of each temporary brace. The project was for-
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mally completed after the cement achieved its designed strength following the re-
quired curing period. Following the above steps, treat the remaining three main
poles and diagonal poles in the same way. After all the replacement and reinforce-
ment are completed, spray paint to avoid corrosion at the joints, as shown in Fig-
ure 4.

Figure 4. The repair diagram of the tower.

3. Analysis of Tower-Line System

The overall transmission tower system is primarily composed of the tower struc-
ture and the conductor system, which operate synergistically as an integrated unit.
The conductor system incorporates both power lines and ground wires. Given that
wind loads, along with the self-weight of conductors and ground wires, exert a
critical influence on the service performance of the tower-line system, the impact

of the conductor system on structural behavior must be rigorously evaluated.

3.1. Checking Calculation of Member Stability

When structural members are subjected to axial loads alone or combined axial
and lateral loads, eccentric tension or compression occurs if the line of action of
the applied loads does not coincide with the centroidal axis of the members. This
eccentricity further induces combined compression-tension and bending defor-
mation. In this study, the stability performance of the transmission tower members
under such combined compression-bending deformation was verified through rig-

orous checking calculations.

T, M <f (1)
@-my - N
wll-08—
w EAJ(114])
2
Ni’=nv“4d Ll NI =d- Y f! @)

The rod strength check calculation adopts formula (1), and m, =1.0,
9=09514, A=15.64cm’, I =148.24cm". The component can be regarded
as a slender compression rod with one end fixed and one end hinged. Calculate
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the shear bearing capacity N!and compressive bearing capacity N of the bolt
connection by formula (2).
In the formula [16]: A

X

is the slenderness ratio of the component around the

X-x axis; N, isthe parameter; n, isthe number of shearing surfaces; Zt is

v

the smaller total thickness of the pressure-bearing member in the same direction

of force.

3.2. Conductor Geometry Analysis

The primary factors influencing conductor geometry include span length and sag.
Prior to conducting geometric calculations, the fundamental assumptions for con-
ductors must be satisfied. Given that conductors are flexible components incapa-
ble of withstanding compression or bending moments, they can be mechanically
modeled as tension-only members, analogous to cables. Additionally, the load act-
ing on the conductor is assumed to be uniformly distributed along its length. In
this project case, the two adjacent transmission towers are assumed to be of equal
height. Thus, the form-finding analysis of the transmission lines can be simplified
to that of a catenary between supports at the same elevation. Within a typical span
range, the configuration of the conductor between the two towers is depicted in
Figure 5.

54 g
A o

A La

0

ey

)

Figure 5. Catenary curve.

According to the above assumptions, the partial catenary element is taken for
analysis, and the catenary equation of the wire in the working state can be derived

as shown in Figure 6.

ds )

T,

Figure 6. Catenary curve unit.

From the established functional relationship, we can derive:

tan9=%=&=&=£ (dx)” +(dy)’ (3)

Oy, Oy, Oy

Differentiate Equation (3) to obtain the subsequent equation:
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d(tan @) =51+ tan® O dx (4)
Oy
|
—dy £ dv y=tand (5)
1+(y") %o

Integrate Equation (5) to obtain the subsequent equation:

arshl,zéx+c (6)
Yy 0y
y:ﬁché(x+cl)+c2 :ﬁ[chix—lj (7)
g O g %o
f:yl—yzﬁ[chnﬁ—chéx} (8)
g O 9

In the formula: g is the specific load of the overhead line; o, is the axial
stress at the lowest point of the overhead line; S is the arc length of the selected
unit; f is the sag at any point of the overhead line and x= 270/2 = 135 m, and
the have Equation (8).

The catenary equation of the overhead line tower with equal height is derived,
and the sag height at any point of the catenary is obtained when the span is 270

meters.

3.3. Static and Dynamic Analysis of Wind Load on Tower-Line
System

Based on an extensive set of field-measured wind speed data, natural wind typi-
cally comprises two components: mean wind and fluctuating wind. Accordingly,
the wind speed at any given height can be expressed as the sum of the mean wind
speed and the fluctuating wind speed, and the total wind pressure can also be ex-

pressed as the sum of average wind pressure and fluctuating wind pressure.
v(z,t):V(z')-i-Vf (z,t) w=w+w, 9)

Given that the logarithmic law delineates the idealized wind speed profile
within the atmospheric boundary layer, this model is adopted herein to charac-
terize the vertical distribution of mean wind speed, as expressed below.

()= 1y 1n(iJ (10)
k z,

And in this article, due to the small height of the iron tower, the pseudo-static
action theory which simplifies the wind load to the static load on the iron tower
is adopted. In this way, all wind loads imposed on the structure can be converted
into static loads, thus simplifying the structure design and analysis. There are two
common expressions of pseudo-static wind load. In this section, the average wind
load wind-induced vibration coefficient amplification method is adopted, and the

formula is as follows.

w:WOﬁz/usﬂz (11)
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In the formula: g and g, are the variation coefficient, w, is the basic
wind pressure. Most countries have used this method.

In the analysis, since the turbulence integral scale of the Kaimal wind speed
spectrum varies along the height, which can reflect the characteristics of the wind
speed variation along the height of different tower positions, the Kaimal wind
speed spectrum is used to simulate the wind speed time history. The expression
is:

2

sv(n)=200u2 (12)

n(1+50x)”
In the formula: x=nz/v,, v, is the average wind speed at zheight.
In addition, the time histories of fluctuating wind speeds at different spatial lo-
cations are not completely synchronized, and even uncorrelated. Therefore, the
spatial correlation of fluctuating winds should be analyzed. For spatial problems,
the spatial three-dimensional Davenport coherence function should be used to
deal with:

—211\/CX2 (xi - X, )2 +c, (v —yj)

Coh(n)=exp (13)

In the formula: ¢, ¢, and ¢, are the spatial attenuation coefficients in di-
rections of x, y; and z

In this section, we plan to use the autoregressive model (AR) of the linear fil-
tering method to simulate the fluctuating wind speed. According to the principle
of the AR model, the fluctuating wind speed time history of M relevant spatial
points [u(x, v, z,t)} can be expressed as:

[u(x,y,2.t)] = g[(//g][u(x, y.z,t—gAt) |+[N(1)] (14)

In the formula: [1// g] is the order autoregressive coefficient matrix; [N (t)]
is the independent random vector matrix; P is the order of the autoregressive
model; Az is the time step.

For any point in space i(i =1,2,---N ), the covariance of a random process
u, (t),u; (1 —gAt) with a time difference is:

R, (x,y,z,gAt) = E{ui (x, V,Z,t— gAt) — E[u[ (x,y,z,t — gAt)}}
'{“f (x,y,z,t)—E[u,. (x, y,z,t)]}

Since u, (x,y,z,t) and u,(x,y,z,t—gAt) are stationary random processes

(15)

with a mean value of 0, their covariance is the correlation function, and the value

is a function of the time difference, which is:
Rm.(x,y,z,gAt):E[u,(l—gAt)ui(l)] (16)

Multiplying both sides of formula (16) by
[ul. (1- gAt)J = [”1 (t—gAt), - uy (- gAt)] at the same time, and calculating
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expectations on both sides at the same time, the relationship between correlation
function matrix [R] and autoregressive coefficient matrix [l//g:| can be ob-

tained:

[R]:[EJ[V/%] (17)

Then multiply (14) by [u(t)} = [ul (t),..-,uM (t)} at the same time, then we
have:

[y/g ]T [Ru (gAt)} (18)

M=

[Rv]=[&,(0)]-

Do Cholesky decomposition of [Ry] to [R,]=[U][U]', and get the inde-

pendent stochastic process vector matrix:
[N (@O)]=[v]n()] (19)

In the formula: [n(t)] is a random number matrix that obeys the standard

og
N

normal distribution.

After obtaining the autoregressive coefficient matrix and the random process
vector matrix, Equation (14) is discretized according to the time difference, and
finally the required pulsating wind speed time history vector expression is ob-
tained:

u'(inr)| W [(i-g)ae] | [ N'(iar)
=>[v.] : + (20)
u (inr)| u [(i-g)Ar]| | N™ (inr)

In the formula: iAt=0,---,T,g <i;when g>i,assumes u(1)=0.

3.4. Wind Speed Time History Simulation

The wind speed time history mainly considers the average wind and pulsating wind.
The average wind part is simulated according to the logarithmic law, and the pul-
sating wind is regarded as the wind that has experienced Gaussian random turbu-
lence. In this section, the MATLAB R2018b programming program is mainly used

for simulation, and the main parameters are shown in Table 2.

Table 2. Key parameters for time-history simulation of turbulent wind velocity.

Parameter category Value
Mean wind model Law of logarithm
Pulsating wind model Kaimal

. Spatial three-dimensional Davenport coherence
Coherence function .
function

10 m high average wind speed (m/s) 20.7

AR model order 4
Simulation duration (s) 200
Time interval (s) 0.1
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After numerical simulation, we can get the wind speed time history curve and
wind speed auto power spectrum comparison curve at different heights according

to the Kaimal pulsating wind speed power spectrum. Due to space limitations,

some of the elevations can be listed, as shown in Figures 7-10.

40 - |
@ 30
S
20
10 f
ok . . | L . L . | L
0 20 40 60 80 100 120 140 160 180 200
t(s)
Figure 7. Z = 8 m height wind speed.
aoF - : : - - . - : - .
30
Q)
[ 20 5
=
10 1
0 -
0O 20 40 60 80 100 120 140 160 180 200
t(s)
Figure 8. Z = 18 m height wind speed.
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Figure 9. Comparison curve of self-power spectrum of 8 m wind speed.
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Figure 10. Comparison curve of self-power spectrum of 18 m wind speed.
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In this study, the numerical simulation of fluctuating wind field is carried out
using the Kaimal wind spectrum. The turbulence and spatial coherence parame-
ters are set as: surface roughness length z, = 0.05 m, and Kaimal spatial coherence
decay coefficients c, = 480, ¢, = 360, ¢, = 150. The spatial measurement points are
arranged along the height direction to accurately reproduce the turbulent struc-
ture of the atmospheric boundary layer near the ground.

The wind speed time history is generated by a 4th-order autoregressive (AR)
model. The AR order is determined according to the attenuation characteristics of
the wind speed autocorrelation function and the spectrum fitting accuracy. And the
time step which shown in Table 2 satisfies the sampling theorem and high-fre-
quency spectrum resolution requirements, ensuring stable and reliable simulation.

Based on the target Kaimal spectrum, in addition to intuitive comparisons in
time and frequency domains, the coefficient of determination R* and relative error
of spectrum integration are adopted to quantitatively evaluate the fitting perfor-
mance. The results show that the coefficient of determination between the simu-
lated spectrum and the target spectrum is R? > 0.98, and the relative error of spec-
trum integration is <5%, indicating that the two are highly consistent in both fre-

quency-domain energy distribution and overall energy level.

4. Numerical Simulation Analysis

The primary consideration in establishing a tower-line coupling system for the
transmission tower model is the selection of model elements. For the transmission
tower’s mechanical model, beam elements are adopted for analysis, while the
transmission line’s mechanical model is treated as a tension-only rod. Consider-
ing the safety and stability of the tower structure, Midas Civil is employed to
model and analyze the stress state of the tower during the member replacement
process, ensuring that the structural bearing capacity of the tower remains within
the safety limits throughout the entire construction stage. The tower model is il-
lustrated in Figure 11.

i

Figure 11. Tower-line system model.

The Midas Civil analysis process for the transmission tower is as follows. A fully
fixed constraint is applied at the connection between the tower legs and the foun-

dation to simulate the actual rigid restraint of the foundation on the tower body.
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Structural members are modeled using beam elements, while the conductors are
established using the aforementioned form-finding method. By specifying the in-
itial tension, designed span length, and self-weight of the conductors, the system
is allowed to reach its initial equilibrium state under gravity, corresponding to
actual engineering conditions. Wind loads are primarily applied to the main body
of the tower structure. For components such as the tower shaft and cross-arms,
nodal wind loads are applied based on the conversion of the windward area.

In the process of pole change, the most unfavorable load combination of the
tower under the action of wind load, wire-ground load and self-weight load of the
tower is mainly considered. As shown in Figure 12 and Table 3, it is the vertical
reaction force of the four supports A, B, C, and D when the iron tower is working
normally. The largest support reaction force appears on the C support, which is
16.6 kN. The smallest bearing reaction force appears on the A bearing, and its
magnitude is 12.9 KN. When the iron tower is working normally, the maximum
stress among the four support towers A, B, C, and D is 4.9 MPa, and the minimum

stress is 3.7 MPa, as shown in Figure 13.

Table 3. The reaction force of the front and rear supports of the tower.

Support number A B C D
Normal working tower angle reaction force (kN) 12.9 13.0 16.6 16.5

Tower foot reaction force when replacing damaged members (kN) 9.6 20.1 12.9 16.4

Figure 13. Normal working tower pole stress (kPa).

When the damaged component is removed and replaced with a new main pole,
the most unfavorable wind condition must be taken into account. Specifically, the

most adverse scenario occurs when the wind direction is perpendicular to the pole
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being replaced, corresponding to a wind attack angle of 90°. As shown in Table 2,
the maximum support reaction of 20.1 kN occurs at Support C under this condi-
tion, while the reaction at this support drops to 9.6 kN after the damaged rod is
removed. This indicates that the load originally borne by the damaged rod is pri-
marily redistributed to Support C. Meanwhile, the removal of main pole leads to
a significant increase in the stress of the web members on both sides of the tower
respectively. Despite this notable stress elevation, the maximum compressive
stress accounts less than one-tenth of the design strength, which is well below the
ultimate bearing capacity limit state of the component. Thus, the tower structure

remains safe throughout the construction process.

5. Monitoring Analysis

In order to further understand the lateral horizontal displacement of the apex of
the tower and the vertical displacement of the four bases of the tower during the
pole changing process, a unit was commissioned to monitor the horizontal and

forward displacement of the reinforced tower.

5.1. The Condition of the Tower after Construction

After the pole replacement construction by the professional team, according to
the monitored data, the maximum deviation of the tower in the cross-line direc-
tion of the tower is shown in Figure 14, and the maximum deviation of the tower
along-line is shown in Figure 15.

As can be seen from Figure 14 and Figure 15, after the tower member replace-
ment, the deflection values of the tower in both the along-line and cross-line di-
rections are significantly reduced, indicating that the proposed high-voltage tower
member replacement method can be effectively applied to the in-situlive-line re-

pair of steel transmission towers.

—=— Pre-construction

—e— After construction
40
35
304

25

204

Offest value (mm)

154

10 4

Support

Figure 14. Cross-line deviation values.
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—=— Pre-construction
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Figure 15. Along-line deviation values.

5.2. Application of In-Situ Live Pole Change Technology in Corner
Tower

The preceding section discussed the application of in-situ live-line member re-
placement technology to tangent towers or towers with small tower-line turning
angles in practical engineering. However, in actual scenarios, the steel towers that
frequently require this operation are angle towers with large deflections, whose
force transmission mechanisms may differ from those of tangent towers. There-
fore, this section conducts a numerical simulation-based analysis of the in-situ
live-line member replacement process for angle towers, and simulates the internal
force variations of the angle tower’s main members when the tower deflection an-
gle ranges from 0° to 60°. In addition, since the damaged members of the angle
tower exhibit relatively low load -bearing capacity during the replacement opera-
tion within the 0° - 60° deflection range, climbing cables should be installed in the
corresponding orientation of the tower to prevent structural tipping during con-
struction. The internal forces exerted on the climbing cables throughout the in-
situlive-line member replacement process also warrant analysis, and the numeri-

cal model established is presented below.

Figure 16. Schematic diagram of corner tower model.

DOI: 10.4236/0jce.2026.161005

96 Open Journal of Civil Engineering


https://doi.org/10.4236/ojce.2026.161005

K. L. Chenetal.

As shown in Figure 16, the most unfavorable wind direction is along the posi-
tive direction of the y-axis, so line E and line F are set on both sides of them, and
the reaction forces of tower supports at different corners are analyzed. The reac-
tion force of the main pole support of the tower under the corner changes, as
shown in following Table 4.

Table 4. Reaction force of iron tower support with different corners.

Tower angle Support A Sul?port B Support C Sugport D
(degrees) reaction force reaction force reaction force reaction force

(kN) (kN) (kN) (kN)
0 12.8 13.1 16.5 16.4
10 11.6 12.1 17.3 16.9
20 11 11.3 18.1 17.5
30 9.6 9.8 18.9 18.2
40 8.9 9.2 19.3 18.8
50 8.2 8.7 19.8 19.2
60 7.8 8.2 20.3 19.7

It can be observed that as the inclination angle increases, the Z-direction axial
forces of the four main poles of the tower exhibit distinct regular variations with
the rise of the rotation angle. The reaction forces of main poles A and B on the
climbing side of the tower fluctuate with the rotation angle, showing a trend of
increase followed by decrease as the tower’s inclination angle grows. In contrast,
the reaction forces of main poles C and D on the non-climbing side rise continu-

ously with the increasing inclination angle of the corner tower.

—=— Climbing line E during normal operation
—e— Climbing line F during normal operation
—a— Climbing line E when changing poies

¥— Climbing line F when changing poies

Internal force value at different angles (KN)
N
1

T
0 10 20 30 40 50 60
Tower angle (degrees)

Figure 17. Internal force values at different angles before and after member replacement.

In addition, the internal forces and stresses of the climbing cables will gradually
increase with the tilting of the corner tower as shown in Figure 17, yet their mag-

nitudes are far below the allowable stress limits of the cables, indicating a state of
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structural safety. It should be emphasized that when conducting in-situ live-line
pole replacement on corner towers, the overturning effect induced by the eccen-
tric tension forces from the overhead conductors and ground wires of the corner

tower must be fully taken into account.

6. To Sum Up

The analysis results derived from the in-situ live-line pole replacement of the
transmission tower are summarized as follows:

1) During the in-situ pole replacement operation, the tower structure is sub-
jected to the most adverse loading condition at the stage where the damaged pole
has been removed while the new pole is yet to be installed. At this critical juncture,
a comprehensive verification was conducted on the compression-bending stabil-
ity of the diagonal poles on both sides. Calculation results confirm that the bearing
capacity of the bolts satisfies the design criteria after replacement. Following the
completion of pole replacement, the main poles undertake the load-bearing func-
tion of the supporting section, thereby ensuring the overall structural stress state
falls within a safe range.

2) Static and dynamic response analyses of the tower-line system, coupled with
numerical simulation, reveal that the removal of a tower main pole will induce a
significant stress surge in the web members on both sides. Nevertheless, the re-
sultant stress values remain far below the material’s allowable bearing stress, indi-
cating that the tower is theoretically in a relatively safe condition during the in-
situ pole replacement process.

3) A comparison of the tower displacement data monitored before and after the
operation demonstrates that the in-situlive-line pole replacement effectively mit-
igates the tower’s original abnormal inclination. This measure not only safeguards
the tower’s normal operational performance and eliminates potential equipment
hazards, but also ensures the long-term structural health of the facility.

4) Based on the structural analysis of the steel tower and the innovative optimi-
zation of construction techniques, which has been validated for straight towers in
previous studies and exhibits broad application prospects for corner towers as
well. It holds groundbreaking significance for addressing structural safety hazards

in transmission line towers.
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