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Abstract
This study describes a numerical projection of pre- and post-retroﬁtted conditions of telecommunication poles subjected to seismic hazards. The absence of explicit guidelines for the rehabilitation of existing poles motivated the investigation of the eﬀectiveness of steel jacketing for the retroﬁtting of self-supporting steel and reinforced concrete (RC) telecommunication poles. Eﬀects of
mast ﬂexibility, variable damping on dynamic response, and signiﬁcance of period on base shear ampliﬁcation were investigated.
The overall eﬀectiveness of retroﬁtting against base excitation was assessed for RC and steel poles through the application of
modal analyses and response spectrum approach based on a set of strong motion accelerograms recorded during the 1994 Northridge earthquake. Based on a serviceability approach, the analysis of results shows eﬀectiveness of the steel jacketing in increasing
load carrying capacity of the poles by enabling stress redistribution.
# 2004 Elsevier Ltd. All rights reserved.
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1. Introduction
Uninterrupted service is an essential design criterion
for utilities and selected structures subjected to manmade or natural hazards. The 1995 Kobe earthquake
in Japan and the 1999 Chi-Chi earthquake in central
Taiwan highlighted the criticality of a rapid restoration
of damaged telecommunication systems to both the
recovery eﬀorts and the normalization of business and
civic life [1,2]. During these earthquakes, impacts of
shaking to several telecommunication towers caused
delays in national communication systems throughout
the most critical rescue and recovery period, namely
the hours immediately following the earthquakes.
Therefore, the importance of telecommunication
towers, because of their rescue and recovery role,
requires not simply post-incident survival but minimal
overall damage, with no interruption of service.
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In fact, self-supporting tower design provisions for
the rehabilitation of existing towers against earthquakes are not yet addressed in current industry standards [3], although simpliﬁed procedures for the
seismic design of new poles are presented in UBC [4]
and IBC [5]. Additional provisions are needed to
address the increasing prevalence and geometric complexity of existing telecommunication towers in seismic
zones. As communities move to restrict the construction of new telecommunication poles, there is even
more pressure to obtain higher capacity levels from
existing poles by including new antennas and reﬂectors
with additional carries. Attempts to increase loads of
existing structures have further complicated eﬀorts at
seismic retroﬁtting because of the resulting, supplemental, non-uniform loads. More precise knowledge of
pole structure behavior under seismic excitations is
essential for proper code development. Detailed analyses are also necessary to evaluate the potential of various retroﬁtting solutions. For that reason, this paper
presents the numerical assessment of a speciﬁc retroﬁtting technique, (i.e., steel jacketing), for the super-
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structure rehabilitation of steel and RC telecommunication poles prone to seismic events. The extensive
application of steel jacketing for seismic retroﬁtting of
building and highway columns, and its good performance under seismic excitation provide a strong justiﬁcation for its selection as a possible treatment for
telecommunication poles. Consequently, its applicability for pole structures was assessed via numerical
analysis of real cases. The global eﬀects of remediation
with a new composite retroﬁtted section, consisting of
an existing pole, surrounded by a rubber sheet and a
steel sleeve, were investigated using three-dimensional
(3D) ﬁnite element models (FEM) under diﬀerent seismic loading conditions. To this aim, 2 RC poles (38
and 50 m high) and 2 steel poles (33 and 53 m high)
were studied. The overall eﬀectiveness of retroﬁtting
against base excitation was assessed by applying modal
analyses and a response spectrum approach using a set
of strong motion accelerograms recorded during the
1994 (ML 6.7) Northridge earthquake.
In the light of the ﬁndings generated, the pre- and
post-retroﬁtted condition of steel and RC poles were
compared to investigate the ﬂexibility of mast, variable
damping on dynamic response, and the signiﬁcance of
period changes on base shear ampliﬁcation. The geometric properties and capacity of the new composite
section were presented and compared to the original
RC and steel sections for each case. Based on the
results of the response spectrum analyses capacity and
demand variation on the section level was evaluated.
This paper presents the assessment of a speciﬁc retroﬁtting technique for superstructure rehabilitation of
existing poles to decrease their seismic vulnerability.
This study reﬂects results of FEM simulations, as currently there are no published case histories or experimental studies against which to compare these
numerical projections.

Fig. 1.

2. Steel jacket based strengthening
Steel jacketing, as a retroﬁtting technique for steel
and RC poles results from a combination of a synthetic
rubber sheet placed around the existing structure surrounded by half-cylinder shaped steel sleeve segments
(Fig. 1). The reason for the use of rubber sheet lies in
the fact that it behaves as a gasket, thereby providing
uniform friction between inner and outer sections. The
rubber sheet transfers bending moments and shear
forces induced by seismic or wind loads along the
strengthened height of the pole. Neoprene and Nitrile
are two synthetic rubber materials [6] that can be
recommended as this intermediary layer between steel
sleeve and existing pole due to the high frictional
potential of the rubber, which helps to prevent slippage
and maximize bonding between inner and outer layers.
The main characteristic properties of the rubber materials are given in Table 1. The placement of rubber
within the steel sleeve sections and the ﬁeld application
of steel-jacketing are presented in Fig. 1.
The steel jacket should be mounted to the foundation, either through the use of a combination of steel
base plate and anchor bolts (Fig. 2a) or embedded
sleeve segments into the new concrete collar (Fig. 2b),
even if this requires casting an extension from the existing foundation. Therefore, the base shear and overturning moment carried by the sleeve segment can be
transferred directly to the foundation. Although superstructure rehabilitation may in some cases entail further retroﬁtting of the foundation, this paper is strictly
limited to superstructure rehabilitation.

3. Finite element modeling
The accurate modeling of long poles is of particular
importance because of the signiﬁcant P-delta eﬀects

Constructive details of steel jacketing and ﬁeld application of retroﬁtting.
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Table 1
General properties of synthetic rubber material

Tensile strength (MPa)
Speciﬁc gravity
Elongation (%)
Compressibility (%)
Durometer

Neoprene

Nitrile

6.9–8.3
1.42
350
28
50–60

6.9
1.51
300
24.5
60

they exhibit. These second-order moment eﬀects are
exacerbated as the height of the pole and the number
of antennas and platforms increase, as and the amplitude of motion intensiﬁes. Summaries of the many
techniques that have been proposed to evaluate the
second-order behavior are readily available [7]. The
application of the geometric stiﬀness matrix is a general
approach to include these eﬀects during the analysis of
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all types of structural systems [8], and followed in this
study, thus an iterative approach was utilized during
response spectrum analyses to consider second-order
moment eﬀects. All computer simulations were conducted using the commercially available FEM software,
SAP2000 [9].
The four self-supporting telecommunication poles
modeled in this study are exact models of the real poles
used by the industry. Fig. 3 illustrates their preretroﬁtted geometry. The poles were modeled in 3D
ﬁnite element domain. The steel sleeve sections and
existing poles were simulated by four-noded quadrilateral shell elements, which combined separate membrane and plate-bending behaviors. Each shell element
consisted of four nodes and six degrees of freedom per
node. The reinforcement within the RC poles was
smeared over the section area as an additional equivalent concrete area. The rubber sheet was simulated with

Fig. 2. Foundation details of steel jacketing; (a) bolt-base plate and embedded steel sleeve foundation details; (b) mounting steel sleeve on
extended foundation; (c) existing caisson foundation.
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eight-noded brick elements to investigate its deformability, while transferring bending moments and shear
forces between inner and outer layers. The typical 3D
ﬁnite element model (for case 3 in Fig. 3) is presented
in Fig. 4. Originally existing poles were constructed on
caisson foundations (a typical conﬁguration is given in
Fig. 2c). A ﬁxed base support for ﬁnite element simulations, however, was assumed, and eﬀects of soil-structure interaction were ignored.
In common practice, steel jacketing is applied starting from the base level to variable heights of the poles
depending on the loading and requirements of redesign
considerations. To be consistent in all cases herein
studied, and to investigate the overall eﬀectiveness of
the retroﬁtting along the full height of the poles, the
steel jacketing was applied to the entirety of pole
heights. For the retroﬁtted poles, thickness of 6.4 mm
(1/400 ) was used in all cases for neoprene. For each of

Fig. 3.

the four cases, a 6.4 mm steel sleeve was utilized. Two
additional cases were analyzed for the RC poles using
a 12.8 mm (1/200 ) sleeve to reﬂect the standard practice.
For modeling, the following material properties were
selected: for the RC: a compressive strength (fc0 ) of 40
MPa, a modulus of elasticity (E) of 3  104 MPa, and
a mass density (M) of 245 kgf-s2/m4. Those for the
steel were fy ¼ 345 MPa, E ¼ 2  105 MPa, and
M ¼ 798 kgf-s2 =m4 . Since the serviceability of the
poles is their primary design criterion, the material
inelasticity was not considered. The general geometric
properties of the pre- and post-retroﬁtted sections are
given in Table 2. Since the pole structures have a
tapered geometry along their heights, the presented
results correspond to the bottom level sections.
The retroﬁtting resulted in a considerable increase in
section moduli of the sections, as well as the equivalent
cross sectional and shear areas (Table 2).

Geometrical details of reinforced concrete and steel poles.
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Fig. 4.
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Typical 3D ﬁnite element mesh generation for steel pole (case 3).

4. Dynamic characteristics of poles
Prior to response spectrum analyses, modal analyses
were performed in order to determine the elastic modal
properties of the poles. The number of modes used for
response calculations is recommended in several seismic
codes to include at least 90% of the participating mass for
principal horizontal directions [4,5]. Thus, 12 modes were
utilized, and only the ﬁrst three dominant modes are presented herein. The periods, and eﬀective modal masses
computed for the pre- and post-retroﬁtted states of the
poles are given in Table 3. The results indicate that the ﬁrst
two fundamental modes of the models are dominated by
lateral translations with almost same vibration periods.
Also worth noting is the diﬀerence in fundamental periods
of the pre- and post-retroﬁtted conditions of the poles.
The diﬀerence is most noticeable for the RC poles, where
retroﬁtting resulted in an 8%–13% reduction in the funda-

mental period (considering two diﬀerent sleeve thicknesses), whereas, the diﬀerence was relatively negligible
for the steel poles. This small diﬀerence for steel poles may
due to the almost same proportional increase in the stiﬀness and mass of the original steel poles through a doubling of the original thickness (since the elastic vibration
pﬃﬃﬃﬃﬃﬃﬃﬃﬃ
period of the system is Tn ¼ 2p m=k, where m is the
mass and k is the global system stiﬀness). For RC
and steel poles, the ﬁrst two modes in each direction
were characterized by extremely low frequencies, in
the range of 0.4–1.1 s1. In the following response
spectrum analysis, it was, therefore, essential to
choose a seismic input with signiﬁcant frequency content in the low frequency range. Otherwise, the poles
would not be excited to a considerable extent, and
the analysis would lose its signiﬁcance.
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Table 2
Characteristic properties of pre- and post-retroﬁtted pole bottom sections
Case 1

RC poles
Outside dia. (m)
Section areac (m2)
Sec. shear areac (m2)
Section modulus (m3)
Plastic modulus (m3)

Case 2
a

Pre-retroﬁt

Post-retoﬁt

Post-retoﬁt

1.32
0.39
0.28
0.11
0.16

1.35
0.83
0.41
0.25
0.23

1.36
1.10
0.74
0.33
0.45

b

Case 3

Steel poles
Outside dia. (m)
Section areac (m2)
Sec. shear areac (m2)
Section modulus (m3)
Plastic modulus (m3)
a
b
c

Pre-retroﬁt

Post-retoﬁta

Post-retoﬁtb

1.22
0.36
0.35
0.06
0.18

1.25
0.56
0.39
0.14
0.20

1.26
1.01
0.69
0.28
0.38

Case 4

Pre-retroﬁt

Post-retoﬁta

Pre-retroﬁt

Post-retoﬁta

0.92
0.02
0.01
0.01
0.01

0.95
0.04
0.03
0.01
0.01

1.40
0.06
0.04
0.02
0.03

1.42
0.09
0.06
0.03
0.04

Sleeve thickness is 6.4 mm.
Sleeve thickness is 12.8 mm.
Equivalent area based on the existing section material property.

5. Response spectrum analysis and ﬁndings
The response spectrum analysis provided insight into
the elastic response of the poles during their pre- and
post-retroﬁtted conditions, yet, one of the main problems in seismic analysis is the selection of a proper
input. As no recordings of earthquakes were available
for the sites of the poles investigated, the corrected
strong motion accelerograms recorded during the 1994
Northridge earthquake were adopted to construct 2%,

5%, 10% and 20% damped response spectrum for two
horizontal and one vertical components of motion
recorded in Slymar Country Hospital and Santa
Monica City Hall. These records were selected only to
test the performance of the poles under extreme seismic
excitations irrespective of their site conditions.
In performing the response spectrum analysis, the
horizontal components were applied bi-directionally
and orthogonally to each other, while a vertical
component was applied in the normal direction

Table 3
Periods and eﬀective modal mass ratio of the poles at pre- and post-retroﬁtted stage
Post-retroﬁta

Pre-retroﬁt

Mode no. Period (s) MMRx (%) MMRy (%) Period (s)

Post-retroﬁtb
MMRx (%)

MMRy (%) Period (s)

MMRx (%) MMRy (%)
6.9
41.3
3.1
1.1
47.2
0.4

RC poles
Case 1

Case 2

1
2
3
1
2
3

2.21
2.21
0.52
1.30
1.30
0.31

9.4
38.7
2.2
0.6
47.7
0.7

38.7
9.4
18.6
47.7
0.6
20.1

2.02
2.02
0.48
1.20
1.20
0.29

6.9
41.3
5.2
3.0
45.3
0.6

41.3
6.9
15.6
45.3
3.0
20.3

1
2
3
1
2
3

0.91
0.91
0.19
1.57
1.57
0.36

4.4
48.3
1.6
5.7
44.0
2.6

48.3
4.4
19.1
44.0
5.7
18.0

0.91
0.91
0.19
1.57
1.57
0.35

0.3
52.6
0.8
2.4
47.3
6.8

52.6
0.3
19.9
47.3
2.4
13.8

Steel poles
Case 3

Case 4

MMR, modal mass ratio.0
a
Sleeve thickness is 6.4 mm.
b
Sleeve thickness is 12.8 mm.

1.92
1.92
0.46
1.14
1.14
0.27

41.3
6.9
17.7
47.2
1.1
20.5
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Fig. 5. Elastic response spectra at 2%, 5%, 10% and 20% damping levels (bordered area by rectangular denotes the fundamental period range of
pre- and post-retroﬁtted poles).

simultaneously. The seismicity levels considered correspond to peak horizontal accelerations of 0.84 and 0.88
g and peak vertical accelerations of 0.54 and 0.23 g
recorded at Slymar and Santa Monica stations, respectively. The response spectra constructed for their three
components with selected damping ratios are given in
Fig. 5 to show the amplitude of spectral acceleration
during pre- and post-retroﬁtted stage of the poles.
Since convenient damping ratios for communication
poles are not justiﬁed with experimental studies, a
range of damping levels were used to determine how
the response varies at these levels. The selected ratios
are commonly accepted values for standard engineering
structures [10], therefore, one may expect that the
damping of the pole structures and its corresponding
response may lie in the range of the presented response
curves.
With the response spectrum analyses, estimates of
the total response were calculated as the square-rootof-sum-of-squares (SRSS) of the modal responses. The
earthquake responses studied included; (1) the resultant
base shear; (2) horizontal shear force along the mast;
(3) overturning moment at the base; (4) dynamic
component of axial force along the mast; (5) bending
moment along the mast; (6) top lateral displacement;
(7) dynamic component of axial displacement along the
mast; (8) tilting and rotation along the mast. All of

them have signiﬁcance in the process of analysis and
redesign: the ﬁrst ﬁve relate to strength and stability,
and the other three relate to serviceability considerations. Self-supporting telecommunication poles must
meet strict serviceability criteria that are pre-deﬁned
individually by their owners according to particular use
of the pole. Seismic ampliﬁcation of displacement and
rotations may aﬀect the top part of the pole, where the
antennas are attached, but they should not result in
any local permanent deformation after the earthquake.
Such deformation may result in a loss of serviceability
generating unacceptable signal attenuation [11]. This is
the main constraint for the use of elastic analysis techniques in this study.
Table 4 summarizes the top drift ratio calculated
based on the ratio of resultant of lateral top displacements to total pole height for diﬀerent damping levels
of pre- and post-retroﬁtted cases. Concerning the drift
values, the applied retroﬁtting shows more remedial
eﬀects on RC poles than steel poles. The retroﬁtting
particularly reduces the deformability of masts for
RC poles, thus causing a diminishing in second-order
moments. The diﬀerence in pre- and post-retroﬁtted
states of the RC poles becomes more noticeable as the
damping ratio decreases. That is due to fact that as the
damping ratio increases, the structure becomes less
sensitive to damping level. The pre-retroﬁtted

2108

E. Kalkan, D.F. Laefer / Engineering Structures 26 (2004) 2101–2111

Table 4
Drift ratio ðdResultant =HTotal Þ variation in percent for diﬀerent damping levels based on the 1994 Northridge Earthquake Sylmar and Santa Monica
records response spectrum analyses
Case 1

Case 2
a

b

Damping (%)

Pre-retroﬁt

Post-retroﬁt

Post-retroﬁt

Pre-retroﬁt

Post-retroﬁta

Post-retroﬁtb

2
5
10
20
2
5
10
20

3.8
3.0
2.4
1.8
1.8
1.5
1.2
0.8

3.4
2.8
2.2
1.7
1.4
1.1
0.9
0.7

3.1
2.6
2.1
1.6
1.2
1.0
0.8
0.6

2.4
2.1
1.8
1.4
1.1
0.9
0.6
0.5

1.9
1.8
1.6
1.3
0.9
0.7
0.6
0.4

1.7
1.6
1.4
1.2
0.9
0.7
0.5
0.4

Damping (%)

Pre-retroﬁt

Post-retroﬁta

Pre-retroﬁt

Post-retroﬁta

2
5
10
20
2
5
10
20

1.6
1.4
1.1
0.9
0.7
0.5
0.4
0.3

1.6
1.4
1.1
0.9
0.7
0.5
0.4
0.3

2.3
1.9
1.5
1.2
1.0
0.8
0.6
0.5

2.3
1.9
1.5
1.2
1.0
0.8
0.6
0.5

RC poles
Slymar

Santa M.
Steel poles

Case 3

Slymar

Santa M.

Case 4

maximum drift was 3.0% and 2.1% (at 5% damping
level) for cases 1 and 2, respectively. Maximum drift
decreased to 2.8% and 1.8% for the thin sleeve retroﬁt,
and further decreased to 2.6% and 1.6% for the thick
sleeve retroﬁt for case 1 and 2, respectively. In contrast
to the RC poles, the maximum drift for the steel poles
was 1.9% and 1.4% for cases 3 and 4 at 5% damping
level for their existing and retroﬁtted conditions and
did not show signiﬁcant diﬀerences.
The results of response spectrum analyses demonstrated that masts of the poles are relatively ﬂexible for
all cases. The maximum ﬂexural rotation (tilting) of the
v
top of the mast was below 2.2 for pre-retroﬁtted cases
v
and below 1.8 for post-retroﬁtted cases of RC poles
(considering each damping level). For steel poles,
v
maximum tilting was below 1.3 for both their preand post-retroﬁtted conditions. The maximum ﬂexural
rotation is an important parameter for the serviceability
of most reﬂector antennas, as they must retain their horizontal and vertical position because full functionality
depends on the speciﬁc tolerances of the equipment
carried by the poles.
Another measure of the eﬀectiveness of the applied
retroﬁtting is the relative reduction of maximum drift
(i.e., ratio of resultant top displacements to pole
height) to total carried base shear. Figs. 6 and 7
present the variation of base shear coeﬃcient (i.e., ratio
of total base shear (V) to weight (W) of the pole) for
the maximum drift of four cases at diﬀerent damping
levels. Notably, the smallest damping ratio presents the

Fig. 6. Drift ratio ðdResultant =HTotal Þ distribution for RC poles in
terms of base shear coeﬃcient ðVResultant =WeightÞ at 2%, 5%, 10%
and 20% damping levels (note that drift is increasing with decrease in
damping).
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increase in spectral acceleration conveyed by the
reduction in their fundamental period. The maximum
bending moment at the lower sections was decreased
by 36%–56% after retroﬁtting, due to stress redistribution between the inner and outer sections. The general conclusions presented herein were also supported
via demand and capacity evaluation on pre- and postretroﬁtted sections using the results of the 5% damped
Slymar record response spectrum analysis. Demand
calculations were carried out considering the axial load
and biaxial moments simultaneously, and demand (i.e.,
resultant stress) was computed for existing sections and
sleeve sections separately. The capacity evaluation is
based on the elastic material properties. The resultant
capacity and demand ratio (C/D) for pre- and post-retroﬁtted conditions of the poles are presented in Table 5.
The results correspond to the bottom section of the
poles, where the stress concentrations reach maximum.
The representative stress variation on the pre- and
post-retroﬁtted sections are shown in Fig. 8 for case 2
(Fig. 8a,b) and case 3 (Fig. 8c,d). The results obtained
imply that retroﬁtting increases overall section capacity
and helps to relieve the stress on the existing section by
transferring the stress to the sleeve section. For the RC
poles, pre-retroﬁtted sections near their elastic limits,
where C=D is equal to 1.2 and 1.0 for case 1 and 2,
respectively. On the other hand, retroﬁtting results in
signiﬁcant reduction on the stress acting on the existing
section and increases C=D to 1.8 and 2.4 for case 1 and
2. After retroﬁtting of RC poles, sleeve sections still
have high C=D that imply that the poles can carry
more loads without yielding of the sections and losing
their stability due to permanent deformations. The
steel poles show higher C=D compared to RC poles in
their pre-retroﬁtted conditions. After retroﬁtting, C=D
values for steel poles double, which enable signiﬁcant
load carrying capacity for steel poles in the elastic
range.

Fig. 7. Drift ratio ðdResultant =HTotal Þ distribution for steel poles in
terms of base shear coeﬃcient ðVResultant =WeightÞ at 2%, 5%, 10%
and 20% damping levels (note that drift is increasing with decrease in
damping).

higher drift. These ﬁgures show that RC retroﬁtted
poles have the potential to carry relatively more base
shear, with less top deﬂection. No signiﬁcant changes
were observed for steel poles between their pre-retroﬁtted and retroﬁtted states.
Retroﬁtted poles displayed more stable behavior
despite the increase in the seismic forces due to the

Table 5
Elastic capacity-demand (C=D) evaluation for pre- and post-retroﬁtted bottom sections

Case 1
RC
Case 2
Case 3
Steel
Case 4

Pre-retroﬁt
Post-retoﬁtb
Pre-retroﬁt
Post-retoﬁtb
Pre-retroﬁt
Post-retoﬁta
Pre-retroﬁt
Post-retoﬁta

Axial
force
(kN)

Moment

Existing section

Mx (kN m) My (kN m)

D (MPa) C (MPa)

C=D

D (MPa)

C (MPa)

C=D

275
389
190
270
39
70
160
233

2236
3338
1249
1529
416
781
1542
2166

33
22
39
17
111
110
133
130

1.2
1.8
1.0
2.4
3.1
3.1
2.6
2.7

–
157
–
117
–
112
–
134

–
345
–
345
–
345
–
345

–
2.2
–
2.9
–
3.1
–
2.6

2427
4139
2100
2947
372
664
2290
3389

40
40
40
40
345
345
345
345

Sleeve section

D, demand (maximum resultant stress from an axial force and bidirectional moments); C, section capacity.0
a
Sleeve thickness is 6.4 mm.
b
Sleeve thickness is 12.8 mm.
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Fig. 8. Stress distribution based on axial force and biaxial moments on pre- and post-retroﬁtted sections (units are in MPa and mm).

6. Conclusions
Self-supporting telecommunication poles are a vital
component of post-disaster communication system and
management needs to assess the reliability and safety of
these poles to minimize the risk of distribution to service during a severe earthquake. Unfortunately, current
tower design standards used by the industry (e.g., [3])
do not include necessary guidelines for the retroﬁtting
of existing poles. In this paper the applicability of a
steel jacketing, currently widely used for retroﬁtting of
bridge piers and buildings columns, is described and its
eﬀectiveness is numerically assessed for existing steel
and RC poles. The ﬁndings indicate that the composite
section, consisting of a steel sleeve and synthetic rubber
is eﬀective to provide stress redistribution between the
existing section and steel sleeve, and the retroﬁtting
showed a potential to reduce top deformations particularly on RC poles. In fact, reduction in deformability
is a convenient way to minimize the undesired secondorder moment eﬀects and to ensure continuous service
of the telecommunication poles.

A contribution of the retroﬁtting to reduce the base
level stresses was obtained for both steel and RC poles,
which leads to an optimum utilization of the existing
sections by increasing their shear and bending capacities. The applied retroﬁtting exhibited more pronounced eﬀects on the fundamental periods of the RC
poles, in contrast to those of the steel poles. The doubling of steel sections in the sense of equal thickness and
material properties seems to be responsible for the
insensitivity of rehabilitation on the period of the steel
poles. While the eﬀects of retroﬁtting to decrease the
deformations and to decrease the maximum stress on
the sections are valid for static systems, they are not
always warranted for dynamic system depending upon
the response characteristics of the input motion considered. As such, increasing stiﬀness of a structure subjected to earthquake loading may also result in an
increase in maximum stress (i.e., change in period may
results in higher spectral acceleration). Yet, the high
capacity to demand ratios obtained by retroﬁtting for
both steel and RC poles lead to the conclusion that
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steel jacketing can be used for retroﬁtting of telecommunication poles.
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