
 

 

 

 

 

 

ETSI TR 103 538 V1.1.1 (2019-03) 

Environmental Engineering (EE); 
Analysis of test method and test severity for 

mechanical test of equipment installed on poles/towers 

 

  

 

TECHNICAL REPORT 



 

ETSI 

ETSI TR 103 538 V1.1.1 (2019-03) 2 

 

 

 

  

Reference 
DTR/EE-017004 

Keywords 
environment, equipment practice, testing 

ETSI 

650 Route des Lucioles 
F-06921 Sophia Antipolis Cedex - FRANCE 

 
Tel.: +33 4 92 94 42 00   Fax: +33 4 93 65 47 16 

 
Siret N° 348 623 562 00017 - NAF 742 C 

Association à but non lucratif enregistrée à la 
Sous-Préfecture de Grasse (06) N° 7803/88 

 

Important notice 

The present document can be downloaded from: 
http://www.etsi.org/standards-search 

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or 
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any 

existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI 
deliverable is the one made publicly available in PDF format at www.etsi.org/deliver. 

Users of the present document should be aware that the document may be subject to revision or change of status. 
Information on the current status of this and other ETSI documents is available at 

https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx 

If you find errors in the present document, please send your comment to one of the following services: 
https://portal.etsi.org/People/CommiteeSupportStaff.aspx 

Copyright Notification 

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying 
and microfilm except as authorized by written permission of ETSI. 

The content of the PDF version shall not be modified without the written authorization of ETSI. 
The copyright and the foregoing restriction extend to reproduction in all media. 

 
© ETSI 2019. 

All rights reserved. 
 

DECTTM, PLUGTESTSTM, UMTSTM and the ETSI logo are trademarks of ETSI registered for the benefit of its Members. 
3GPPTM and LTETM are trademarks of ETSI registered for the benefit of its Members and 

of the 3GPP Organizational Partners. 
oneM2M™ logo is a trademark of ETSI registered for the benefit of its Members and 

of the oneM2M Partners. 
GSM® and the GSM logo are trademarks registered and owned by the GSM Association. 

http://www.etsi.org/standards-search
http://www.etsi.org/deliver
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx
https://portal.etsi.org/People/CommiteeSupportStaff.aspx


 

ETSI 

ETSI TR 103 538 V1.1.1 (2019-03) 3 

Contents 

Intellectual Property Rights ................................................................................................................................ 4 

Foreword ............................................................................................................................................................. 4 

Modal verbs terminology .................................................................................................................................... 4 

1 Scope ........................................................................................................................................................ 5 

2 References ................................................................................................................................................ 5 

2.1 Normative references ......................................................................................................................................... 5 

2.2 Informative references ........................................................................................................................................ 5 

3 Definition of terms, symbols and abbreviations ....................................................................................... 5 

3.1 Terms .................................................................................................................................................................. 5 

3.1 Symbols .............................................................................................................................................................. 5 

3.2 Abbreviations ..................................................................................................................................................... 6 

4 Historical vibration specification review.................................................................................................. 6 

5 Vibration response investigation for antennas mounted on tower ........................................................... 6 

5.1 Strategy for vibration response investigation ..................................................................................................... 6 

5.2 Data acquisition .................................................................................................................................................. 7 

5.2.1 Introduction................................................................................................................................................... 7 

5.2.2 Acquisition location ...................................................................................................................................... 7 

5.2.3 Acquisition setup .......................................................................................................................................... 7 

5.2.4 Choice of Tower and mounting location ....................................................................................................... 7 

5.2.5 Vibration data ............................................................................................................................................... 8 

5.3 Derivation of vibration response ........................................................................................................................ 9 

5.4 Final vibration specification ............................................................................................................................. 10 

History .............................................................................................................................................................. 11 

 



 

ETSI 

ETSI TR 103 538 V1.1.1 (2019-03) 4 

Intellectual Property Rights 

Essential patents  

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information 
pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be found 
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in 
respect of ETSI standards", which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web 
server (https://ipr.etsi.org/). 

Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee 
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web 
server) which are, or may be, or may become, essential to the present document. 

Trademarks 

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners. 
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no 
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does 
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks. 

Foreword 
This Technical Report (TR) has been produced by ETSI Technical Committee Environmental Engineering (EE). 

The present document applies to all telecommunications equipment installed on communication tower. 

Modal verbs terminology 
In the present document "should", "should not", "may", "need not", "will", "will not", "can" and "cannot" are to be 
interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of provisions). 

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation. 

https://ipr.etsi.org/
https://portal.etsi.org/Services/editHelp!/Howtostart/ETSIDraftingRules.aspx


 

ETSI 

ETSI TR 103 538 V1.1.1 (2019-03) 5 

1 Scope 
The present document is intended to provide suggestions on how to set vibration specification for telecommunication 
equipment installed on towers. 

2 References 

2.1 Normative references 
Normative references are not applicable in the present document. 

2.2 Informative references 
References are either specific (identified by date of publication and/or edition number or version number) or 
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the 
referenced document (including any amendments) applies. 

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee 
their long term validity. 

The following referenced documents are not necessary for the application of the present document but they assist the 
user with regard to a particular subject area. 

[i.1] ETSI EN 300 019-1-4: "Environmental Engineering (EE); Environmental conditions and 
environmental tests for telecommunications equipment; Part 1-4: Classification of environmental 
conditions; Stationary use at non-weather protected locations". 

[i.2] IEC 60068-2-6: "Environmental testing - Part 2-6: Tests-Test Fc: Vibration (sinusoidal)". 

[i.3] IEC 60721-3-4: "Classification of environmental conditions-Part 3: Classification of groups of 
environmental parameters and their severities-Section4:Stationary use at non-weather protected 
locations". 

[i.4] High-Rise Buildings under Multi-Hazard Environment: "Assessment and Design for Optimal 
Performance", Authors: Huang, Mingfeng. 

[i.5] ETSI EN 300 019-2-4: "Environmental Engineering (EE); Environmental conditions and 
environmental tests for telecommunications equipment; Part 2-4: Specification of environmental 
tests; Stationary use at non-weather protected locations". 

 3 Definition of terms, symbols and abbreviations 

3.1 Terms 
Void. 

3.2 Symbols 
For the purposes of the present document, the following symbols apply: 

g gravity acceleration (m/s2) 
grms root mean square of g 
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3.3 Abbreviations 
For the purposes of the present document, the following abbreviations apply: 

FFT Fast Fourier Transform Algorithm method 
PSD Power Spectral Density 

4 Historical vibration specification review 
The original mechanical test specifications are given in table 5 contained in ETSI EN 300 019-2-4 V2.4.1 [i.5]. 

The test severity is chosen based on IEC 60721-3-4 [i.3]. 4M3 and 4M5 is defined as follows in IEC 60721-3-4 [i.3]: 

• 4M1, 4M2: 4M1 and 4M2 apply to locations which are protected from significant vibration and shock. 

• 4M3: In addition to the conditions covered by 4M1 and 4M2, 4M3 applies to locations which are protected 
from significant vibrations, but may receive some transmitted shock, for instance from local blasting or 
pile-driving activities. 

• 4M4: In addition to the condition covered by 4M3, 44M4 applies to locations where transmitted vibration from 
machines or passing vehicles is experienced. 

• 4M5: In addition to the conditions covered by 4M4; 4M5 applies to locations where higher level shock may be 
experienced, for instance from adjacent machines or conveyor belts. 

It is clearly stated that different levels are based on whether there is a certain amount of vibration or shock event around 
installation location. 

The classification is relatively rough since it does not include the special case during which base station antenna is 
mounted on the tower. 

In the case when the antenna (either passive or active antenna) is mounted on tower, if an adjacent machine or 
equipment make significant vibration/shock response, very small portion of vibration or shock event would be 
transmitted to the antenna as the tower is relatively big and would absorb most of the vibration or shock event on it. 

On the other hand, when wind forces are acting on the tower, the wind would drive the tower into vibration. The 
vibration response of the antenna is mainly decided by the stiffness of the base station tower and wind speed. Also the 
higher the wind speed, the higher vibration level the antenna would go through. 

As indicated in ETSI EN 300 019-1-4 [i.1], the severities specified are those which will have a low probability of being 
exceeded; generally less than 1 %. Also the vibration test specification listed in ETSI EN 300 019-2-4 [i.5] should cover 
the vibration requirement when the tower mounted antenna is subjected to a wind speed of 50 m/s. 

Clause 5 provides an example of how to get the response on the base station antenna under wind force. The vibration 
standard of base station antenna can be deduced based on the acquired data. 

5 Vibration response investigation for antennas mounted on 
tower 

5.1 Strategy for vibration response investigation 

It would be quite straight that the vibration response under 50 m/s should be derivated in following two ways: 

• Data acquisition: Mount a multi-axis accelerometer on the mounting location of the antenna. Record the 
vibration response continuously. In case the wind speed exceeds 50 m/s on the tower, analyse the vibration 
response and thus the response can be the test specification of base station antenna. 
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• Derivation: 50 m/s is a very high wind speed that it is unlikely to occur under most circumstances. Thus, the 
derivation of the vibration response from low wind speed to high wind speed would be very important. The 
derivation process follows a certain rule which is decided by different wind speed spectrum. The wind speed 
spectrum include Davenport [i.4] or Harris spectrum which can be decided by normal usage. 

5.2 Data acquisition 

5.2.1 Introduction 

This clause describes the test setup of data acquisition and the final vibration response. 

5.2.2 Acquisition location 

In order to get the response of the antenna under high wind speed, a location with high wind speed should be chosen. 
According to the wind distribution in China, Hami City in XinJiang province has the highest average wind speed 
annually. The average wind speed in August is 10,5 m/s from the year 2003 to ~2011 and it is a very good location for 
relatively high wind speed observation. Thus, Hami city is chosen for data acquisition this time. 

It is also suggested that the location which did not have the highest average wind speed but have a big chance of 
hurricane such as YangJiang City in Guangdong Province can be chosen for long time data acquisition. 

5.2.3 Acquisition setup 

Data acquisition is realized using a data recorder device able to register the acceleration data. The recorder has a three-
axis accelerometer inside. It records the data in a single event. The triggered gravity level is 0,2 g, and the sampling 
frequency is 2 560 Hz. Thus, in a case where the vibration level is higher than 0,2 g, the recorder would record the event 
for 1 second. The FFT can transform the data from time domain to frequency domain with 1 000 Hz upper frequency. 

It is also suggested that continuous vibration data acquisition is used. In this case cables used for power and vibration 
data should be placed on the tower and a computer should be put in the central room under the tower. 

5.2.4 Choice of Tower and mounting location 

There are basically three types of towers in the world including single-pole tower, self-supporting tower and guyed steel 
mast. Self-supporting tower can be divided between triangular lattice tower and rectangle lattice tower. The tower 
height may range from 20 m to 100 m. The choice of the tower is basically based on the historical maximum wind 
speed and total amount of equipment mounted on the tower. In this case, a triangular lattice tower of 60 m high is 
chosen as representative to conduct vibration response acquisition. 

As stated in IEC 60068-2-6 [i.2], during vibration test, the deviation of vibration response between fix point and test 
specification is clearly specified. Thus, in order to define a test specification, the recorder should be close to the fix 
point of the equipment. In this case, the recorder should be mounted close to the mounting bracket of the antenna (see 
figure 1). 
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Figure 1: 60 m triangular lattice tower and mounting location 

5.2.5 Vibration data 

The acquisition was conducted from August to September in Hami city. The highest wind speed is 30 m/s and the 
vibration response of three axis is listed in figure 2. 

 

Figure 2: Vibration response of mounting location on a 60 m triangular lattice tower 

The grms values in the three directions are: 

• 0,45 grms in X; 

• 0,39 grms in Y; and 

• 0,22 grms in Z. 

sensor 

9 X 30 
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5.3 Derivation of vibration response 

The vibration response of the tower is decided by the frequency response function of the tower and the excitation 
spectrum caused by wind. Regarding the wind spectrum, Davenport spectrum [i.4] is used for the derivation of vibration 
response from low wind speed to 50 m/s. 

The formula of the Davenport spectrum is as follows: 

  

where: 

����� is pulsing wind speed power spectrum,n is pulsing wind frequency; 

x = 1 200 n/	�10; 

�10 is the average wind speed at a height of 10 m; 

k is the surface roughness factor. 

Considering the relation between wind force and wind speed, the ratio of two pulsing wind force spectrum is roughly 
the power of 8/3 of the ratio of the wind speed. 

In this case, the vibration response of 50 m/s can be derivated in following ways as described in figure 3. 

 

Figure 3: Deduced vibration response of 50 m/s 

The grms values in the three directions are: 

• 0,88 grms in X; 

• 0,77 grms in Y; and 

• 0,43 grms in Z. 

����� � 4��10����2
�2

��1 
 �2�
4/3
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5.4 Final vibration specification 

Considering the feasibility of the vibration test, the enveloping of the test parameter is as described in figure 4. 

 

Figure 4: Enveloping vibration specification of 50 m/s 

The test spectrum for the enveloping spectrum is listed in table 1. 

Table 1: Enveloping test spectrum of wind speed of 50 m/s 

Frequency PSD(g^2/Hz) 
1 0,04 
4 0,04 
20 0,005 
70 0,005 
90 0,15 
110 0,15 
270 0,002 
500 0,0005 

 

It can be seen that the test spectrum is much bigger than the test spectrum defined in ETSI EN 300 019-2-4 [i.5]. 

Thus, it is suggested to define a new test specification for antennas mounted on communication towers. 

The possible test methodologies are given in table 2. 

Table 2: Possible test severity for tower mounted equipment 

Type Test severity Duration 
Vibration Frequency and PSD given in table 1 30 min per axis 
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History 

Document history 

V1.1.1 March 2019 Publication 
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