This is a free 6 page sample. Access the full version online.

INTERNATIONAL ISO
STANDARD 10137

Second edition
2007-11-15

Bases for design of structures —
Serviceability of buildings and walkways
against vibrations

Bases du calcul des constructions — Aptitude au service des batiments
et des passerelles sous vibrations

e — Reference number
= \— 1ISO 10137:2007(E)

© SO 2007



This is a free 6 page sample. Access the full version online.

ISO 10137:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2007 — All rights reserved



This is a free 6 page sample. Access the full version online.

ISO 10137:2007(E)

Contents Page
o] =NV o T v
L e Yo 11 o) T vi
1 T o - PSSP 1
2 Lo B LYo = =Y =Y 4 Lo 1
3 Terms and definitioNsS..........oo i 2
4 Description of the vibration problem...............iiiicc e 4
41 L T=Y =T oI =Y 1B T 4
4.2 Vibration SOUICE........ooi s e e s e e e men e e e e e s a e nnmnnns 4
421 Vibration sources inside a building .......cccccciiiiiiiiiini e ——————— 5
4.2.2 Vibration sources outside a building..........cccouviiiiiiniic e ————— 5
4.3 TransMiSSION PAtR ... e s me e s e e s a e nmnnes 5
44 =Y o7 Y- 5
5 L 7 = 1 1T o= e o T 5
51 LCT=Y 0 T=T LI 4 =T S 5
5.2 1= e 1 = 6
L7200 SR & o) - 141 Yo T 4 = e 11 0T T/ 6
5.2.2 Reciprocating MaCRINEry ..........cooiiiiiiiiiiiii e r s e e e e s e s s e s s s e s e s e e rerrer e e errrsrsrressssssssnsssnnnsnnnnnnnnnnenennnnnes 6
L T 141 o T T3 1 ¢ Vo T 4 0 =12 41T 1= oY/ 6
L S 11 o oY o 4 = e o 11 4 =Y o OSSP 6
5.3 Vehicular traffic (road and rail)........cccccciiiicciiieiriiir s cssssrre e s ssssme e e s e s s nmn e eesa s nnmnnes 6
L R B € 1Y g =Y =TI =T 4 0 P o 6
L 0 |1 1o o1 Y=Y o o = 6
5.3.3  RaAIlWay trains .......cooiiiiii i e 7
5.4 IMPUISIVE SOUFCES......cciiiiiiiiieire i inmrr e e s e s s s s e smmne e e e e eesse s s mmn e e e s s es s s mmne e e e e saaa s amnmneeeeesassnnnnnenenssnnsnnn 7
L B € 1Y g = =TI =T 5 0 P o S 7
5.4.2 Impulsive sources in the ground ... ——— 7
5.4.3 Controlled intermittent and impulsive sources within a structure..........ccccccmriiiiccciinecccccees 7
5.4.4 Airborne or waterborne impulSive SOUICES .........ccevrirrriririrmmrmmererrrssesssesssesssssesssssesssssssssssssssssnssssnsnnnn 8
5.5 L L8]0 =T T T Y7 8
5.5.1 Repetitive coordinated activities over a fixed area........ccccceeeccccrmeiiin s ——— 8
5.5.2 Persons traversing StrUCtUIES.........cooviiiiiiiiiiimmiirisesssssesesesssssesssesesssssssssssssssssssssmssssssssssnssssssnnsnnsensnenenes 8
5.5.3  SINQGIE PUISES...coeiiiiiiiicccceiiiiir s s rssre e s s s s s s s sssn e e e e s es s s s s s ssm e s e e e sesas s s sms e e e e e eesas s anmnsneeeeesasnmnnneeeesaansnnnnnnn 8
5.6 LA SRR 8
5.7 L T Lo [ 1T 8
6 Evaluation Of FESPONSE ... mmn e e s e mmn e e e e e e e s me e e e e e e s nnnnn 9
6.1 LCT=Y 0 T=T LI =T 4 = T S 9
6.2 Methods of analysis........ccciriiiiiiii i —————————— 9
0 T € 1Y = =TI =T 5 0 P o 9
6.2.2 Actions that vary with time and SPace ... ————————— 9
6.2.3 Actions that vary With time .........ccooe oo ———————— 10
6.3 Evaluation of vibration levels by calculation........c.ccccciiiiiic s 10
G TR B € 1Y 4 =Y - 1 = 5 = 10
6.3.2 Damping for the serviceability limit state ..........cccceiimriiii i —— 10
6.3.3 Vibrations propagating in continuous media ...........ccooiiiriiiiiiii e ———————— 10
6.3.4 Vibrations of discrete media..........ccoooiii e 1
6.4 Evaluation of vibration levels by measurement .............cocciiiiiincn 11
L O € 1Y g = T I =T 4 0 P o 1
6.4.2 Quantities t0 be MEASUIEd......... .. e e 11
6.4.3 Measuring apparatus and range of Parameters ... 12

© IS0 2007 — All rights reserved iii



This is a free 6 page sample. Access the full version online.

ISO 10137:2007(E)

6.4.4 Arrangement of measurement POINtS ........ccccceiiiiiccciiiii e 12
6.4.5 Vibration measurement analysis and results..........ccccvvveiiiieiei s s s s e e ———— 13
L S T |1 T o W] =Y 4= L =Y o T o 13
7 Vibration criteria for the serviceability limit state.........cccccceiiecciiriii e 13
71 (e7=1 0 T=T = LI =T 44 T PSS 13
7.1.1  Criteria for human OCCUPANES ........cciiiiiiiicccceii i ssser s sssn e e e e e s e mnme e e e e e e s nmmnnes 14
7.1.2  Criteria for building contents...........cccciiiini i —————————— 14
7.1.3  Criteria for building StruCtUres ..........cccoiiriiiiii e —————— 14
7.2 Vibration criteria for human OCCUPANCIES .......ccoi i 14
0 B € 1Y 4= = L = 0 T o 14
7.2.2 Requirements for WalkWways..........ccccvimiinimiine e 15
7.3 Vibration criteria for building contents...........cccccviiinic e ——————— 15
7 TR TR €T 4 T=1 - T = P L 15
7.3.2 Vibration criteria for equipment and processes in buildings under design........ccccccccrririccciinnees 16
7.3.3 Evaluation of vibrations in existing buildings .........cccoccmiriiii e 16
74 Vibration criteria for building StrucCtures.........ccccov i s 16
A TR €T 4 =Y - T = - L 16
7.4.2 Criteria for vibrations from impacts/impulSes .........ccccciiri i 17
7.4.3 Criteria for vibrations from other actions............c s 17
A 3 T = 44 ¢ o= T o2 1 =Y o 17
7.4.5 Application of vibration criteria to measured vibrations ... 17
8 VIBration CONLIoOl ... e mme e e e e s s n e e e e e s e nmmmnnes 17
9 Vibration mitigation ... ———————— 18
Annex A (informative) DYNamiC @CtiONS ....... .o mme e e e s s mmnn e e e e e e naan 19
Annex B (informative) Examples of vibration analysis..........ccccocerimiiiiiccccseciinnn e csssss e 26
Annex C (informative) Examples of vibration criteria..........ccccoveeeoeminececinnccce e 33
Annex D (informative) Guidance for human response to wind-induced motions in buildings ................ 40
Annex E (informative) Methods of vibration mitigation...........cccoeeeoirircecii s 42
(=1 o7 [0 o | = T o 17/ 44

iv © 1SO 2007 — All rights reserved



This is a free 6 page sample. Access the full version online.

ISO 10137:2007(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10137 was prepared by Technical Committee ISO/TC 98, Bases for design of structures, Subcommittee
SC 2, Reliability of structures.

This second edition cancels and replaces the first edition (ISO 10137:1992) and differs from the previous
edition as follows:

— information on relevant International Standards have been updated;
— treatment of vibrations from rock bursts has been added;
— actions due to human activities have been updated (Annex A);

— serviceability criteria for occupants of buildings subjected to wind-induced vibrations have been added
(Annex D);

— the bibliography has been revised and updated;

— editorial changes and clarifications of text have been made.
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Introduction

Economic use of high-strength and lightweight materials has resulted in a trend towards more dynamically
responsive structures. This trend is exacerbated by the emergence of new sources of vibration acting on
buildings and walkways, and is compounded by an increasing demand for “vibration free” environments for
proper functioning of industrial and laboratory processes and instruments, and for work efficiency and
personal comfort. In the past, vibrations in buildings have largely been controlled by specified loads or
limitation of static deflections, or they have simply not occurred because of the massive nature of buildings. A
number of unsatisfactory vibration levels in buildings have been observed, however, and this seems to
indicate that the indirect criteria are no longer adequate. Hence, this International Standard was developed
with the objective of presenting the principles for predicting vibrations at the design stage, in addition to
assessing the acceptability of vibrations in existing structures.

The recommendations presented here are for serviceability and not for safety. It is, however, possible that
some vibrations (usually associated with resonance) can become a safety hazard. Therefore, for severe
dynamic loading, a check on the possible occurrence of resonance and associated limit stresses, deflections
and fatigue effects shall be carried out. The vibration effects discussed here represent a serviceability limit
state in accordance with ISO 2394.

The serviceability limit state for vibrations is described by constraints, generally consisting of vibration values
(displacement, velocity or acceleration), usually in combination with frequency or a frequency range and
possibly with other parameters. The constraints can also be connected to stress, strain, cracking occurrence
and duration. The constraints can be determined statistically, but are generally prescribed in codes
deterministically.

The design or evaluation criteria employed for achieving satisfactory vibration behaviour of buildings and
walkways in the serviceability limit state should consider, among others, the following aspects:

a) variability of tolerance of human occupants due to cultural, regional or economic factors;

b) sensitivity of building contents to vibrations and changing use and occupancy;

c) emergence of new dynamic loadings which are not explicitly addressed by this International Standard;
d) use of materials whose dynamic characteristics may change with time;

e) impracticality of analysis due to the complexity of the structure or complexity of the loading;

f)  social or economic consequences of unsatisfactory performance.
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