INTERNATIONAL ISO
STANDARD 16933

First edition
2007-07-01

Glass in building — Explosion-resistant
security glazing — Test and classification
for arena air-blast loading

Verre dans la construction — Vitrages de sécurité résistant a
une explosion — Essai et classification par charge circulaire d'air

e Reference number
= — ISO 16933:2007(E)

© SO 2007



ISO 16933:2007(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 (p

© 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



ISO 16933:2007(E)

Contents Page
0 =TT o T o N iv
L0 oo 11T o o v
1 Scope ,A .............................................................................................................................................. 1
2 Normati(gsf =T = L= 1
3 Terms and&finitions ........................................................................................................................... 1
4 Hazard rating% .................................................................................................................................. 3
5 Test specimens O. .............................................................................................................................. 3
6 Facilities and equi t Preparation..........ococeeeeeeeieee e nnnnan 4
7 Test procedure............ S 7
8 Classification criteria.....Z ) .o ———————— 9
9 Test report ......ccceeeeeiiiccinnes /:{S; ........................................................................................................ 12
10 Precision and bias .........coocee e 13
Annex A (normative) Blast parameters afid derivation ..........ccccoiiiiiiiininc 14
Annex B (informative) Characteristics of Géhhock waves and explosives........cccoinriniieen e 16
Annex C (informative) Nominal charge size ar@ﬂapdoff distances......cccoriiicccceri 19
Annex D (informative) Fragment definitions and @ria COMPANISONS ....cerriiiriiiicinmnrrrerress s snmereeeeessneaes 21
(=1 0 [e o T - o] 1724 22

© IS0 2007 — All rights reserved iii



ISO 16933:2007(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$o be represented on that committee. International organizations, governmental and
non-governmental, in #Maigon with ISO, also take part in the work. ISO collaborates closely with the
International ElectrotechfiigtJ«Commission (IEC) on all matters of electrotechnical standardization.

International Standards aregr’ﬁld in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical co ees is to prepare International Standards. Draft International Standards
adopted by the technical comm s are circulated to the member bodies for voting. Publication as an
International Standard requires app é)y at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility tha

Qne of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible fo

o@/e}ﬂifying any or all such patent rights.

ISO 16933 was prepared by Technical Com e ISO/TC 160, Glass in building, Subcommittee SC 2, Use
considerations.
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Introduction

This International Standard provides a method for carrying out arena blast tests in order to assess and classify
the response of glazing to the overpressure and impulse characteristics of high-explosive blasts. This
International Standard provides criteria for rating the level of damage to the glazing and the hazard
consequences toythe area located behind the glazing. The increasing use of glazing designed to protect
persons and prv%y from accidental explosions, and from the effects of terrorist attacks with high explosives,

has prompted th )paration of this International Standard.

composition and thick . The classifications and test results derived by using this International Standard

Structural response@% loading is dependent upon specimen size and edge constraint as well as material
can be used in conjunct %ith calculation procedures and further validation tests on framed glass during the

process of designing com glazing systems against explosive threats.
The following annexes are inc@d in this International Standard:

— Annex A (normative) Ql@(@arameters and derivation

— Annex B (informative) Chara@[istics of blast shock waves and explosives
— Annex C (informative) Nominal @rge size and standoff distances
— Annex D (informative) Fragment dimé@ons and criteria comparisons
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Glass in building — Explosion-resistant security glazing — Test
and classification for arena air-blast loading

1 Scope 6/‘

This International S rd provides a structured procedure to determine the air-blast resistance of glazing
and sets forth the r%ed apparatus, procedures, specimens, other requirements and guidelines for
conducting arena air-bl ests of security glazing. Seven standard blasts simulating vehicle bombs and
seven standard blasts si ing smaller satchel bombs that can be used to classify glazing performance are
incorporated in this Internati Standard and cover a broad range of blast parameters.

Security glazing, including tha ricated from glass, plastic glazing sheet material, glass-clad plastics,
laminated glass, insulated glass, ss/plastic glazing materials and film-backed glass, can be tested and
classified in a standard frame or teste@ byt not classified in frames provided with the glazing.

Classification and ratings are assigned Sg‘sed on the performance of glazing loaded by air-blast pressures and
impulses, and are specific to the blast acteristics under which the test takes place. Glazing that has
received an air-blast classification and rating jasuitable for use in blast-resistant applications only for blasts of
comparable characteristics and only if inst?ﬁ@'@ a properly designed frame. Design based on knowledge of
the air-blast resistance reduces the risk of perso@ injury.

*

Q)
2 Normative references é

The following referenced documents are indispensab?r the application of this document. For dated
references, only the edition cited applies. For undate @ rences, the latest edition of the referenced
document (including any amendments) applies. 5@

ISO 48:1994, Rubber, vulcanized or thermoplastic — Determinal@)f hardness (hardness between 10 IRHD
and 100 IRHD) /

Q
3 Terms and definitions 6
Z

For the purposes of this document, the following terms and definitions apply. &

31

air-blast pressure history

description of the pressure of a reflected or free-field air blast, as measured at a point on the surface and
consisting of two separate phases:

— positive phase, which is characterized by a nearly instantaneous rise to a maximum pressure followed by
an exponential decay to ambient pressure;

— negative phase, immediately following the positive phase, during which the pressure decreases below
ambient for a period of time before returning to ambient

3.2

ambient temperature
temperature at which the test is conducted
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