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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
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5k of technical committees is to prepare International Standards. Draft International Stan
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Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 160, Glass if)bduilding, Subcommittee SC 2
S.

jards
s an

atent

Use

© ISO 2007 — All rights re;

served


https://standardsiso.com/api/?name=505e935c373eeee12c72a8ca86732186

ISO 16933:2007(E)

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 to the area located behind the glazing. The increasing use of glazing designed to protect
persqns and property from accidental explosions _and from the effects of terrarist attacks with high explosives,

has grompted the preparation of this International Standard.

Strugtural response to blast loading is dependent upon specimen size and edge constraint|as well as material
composition and thickness. The classifications and test results derived by using this'Internatiopal Standard
can ke used in conjunction with calculation procedures and further validation tests an\framed glass during the
procgss of designing complete glazing systems against explosive threats.

The fpllowing annexes are included in this International Standard:

— Annex A (normative) Blast parameters and derivation

— Annex B (informative) Characteristics of blast shock waves and explosives
— Annex C (informative) Nominal charge size and standoff distances

— Annex D (informative) Fragment dimensions and criteria comparisons

© 1SO 2007 — All rights reserved \4
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Glass in building — Explosion-resistant security glazing — Test
and classification for arena air-blast loading
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For the purposes of this document, the following terms and definitions apply.

31

Normative references

Terms and-definitions

Bcope

nternational Standard provides a structured procedure to determine the air-blast rfesistan
sets forth the required apparatus, procedures, specimens, other requirements) ‘and g
icting arena air-blast tests of security glazing. Seven standard blasts simulating vehicle
 standard blasts simulating smaller satchel bombs that can be used to classify glazing perd
borated in this International Standard and cover a broad range of blast parameters.

rity glazing, including that fabricated from glass, plastic glazing ¢sheet material, glass-
ated glass, insulated glass, glass/plastic glazing materials and film-backed glass, can b
fied in a standard frame or tested but not classified in frames provided with the glazing.

ification and ratings are assigned based on the performance of glazing loaded by air-blast p
ses, and are specific to the blast characteristics under-which the test takes place. Glaz
ed an air-blast classification and rating is suitable for@se in blast-resistant applications only
arable characteristics and only if installed in a properly designed frame. Design based on
r-blast resistance reduces the risk of personal injury.

following referenced documents ‘are indispensable for the application of this documen
ment (including any amendments) applies.

8:1994, Rubber, vulcanized or thermoplastic — Determination of hardness (hardness betw|
00 IRHD)

ce of glazing
uidelines for

bombs and
ormance are

lad plastics,
b tested and

ressures and
ing that has
for blasts of
nowledge of

t. For dated
b referenced

ben 10 IRHD

air-b

ast pressure history

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

consi

sting of two separate phases:

an exponential decay to ambient pressure;

ambient for a period of time before returning to ambient

3.2

ambient temperature
temperature at which the test is conducted

©I1SO
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3.3

blast mat

steel or concrete pad upon or above which a high explosive may be detonated to reduce the incidence of
ejecta

3.4

breach

any perforation or opening through the test specimen or between the test specimen and the support frame,
evident after the test, through which a 10 mm diameter rigid bar can be gently passed without force

NOTE An opening may be caused by the glazing sheet infill pulling away from the rebate sufficiently to result in a
visible gap that exposes the edge of the sheet.

3.5
cartridge pTer
thick white paper for pencil and ink drawings, typically about 130 g/m?

3.6
free-field air-blast pressure
blast pressure acting at any given point in the free field, where there is no structure-or_other object distrbing
the blast wayje propagation

NOTE Alko referred to as incident pressure, being the pressure measured on surfaces incidental to or parallgl with
the direction of travel of the blast front.

3.7
fragment
any particle with a united dimension of 25 mm (1 in) or greater

NOTE THe united dimension of a glass particle is determined by\adding its width, length and thickness. Glazing dust,
slivers and all pther smaller particles are not accounted as fragments:

3.8
glazing
glass or plasjics glazing sheet material, including.glass/plastic combinations

3.9

indents
any detectable deformation of the foil or eartridge paper surface of the witness panel caused by impact df any
material as a result of the blast

3.10
peak-positiye air-blast pressure
maximum measured positive-phase air-blast pressure

NOTE If the measured pressure-time trace has sharp irregularities, the trace should be smoothed to produce a
pressure-time |trace that closely matches the mean path of the recorded trace. The peak pressure, P of relevahce is

the resulting smmogdthed value.

max’

3.1

perforations

any holes in the foil, cartridge paper or plain surface of the witness panel caused by impact of any material as
a result of the blast

3.12
positive phase impulse
integral of the measured positive phase air-blast pressure history

3.13

reaction structure

all elements of the structure designed to support the test frame or alternative means for holding the glazing to
be tested

2 © 1SO 2007 — All rights reserved
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3.14

reflected air-blast pressure

pressure increase that a surface, oriented other than parallel to the line from the detonation point to the
surface, experiences due to the detonation of a high-explosive charge

3.15

standoff distance

perpendicular distance from the plane of the front surface of the glazing to the centre of the explosive charge
or from the centre of the glazing if not perpendicular to the explosive

3.16

test frame
reactlon structure, to which are fastened all elements that are used to directly support the 'glazing during
classffication of the glazing

3.17
witness panel
pane| of deformable material positioned behind the test specimen in order to register the incidenge of material
forcifjly detached from the test specimen during test

NOTH The composition and location of the witness panel is described in 6.6.

4 Hazard rating

A harard rating is applied to glazing based on its performance under the blast conditions chosen for the test.
The fating is specific only to those blast conditions.

5 Test specimens

5.1 | Number of test specimens

For | the purpose of classifying glazing a minimum of three test specimens, each
(1 10p £ 5 mm) mm x (900 + 5) mm:shall be tested at a given level of air blast, defined in tdrms of peak
positive air-blast pressure and-positive phase impulse. One additional specimen shall be provided for pre-test
meagurements. Glazing of ,ether sizes may be tested if the manufacturer supplies framed glazing or frame
specifications. As such non=standard glazing assemblies may only be tested but not classified i accordance
with this standard, the number of test specimens will be as agreed prior to test.

5.2 | Multiple specimens

The gir-blastiresistance capacity of glazing does not imply that a particular specimen resists the specific air
blast|for4which it is rated with a probability of 1,0. However, the probability that a single glazipg or glazing
system-will resist the specific air blast at the particular level for which it is rated increases propqrtionally with
the number of test specimens that successiully resist that air blast at that level. The protection afforded
against a blast by a single item of glazing depends not only upon the glazing but also upon the manner in
which it is attached to the structure in which it is mounted.

5.3 Handling and storage

The test specimens shall be handled and stored in compliance with the manufacturer’s instructions.

5.4 Marking

Each specimen shall be marked with the manufacturers model and serial numbers and the date of
manufacture. The attack side is intended to be oriented towards the explosive charge and shall be marked by

© 1SO 2007 — All rights reserved 3
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the manufacturer to assure proper installation in the test frame. A number shall be assigned to each test
specimen and shall be marked accordingly.

5.5 Measurements

Thickness measurements of the glazing material shall be made at each corner, 25 mm from each edge, and
recorded. If the specimens are supplied already mounted in a frame, one of the specimens shall be selected
at random and inspected for details. Measurements shall include the edge dimensions of the frame and the
glazing material, the cross-sectional dimensions of the frame and thickness measurements of the glazing
material. The frame and glazing materials shall be verified to comply with the manufacturer’'s specifications.
Measurements and records shall be made of the bolts, screws or other devices used for fixing the test frame

or other glaz

5.6 Photag

Prior to the
test configur
motion pictun

6 Facilities and equipment preparation

6.1 Testf
The test faci
situated, ang
provide the
impact issue
conducted af

6.2 High-

A high-explo|
phase impul

adjusted to meet these required parameters within the tolerances allowed.

6.3 Blast

Nng support system to the reaction structure.

graphy

est, a photographic record that adequately portrays the test specimens, the test’frame an
tion shall be made. This photographic record shall consist of still photographs and may in
es or video.

acility

ity shall consist of an open-air arena located on clear,and level terrain. The test facility sh
of sufficient size, to safely accommodate detonation of the amount of explosive requir|
desired peak positive air-blast pressure and pesitive phase impulse. Potential environm

d the
clude

bl be
ed to
ental

s shall be analyzed and resolved prior to testing. Unless otherwise specified, testing shall be

ambient temperature as defined in 3.2 and Clause 8.

bxplosive charge

sive charge shall be used to generate the desired peak positive air-blast pressure and po
e on the test specimens. The-explosive composition, shape, mass, height and location sh

mat

If there is a

blast mat. THe decision to dse a blast mat, its size and thickness shall be at the discretion of the test dire

6.4 Test frame.and reaction structure

For classifying-the glazing, the following test frame and reaction structure requirements shall apply.

ossibility of crater ejecta interfering with the test, the high-explosive charge shall be placed

sitive
Bl be

on a
tor.

a)

b)

Test specimen(s), each with a vision size of 1 000 mm x 800 mm, shall be mounted on a test frame,
along the full length of all four edges. The test frame and reaction structure shall be capable of resisting
the air blast with deflections that do not exceed L/360, where L denotes the dimension of a test frame or
reaction structure member measured between the lines of support.

The test frame shall be fixed securely in a vertical position to the reaction structure. The test frame shall
be provided with clamping plates to hold each glazing in position and means for producing uniform
clamping of the glazing.

Bolt spacing of not more than 100 mm is recommended around the perimeter of each glazing.

© 1SO 2007 — All rights reserved
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The test specimens shall be mounted in a manner that meets the following requirements.

Mount standard-sized test specimens so that the bottom edge is between 0,5 m and 1,0
floor of the witness area.

Each test specimen shall have an edge capture of not less than 45 mm on all edges.

rubber strips (4 + 0,5) mm thick, (50 £ 5) mm wide and of hardness (50 + 10) IRHD in
with 1ISO 48:1994.

At the bottom of the rebate, each test specimen shall be seated on rubber strips (4 0
of hardness (50 + 10) IRHD in accordance with ISO 48:1994 and of width equal tothe
of the test piece.

All four edges of each test specimen shall be uniformly clamped with~a>clamping
(140 + 30) kN/m2,

NOTE The clamping pressure can have a significant effect on the test results.

If the glazing is supplied with its own unique frame or in a fenestration assembily, it shall b
e reaction structure as directed by the manufacturer and in a manner that closely models t
hich it will be mounted in the field. Non-standard test specimens may be mounted at height
the manner in which they will be mounted in the field.

Il test specimens and witness panels shall be completely enclosed in a structure designed t
last pressure from wrapping behind the test specimens.

nless otherwise specified, each test frame;shall be placed so that the test specimens
erpendicular to a line from the detonation~point to the centre of the test frame in org
xperience reflected pressures. The above directions assume such an orientation with the t
ounted vertically. Any other orientatioryrshall be agreed with the test sponsor in advance ¢
hall be recorded as required in 9.1c)\as it can affect failure modes and hazard ratings.

he classification blast values.are based upon tests using reaction structures (test cubicles

m above the

Each test specimen shall be separated from the test frame and the clamping plate by continuous

accordance

5) mm thick,
full thickness

pressure of

b attached to

ne manner in
5 appropriate

b prevent air-

are oriented
er that they
pst specimen
f testing and

having face

imensions approximately (3'm x 3 m as described in Annex C. If the reaction structurg is oriented

erpendicular to the line of the detonation point, the face of the reaction structure should nof

/4 m wide x 2,4 m high) This is in order to avoid excessive reductions in reflected impul

wing to the effects\of blast clearing from the edges of small targets. For further information

e blast relative-to the size of the reaction structure, tests, criteria and effects on
Reference [8].

Instrumentation

Pressure transducers

be less than
se that arise
DN assessing
glazing, see

A minimum of three air-blast pressure transducers shall be mounted on the exterior of each reaction structure.
The air-blast pressure transducers shall be flush with the surface of the reaction structure on the air-blast side.
The transducers shall be located such that the pressure and impulse in the centre of each test specimen can
be computed. As an alternative, the pressure transducers may be installed on a transducer panel of the same
size as the test frame and located and oriented in the same manner with respect to the charge as the test
frame.

All pressure transducers shall be capable of defining the anticipated air-blast pressure history within the linear
range of the transducer. Each transducer shall have a rise/response time and resolution sufficient to capture
the complete event. Limited low-frequency response transducers shall have a discharge-time constant equal
to approximately 30 times to 50 times the initial positive phase duration of the anticipated air-blast pressure

© 1SO 2007 — All rights reserved
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history. Calibration records shall be maintained that demonstrate the equipment can measure pressure within
an accuracy of + 5 %.

At least one free-field pressure transducer shall be used in each test. The free-field pressure transducer shall
be located at least 5 m or the width of the reaction structure, whichever is greater, from any reaction structure
and at the same horizontal distance from the high-explosive charge as the centre of the glazing.

Optionally, appropriate pressure transducers may also be located within the enclosure behind the glazing to
measure the pressure within the protected area during the blast. All pressure transducers shall be attached to
the data-acquisition system and tested prior to the blast to verify proper operation.

the classification criteria is referred to as the “mean peak air-blast pressure”, as in Clause 8 and-/Tables 2 and
3. Where a tfansducer panel is used, this is simply the “mean” or the “average” of the adjusted peak presgures
recorded by |at least three transducers near the simulated centre of the target. Wherehblast measurements
have been taken from transducers around the edge of the test specimens, it can be(necessary to derivie the
“mean peak [pressure” determined for the centre by more complex computation. Fer further informatior], see
Annexes A and B.

6.5.2 Datajacquisition system

The data-acquisition system shall consist of either an analog or a digital recording system with a sufficient
number of channels to accommodate all pressure transducers and any other electronic measuring deyices.
The data-acquisition system shall operate at a minimum sampling rate of 100 000 samples per secohd (a
sampling interval of 0,01 ms) with a rise-time sensitivity response to peak pressure of 10 us. A Higher
sampling ratg is recommended for the satchel tests. The_gystem shall be capable of recording reliably the
peak positivg air-blast pressure and the complete pressure-time trace through the negative phase loadipg as
well. The dath-acquisition system shall also incorporate'filters to exclude alias frequency effects from the [data.
6.5.3 Photpgraphic equipment

Adequate phptographic equipment shall be. available to document the test.

6.5.4 Temperature-measuring device

A temperatufe-measuring deviceshall be used to accurately measure glazing-surface temperature and air
temperature po more than 30™min prior to the blast.

6.6 Witnesss panels

A witness panel (3:17) shall be mounted behind each test specimen and inside the air-blast-resjstant
enclosure, parallel to the plane of the test specimen. Unless otherwise specified, the withess panel shall be
placed (3 £ 0; i ' i j ind the

test specimen and extend down to the floor of the witness area. The witness panel shall have a width at least
that of the minimum permitted reaction structure defined in 6.4, or the width of the test specimen if greater,
and a height extending from the level of the collecting mat to 200 mm above the top of the test specimen, or
the ceiling of the reaction structure if less.

The witness panel shall consist of sheets of non-ductile, foam insulation board, of material equivalent to
extruded polystyrene, polyisocyanurate or urethane, of density (30 + 5) kg/m3. The board shall be in one or
two layers of combined thickness at least 35 mm, mounted in a frame capable of remaining in place even if
forcibly impacted by failed pieces of the test specimen. In order to aid recording of the damage and to reduce
waste, the board may contain a removable face layer at least 12 mm thick and the witness panel may be
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faced with contiguous sheets of aluminium foil!) of thickness not more than 0,025 mm or cartridge paper of
weight between 100 g/m2 and 150 g/m2. The foil or cartridge paper surface shall be placed toward the window
glazing. To accommodate high-speed photography, a hole no greater than 150 mm x 150 mm may be made
in the top or bottom corner of the witness panel within an area bounded by one third of the height and width of

the panel.

7 Test procedure

71

Safety

The fange safety officer, or the test director when acting as the range safety officer, is resporisi
safety and procedures. When the test specimens have been mounted on test frames and the_hig
has heen placed and is ready to be armed, the area shall be cleared of all non-essential‘person

ble for range
h explosives
nel. The high

expldsive shall then be armed in a manner to maximize safety of personnel in theyevent pf accidental
dischiarge of the explosive during the arming procedure. After the high explosive istarmed and gll personnel
are af a safe distance from the explosive, the explosion shall be triggered.

7.2 | Initial inspection

When the blast area is safe to enter, an initial inspection of the test specimens shall be made.

'he apparent

condjtion of the test specimens shall be recorded. The length and location of any openingg in the test
specimens and pullout of the glazing from the test frame shall be’measured and recorded. The|location and
description of all parts of the specimen shall be recorded, whether retained in the frame or fallen inside or
outsidle, with identification of inner and outer leaves of glass where appropriate.

Photographs of the test specimens shall be taken before beginning removal of test specimens.

7.3 | Glazing and withess-panel inspection

The bide of the glazing located away fromthe blast (inside the enclosure) shall be examined. It shall be
determined and noted whether or not anybreakage or rupture of the inside surface has occurred| The witness
pane|s shall be carefully inspected for'the presence of perforations and indents resulting fron| the blast. If

prese
witne

7.4

nt, the location of perforations\and indents shall be documented, with their height above th
Ss area recorded.

Hazard rating

The hazard rating of/the“glazing or glazing system shall be in accordance with the rating criteria

given
seve
numk
post-
effec

in Table 1 ahd-Figure 1. The hazard rating that glazing or glazing systems receive is ba
ity of fragments generated during an air-blast test. The fragment severity is determined ba
er, sizeyeffects and location of fragments that lie at, or behind, the original location obg
est data gathering. Glazing dust and slivers, fragments smaller than the particles defined in
s, are hot taken into account for the ratings. For rating purposes only, the minimum area o

e floor of the

Hefinitions as
ted upon the
sed upon the
erved during
3.7 and their
f the witness

pane

defined in 6.6 shall be considered and no account shall be taken of perforations and indent

5 of size less

than 3 mm in any direction (width, length and depth) or caused by particles classed as smaller than fragments.
Examples of minimum sizes of glass particles classed as fragments are provided in Annex D (informative).

Fragments that shall be considered in rating the glazing or glazing system include those generated by the
glazing and any other parts of the glazing system not considered to be part of the test facility. For hazard
ratings B and C, parts of the outer leaves may be projected any distance outwards from the attack face
towards the blast source. For hazard ratings D, E and F, any parts of the glazing or frame may be projected

1) R-Matte® Plus-3 (manufactured by Rmax, Inc., 13524 Welch Road, Dallas, Texas 75244-5291, USA) is an example
of a suitable product available commercially. This information is given for the convenience of users of ISO 16933 and does
not constitute an endorsement by ISO of this product.
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any distance outwards from the attack face towards the blast source. See 6.1 for a description of the test
facility.

Table 1 — Hazard-rating criteria for arena tests

Hazard Hazard-rating

rating description Definition

A No break The glazing is observed not to fracture and there is no visible damage to the glazing
system.

B No hazard The glazing is observed to fracture but the inner, rear face leaf is fully retained in the
facitity test frameor gtazimgsystenT frame with o breach—and o mmateriat s tost from
the interior surface. Outer leaves from the attack face may be sacrificed and.m3gy fall
or be projected out.

Cc Minimal hazard The glazing is observed to fracture. Outer leaves from the attack.face mgy be
sacrificed and may fall or be projected out. The inner, rear face”leaf shgll be
substantially retained, with the total length of tears plus the total fength of pullout from
the edge of the frame less than 50 % of the glazing sight perimeter:

Also, there are no more than three rateable perforations-or-indents anywhere ip the
witness panel and any fragments on the floor between t\m and 3 m from the interior
face of the specimen have a sum total united dimengion of 250 mm or less. Glpzing
dust and slivers are not accounted for in the hazard rating.

If by design intent there is more than 50 % pullout but the glazing remains firmly
anchored by purpose-designed fittings, asrating of C (minimal hazard) may be
awarded, provided that the other fragment Jimitations are met. The survival confition
and anchoring provisions shall be described in the test report.

D Very low hazard |The glazing is observed to fracture®and significant parts are located no further| than
1 m behind the original location efithe rear face. Parts be projected any distance| from
the attack face towards the blast-source.

Also, there are no moreythan three rateable perforations or indents anywhere ip the
witness panel, and any(fragments on the floor between 1 m and 3 m from the interior
face of the specimen\have a sum total united dimension of 250 mm or less. Glpzing
dust and slivers afre not accounted for in the rating.

E Low hazard The glazing_ iS\observed to fracture, and glazing fragments or the whole of the glpzing
fall between,"i"'m and 3 m behind the interior face of the specimen and not more| than
0,5 m above the floor at the vertical witness panel.

Also, there are 10 or fewer rateable perforations in the area of the vertical wifness
panel higher than 0,5 m above the floor and none of the perforations penetrate more
than 12 mm.

F High hazard Glazing is observed to fracture and there are more than 10 rateable perforations |n the
area of the vertical witness panel higher than 0,5 m above the floor, or there are gne or
more perforations in the same witness panel area with fragment penetration morg than
12 mm.

8 © 1SO 2007 — All rights reserved
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Dimensions in centimetres
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Figure 1 — Cross-section through witness area for arena test

Listration of the calculation of tolerance from actual blasts is given in Clause B.3. Note that
a‘tions of either impulse pressure shall not be less than — 10 % in the case of hand-carried saptchel bombs

sets of blast classification criteria are included in this International Standard. The first is intgnded for use
glazing desighed to protect against vehicle bombs and is based on 100 kg TNT (tqnitrotoluene)
alent blasts..The second is intended for use with glazing designed to protect against smaller hand-

he allowable

ratherthan the — 15 % allowed for vehicle bombs as shown in the example.

When glazing is to be classified, ambient temperature shall be (22 + 17) °C.

8.1

Vehicle bombs

In order to classify the explosion-resistance of glazing intended to resist vehicle bombs according to this
International Standard, seven standard blasts are defined in Table 2. Mean peak air-blast pressure and mean
positive phase impulse values computed from recordings by the air-blast transducers mounted as defined in

6.5.1 are subject to the test conditions and tolerances as given in 8.1.1.
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The glazing classification includes the hazard rating achieved by the glazing as a result of the blast as well as
the specific blast parameters as listed in Table 2. For classification purposes, glazing shall be mounted in the
frame defined in 6.4.

Nominal charge size and nominal standoff distances capable of giving the required peak pressure and
impulse values under certain conditions and when in the reflected orientation are included in Clause C.1.

Table 2 — Classification criteria — Vehicle bombs

Classification code? Mean peak air-blast Mean positive phase
pressure impulse
kPa kPa-ms
EXV45(X) 30 180
EXV33(X) 50 250
EXV25(X) 80 380
EXV19(X) 140 600
EXV15(X) 250 850
EXV12(X) 450 1200
EXV10(X) 800 1600
@ In the classification code, the letters, i.e. “EXV” refer to the typejie. a vehicle bomb; numbers
denote a nominal standoff distance, expressed in meters, when a charge of 100 kg TNT equivalent is
placed at a point perpendicular to the surface of the test speeimen when mounted in a reaction
structure (test cubicle) of face size about 3 m x 3 m and (X)'denotes the hazard rating received
during the test. For example, classification code EXV25(C) applies to a test in which a standard blast
having peak air-blast pressure of 80 kPa and positive-phase impulse of 380 kPa-ms resulted in
damage to the glazing resulting in hazard rating C.

8.1.1 Test conditions and tolerances for vehicle bombs

The blast values achieved in a test are influenced by factors such as the charge composition, charge locption,
TNT equival¢ncy and mass, ground conditions, altitude and the size and orientation of the test frame angl test
specimen. lt|is the responsibility of thetest director to set up the test in order to impose the required|blast
values on th¢ surface of the test specimen within the tolerances as determined by the following steps on| valid
measuremerfts.

a) Determine the percentage variation of each measured or computed pressure and impulse reading| from
the classification pressure and impulse.

b) Calculate the_average percentage variation for all the readings for each parameter, i.e. pressur¢ and
impulse independently.

c) Calculate The overall average percentage variation for all the readings for both parameters, 1.e. pressure
and impulse combined.

d) Verify that the results are within the following tolerances.

— a) For each parameter, i.e. pressure or impulse, independently, the average percentage variation
shall be not less than — 15 %,

— b) For both parameters, i.e. pressure and impulse combined as in c) above, the overall average
variation shall be not less than zero.

10 © ISO 2007 — All rights reserved
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8.2 Hand-carried satchel bombs

In order to classify the explosion-resistance of glazing intended to resist hand-carried satchel bombs in
accordance with this International Standard, seven standard blasts are defined in Table 3. Mean peak air-blast
pressure and mean positive-phase impulse values, computed from recordings by the air-blast transducers
mounted as defined in 6.5.1, are subject to the test conditions and tolerances of specified in 8.2.1.

Nominal charge size and nominal standoff distances capable of giving the required peak pressure and
impulse values under certain conditions are included in Clause C.2.

Table 3 — Classification criteria — Hand-carried satchel bombs

Classification code? Mean peak air-blast Mean positive phase
pressure impulse
kPa kPa-ms
SB1(X) 70 150
SB2(X) 110 200
SB3(X) 250 300
SB4(X) 800 500
SB5(X) 700 700
SB6(X) 1600 1000
SB7(X) 2800 1500
@ In the classification code the letters, i.e. “SB% refer to the type, i.e. a hand-carried satchel
bomb, the number designates the standard blast and (X) denotes the hazard rating received
during the test. For example, classification, SB4(C) applies to a test in which a standard blast
having peak air-blast pressure of 800 kPa~and positive phase impulse of 500 kPa-ms resulted in
damage to the glazing resulting in hazatdrating C.

8.2.1| Test conditions and tolerances for hand-carried satchel bombs

The blast values achieved in a.test are influenced by factors such as the charge composition, charge location,
TNT pquivalency and mass, ground conditions, altitude and the size and orientation of the test frame and test
specimen. It is the responsibility of the test director to set up the test in order to impose the rgquired blast
valugs on the surface of\the test specimen within the tolerances as determined by the following steps on valid
meagurements.

a) etermine_the-percentage variation of each measured or computed pressure and impulse [reading from
e classification criteria.

b) alculate the average percentage variation for all the readings for each parameter, i.e. pressure and
impulse independently. T

c) Calculate the overall average percentage variation for all the readings for both parameters, i.e. pressure
and impulse combined.

d) Verify that the results are within the following tolerances.

— The mean percentage variation for the readings for either of the parameters, i.e. pressure or impulse,
independently, shall not be less than — 10 %.

— The overall average percentage variation for all the readings for both parameters, i.e. pressure and
impulse combined as in c) above, shall be not less than zero.

© IS0 2007 — Al rights reserved 1


https://standardsiso.com/api/?name=505e935c373eeee12c72a8ca86732186

ISO 16933:2007(E)

9

9.1

Test report

Mandatory information

Upon completion of a test, a confidential, written test report shall be provided. The original copy of the test
report shall be furnished to the sponsor of the test. The testing laboratory or agency shall keep a copy of the
test report on file.

The following mandatory information shall be reported:

a)

b)

c)

d)

12

testing-agency information: name and address of the laboratory or agency conducting the test;

test speg¢imen information:

— manufacturer's name or trademark for the glazing,

— prodluct name and type and/or serial number of the glazing,

— desgription of the glazing, including pertinent dimensions, construction andimaterials,
— desgription of the framing if it has been supplied with the glazing,

— complete description of the condition of the specimens as received;

test set-pp information:

— nunber of specimens tested,

— amaount and type of high explosive used in the test,

— configuration of the high-explosive charge,

— distance from the centroid of the high-explosive charge to the face of the test specimens,

— orieptation of the specimens with respect to a line drawn from the centre of the explosive chaige to
the entre of the test frame,

— nunpber and locations _ofall air-blast pressure transducers,

— air temperature measured just prior to the test,
— temperatureofthe exterior surface of the glazing measured just prior to the test,

— relatiye humidity at the time of the test,

— elevation of the test site;

test results:

— peak positive air-blast pressure measured from each air-blast pressure transducer on the frames
supporting the test specimens or on the transducer panel representing the test frame and the mean
peak positive air-blast pressure,

— mean peak positive air-blast pressure and mean positive phase impulse showing the computations

employed to derive the blast experienced in the central region of each test specimen for comparison
with the relevant classification,
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— positive phase duration measured by each air-blast pressure transducer on the frames supporting
the test specimens or on the transducer panel representing the test frame and the mean positive

phase duration,

— free-field positive phase pressure(s), impulse(s) and duration(s) measured at the same standoff

distance as from the charge to the test specimens,
— recorded air-blast pressure history from each air-blast pressure transducer,

— condition and location of all parts of the test specimens immediately following the test,

including the

length and location of any openings made in the specimens during the test and whether the test

specimens were retained In the frrame,

+ fragment data collected and the calculation used to determine united fragment dimensio

indents,

+ hazard rating of the glazing with supporting data,

+ classification code of the glazing if tested with a standard blast as'defined in Tables 2 or
e) The test report shall contain the photographic record of the‘test set-up as described in
addition, the test report shall contain detailed photographs_of each test specimen followin

gpecified in 7.2. Each specimen shall be labelled in the)post-test photographs to allow f
ifentification.

9.2 [ Supplemental information (optional)

If any motion picture or video records are made of the performance of the test specimens, such
become part of the test report.

10 Precision and bias

No sfatement is made concerning either the precision or bias of this test method since the result
what|hazard level rating andclassification (if the glazing is classified) a glazing can receive for
blast[loading.

1S,

+ damage to the witness panels resulting from the blast, including the locatiomof any pérforations or

31
Clause 6. In

j the test as
Dr their clear

records shall

erely states
specific air-
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Annex A
(normative)

Blast parameters and derivation

A.1 General

This annex sets out the procedures to be followed by the testing authority to achieve consistent measurgment
and derivatign of the test blast parameters for comparison with the classification parameters given inTabples 2
and 3. Different subscripts may be used for the blast parameters. For example, the positive phase impulse,
I,.s, may beg denoted /. where it denotes the classification impulse or /; where it denotes the impulse
calculated frgm the measured test values.

A.2 Symbols for positive phase of blast
P(?) pregsure above ambient pressure at time, ¢
clasgsification peak reflected overpressure

Pnhax  peak overpressure of mean reflected P-t+ wave trace derived from measured test values| (this
parameter is sometines designated P, or Pr)

I clagsification impulse

L impllse calculated from measured test values

by pos|tive phase duration of derived mean test P-r wave trace
4 equjvalent triangular duration calculated from P, and 7

A dechy coefficient

A.3 Mathematical relationships

The pressurg¢, P(z), above ambient pressure at time, ¢, can be determined from the shape of an ideglized
exponential pressure-time{curve, such as the modified Friedlander equation, as given in Equation (A.1):

P(f) = Pl ax(1 - t/tp) exp(— At/tp) (A.1)

where tp is the positive phase duration of the classification P-r wave trace.

Integration of the modified Friedlander equation yields the area under the curve that represents the impulse, I,
as given in Equation (A.2).

I'= Prax 1o {(1/4) = [1 — exp(- A)V/ A} (A.2)
where 4, is the term A2 from the Friedlander equation.

The limiting case occurs when the value of 4 = 0 and the decay curve is a straight line; then the duration is the
equivalent triangular duration, ¢, as given in Equation (A.3):

t=211P (A.3)

max
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A.4 Procedure

Calculate the value of I; by numerical integration of the recorded positive phase of the pressure-time (P-f)
wave trace before it is smoothed.

Match the measured and recorded pressure-time trace, P(¢), for the positive phase to the best fit, smoothed
mean curve through the measured points to derive the values of P, and ¢,. This may be done by numerical
methods or a combination of numerical methods and curve smoothing by eye.

Establish the value of the resulting measured peak pressure, P,,,, , by recording the pressure value from the
point at which the mean pressure-time trace crosses the time-of-arrival axis. Note that this can differ from the
insta ; ' i ike—pf very short
durafjon, which should be discarded.

If thefe is no clear time at which the recorded P-t trace crosses zero overpressure, then the time at which the
smodthed curve, extrapolated if necessary, reaches zero overpressure shall be used to,determing the positive
phasg duration for calculation of the impulse from the non-smoothed trace. When automated numerical-
calculation procedures are used, this time is the same as that of the peak of the'impulse-time cyrve denoting
the measured test value, /.

Freeffield (incident) P-t curves and P-t curves for the reflected blast near the centre of test targets can be
compared with the shape of an idealized (Friedlander) curve having“the same values of peak positive
presdqure, duration and impulse. Such P-¢ curves resulting from high-explosive blasts generally hgve a value of
the decay coefficient, 4, lying between 0 and 4. P-t curves at locations subject to blast clearing, on small
targels or near the edges of targets, have a reduced impulsexand do not follow the shape of|an idealized
lander) curve.

A.5 |Achievement of classification blast.values

The {esting agency shall select the explosive“and test dimensions to yield a high-explosive blagt having the
required classification criteria under the, site” conditions. The equivalence factors for explosives vary with
charge size, standoff and test conditions: The preliminary selection of an appropriate explosive apnd mass may
be mpde by reference to Table B.1.
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Annex B
(informative)

Characteristics of blast shock waves and explosives

B.1 Blast shock-wave characteristics

A blast wavg can be generated by detonation of a high explosive. This results in a sudden release of \epergy
that causes the air to be highly compressed and driven at supersonic speeds, during which air’melecules
cannot respdnd as they would to a normal input of energy. As a result the air “shocks up” to form.a|blast yave.
The blast wgve is characterized at any given point by an instantaneous rise in pressure followed by a decay
over a time geriod called the positive phase duration. See Figure B.1.

Y |
Prmax
1
P(t)
tA + tpos 2
tA + tpos + tneg
Poa T
P t t /
reg A A
3 | 4 | 5 ;

Key

X time after explosion
Y pressure

1 positive s];ecific impulse, ipog

2 negative spetcificimpulse; ineg
3 time of arrival,

4 positive phase duration, tpos
5 negative phase duration, tneg
a2  Ambient.

Figure B.1 — Idealized pressure-time variation for a blast wave
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When a blast wave encounters the surface of a target structure, it is reinforced and reflected. The target
initially experiences what is termed a peak reflected pressure, denoted P,,,, or P,, which is, strictly speaking,
the overpressure above ambient. In a true, free-field explosion, as the energy of the expanding gases
becomes dissipated, so their momentum falls and they begin to contract. The effect on the blast wave is to
produce a rarefaction, which manifests itself as a period of “under-pressure” known as the negative phase. It
is this phase that, combined with the tendency of panels to undergo elastic rebound, often causes window
glass to bulge or fall towards the blast source.

B.2 Characteristics of explosives — Air-blast parameters (hemispherical surface
detonation)

TNT |(trinitrotoluene) is used as the standard or reference explosive for equating the effec{s of various
explgsives. The free-air equivalent mass of a particular explosive is the mass of the standard explosive TNT
requifed to produce a selected shock-wave parameter of magnitude equal to that produced by a|unit mass of
the eikplosive in question. The equivalent mass and the equivalence factor, %, of an-explosive bgsed on blast
presgure, k,, or impulse, k;, varies at different pressure levels. Generally, an ayvérage value is|used for the
equivalence factor, k, from which the equivalent mass of the explosive is calculated. Approximate free-air
equivalence factors, kp, ki and k, for common military explosives are given inTable B.1.
Table B.1 — Approximate equivalence factors for-high explosives
Pressure range
Explosive ky k; k@
kPa

ANFO (94/6 Am N/fuel oil) 0,82 — (0,82) 0 to 690

Composition A-3 1,09 1,07 1,08 35 to 350

Composition B 1,11 0,98 1,05 35 to 350

Composition C-4 1,37 1,19 1,28 70 to 690

Cyclotol 70/30 (RDX/TNT) 1;14 1,09 1,12 35 to 350

HBX-1 117 1,16 1,17 35 to 140

HBX-3 1,14 0,97 1,06 3510 170

HE 1,38 1,10 1,24 35 to 690

Minol 11 70/30 (HMX/TNT) 1,20 1,11 1,16 20 to 140

Dctol 75/25 (HMX/TNT) 1,06 — (1,06) —

PE 4 1,22 1,08 1,15 10 to 1 000

PETN 1,27 — (1,27) 35 to 690

Pentolite 1,42 1,00 1,21 35 to 690

1,38 1,14 1,26 35to04 100
TNETB 1,36 1,10 1,23 35 to 690
TNT 1 1 1 standard for pressure ranges
shown

Tritonal 1,07 0,96 1,02 35 to 690

@  The average k factor for an explosive: k= (ky + k)2

The equivalent mass of that explosive equals the mass of TNT divided by average & factor.

EXAMPLE The mass, mpg,, of PE 4 that is equivalent to 100 kg TNT is calculated as follows:

Mmpg, = 100/[(1,22 +1,08)/2] = 100/1,15 = 87 kg
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The equivalence factors for explosives vary with charge size, standoff and test conditions. The testing agency
selects the explosive and test dimensions to yield a high-explosive blast having the required classification

criteria for the site conditions.

B.3 Analysis to assess tolerances for arena test classifications

Table B.2 — Example of analysis to assess compliance with permitted tolerance

Measured P, and /; values for three 100 kg TNT equivalent blasts at a 25 m standoff

Transducer number P, I
Blast number
2 7 8 2 7 8
4 100 102 106 345 3564 35
5 95 113 105 360 385 337
7 104 134 147 360 358 36
8 106 108 125 381 386 394
9 120 104 112 366 375 374
35 98 98 102 404 392 484
36 — 91 96 — 350 361
Averagg of transducer 104 107 113 369 371 387
megsurements
Classification requirement 80 80 80 380 380 38
Percent difference between 30 34 41 -3 -3 1
average gnd classification
requirement OK OK OK OK OK OK
> —15)
(Pt+1)2= (30 -3)2 (34 - 3)/2 (41+1)/2 —
Overall avgrage of combined +13 +15 +22 —
P.and [, (> 0)
Eyaluation OK OK OK —
The conclusion fromthis example is that all three blasts met both tolerance requirements given in 8.1{1 for
EXV25(X) classification. Note that the “overall average” calculation is simplified to (P, + 7)/2. This is acqurate
when the number.of P, readings is the same as the number of /, readings in each example blast. If thgy are
different, thel calculation should weight the number of readings for each. A similar assessment should be

carried out for the satchel-bomb blast, measured within the tolerance requirements given in 8.2.1.
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