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SECHON-CHAPTER 10

INTRODUCTION TO PART |

10.1 Purpose

10.11 Part | of the Manual presents the United Nations scheme for the dassifi of explosives. It
includes a description of the procedures and test criteria considered to be the most useful for providing competent
authorities with the necessary information to arrive at a proper classification of explosive substaxicessand
articles for transpoft storage and supply and {{§G2]. It should be used in conjunction with the classification flgw
charts in figures 10.1, 10.2, 10.3 and 10.4, the general conditions for tesiittaier 1,subsection 1.5 and the|
appropriate testrgscriptions irsectienschaptersl1 to 18 of this Manual.

10.1.2 Goods-of ClassHxplosivessubstances, mixtures or articigsansportClass ) are assigned to one of
six divisions, depending on the type of hazard they present Gbepter 2.1 paragrap 2.1.1.4 of the Model
Regulationsand Chapter 2.1paragraph 2.1.2 of the GHSand for some regulatory purposes (e.g. transptotpne of
thethirteen compatibility groups which identify the kinds of explosive substantgturesand articles that ardeemed
to be compatible. The general scheme for classifying a subgstanideire or article which is to be considered fd
inclusion inthe class ofxplosives fransportClass 1 is illustrated in Figurd.0.1. The assessment is in two stages.| In

the fird stage, the potential of a substanoexture or article to explode should be ascertained and its stability pnd
sensitivity, both chemical and physical, shown to be acceptable. In order to promote uniform assessments by competent
authorities, it is recomended that, using the flow chart in Figure 10.2, data from suitable tests is analyzed
systematically with respect to the appropriate test criteria. If the substaixtere or article is provisionally accepteq
intot he cl| ass otfansioBClagsl]) atdsitherenscessaty to proceed to the second stage and assign it|to the
correct division by use of the flow chart of Figure 10.3. With the exception of Compatibility Groups N and S, for which
test data is necessary, assignment to a compatibibitypgwhen requiredis usually made without reference to testinf.

In the case of Compatibility Group S, the tests may be waived by the competent authority if classification by analogy is
based on test results for a comparable article.

=

10.1.3 The test proedures allow assessment of the hazard of explosive substangggesand articles so
that an appropriate classificatiésr-transporican be made by the competent authority.

10.2 Scope

10.2.1 New products which are considered as having explosive gieper are intended to function as
explosives should first be considered for inclusiomih e hazar d c ltransportClass 3. f-or subs'tamcest o

such as selfeactive substancéef-transportClass 4 Division 4.1) or organic peroxide&ransmrt Class 5efDivision
5.2), refer to Part Il of this Manual. In this context a new product is one which, in the opinion of the competent
authority, involves any of the following:

(@) A new substance or a combination or mixture of substances, inteénd&hction as an
explosive or pyrotechnic, which is considered to be significantly different from other
combinations or mixtures already classified,;

(b) A new substangemixtureor article, not intended for explosive use, which has, or is suspected
of having, explosive properties (sé€ghapter 2.1 paragraph24-45.1.3.1.2 of the Model
Regulationsand Chapter 2.1, paragraph 2.1.1.2 of the BEHS

(c) A new design of article containing an explosive substance or an article containing a new
explosive subtsnce or a new combination or mixture of explosive substances; or

(d) A new design of package for an explosive substamégureor article including a new type 011
inner packaging or a new arrangement of articles (a relatively nsinange to an innemo
outer packaging can be critical and can convert a lesser risk into a mass explosion

riskhazar(Rcs)). |

The classification procedure should be undertaken before a new product is offered for [r,mmﬂinq, storagand
supply and ug¢RG4].

7
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10.2.2 The prodwer, or other applicant for the classification of a new product, should provide adequate
information concerning the names and characteristics of all explosive substances in the product and should furnish the
results of all relevant tests which have beenedo

10.3 Acceptance procedure
10.3.1 General description
10.3.1.1 The acceptance procedure is used to determine whether or not a product as offered for[transport

handling, storagandsupply and uge[RG5]Jis a candidate for | as si f i c at i dranspar€lasé E Xhisliso s i Vv e ¢
decided by determining whether a substamixture or articleprovisionally accepted foclassification as explosive
(transportClassl) is either too insensitivéo be classified as explosivés{-inelusion—intransportClass1) or too
dangerouﬁor transpomRGG]; or whether article(s) or packaged article(s) are too dangbmtranspoﬂ[lRG?].

10.3.2 Test types

10.3.2.1 The test methods used for deciding provisional acceptancthtdass of explosivesrénsporiClass
1) are gouped into four series, numbered 1 to 4, and designed to provide the information necessary to answer the
questions in Figuré&0.2.

10.3.2.2 The question "Is it an explosive substancenixture?" (box 4, Figure 10.2) is answered on the basis
of nationaland international definitions of an explosive substamcmixtureand the results of three types of Series 1
tests to assess possible explosive effects. The three types of test used are:

Type 1 (a): a shock test with defined booster and confinement eterchine the ability of the
substancer mixtureto propagate a detonation;

Type 1 (b): atestto determine the effect of heating under confinement; and

Type 1 (c): atestto determine the effect of ignition under confinement.

10.3.2.3 Series 2 test@re used to answer the question "Is the substancenixture too insensitive for
acceptance intthe class of explosivesréinsportClassl)?" (box 6, Figure 10.2). In general the basic apparatus used is
the same as that for Test Series 1 but with lesggsint criteria, e.g. in the case of gap tests, the gap used is greater than
zero. The following three types of test are used:

Type 2 (a): a shock test with defined initiation system and confinement to determine sensitivity to
shock;

Type 2 (b): atest to determine the effect of heating under confinement; and

Type 2 (c): atestto determine the effect of ignition under confinement.
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]Figure 10.1hRGB] OVERALL SCHEME OF THE PROCEDURE FOR CLASSIFYING A
SUBSTANCE_MIXTURE OR ARTICLE IN THE CLASS OF EXPLOSIVE (TRANSPORT CLASS
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[Figure 10.2jrcg) PROCEDURE FOR PROVISIONAL ACCEPTANCE OF A SUBSTANCE,
MIXTURE ORARTICLE IN THE CLASS OF EXPLOSIVE S(TRANSPORT CLASS 1)
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For classification purposes, start with test series 2.
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10.32.4 Test series 3 is used to answer the questions "Is the subst@rttee or articlethermally stable?"

(box 10, Figurel0.2) and "Is the substanaaixture or articleoo dangeroub)r transpori[RGlO]in the form in which it

was tested?" (box 11, Figure 2Q.This involves tests for determining the sensitiveness of the substance to mechanical
stimuli (impact and friction), and to heat and flame. The following four types of test are used:

Type 3 (a): a falling weight test to determine sensitiveness to afpa

Type 3 (b): afriction, or impacted friction, test to determine sensitiveness to friction;
Type 3 (c): an elevated temperature test to determine thermal stability; and

Type 3 (d): an ignition test to determine the response of a substance to fire.

10.3.2.5 Series 4 tests are intended to answer the question "Is the article, packaged article or packaged
substancer mixturetoo dangerou&or transpoﬁRGllP" (box 16, Figure 10.2). Conditions which may occur durihg
transport include high temperature anghhrelative humidity, low temperature, vibration, bumping and dropping. The

two types of test to be carried out are:

Type 4 (a): a test of thermal stability for articles; and
Type 4 (b): atest to determine the hazard from dropping.

10.3.3 Application of the test methods

10.3.3.1 The numbering of test series 1 to 4 relates to the sequence of assessing the results rather than the order
in which the tests are conductdtimay be important for the safety of experimenters that certain preliminary tests,

using small amounts of material, be conducted first before proceeding to experiment with larger quanfities.

results of these preliminary tests may also be used in the classification procedure.

10.3.3.2 The acceptance procedure for substarmres mixtues-designed to have an explosive effect stafts

with the application of test types 3 (a), 3 (b), 3 (¢) and 3 (d) to determine if the sulmstamicéureis too sensitivéor

normal handlingtransportand usgRG12]in the form in which it is tested. If it pves to be thermally unstable, i.e. |t

fails test type 3 (c), it ibot permitted to be transpor[édS13]. If it fails test types 3 (a), 3 (b) or 3 (d) it may either be
encapsulated or otherwise desensitized or packaged to reduce its sensitiveness to taxtdrngkamples are water

wetted primary explosives and primary explosives which have been encapsulated in the form of detonators. The
resulting new articles should be submitted to test series 4, and liquids or packaged solids to a tegt @) type
determine whether or not their level of safb’tytranspord[RGM]is consistent with the requirementstoe class of
explosives ffansportClass ). Desensitized substances mixturesshould be reexamined under test series 3 for the
same purpose. If a substa or mixture designed to have an explosive effect passes all tests in series 3 or an [article
designed to have an explosive effect passes all tests in series 4, the procedure for assignment to the appropriate division
is applied.

10.3.3.3 Although test sries 1 indicates whether a substancamixture not designed to have an explosi\}e
effect, has in fact potentially explosive properties, again it is more appropriate to start the testing procedure with test
series 3. These tests involve relatively smalhple sizes, which reduces the risk to test personnel. If test series 3
indicates that a substanoemixtureis too sensitivdor normal handlingtransportand us§RG15]in the form in which |

it is tested, then the procedures for reducing its sensitivenegsetmal stimuli, outlined in 10.3.3.2, should be applied.

If test series 3 indicates that the substaromixtureis not too sensitivéertransportthe next step is the application gf
test series 2 which determines whether the substamoétureis too insensitive for inclusion ithe class of explosiveg
(transportClass ). There is no real need to perform test series 1 at this point in the acceptance procedure s|nce test
series 2 answers the pertinent question regarding the degree of insensitifehesaibstancer mixture Test series 1
is concerned with the resolution of questions relating to the explosive nature of the sutistaixtere The procedure
for assignment to a division diie class of explosivesrénsportClass 1 should be appdd to substancesr mixtures
which fail test series 2 but pass test seriese3 they are not too insensitive for acceptance int® class tfansport
Classl) nor are they thermally unstable or too dangekedﬂtranspori[RGM]in the form in which thewre tested. It
is important to note that a substarmremixturewhich fails test series 2 may still, if properly packaged, l¢hgeclass
of explosives tfansportClass 1 provided that the product is not designed to have an explosive effect and dog¢s not
exhibit any explosive hazard in test series 6 of the assignment procedure.

10.3.34 All articles or packaged articles containing substamcesixtureswhich have failed test type 3 (a), B
(b) or3 (d) should be subjected to test series 4. If the aniclgackaged articles pass test type 4 (a), testaypgis
performed. Packaged substanaes mixturesare subjected to test type 4 (b) only. If the product fails either test type 4
(a) or 4 (b), it should be rejected. However, the product may be iewdihd reested. If the competent authority

11
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suspects that the product may be subject to stimuli other than those specified in tdstalypad4 (b) resulting in
potentially dangerous effects, additional information or tests may be redsmemtﬁtmnder paragrap.1.3.3.1 of the
Model RegulationRG17]).

10.3.35 If articles contain expensive, inert, control components, these may be replaced by inert components
having a similar mass and volume.

| 10.4 Procedure for assignment to a division othe classof explosives {ransport Class 1
10.4.1 General description
10.4.1.1 Goods-eExplosives {transportClass ) are assigned to one of six divisions, depending on the type of

hazard they present (see paragraph 2.1.1.4 of the Model Regubatithi?s1.2 othe GHS. The assignment procedure
(Figure 10.3) applies to all substancesixturesand/or articles that are candidates fiois class tfansportClass 1

except those declared from the outset to be in Division 1.1. A substandare or article shouldbe assigned to the
division which corresponds to the results of the tests to which the substaixtere or article, as offered for
transporfhandling, storage or supply and u@s applicablB[RG18], has been subjectetf. for example, for the
purposes ofgpply or transport, the same substance or mixture is to be presented in a physical form different from that
which was tested and which is considered likely to materially alter its performance in a classification test, the substance
or mixture must also bested in the new forfiRG19]

10.4.1.2 Other test resulisand data assembled from accidents which have occurred, may also be taken into
account. As indicated in box 36 of Figure 10.3, there is authority to exclude an articl¢gh&artass of explosives
(transportClass } by virtue of test results and tfiee x p | otsanspoeC3ass 1 fefinition.

10.4.2 Test types

10.4.2.1 The test methods used for assignment to a division are grouped into three sendered to7 -
designed to provide the informian necessary to answer the questions in Figure 10.3teftein serie§, 6 and7
should not be varied unless the national authority is prepared to justify such action internationally.

10.4.2.2 The results from three types of series 5 tests are tosadswer the question "Is it a very insensitive
| explosive substanga mixturewith a mass explosion hazard?" (box 21, Figure 10.3). The test types are:

Type 5 (a): a shock test to determine the sensitivity to intense mechanical stimulus;

Type 5 (b): thermal tests to determine the tendency for transition from deflagration to detonation;
and

Type 5 (c): a test to determine if a substarmemixture when in large quantities, explodes when
subjected to a large fire.

12
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[Figure 10.3rc20; PROCEDURE FOR ASSIGNMENT TO A DIVISION OF EXPLOSIVES
(TRANSPORT CLASS 1)

ARTICLE OR SUBSTANCE PROVISIONALLY ACCEPTED INT@LASS1
(from figure 10.2)

v

24 ficl Is the didat 19 Is the No z 25 v
articlea candidate ; . [Package th
for Division 1.67 substanca candidale> =y Pa0k89° 1»  TEST SERIES 6
39 26 Is the Yes
result a mass
TESTSERES7 | | 20 | explosior?
No
Is the
) majorhazard that~_Yes
very insensitive T from _da?_geg)us
explosivesubstance with projection
a mass explosion
Yes v hazard? No
\
Is
the major
30 hazard radiarteat
No and/or violent burning
but with no dangerous blast o
projection hazait?
Would Yes
the hazard hinder Yes \4
fire-fighting in the
immediate
vicinity?
No
N Are there
0 33 “hazardous effects
outside the
package?
Isthe
No 35 Substance aarticle Yes
AO manufactured with the view 0
producing a practicaxplosive v
or pyrotechnic
effect?
Yes
Is the ™ <
Yes 36 product an article
< excluded by definition?
(see Model Regulations, pa#
2.1.1.1 (b))
37 No 34 v
3B v 4 v 2 vy DIVISION 1.4 DIVISION 1.4 31 y 29 vy 27 I
NOT DIVISION | | DIVISION Compatibility Compatibility groups || DIVISION | | DIVISION | [ DIVISION
CLASS 1 1.6 1.5 group S other than S 1.3 1.2 1.1

(Ref.Doc : ST/SG/AC.10/11/Rev.5/Amend.1)
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[Figure 10.4jrc21]

PROCEDURE FOR AMMONIUM NITRATE EMULSION, SUSPENSION

OR GEL, INTERMEDIATE FOR BLASTING EXPLOSIVES

Test Series 8 (fror|
Figure10.2)

Test 8(a)
Thermal Stability Test

No

Is the substangeixturethermally
stable?

Yes

Test 8 (b)
ANE Large Scale Gap Test

Yes

v

Is the substanémixturetoo sensitive
to shock to be accepted in
Division 5.17?

Test 8 (c)
Koenen Test
s the substandmixturetoo sensitiv

Yes

v

REJECT
Substancénixture not stableor transport

REJECT
SubstancéMixture to be considered fq
inclusion into Class 1; if the answier
box 21 of Figure 10.3 iinog, the
substancknixture shall be classified
under UN 0241

to the effect of heating under
confinement?

No

Substancgnixture accepted in vision
5.1as an ammonium nitrate emulsion,
suspension or gel, intermediate for
blasting explosives (ANE)

‘ (Ref.Doc : ST/S@C.10/11/Rev.5/Amend.1)

14

Substancgnixtureto be considered as a
candidate for Division 1.5, proceed with Te
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Figure 10.5[rc22] PROCEDURE

TO DETERMINE REQUIRED SUBSTANCE TESTING FOR

DIVISION 1.6

Each explosive substandeixture in a
Division 1.6 candidate article design

S the substandmixture
in a main explosive load of a
sqQmponent within the article?

Is the substandmixture
in an isolated auxiliary explosive
componenbf the article which when
ignited or initiated

Undertake and meet acceptanci
criteria of explosive
substancenixturetests
Type 7 (c) (ii)and 7(e)

Is the substandmixture
in a boostering component that exce¢
a crosssectional @dnension of 5anm

No Is the substandmixture

Reject from Division 1.6

in a @mponent of a fuze

vith two or more independent effectt
beosterini

3

Yes

Undertake and meet acceptance crit
of extremely insensitive substance t¢
Type 7(a) to 7(f)

Yes

Yes

A 4

Type 7 (a) to 7 (f)
testing not required

(Ref.Doc : ST/SG/AC.10/11/Rev.5/Amend.1)
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10.4.2.3 The results from four types of series 6 tests are used to detemntirch division, amongst

Divisions1.1, 1.2, 1.3 and 1.4, corresponds most closely to the behaviour of a product if a load is involved in a fire

resulting from internal or external sources or an explosion from internal sources (boxes 26, 28, 3@R33% &mglire

10.3). The results are also necessary to assess whether a product can be assigned to Compatibility Group S of Division
| 1.4 and whether or not it should be excluded ftbeclass of explosivesrénsportClass 1 (boxes 35 an@6 of Figure

10.3) The four types of test are:

Type 6 (a): atest on a single package to determine if there is mass explosion of the contents;

| Type 6 (b): a test on packages of an explosive substanamixture or explosive articles, or nen
packaged explosive articlet® determine whether an explosion is propagated from one
package to another or from a nRpackaged article to another;

| Type 6 (c): a test on packages of an explosive substanamixture or explosive articles, or nen
packaged explosive articles, to detére whether there is a mass explosion or a hazard
from dangerous projections, radiant heat and/or violent burning or any other dangerous
effect when involved in a fire; and

Type 6 (d): a test on an unconfined package of explosive articles to whichaspeavision 347 of
Chapter 3.3 of the Model Regulations applies, to determine if there are hazardous
effects outside the package arising from accidental ignition or initiation of the contents.

104.2.4 The question "Is it an extremely insensitive explesarticle?" (box 40, Figure 10.3) is answered by
series 7 tests and any candidate for Division 1.6 should pass one of eackeafellegentypes of test comprising the
series.The protocol for determining the test requirements is given in Figure TBesfirst six types of test (7@ to
7(f)) are used to establish if a substancemixtureis an Extremely InsensitivBetonatingSubstance (E}S). The
purpose of these tests is to develop an understanding of the sensttigifpstances) contained witm the article,
which informs and provides confidence in the article testg-The remainingfeurfive types of test (7(g), 7(h), 7(j)
aned? (k).and 7 (I) are used to determine if an artigeedominantlycontaining arEIBS may be assigned to Division
1.6. Theteneleventest types are:

(Ref.Doc : ST/SG/AC.10/11/Rev.5/Amend.1)

Type 7 (a): a shock test to determine the sensitivity to intense mechanical stimulus;
Type 7 (b): a shock test with a defined booster and confinement to determine the ggnsitivi
shock;
| Type 7 (c): a test to determine the sensitivity of the explosive substanoextureto deterioration
under the effect of an impact;
| Type 7 (d): a test to determine the degree of reaction of the explosive substamoiture to
impact or gnetration resulting from a given energy source;
| Type 7 (e): a test to determine the reaction of the explosive substantéxtureto an external fire
when the material is confined;
| Type 7 (f): a test to determine the reaction of the explosive substanméxturein an environment
in which the temperature is gradually increased to°885
Type 7 (g): a test to determine the reaction to an external fire of an article which is in the condition
as presented for transport;
Type 7 (h): a test to determinthe reaction of an article in an environment in which the temperature
is gradually increased to 365 °C;
Type 7 (j): a test to determine the reaction of an article to impact or penetration resulting from a
given energy sourcend
Type 7 (K): a test to dermine whether the detonation of an article will initiate a detonation in an
adjacent, like, articteand
Type 7 (I): a test to determine the sensitivity of an article to shock directed at vulnerable

components.
(Ref.Doc : ST/SG/AC.10/11/Rev.5/Amend.1)

| 10.4.2.5 The question "Is the substangemixturea candidate for "ammonium nitrate emulsion or suspension
or gel, intermediate for blasting explosives (ANE)?" (box 2(a), Figure 10.2) is answered by series 8 tests and any
candidate should pass eachlwd three tests comprising the series. The three test types are:

Type 8 (a): atest to determine the thermal stability;
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Type 8 (b): a shock test to determine sensitivity to intense shock;
Type 8 (c): atest to determine the effect of heating under cenfient;

Test series 8 (d) has been included in this section as one method to evaluate the suitability for the transport in tanks.
10.4.3 Application of the test methods

10.4.3.1 Explanations of certain terms used in the assignment of divisions and tdailitparoups are given
in the Glossary in Appendix B of the Model Regulations (e.g. mass explosion, pyrotechnic substance, entire load, total
contents, explode, explosion of the total contents).

10.4.3.2 Test series 5 should be used to determine whethsubstanceor mixture can be assigned t
Division 1.5. Only those substancesmixtureswhich pass all three types of test may be assigned to Division 1.5.

10.4.3.3 Test series 6 should be applied to packages of explosive substariceses and artcles in the
condition and form in which they are offeﬁtmL transporfhandling, storage or supply and uss applicabl}i.\[RGZB]
The geometrical arrangement of the products should be realistic in regard to the packing anethloel conditions of
transport,and should be such as to produce the most disadvantageous test results. Where explosive articles are to be
carried without packaging, the tests should be applied to thepackaged articles. All types of packaging containing
substancesmixturesor artides should be subjected to the tests unless:

(@) The product, including any packaging, can be unambiguously assigned to a divigiom by
competentuthorityon the basis of results from other tests or of available information; or

(b)  The product, inalding any packaging, is assigned to Division 1.1.

10.4.3.4 Test types 6 (a), 6 (bp (c) and 6 (dare performed in alphabetical order. However, it is not always
necessary to conduct all four types of test. Test type 6 (a) may be waived if explosies ari carried without
packaging or when only one article is in the package. Test type 6 (b) may be waived if, in each type of 6 (a) test:

(@) The exterior of the package is undamaged by internal detonation and/or ignition; or

(b)  The contents of thpackage fail to explode, or explode so feebly as would exclude propagation
of the explosive effect from one package to another in test t{ipe 6

Test type 6 (c) may be waived if, in a type 6 (b) test, there is a practically instantaneous explolsion of
virtually the total contents of the stack. In such cases the product is assigned to Division 1.1.

Test type 6 (d) is a test used to determine whether a 1.4S classification is appropriate and is ohly used
if special provision 347 of Chapter 3.3 of the Mb&egulations applies.

The results of test series 6 (c) and 6 (d) indicate if 1.4S is appropriate, otherwise the classifichtion is
1.4 other than S.

10.4.3.5 If a substancer mixturegives a 8 " result (no propagation of detonation) in the Seriespk t§a)
test, the 6 (a) test with a detonator may be waived. If a substantigturegives a ® " result (no or slow deflagration
in a Series 2 type (c) test, the 6 (a) test with an igniter may be waived.

10.4.3.6 Tests types 7 (a) to 7 (f) should be dige establish that the explosive is an extremely insensitive
detenatingsubstance and then test types 7 (g), 7 Thjj), are-7 (k) and 7 (I) used to establish that the articlgs
containingtheEIBS may be assigned to Division 1.6.
(Ref.Doc: ST/SG/AC.10Rev.5/Amend.1)

10.4.3.7 Tests of types 7 (g), 7 (h), 7 (), 7 (k) and 7(l) should be performed to determine if an article with EIS
main explosive load(s) and appropriately insensitive boostering components may be assigned to Division 1.6. These
tests ae applied to articles in the condition and form in which they are offered for transport, except teaplusive
components may be omitted or simulated if the competent authority is satisfied that this does not invalidate thg results
of the tests. The predure detailing testing requirements is given in Figure 10.5 and some points of explanatfon are

given below.
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NOTE:

(&)

Complex articles may contain multiple substances and this procedure should be completed

(b)

for all substances within the article to be classifi

The guestion "Is the substarice mixture[RG24]in a main explosive load of a component

(©)

within the article?" (Box 2 of Figure 10.5) is answered by examining the design of the
article. Main explosive load substancésr mixtures]RG25] are those loaded imt
components within the article that are not fuze, boostering, or isolated auxiliary explosive
components. All substancsr mixtures|RG26] in main explosive loads must "Undertake

and meet acceptance criteria of extremely insensitive substance tests, Tajpm® 7 ()"
(Box 3 of Figure 10.5). 1f a 6+6 resfolt is
mixture][RG27] to any Type 7 (a) to 7 (f) test, the substafmemixture][RG28]is not an

EIS and the answer to the question in Box 24 of Figure 10.3 is."N®@ article is not a
candidate for Division 1.6.

Answering the question "Is the substarfce mixture][RG29] in an isolated auxiliary

(d)

explosive component of the article, which when ignited or initiated does not cause any
reaction of the main explosivedds?" (Box 4 of Figure 10.5) requires knowledge of the
design of the article plus the explosive effects that occur when such components are initiated
or ignited, either in their design mode or accidentally. Typically these will be small explosive
actuatos or pyromechanical devices that produce movement, cutting or opening functions. If
the answer is 6éyesd to this question, Type
[or_mixtures]RG30] in isolated auxiliary explosive components and the artieteains a
candidate for Division 1.6.

The guestion "Is the substance in a boostering component that exceeds-sectiossl

(e)

dimension of 50nm or 5% volume when compared to its main explosive load?" (Box 6 of
Figure 10.5) is answered by examining tiesign of the article. All substances in such larger
boostering components, including those contained in explosive components-pfateated

fuzesin an article, must "Undertake and meet acceptance criteria of explosive substance
tests, Type 7 (c)(ipnd 7 (e)" (box 7 of Figure 10.5).
larger boostering component substance to either Type 7 (c) (ii) and 7 (e) tests, the answer to
the question in Box 24 of Figure 10.3 is "No". The article is not a candidatevisiddi 1.6.

The question "Is the substance in a component of a fuze with two or more independent

effective protective features or in a boostering component” (Box 8 of Figure 10.5) is
answered by an understanding of the design and development oficke Hrthe answer is

6nobo, the article is not considered to hayv
answer to the question in Box 24 of Figure
Division 1.6.

Knowledge of the design dmexplosive effects can be obtained by modelling or indicative tests etc.

(Ref.Doc: ST/SG/AC.10/11/Rev.5/Amend.1)

10.4.378

with Figure10.4.

10.4.389
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Test types 8 (a) to 8 (c) should be used to establish whether an ammonium nitrate emulsion or
suspension or gel, intermediate fasting explosives (ANE) may be assigned to Division 5.1. Substancestures
failing any of the tests may be considered as a candidatbefariass of explosivesrénsportClass } in accordance

If articles contain expesive, inert, control components, these may be replaced by inert components
having a similar mass and volume.
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10.5 Examples of test reports

10.5.1 Examples of test reports, with an illustration of the use of the flow charts on the application of the

classof explosives tfansportClassl) acceptance and assignment procedures to musk xylene (UN 2956), are gi
figures 10.5 td.089.
(Ref.Doc: ST/SG/AC.10/11/Rev.5/Amend.1)

10.5.2 An example proforma for a test report on articles is given in Figdiga0.

ven in

(Ref.Doc: ST/SG/AC.10/11/Rev.5/Amend.1)
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[Figure 105RG316: RESULTS FROM APPLICATION OF THE CGEASS—1-ACCEPTANCE
PROCEDUREINTO THE CLASS OF EXPLOSIVES

1. Name of substance 5-tertBUTYL-2,4,6 TRINITRO-m-XYLENE
(MUSK XYLENE)
2. General data
2.1 Composition 99% tertbutyl-2,4,6trinitro-m-xylene
2.2 Molecular formula C1oH15N304
2.3 Physical form Fine crystalline powder
2.4 Colour : Pale yellow
2.5 Apparent density 840 kg/ni
2.6 Particle size : <1.7 mm
3. Box 2 Is the sibstance or mixture—manufactured with the view
to producing aractical explosive or pyrotechnic effect?
3.1 Answer : No
3.2 Exit : Goto Box 3
4. Box 3 : Test Series 1
4.1 Propagation of Detonatian UN gap test (test 1(a))
4.2 Sample coditions : Ambient temperature
4.3 Observations Fragmentation length 40 cm
4.4 Result "+", propagation of detonation
4.5 Effect of heating under Koenen test (test 1(b))
confinement
4.6 Sample conditions Mass 22.6 g
4.7 Observations Limiting diameter 5.0 mm
Fragmentation type "F" (time to reaction 52 s,
duration of reaction 27 s)
4.8 Result "+", shows some explosive effects on heating under
confinement
4.9 Effect of ignition under Time/pressure test (test(@) (i)
confinement
4.10  Sample conditions Ambient temperature
4,11  Observations No ignition
4,12 Result "0 ", no effect on ignition under confinement
413  Exit Go to Box 4
5. Box 4 : Is it anexplosive substana@ mixture?
5.1 Answer from Test Series1  Yes
5.2 Exit : Go to box 5
6. Box 5 Test Series 2
6.1 Sensitivity to shock UN gap test (test 2(a))
6.2 Sample conditions Ambient temperature
6.3 Observatios No propagation
6.4 Result "® ", not sensitive to shock
6.5 Effect of heating under Koenen test (test 2(b))
confinement
6.6 Sample conditions Mass 22.6 g
6.7 Observations Limiting diameter 5.0 mm
Fragmentation type "F" (time t@action 52 s,
duration of reaction 27 s)
6.8 Result "+", violent effect on heating under confinement
6.9 Effect of ignition under Time/pressure test (test(@) (i)
confinement
6.10  Sample conditions Ambient temperature
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6.11  Observatios No ignition

6.12 Result "9 ", no effect on ignition under confinement

6.13  Exit Go to Box 6

7. Box 6 Is the substanceor mixture too insensitive for acceptancTz
into the class of explosive€(assl)?

7.1 Answer from Test Seriex No

7.2 Conclusion : Substance or _mixture to be considered forthe class of
explosives transportClass 1 (box 8)

7.3 Exit Go to Box 9

8. Box 9 Test Series 3

8.1 Thermal stability 75 °C/48 hour test (test(8))

8.2 Sample condions 100 g of substance at 75 °C

8.3 Observations No ignition, explosion, selfieating or visible
decomposition

8.4 Result "9 ", thermally stable

8.5 Impact sensitivity BAM fallhammer test (test @) (i)

8.6 Sample conditions asreceived

8.7 Observations Limiting impact energy 25 J

8.8 Result "d ", not too dangerous to transport in form tested

8.9 Friction sensitivity BAM friction test (test 3b) (i)

8.10 Sample conditions as received

8.11  Observations Limiting load > 360 N

8.12 Result "0 ", not too dangerous to transport in form tested

8.13  Ease of deflagration to Small scale burning test (tes{®)

detonation transition

8.14  Sample conditions Ambient temperature

8.15 Observations Ignites andburns slowly

8.16  Result "3 ", not too dangerous transporfRG32jin theform tested |

8.17  Exit Go to box 10

9. Box 10 Is the substancer mixturethermally stable? |

9.1 Answer from test 3(c) Yes

9.2 Exit Go to box 11

10. Box 11 Is the substancer mixture too dangerou#or transport\[RG33]
in the form in which it was tested?

10.1  Answer from Test Series 3 No

10.2  Exit : Go to box 18

11. Conclusion PROVISIONALLY ACCEPT INTO THE CLASS OF
EXPLOSIVES {ransporiCLASS 1)

11.1  Exit Apply the Class—1-assignment procedurdor the class of

explosivestfansportClass 1)
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1

Figure 1076[RG34J

PROCEDURE FOR PROVISIONAL ACCEPTANCE OF MUSK XYLENE
IN THE CLASS OF EXPLOSIVES (TRANSPORT CLASS 1)

NEW SUBSTANCE

View to producing a practical
gxplosive or pyrotechn
effect

Isit
an explosive
substance
2

s the substance

too insensitive for

acceptance into
Class 12

8
Substance to be considered
for Class 1
TEST SERIES 3

10

Is
fhe substance
thermally stable
No 3

11 Is the substance
too dangerous for transport
in the form in which

it was tested
?

Ye:
1

s
3
Encapsulate and/or
package the substance
15

TEST SERIES 4

Ts the article,
packaged article
or packaged substance
too dangerous

for transport

16

14

NEW ARTICLE

No

Yes
7 12 17 18
REJECT REJECT PROVISIONALLY
NOT CLASS 1 Substance Aticle, packaged article or ACCEPT INTO

not stable enough
for transport

packaged substance banned

from transport in the form tested

CLASS 1
(go o figure 10.3)
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[Figure 1087RGs3s];

RESULTS FROM APPLICATION OF THE GCLEASS—3-ASSIGNMENT

PROCEDUREINTO THE CLASS OF EXPLOSIVES (TRANSPORT CLASS 1)

1. Box 19 Is the substancer mixturea candidate for Division 1.5? |
1.1 Answer No
1.2 Result : Package the substance (box 23)
1.3 Exit Go to box 25
2. Box 25 : Test Series 6
21 Effect of initiation in the : Test 6(a) with detonator
package
2.2 Sample conditions Ambient temperature, 50 kg fibreboard drum
2.3 Observations Only localised decomposition around detonator
24 Result No significant reaction
25 Effect of ignition in the Test 6(a) with igniter
package
2.6 Sample conditions Ambient temperature, 50 kg fibreboard drum
2.7 Observations Only localised decomposition around igniter
2.8 Result No sigrificant reaction
2.9 Effect of propagation : Type 6(b) test not required as no effect outside package
between packages in 6(a) test
2.10 Effect of fire engulfment : Test 6(c)
2.11  Sample conditions : 3 x 50 kg fibreboard drums mounted on steel frame
above wooden crib fire
2.12  Observations Only slow burning with black smoke occurred
2.13 Result No effects which would hinder fire fighting
2.14  Exit Go to box 26
3. Box 26 : Is the result a mass explosion?
3.1 Answer from Test Sés 6 No
3.2 Exit : Go to box 28
4, Box 28 : Is the major hazard that from dangerous projections?
4.1 Answer from Test Series 6 No
4.2 Exit : Go to box 30
5. Box 30 Is the major hazard radiant heat and/or violent burning but
with no dangerous blast or projection hazard?
5.1 Answer from Test Series 6 No
5.2 Exit : Go to box 32
6. Box 32 Is there nevertheless a small hazard in the event of ignition
or initiation?
6.1 Answer from Test Series 6 No
6.2 Exit : Goto box 35
7. Box 35 Is the substange mixture or article manufactured
with the view to producing a practical explosive o0
pyrotechnic effect?
7.1 Answer No
7.2 Exit : Go to box 38
8. Conclusion NOT CLASS 1
8.1 Exit Corsider for another class/division
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]Figure 1089: \[RG%]PROCEDURE FOR EXEMPTION OF MUSK XYLENE FROM THE CLASS OF

EXPLOSIVES (TRANSPORT CLASS 1)

ARTICLE OR SUBSTANCE PROVISIONALLYACCEPTED INTOCLASS1
(from figure 10.2)

25 4
TEST SERIES 6

Is the
substancea candidate
for Division 1.5?

Is the
articlea candidate
for Division 1.6?

24 19

Is the
result a mass
explosior?

26 Yes

39

TEST SERIES 7
TEST SERES5 |

No

Is the
majorhazard tha
from dangerous
projection®

Yes

very insensitive
explosivesubstance with
a mass explosion
hazard?

No

Yes v
Is
the najor
No 30 hazard radiarteat
and/or violent burning
but with no dangerous blast o
projection hazard

Would Yes
32 the hazard hinder Yes Y
fire-fighting in the
immediate
vicinity?
No
Are there
NO 33 ~“}a7ardous effects

outside the

package?

No 35 Substance carticle Yes

0 manufactured with the view d
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Figure 10.9: EXAMPLE OF A PROFORMA FOR A TEST REPORT FOR ARTICLES

Test method Date of report Data reference
Product name Lot number Date of
manufacture

CONSTRUCTION AND CONTENTS (attach drawings)

PACKAGING (if any)

PRETREATMENT OR CONDITIONING (if any)

TEST CONFIGURATION (including any variations or deviations from procedures described in thalMan

TEST CONDITIONS

Ambient temperature: °C Relative humidity: %

OBSERVATIONS

TEST RESULT

CONCLUSION
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SECHON-CHAPTER 11

TEST SERIES 1

111 Introduction
11.112 The question "Is it an explosive substanagture?" (box 4 of Figue 10.2) is answered on the basis
of national and international definitions of an explosive substarixtire and the results of three types of test to assgss
possible explosive effects. The question in box 4 is answered "yes" if a "+" is obtained fritenthoee types of test.
11.2 Test methods
Test Series 1 is comprised of three types of test:
Type 1 (a): for determining propagation of detonation;
Type 1 (b): for determining the effect of heating under confinement; and
Type 1 (c): for determinnhg the effect of ignition under confinement
The test methods currently used are listed in Table 11.1.
Table 11.1:Ttest methods forT testSseries 1 |
Test code Name oftFest Section |
1(a) UN gap test 11.4.1
1 (b) Koenen test 11.5.1
1 (c) (i) Time/pressure tedt 11.6.1
1 (c)(ii) Internal ignition test 11.6.2
a Recommended test
11.3 Test conditions
11.3.1 As the apparent density of the substaocenixture has an important effect on the results from the

typel (a) test, it should always be reded. The apparent density of solids should be determined from measurement of
the tube volume and sample mass.

11.3.2 If a mixture can separate out during transport, the test should be performed with the initiator in contact
with the potentially most exptive part.

11.3.3 The tests should be performed at ambient temperature unless the sulostamzéure is to be |
transported under conditions where it may change its physical state or density.

11.3.4 If a liquid is being considered for transport in tecdntainers, or intermediate bulk containers with a
capacity exceeding 450 litres, a cavitated version of the type 1 (a) test should be performed (see specialfrof/ision
Chapter 3.3 of the Model Regulations).

11.35 For organic substances and mixtuoé®rganic substances with a decomposition energy of 800 J/g or
more, test Xa) need not be performdfithe outcome of the ballistic mortar Mk.llld test (F.1), or the ballistic mortar
test (F.2) or the BAM Trauzl test (F.3) with initiation by a standdod8 detonator (see Appendix 1) is "No". In this
case, the result of test(4) is deemed to be™ |If the outcome of the F.1 or F.2 or F.3 test is "Not low", the result of test

1 (a) shall be deemed "+". In this casej &can only be obtained by periming test ](a)J[RG37]
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11.4 Series 1 type (@) test prescription
11.4.1 Test 1 (a): UN gap test
11411 Introduction

| This test is used to measure the ability of a substano@xture under confinement in a steel tube, to
propagate a detonation by sulijeg it to the detonation from a booster charge.

11.4.1.2 Apparatus and materials
11.4.1.2.1 Solids

The apparatus for solids is shown in Figure 11.4.1.1. The test sample is contained humwnld

seamless, carbon steel tube with an external deaneét48 + 2 mm, a wall thickness of 4.0 + 0.1 mm and a length

| of 400+ 5 mm. If the test substance mixture may react with the steel, the inside of the tube may be coated with
fluorocarbon resin. The bottom of the tube is closed with two layers oinn®&hick polythene sheet pulled tightly (so
that it plastically deforms) over the bottom of the tube and held in place with rubber bands and insulating tape. For
samples which affect polythene, polytetrafluoroethylene sheet can be used. The boostecarsisge of 160 g
RDX/wax (95/5) or PETN/TNT (50/50), 50 + 1 mm in diameter with a density&ff0+ 50 kg/ni giving a length of
about 50 mm. The RDX/wax charge may be pressed in one or more pieces, as long as the total charge is within the
specificationsand the PETN/TNT charge is castnid steel witness plate, 150 + 10 mm square and 3.2 + 0.2 mm
thick, is mounted at the upper end of the steel tube and separated from it by spacérg e thick.

11.41.2.2 Liquids

The apparatus for liquids ithe same as that for solids. When a cavitated version of the test is
performed (see 11.3.4), one of the methods of cavitation given in Appendix 3 may be used.

11.4.1.3 Procedure

11.4.1.3.1 The sample is loaded to the top of the steel tube. Solid saamgldsaded to the density attained by
tapping the tube until further settling becomes imperceptible. The sample mass is determined and, if solid, the apparent
density calculated using the measured internal volume of the tube. The density should be as piesible to the
shipping density.

11.4.1.3.2 The tube is placed in a vertical position and the booster charge is placed in direct contact with the
sheet which seals the bottom of the tube. The detonator is fixed in place against the booster dhaitgetegh Two
| tests should be performed unless detonation of the substanugtureis observed.

11.4.1.4 Test criteria and method of assessing results

The test results are assessed on the basis of the type of fragmentation of the tube andeorawheth
hole is punched through the witness plate. The test giving the most severe assessment should be used for classification.
| The test result is considered "+" and the substanoeixtureto propagate detonation if:
- The tube is fragmented completely; o
- A hole is punched through the witness plate.

| Any other result is considered ™ and the substangg mixturenot to propagate detonation.
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11.4.15 Examples of results
SubstancefMixtures Apparent Fragmentation length ~ Witness gdate Result |
density (cm)
(kg/m?)
Ammonium nitrate, prills 800 40 Domed +
Ammonium nitrate 540 40 Holed +
Ammonium nitrate/fuel oil, 94/6 880 40 Holed +
Ammoni um perchl o 1190 40 Holed +
Nitromethane 1130 40 Holed +
Nitromethane/methanol, 55/45 970 20 Domed T
PETN/lactose, 20/80 880 40 Holed +
PETN/lactose, 10/90 830 17 No damage T
TNT, cast 1510 40 Holed +
TNT, flaked 710 40 Holed +
Water 1000 <40 Domed i
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(G) Detonator (H) Plastics membrane

Figure 11.4.1.1: UN GAP TEST
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115 Series 1 type (b) test prescription
1151 Test 1 (b): Koenen test
11.51.1 Introduction

This test is used tdetermine the sensitiveness of solid and liquid substarcesxturesto the effect |
of intense heat under high confinement.

11.5.1.2 Apparatus and materials

115121 The apparatus consists of a rewsable steel tube, with its-usable closing dewe, installed in a
heating and protective device. The tube is deep drawn from sheetsi®iming to specification DC04 (EN 1002},

or equivalent A620 (AISI/SAE/ASTM), or equivalent SPCEN (B3141) The dimensions are given in Figure
11.5.1.1. Theopen end of the tube inged. The closing plate with an orifice, through which the gases from the
decomposition of the test substamremixture escape, is made from heasisting chrome steel and is available wikh
the following diameter holes: 1:0L.5-2.0- 2.5- 3.0-5.0-8.0- 12.0- 20.0mm. The dimensions of the threaded
collar and the nut (closing device) are given in Fidiké.1.1.

For quality control of the steel tubes, 1% of the tubes from each production lot shall be subjected to
qudity control and the following data shall be verified:

(@) The mass of the tubes shall be 26.5 + 1.5 g, tubes to be used in one test sequence shall not
differ in mass by more than 1 g;

(b)  The length of the tubes shall be 75 + 0.5 mm;

(c)  The wall thckness of the tubes measured 20 mm from the bottom of the tube shall be 0.5 +
0.05 mm; and

(d)  The bursting pressure as determined by gsdic load through an incompressible fluid shall
be 30 + 3 MPa.

11.5.1.2.2 Heating is provided by propane, fraan industrial cylinder fitted with a pressure regulator, via a flow
meter and distributed by a manifold to the four burners. Other fuel gases may be used prodgedified heating
rate is obtained. The gas pressure is regulated to give a heating 3a8e- 0.3K/s when measured by the calibration
procedure. Calibration involves heating a tube (fitted with a 1.5 mm orifice plate) filled with 2®fcdibutyl
phthalate. The time taken for the temperature of the liquid (measured with a 1 mm didemtercouple centrally
placed 43 mm below the rim of the tube) to rise from 135 “Z8&°C is recorded and the heating rate calculated.

11.5.1.2.3 Because the tube is likely to be destroyed in the test, heating is undertaken in a protective welded box,
the construction and dimensions of which are given in Figure 11.5.1.2. The tube is suspended between two rods placed
through holes drilled in opposite walls of the box. The arrangement of the burners is given in Figure 11.5.1.2. The
burners are lit simulteeously by a pilot flame or an electrical ignition devidde test apparatus is placed in a
protective areaMeasures should be taken to ensure that the burner flames are not affected by any draughts. Provision
should be made for extracting any gasesmake resulting from the test.

11.5.1.3 Procedure

11.5.1.31 Normally substancesnd mixturesare tested as received, although in certain cases it may be nece¢ssary
to test the substan@@ mixtureafter crushing it. For solids, the mass of material to $eiin each test is determined
using a twestage dry run procedure. A tared tube is filled with & ofnsubstancer mixtureand the substanaer
mixture tamped with 80 N force applied to the total cressction of the tube. If the material is comprelgsthen more

is added and tamped until the tube is filled to 55 mm from the top. The total mass used to fill the tuls tonthe

! For reasons of safety, e.g. the substarmremixture is friction senstive, the substancer mixture need not be |

tamped.In cases where the physical form of the sample can be changed by compression or compression of the sample is
not related to the transport conditions, e.g. for fibrous materials, more representativefittiogdures may be used.
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level is determined and two further increments, each tamped with 80 N force, are added. Material is then either added,
with tamping, or taken out as required to leave the tube filled to a level 15 mm froopthe

A second dry run is performed, starting with a tamped increment a third of the total mass found in the
first dry run. Two more of these increments are added witN 8mping and the level of the substalcanixturein
the tube adjusted to 15 mm from the top by addition or subtraction of material as required. The amount of solid
determined in the second dry run is used for each trial filling being performed in @hued increments, each
compressed to 9 ¢t (Fhis-this may be facilitated by the use of spacing rigsiquids and gels are loaded into the
tube to a height 80 mm taking particular care with gels to prevent the formation of voids. The threadediollar
slipped onto the tube from below, the appropriate orifice plate is inserted and the nut tightened by hand after applying
some molybdenum disulphide based lubricant. It is essential to check that none of the sobstéxiteeis trapped
between thelainge and the plate, or in the threads.

11.5.1.32 With orifice plates from 1.0 mm to 8.0 mm diameter, nuts with an orifice of 10.0 mm diameter should
be used; if the diameter of the orifice is above 8.0 mm, that of the nut should be 20.0 mm. Eadhstdbéoisone trial
only. The orifice plates, threaded collars and nuts may be used again provided they are undamaged.

11.5.1.3.3 The tube is placed in a rigidly mounted vice and the nut tightened with a spanner. The tube is then
suspended between theatwods in the protective box. The test area is vacated, the gas supply turned on and the burners
lit. The time to reaction and duration of reaction can provide additional information useful in interpreting the results. If
rupture of the tube does not occheating is to be continued for at least five minutes before the trial is finished. After
each trial the fragments of the tube, if any, should be collected and weighed.

11.5.1.34 The following effects are differentiated:

"O":  Tube unchanged;

"A":  Bottom of tube bulged out;

"B": Bottom and wall of the tube bulged out;

"C": Bottom of tube split;

"D":  Wall of tube split;

"E": Tube split into twé fragments;

"F":  Tube fragmented into thréeor more mainly large ipces which in some cases may be
connected with each other by a narrow strip;

"G": Tube fragmented into many mainly small pieces, closing device undamaged; and

"H":  Tube fragmented into many very small pieces, closing device bulged out or fragmented.

Examples for the effect types "D", "E" and "F" are shown in Figure 11.5.1.3. If a trial results in any of
the effects "O" to "E", the result is regarded as "no explosion". If a trial gives the effect "F", "G" or "H", the result is
evaluated as "explosion".

11.5.1.35 The series of trials is started with a single trial using an orifice plate of 20.0 mm. If, in this trial, the
result "explosion” is observed, the series is continued with trials using tubes without orifice plates and nuts but with
threaded collar (orifice 24.0 mm). If at 20.0 mm "no explosion" occurs, the series is continued with single trials using
plates with the following orifices 12:08.0- 5.0- 3.0- 2.0- 1.5 and finallyl.0 mm until, at one of these diameters, the
result "explosion” isobtained. Subsequently, trials are carried out at increasing diameters, according to the sequence
given in 11.5.1.2.1, until only negative results in three tests at the same level are obtained. The limiting diameter of a
substancer mixtureis the largestiameter of the orifice at which the result "explosion" is obtained. If no "explosion”

is obtained with a diameter &f0 mm, the limiting diameter is recorded as being less than 1.0 mm.

11514 Test criteria and method of assessing results
The resultis considered "+" and the substarmemixtureto show some effect on heating under

confinement if the limiting diameter is 1.0 mm or more. The result is considéréafid the substanga mixtureto
show no effect on heating under confinement if thétiivgp diameter is less than 1mOm.

The upper part of the tube remaining in the closing device is counted as one fragment.
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11.5.15 Examples of results
SubstancéMixture s Limiting diameter (mm) Result
Ammonium nitrate (crystalline) 1.0 +
Ammonium nitrate (high density prills) 1.0 +
Ammonium nitrate (low density prills) 1.0 +
Ammonium gerchlorate 3.0 +
1,3-Dinitrobenzene (crystalline) <1.0 T
2,4-Dinitrotoluene (crystalline) <1.0 T
Guanidine nitrate (crystalline) 1.5 +
Nitroguanidine (crystalline) 1.0 +
Nitromethane <1.0 T
Urea nitrate (crystalline) <1.0 T
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Figure 11.5.1.1: TEST TUBE ASSEMBLY
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11.6 Series 1 type (c) test prescriptions
11.6.1 Test 1 (c) (i): Time/pressure test
11.6.1.1 Introduction

This test is used to damine the effects of igniting the substameemixture’ under confinement in|
order to determine if ignition leads to a deflagration with explosive violence at pressures which can be attained with
substancesr mixturesin normal commercial packages.

11.61.2 Apparatus and materials

11.6.1.21 The time/pressure apparatus (Figure 11.6.1.1) consists of a cylindrical steel pressu@Ovessét

length and 60 mm in external diameter. Two flats are machined on opposite sides (reducing tbectioossf he

vessel to 50 mm) to facilitate holding whilst fitting the firing plug and vent plug.ve€keel, which has a bore of 20 mm
diameter, is internally rebated at either end to a depth of 19 mm and threaded to accept 1" British Standard Pipe (BSP).
A pressue takeoff, in the form of a sid@rm, is screwed into the curved face of the pressure vessel 35 mm from one
end and at 90° to the machined flats. The socket for this is bored to a depth of 12 mm and threaded to accept the 1/2"
BSP thread on the end of thielearm. A washer is fitted to ensure a gastight seal. Theasideextends 55 mm beyond

the pressure vessel body and has a bore of 6 mm. The end of thensiderebated and threaded to accept a diaphragm

type pressure transducer. Any pressueasumg device may be used provided that it is not affected by the hot gases or
decomposition products and is capable of responding to rates of pressure ris® 6f76%®a in not more than 5 ms.

11.6.1.2.2 The end of the pressure vessel furthest from tteaim is closed with a firing plug which is fitted

with two electrodes, one insulated from, and the other earthed to, the plug body. The other end of
the pressure vessel is closed by an aluminium bursting disc 0.2 mm thick (bursting pressure appr@@daidta)

held in place with a retaining plug which has a 20 mm bore. A soft lead washer is used with both plugs to ensure a good
seal. A support stand (Figure 11.6.1.2) holds the assembly in the correct attitude during use. This comprises a mild steel
base plate measuring 235 mm x 184 mm x 6 mm and a 185 mm length of square hollow section (S.H.S.) 70 x 70 x 4
mm.

11.6.1.2.3 A section is cut from each of two opposite sides at one end of the length of S.H.S. so that a structure
having two flat sided legsurmounted by an 86 mm length of intact box section results. The ends of these flat sides are
cut to an angle of 60° to the horizontal and welded to the base plate.

11.6.1.24 A slot measuring 22 mm wide x 46 mm deep is machined in one side of theamgpef the base

section such that when the pressure vessel assembly is lowered, firing plug end first, into the box section support, the
sidearm is accommodated in this slot. A packing piece of steel 30 mm wide and 6 mm thick is welded to the lower
internal face of the box section to act as a spacer. Two 7 mm thumb screws, tapped into the opposite face, serve to hold
the pressure vessel firmly in place. Two 12 mm wide strigsmin thick steel, welded to the side pieces abutting the

base of the box sectipsupport the pressure vessel from beneath.

11.6.1.25 The ignition system consists of an electric fusehead of the type commonly used in low tension
detonators, together with a 13 mm square piece of primed cambric. Fuseheads with equivalent propdrtiasseth

Primed cambric consists of a linen fabric coated on both sides with a potassium nitrate/silicon/sulphurless gunpowder
pyrotechnic compositidh

11.6.1.2.6 The procedure for the preparation of the ignition assembly for solids starts with sepaféihe brass

foil contacts of an electric fusehead from its insulatsee Figure 11.6.1.3). The exposed portion of insulation is then

cut off. The fusehead is then fixed onto the terminals of the firing plug by means of the brass contacts $echighat t

of the fusehead is 13 mm above the surface of the firing plug. A 13 mm square piece of primed cambric is pierced
through the centre and positioned over the attached fusehead around which it is then folded and secured with fine cotton
thread.

3 When testing thermally stable energetic liquids, such as nitromethane (UN 1261), variable results may be

obtained because the substance miag two pressure peaks.

4 Obtainable from the national contact for test details in United Kingdom (see Appendix 4).
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11.6.12.7 For liquids samples, leads are fixed onto the contact foils of the fusehead. The leads are then threaded
through an 8 mm length of 5 mm outer diameter and 1 mm inner diameter silicone rubber tubing and the tubing is
pushed up over the fusehead confails as shown in Figure 11.6.1.4. The primed cambric is then wrapped around the
fusehead and a single piece of thin PVC sheathing, or equivalent, is used to cover the primed cambric and the silicone
rubber tubing. The sheathing is sealed in positionviagting a length of thin wire tightly round the sheathing and
rubber tubing. The leads are then fixed onto the terminals of the firing plug such that the tip of the fusehead is 13 mm
above the surface of the firing plug.

11.6.1.3 Procedure

11.6.1.31 The apparatus, assembled complete with pressure transducer but without the aluminium bursting disc
in position, is supported firing plug end down. 5§ the substancer mixtureis introduced into the apparatus so as

to be in contact with the ignition ggsn. Normally no tamping is carried out when filling the apparatus unless it is
necessary to use light tamping in order to get the 5.0 g charge into the vessel. If, even with light tamping, it is
impossible to get all the 5.0 g of sample in, then the ehardired after filling the vessel to capacity. Note should be

taken of the charge weight used. The lead washer and aluminium bursting disc are placed in position and the retaining
plug is screwed in tightly. The charged vessel is transferred to thg sipport stand, bursting disc uppermost, which
should be contained in a suitable, armoured fume cupboard or firing cell. An exploder dynamo is connected to the
external terminals of the firing plug and the charge is fired. The signal produced by theetesssducer is recorded

on a suitable system which allows both evaluation and a permanent record of the time/pressure profile to be achieved
(e.g. transient recorder coupled to a checorder).

11.6.1.3.2 The test is carried out three times. The tiieen for the pressure to rise from 690 kP2 670kPa
above atmospheric is noted. The shortest time interval should be used for classification.

11.6.1.4 Test criteria and method of assessing results

The test results are interpreted in terms of wirethgauge pressure 0020 kPa is reached and, if so,
the time taken for the pressure to rise from 690 kPaDit0kPa gauge.

The result is considered "+" and the substamcenixture to show the ability to deflagrate if the
maximum pressure reachesl greater than or equal t00Z0 kPa. The result is consideradl ™ and the substanaar
mixture to show no likelihood of deflagration if the maximum pressure reached in any one test is les®%dakP2a
gauge. Failure to ignite does not necessarily atdithat the substanoe mixturehas no explosive properties.

11.6.1.5 Examples of results
SubstancéMixture s Maximum pressure  Time for a pressure Result
(kPa) rise from 690 to
2070 kPa (ms)
Ammonium nitrate (high density prills) <2070 T T
Ammoniumnitrate (low density prills) <2070 T T
Ammonium perchlorate (2m) >2070 5 +
Ammonium perchlorate (30m) > 2070 15 +
Barium azide > 2070 <5 +
Guanidine nitrate > 2070 606 +
Isobutyl nitrite > 2070 80 +
Isopropyl nitrate > 2070 10 +
Nitroguanidine > 2070 400 +

° If preliminary safetyin-handling tests (e.g. heating in a flame) or unconfined burning tests (ageries 3

type (d) test) indicate #t a rapid reaction is likely to occur, then the sample size should be reduced toun&ldhe
severity of the confined reaction is known. If it is necessary to Qdegasample, the sample size should be gradually
increased until either a "+" resuls obtained or the test is performed with a 5.0 g sample.
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SubstancéMixture s Maximum pressure  Time for a pressure Result
(kPa) rise from 690 to
2070 kPa (ms)
Picramic acid >2070 500 +
Sodium picrarate > 2070 15 +
Urea nitrate >2070 400 +
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(A) Electrically igrited fusehead as manufactured

(B) Brass foil contacts parted from card insulator

(C) Insulating card cut off

(D) Primed cambric SR252 13 mm square with centre hole
(E) Fusehead fixed to pins on firing plug

(F) Cambric positioned on fusehead

(G) Cambic folded around and tied with thread

Figure 11.6.1.3:Ignition system for solids
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11.6.2 Test 1 (c) (ii): Internal ignition test
11.6.2.1 Introduction

This test is used to determine the tendency of a substano@xture to undergo transition from
deflagration to detonation.

116.2.2 Apparatus and materials

The experimental arrangement is shown in Figure 11.6.2.1. The sample of substamxteireto be
tested is contained in a 45.7 cm length of "3 inch schedule 80" carbon (A53 Grade B) steel pipe with inside diameter 74
mm, wall thickness 7.6 mm, capped at both ends with @0B pound" forged steel pipe cap. An igniter consisting of
2049 of black powder (100% passed through No. 20 sieve, 0.84 mm, and 100% retained by No. 50 sieve, 0.297 mm) is
located at the centre of thensple vessel. The igniter assembly consists of a cylindrical container 21 mm in diameter
and 64 mm long which is made from 0.54 mm thick cellulose acetate which is held together by two layers of nylon
filament reinforced cellulose acetate tape. The igriggrsule contains a small loop formed from a 25 mm length of
nickelchromium alloy resistance wi30mm in diameter having a resistance of 0.35 Ohms. This loop is attached to
two insulated tinned copper lead wires 0.7 mm in diameter. The overall wiretgig including insulation, is 1.3 mm.
These lead wires are fed through small holes in the wall of the pipe and are sealed with epoxy resin.

11.6.2.3 Procedure

After the sample, at ambient temperature, is loaded into the pipe to a height of 23 igmiteh¢with
its leads inserted through small holes in the pipe wall) is inserted into the centre of the pipe and the leads putled taut an
sealed with epoxy resin. The remainder of the sample is then loaded and the top cap screwed on. For gelatinous
sanples, the substan@ mixtureis packed as near as possible to its normal shipping density. For granular samples, the
substancer mixtureis loaded to the density obtained by repeated tapping of the pipe against a hard surface. The tube is
placed in a vaical position and the igniter is fired by a currentl&8famperes obtained from a -20lt transformer.
Three trials should be performed unless deflagration to detonation transition occurs earlier.

11.6.2.4 Test criteria and method of assessing results
The test result is considered "+" if either the pipe or at least one of the end caps is fragmented into at

least two distinct pieces. Results in which the pipe is merely split or laid open, or in which the pipe or caps are distorted
to the point at whiclthe caps are blown off, are consideréd""

11.6.2.5 Examples of results
SubstancéMixture Results
Ammonium nitrate/fuel oil, aluminised +

Ammonium nitrate prills, porous, low density
Ammoni um perchl orate (45
Nitrocarbonitrate

TNT, granur

Watergel

i
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Igniter assembly

(B) Steel pipe
(D) Seal
(F) Forged steel cap

Figure 11.6.2.1:Internal ignition test
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SECHON-CHAPTER 12

TEST SERIES 2

12.1 Introduction

12.11 The question [5 the substandmixture too insensitive for inclusion irthe class of explosive
(transportClass JJ|RG38P. " (box 6 of Figurel0.2) is answered on the basis of three types of test to assess pqgssible
explosive effects. The question in b®xs answered "no" if &" is obtained in any of the three types of test.

12.2 Test methods
Test Series 2 comprises three types of test:
Type 2 (a): for determining sensitivity to shock;
Type 2 (b): for determining the effect of heating under confinement; and
Type 2 (c): for determining the effect of ignition under confinement

The test methods currently used are listed in table 12.1.

Table 12.1: Test methods for Test Series 2

Test code Name of test Section
2 (a) UN gap test 12.4.1

2 (b) Koenen test 12.5.1
2(c) () Time/pressure test 12.6.1
2 (c) (i) Internal ignition test 12.6.2

a Recommended test.

12.3 Test conditions

12.3.1 As the apparent density of the substaocenixture has an important effect on the results from the
type?2 (a) test, it should alwayse recorded. The apparent density of solids should be determined from measurement of
the tube volume and sample mass.

12.3.2 If a mixture can separate out during transport, the test should be performed with the initiator in contact
with the potentially met explosive part.

12.3.3 The tests should be performed at ambient temperature unless the sulpstamicgéure is to be |
transported under conditions where it may change its physical state or density.

12.3.4 For organic substances and mixtures of organlistances with a decomposition energy of 800 J/g or
more, test 2 (a) need not be performed if the outcome of the ballistic mortar Mk.llId test (F.1), or the ballistic mortar
test (F.2) or the BAM Trauzl test (F.3) with initiation by a standard No. 8 d&ipiisee Appendix 1) is "No". In this

case, the result of test(@) is deemed to bé ™. |f the outcome of the F.1 or F.2 or F.3 test is "Not low", the result of
test 2(a) shall be deemed "+". In this casej 4¢an only be obtained by performing téga) [RG39]
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12.4 Series 2 type (@) test prescription
12.4.1 Test 2 (a): UN gap test
124.1.1 Introduction

This test is used to measure the sensitivity of a substanoexture under confinement in a steel
tube, to detonative shock.

12.4.1.2 Apparatusand materials

The apparatus is shown in Figure 12.4.1.1. The test sample is contained-dravai] seamless,
carbon steel tube with an external diameter of 48 + 2 mm, a wall thickness of 4.0 £ 0.1 mm and a length of 400 = 5 mm.
If the test substanaer mixture may react with the steel, the inside of the tube may be coated with fluorocarbon resin.
The bottom of the tube is closed with two layers of 0.08 mm thick polythene sheet pulled tightly (so that it plastically
deforms) over the bottom of the tubmdaheld in place with rubber bands and insulating tape. For samples which affect
polythene, polytetrafluoroethylene sheet can be used. The booster charge consists of 160 g RDX/wax (95/5) or
PETN/TNT (50/50), 50 + 1 mm in diameter with a densityl 600 +50 kg/nt giving a length of about 50 mm. The
RDX/wax charge may be pressed in one or more pieces, as longtatttoharge is within the specifications, and the
PETN/TNT charge is cast. polymethyl methacrylate (PMMA) spacer is required of diametet 30nm and length
50 £1 mm. Amild steel witness plate, 15010 mm square and 3.2 £ 0.2 mm thick, is mounted at the upper end of the
steel tube and separated from it by spacers 1.6 £ 0.2 mm thick.

12.4.1.3 Procedure

12.4.1.31 The sample is loaded thd top of the steel tube. Solid samples are loaded to the density attained by
tapping the tube until further settling becomes imperceptible. The sample mass is determined and, if solid, the apparent
density calculated using the measured internal volumteotube. The density should be as close as possible to the
shipping density.

12.4.1.32 The tube is placed in a vertical position and the PMMA spacer placed in direct contact with the sheet
which seals the bottom of the tube. After positioning the loas$targe in contact with the PMMA spacer, the detonator

is fixed in place against the bottom of the booster charge and initiated. Two tests should be performed unless detonation
of the substancer mixtureis observed.

12.4.1.4 Test criteria and methodf assessing results

The test results are assessed on the basis of the type of fragmentation of the tube and whether the
witness plate is holed. The test giving the most severe assessment should be used for classification. The test result is
considered "+and the substance to be sensitive to shock if:

(@) The tube is fragmented completely; or

(b)  The witness plate is holed.

| Any other result is considered ™ and the substanag mixturenot sensitive to detonative shock.
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12.4.1.5 Examples of residt
SubstancéMixture s Apparent density ~ Fragmentation Witness plate Result
(kg/m®) length (cm)
Ammonium nitrate, prills 800 25 Domed T
Ammoni um nitrate 540 40 Holed +
Ammonium nitrate/fuel oil, 94/6 880 40 Holed +
Ammonium perchlorate, 206m 1190 0 No damage T
Nitromethane 1130 0 No damage T
PETN/lactose, 20/80 880 40 Holed +
TNT, cast 1510 20 No damage T
TNT, flaked 710 40 Holed +
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12.5 Series 2 type (b) test prescription
1251 Test 2 (b): Koenen test
1251.1 Introduction

This test is usto determine the sensitiveness of solid and liquid substangeituresto the effect |
of intense heat under high confinement.

12.5.1.2 Apparatus and materials

125.1.21 The apparatus consists of a remsable steel tube, with its-usable closinglevice, installed in a
heating and protective device. The tube is deep drawn from sheet steel conforming to specification DC04 (E) 10027
or equivalent A620 (AISI/SAE/ASTM), or equivalent SPCEN (@3141). The dimensions are given in Figure
12.5.1.1.The open end of the tube is flanged. The closing plate with an orifice, through which the gases from the
decomposition of the test substamremixture escape, is made from heasisting chrome steel and is available wikh

the following diameter holes: 1:Q1.5-2.0-2.5- 3.0-5.0-8.0- 12.0- 20.0mm. The dimensions of the threaded
collar and the nut (closing device) are given in Figilzé.1.1.

For quality control of the steel tubes, 1% of the tubes from each production lot shall be subjected to
quality control and the following data shall be verified:

(@) The mass of the tubes shall be 26.5 + 1.5 g, tubes to be used in one test sequence shall not
differ in mass by more than 1 g;

(b)  The length of the tubes shall be 75 + 0.5 mm;

(c)  The wal thickness of the tubes measured 20 mm from the bottom of the tube shall be 0.5 +
0.05 mm; and

(d)  The bursting pressure as determined by gsdic load through an incompressible fluid shall
be 30 + 3 MPa.

12.5.1.2.2 Heating is provided by propanep an industrial cylinder fitted with a pressure regulator, via a flow
meter and distributed by a manifold to the four burners. Other fuel gases may be used providing the specified heating
rate is obtained. The gas pressure is regulated to give a hesténgf 3.3+ 0.3K/s when measured by the calibration
procedure. Calibration involves heating a tube (fitted with a 1.5 mm orifice plate) filled2witm® of dibutyl
phthalate. The time taken for the temperature of the liquid (measured with a 1 mntedittreemocouple centrally

placed 43 mm below the rim of the tube) to rise from 135 “Z8&°C is recorded and the heating rate calculated.

12.5.1.2.3 Because the tube is likely to be destroyed in the test, heating is undertaken in a protectivbaxelded

the construction and dimensions of which are given in Figure 12.5.1.2. The tube is suspended between two rods placed
through holes drilled in opposite walls of the box. The arrangement of the burners is given inlEigur®. The

burners are lit shultaneously by a pilot flame or an electrical ignition devi€be test apparatus is placed in a
protective areaMeasures should be taken to ensure that the burner flames are not affected by any draughts. Provision
should be made for extracting any gasesmoke resulting from the test.

12.5.1.3 Procedure

12.5.1.31 Normally substancesnd mixturesare tested as received, although in certain cases it may be nece¢ssary
to test the substan@g mixtureafter crushing it. For solids, the mass of matedabé used in each test is determing¢d
using a twestage dry run procedure. A tared tube is filled with & ofnsubstancer mixtureand the substanaer
mixture tamped with 80 N force applied to the total cressction of the tube. If the material is coregsible then more

! For reasons of safety, e.g. the substarmemixture is friction sensitive, the substanga_mixture |

need not be tampedn cases where the physical form of the sample can be changed by compogssio
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is added and tamped until the tube is filled to 55 mm from the top. The total mass used to fill the tuls tonthe

level is determined and two further increments, each tamped with 80 N force, are added. Material is then either added,
with tamping, or taken out as required to leave the tube filled to a level 15 mm from the top.

A second dry run is performed, starting with a tamped increment a third of the total mass found in the
first dry run. Two more of these increments are addeatd 80 N tamping and the level of the substance in the tube
adjusted to 15 mm from the top by addition or subtraction of material as required. The amount of solid determined in
the second dry run is used for each trial filling being performed in three ieguainents, each compressed to $.cm
(tFhis may be facilitated by the use of spacing rpdsquids and gels are loaded into the tube to a height of 60 mm
taking particular care with gels to prevent the formation of voids. The threaded collar isl Sippethe tube from
below, the appropriate orifice plate is inserted and the nut tightened by hand after applying some molybdenum
disulphide based lubricant. It is essential to check that none of the substanbeureis trapped between the flange
andthe plate, or in the threads.

12.5.1.3.2 With orifice plates from 1.0 mm to 8.0 mm diameter, nuts with an orifice of 10.0 mm diameter should
be used; if the diameter of the orifice is above 8.0 mm, that of the nut should be 20.0 mm. Each tube i®mseddior
only. The orifice plates, threaded collars and nuts may be used again provided they are undamaged.

12.5.1.3.3 The tube is placed in a rigidly mounted vice and the nut tightened with a spanner. The tube is then
suspended between the two rodshia protective box. The test area is vacated, the gas supply turned on and the burners
lit. The time to reaction and duration of reaction can provide additional information useful in interpreting the results. If
rupture of the tube does not occur, heatstp be continued for at least five minutes before the trial is finished. After
each trial the fragments of the tube, if any, should be collected and weighed.

12.5.1.34 The following effects are differentiated:

"O":  Tube unchanged;

"A":  Bottom of tubebulged out;

"B": Bottom and wall of the tube bulged out;

"C": Bottom of tube split;

"D": Wall of tube split;

"E":  Tube split into twd fragments;

"F":  Tube fragmented into thréeor more mainly large pieces whicin some cases may be
connected with each other by a narrow strip;

"G": Tube fragmented into many mainly small pieces, closing device undamaged; and

"H":  Tube fragmented into many very small pieces, closing device bulged out or fragmented.

Examples fothe effect types "D", "E" and "F" are shown in Figure 12.5.1.3. If a trial results in any of the effects "O" to
"E", the result is regarded as "no explosion". If a trial gives the effect "F", "G" or "H'tesudt is evaluated as
"explosion".

12.5.1.3.5 The series of trials is started with a single trial using an orifice plate of 20.0 mm. If, in this trial, the
result "explosion” is observed, the series is continued with trials using tubes without orifice plates and nuts but with
threaded collars (orific@4.0 mm). If at 20.0 mm "no explosion" occurs, the series is continued with single trials using
plates with the following orifices 12:08.0- 5.0- 3.0- 2.0- 1.5 and finallyl.0 mm until, at one of these diameters, the
result "explosion” is obtainedsubsequently, trials are carried out at increasing diameters, according to the sequence
given in 12.5.1.2.1, until only negative results in three tests at the same level are obtained. The limiting diameter of a
substancer mixtureis the largest diametef the orifice at which the result "explosion” is obtained. If no "explosion"

is obtained with a diameter &f0 mm, the limiting diameter is recorded as being less than 1.0 mm.

compression of the sample is not related to the transport conditions, e.g. for fibrous materials, more representative
filling procedures may be used.

2 The upper part of the tube remaining in the closing device is counted as one fragment.
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12.5.1.4 Test criteria and method of assessing results

The result is condered "+" and the substanoe mixtureto show a violent effect on heating under
confinement if the limiting diameter is 2.0 mm or more. The result is considéréarid the substanga mixtureto
show no violent effect on heating under confinement ifithizing diameter is less than 2.0 mm.

12.5.1.5 Examples of results ‘
SubstancéMixture s Limiting diameter (mm) Result |
Ammonium nitrate (crystalline) 1.0 i
Ammonium perchlorate 3.0 +
Ammonium picrate (crystalline) 2.5 +
1,3-Dinitroresorcinol (crystaihe) 2.5 +
Guanidine nitrate (crystalline) 1.5 T
Picric acid (crystalline) 4.0 +
PETN/wax (95/5) 5.0 +
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Figure 12.5.1.1: est tube assembly
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Figure 12.5.1.2:Heating and protective device
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12.6 Series 2 type (c) test prescriptions
12.6.1 Test 2 (¢) (i): Time/pressure test
12.6.1.1 Introduction

This test is used to determine the effects of igniting the substaneéxture’ under confinement in|
order to determine ifgnition leads to a deflagration with explosive violence at pressures which can be attained with
substancesr mixturesin normal commercial packages.

12.6.1.2 Apparatus and materials

12.6.1.2.1 The time/pressure apparatus (Figure 12.6.1.1) consisteylindrical steel pressure ves88imm in

length and 60 mm in external diameter. Two flats are machined on opposite sides (reducing tbectorssf the

vessel to 50 mm) to facilitate holding whilst fitting the firing plug and vent plugvEhkeelwhich has a bore of 20 mm
diameter, is internally rebated at either end to a depth of 19 mm and threaded to accept 1" British Standard Pipe (BSP).
A pressure takeff, in the form of a sid@arm, is screwed into the curved face of the pressure vessel 3omnone

end and at 90° to the machined flats. The socket for this is bored to a depth of 12 mm and threaded to accept the 1/2"
BSP thread on the end of the silen. A washer is fitted to ensure a gastight seal. Theasideextends 55 mm beyond

the presure vessel body and has a bore of 6 mm. The end of tharsidis rebated and threaded to accept a diaphragm

type pressure transducer. Any pressueasuring device may be used provided that it is not affected by the hot gases or
decomposition productsd is capable of responding to rates of pressure rise 62 690kPa in not more than 5 ms.

12.6.1.2.2 The end of the pressure vessel furthest from theagioheis closed with a firing plug which is fitted

with two electrodes, one insulated from and ekiger earthed to, the plug body. The other end of the pressure vessel is
closed by an aluminium bursting disc 0.2 mm thick (bursting pressure approxid@hkPa) held in place with a
retaining plug which has a 20 mm bore. A soft lead washer is uskdeth plugs to ensure a good seal. A support

stand (Figure 12.6.1.2) holds the assembly in the correct attitude during use. This comprises a mild steel base plate
measuring 235 mm x 184 mm x 6 mm and a 185 mm length of square hollow section (S.KH.80) ¥@ mm.

12.6.1.2.3 A section is cut from each of two opposite sides at one end of the length of S.H.S. so that a structure
having two flat sided legs surmounted by an 86 mm length of intact box section results. The ends of these flat sides are
cut toan angle of 60° to the horizontal and welded to the base plate.

12.6.1.24 A slot measuring 22 mm wide x 46 mm deep is machined in one side of the upper end of the base
section such that when the pressure vessel assembly is lowered, firing plug eimtditbie box section support, the
sidearm is accommodated in this slot. A packing piece of steel 30 mm wide and 6 mm thick is welded to the lower
internal face of the box section to act as a spacer. Two 7 mm thumb screws, tapped into the oppasitecfacdold

the pressure vessel firmly in place. Two 12 mm wide strigsmin thick steel, welded to the side pieces abutting the
base of the box section, support the pressure vessel from beneath.

12.6.1.2.5 The ignition system consists of an electfisehead of the type commonly used in low tension
detonators, together with a 13 mm square piece of primed cambric. Fuseheads with equivalent properties may be used.
Primed cambric consists of a linen fabric coated on both sides with a potassium tit@iésaiphurless gunpowder
pyrotechnic compositidh

12.6.1.2.6 The procedure for the preparation of the ignition assembly for solids starts with separation of the brass
foil contacts of an electric fusehead from its insulator, (see Figure 12.6.1e8gxXpbsed portion of insulation is then

cut off. The fusehead is then fixed onto the terminals of the firing plug by means of the brass contacts such that the tip
of the fusehead is 13 mm above the surface of the firing plug. A 13quare piece of primezhmbric is pierced

through the centre and positioned over the attached fusehead around which it is then folded and secured with
fine cotton thread.

3 When testig thermally stable energetic liquids, such as nitromethane (UN 1261), variable results may be

obtained because the substance may give two pressure peaks.

4 Obtainable from the national contact for test details in United Kingdom (see AppBndix
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12.6.1.2.7 For liquids samples, leads are fixed onto the contact foils of the fusehead. The leads thredden

through an 8 mm length of 5 mm outer diameter and 1 mm inner diameter silicone rubber tubing and the tubing is
pushed up over the fusehead contact foils as shown in Figure 12.6.1.4. The primed cambric is then wrapped around the
fusehead and a gjle piece of thin PVC sheathing, or equivalent, is used to cover the primed cambric and the silicone
rubber tubing. The sheathing is sealed in position by twisting a length of thin wire tightly round the sheathing and
rubber tubing. The leads are then fixento the terminals of the firing plug such that the tip of the fusehead is 13 mm
above the surface of the firing plug.

12.6.1.3 Procedure

12.6.1.31 The apparatus, assembled complete with pressure transducer but without the aluminium bursting disc
in position, is supported firing plug end down. 5300f the substancer mixtureis introduced into the apparatus so as

to be in contact with the ignition system. Normally no tamping is carried out when filling the apparatus unless it is
necessary to use higg tamping in order to get the 5.0 g charge into the vessel. If, even with light tamping, it is
impossible to get all the 5.0 g of sample in, then the charge is fired after filling the vessel to capacity. Note should be
taken of the charge weight used. Tead washer and aluminium bursting disc are placed in position and the retaining
plug is screwed in tightly. The charged vessel is transferred to the firing support stand, bursting disc uppermost, which
should be contained in a suitable, armoured fuméaanm or firing cell. An exploder dynamo is connected to the
external terminals of the firing plug and the charge is fired. The signal produced by the pressure transducer is recorded
on a suitable system which allows both evaluation and a permanent oéabedtime/pressure profile to be achieved

(e.g. transient recorder coupled to a checorder).

12.6.1.3.2 The test is carried out three times. The time taken for the pressure to rise from 69Q kPakBa
above atmospheric is noted. The shortest interval should be used for classification.

12.6.1.4 Test criteria and method of assessing results

The test results are interpreted in terms of whether a gauge presseé0okRa is reached and, if so,
the time taken for the pressure to rise fre@0 kPa to D70 kPa gauge.

The result is considered "+" and the substapicenixture to show the ability to deflagrate rapidly if the time for
apressure rise from 690 kPa t®20 kPa is less than 30 ms. The result is considérédahd the substangg mixture

to show no or slow deflagration if the rise time is 30 ms or more or a pressuéd @kPa gauge is not reached. Failure
to ignite does not necessarily indicate that the substanoéxturehas no explosive properties.

12.6.1.5 Examples of reults
SubstancésMixture Maximum pressure  Time for a pressure Result
(kPa) rise from 690 to
2070 kPa (ms)
Ammonium nitrate (high density prills) <2070 T T
Ammonium nitrate (low density prills) <2070 T T
Ammonium perchlorate (2m) > 2070 5 +
Ammonium perchlorate (36m) >2070 15 +
Barium azide > 2070 <5 +
Guanidine nitrate > 2070 606 T
Isobutyl nitrite > 2070 80 T
Isopropyl nitrate > 2070 10 +
Nitroguanidine > 2070 400 T

> If preliminary safetyin-handling tests (e.g. heating in a flame) or unconfined burning tests (e.g. a Series 3

type (d) test) indicate that a rapid reaction is likely to occur, then the sample size should be reduced tonilShe
severity of the confined aetion is known. If it is necessary to use a 0.5 g sample, the sample size should be gradually
increased until either a "+" result is obtained or the test is performed with a 5.0 g sample.
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SubstancésMixture Maximum pressure  Time for a pressure Result
(kPa) rise from 690 to
2070 kPa (ms)
Picramic acid > 2070 500 T
Sodium picramate > 2070 15 +
Urea nitrate >2070 400 T
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(E)
(©)
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(L)
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Pressure vessel body
Firing plug

Bursting disc

Pressure transducer thread
Insulated &ctrode
Insulation

Washer distorting groove

(B) Bursting disc retaining plug
(D) Soft lead washer

(F) Side arm

(H) Copper washer

(K) Earthed electrode

(M)  Steel cone
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Figure 12.6.1.1:Apparatus




UN/SCETDG/45/INF.8/Add.1
UN/SCEGHS/27/INF.5/Add.1

]
—
—_
-1 —
—tra

&
&

=T 2lem 4 AN L _ _lec]l e
T = %) L] e A‘A

M8

| 235 |

160

6

A-A

Figure 12.6.1.2:Support stand
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(A)
(B)
©
&)
(E)
(F)
(G)

Electrically ignited fsehead as manufactured

Brass foil contacts parted from card insulator
Insulating card cut off

Primed cambric SR252 13 mm square with centre hole
Fusehead fixed to pins on firing plug

Cambric positioned on fusehead

Cambric foleed around and tied with thread
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Figure 12.6.1.3:Ignition system for solids
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(H)

Fusehead

PVC sheath

Insulating card

Silicone rubber tubing
Firing leads

Foil contacts

Wire to make liquietight seall
Primed cambd

Figure 12.6.1.4:Ignition system for liquids
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12.6.2 Test 2 (c) (ii): Internal ignition test

12.6.2.1 Introduction

This test is used to determine the tendency of a substano@xture to undergo transition from
deflagration to detonation.

12.6.2.2 Apparatus and materials

The experimental arrangement is shown in Figure 12.6.2.1. The sample of substance to be tested is
contained in a 45.7 cm length of "3 inch schedule 80" carbon (A53 Grade B) steel pipe with inside diameter 74 mm,
wall thickness & mm, capped at both ends with a0t pound" forged steel pipe cap. @yniter consisting of 10 g of
black powder (100% passed through No. 20 sieve, 0.84 mm, and 100% retained by No. 50 sieve, 0.297 mm) is located
at the centre of the sample vessel. Tdréter assembly consists of a cylindrical container 21 mm in diameter and 32
mm long which is made from 0.54 mm thick cellulose acetate which is held together by two layers of nylon filament
reinforced cellulose acetate tape. Tdter capsule containg small loop formed from a 25 mm length of nickel
chromium alloy resistance wi@30mm in diameter having a resistance of 0.35 ohms. This loop is attached to two
insulated tinned copper lead wires 0.7 mm in diameter. The overall wire diameter, incdhsiitegion, is 1.3 mm.
These lead wires are fed through small holes in the wall of the pipe and are sealed with epoxy resin.

12.6.2.3 Procedure

After the sample, at ambient temperature, is loaded into the pipe to a height of 23 igmiteh¢with
its leads inserted through small holes in the pipe wall) is inserted into the centre of the pipe and the leads pulled taut and
sealed with epoxy resin. The remainder of the sample is then loaded and the top cap screwed on. For gelatinous
samples, the substemor mixtureis packed as near as possible to its normal shipping density. For granular samples, the
substancer mixtureis loaded to the density obtained by repeated tapping of the pipe against a hard surface. The tube is
placed in a vertical positionnd the igniter is fired by a current &6 amperes obtained from a -20lt transformer.
Three trials should be performed unless deflagration to detonation transition occurs earlier.

12.6.2.4 Test criteria and method of assessing results
The test resulis considered "+" if either the pipe or at least one of the end caps is fragmented into at
least two distinct pieces. Results in which the pipe is merely split or laid open, or in which the pipe or caps are distorted

to the point at which the caps arewtooff, are considered"".

12.6.2.5 Examples of results

SubstancéMixture s Results

Ammonium nitrate/fuel oil, aluminised

Ammonium nitrate prills, porous, low density
Ammoni um perchl orate (45
1,3-Dinitrobenzene, fine crystals

Nitrocarboritrate

TNT, granular

Watergel

+ 4+ == 4 ==
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Forged steel cap
Igniter leads
Igniter assembly

(B) Steel pipe
(D) Seal
(F) Forged steel cap

Figure 12.6.2.1:Internal ignition test
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SECHON-CHAPTER 13

TEST SERIES 3

13.1 Introduction

The questions "Is the substance mixture thermally stable?" (box 10 of Figure 10.2) and "Is the
substancer mixturetoo dangerouki)r transpori[RG40]in the form in which it was tested?" (box 11 of Figure 10.2) are
answered by determining the sensitivenessefdubstancer mixtureto mechanical stimuli (impact and friction), to
heat and to flame. The question in box 10 is answered "no" if a "+" is obtained in test type 3(c) and the substance
mixtureis considered too unstadﬂe transpot[RG41]. The question ifox 11 is answered "yes" if a "+" is obtained |n
any of the test types 3(a), 3(b) or 3(d). If a "+" is obtained, the substamsxturemay be encapsulated or otherwige
desensitized or packaged to reduce its sensitiveness to external stimuli.

13.2 Testmethods
Test Series 3 comprises four types of test:
Type 3 (a): for determining sensitiveness to impact;
Type 3 (b): for determining sensitiveness to friction (including impacted friction);
Type 3 (c): for determining the thermal stability of a stdrsce; and
Type 3 (d): for determining the response of the substance to fire.

The test methods currently used are listed in Table 13.1.

Table 13.1: Test methods for Test Series 3

Test code Name of Test Section
3(a) (i) Bureau of Explosives impact ntaoe 13.4.1
3 (a) (i) BAM Fallhammef 13.4.2
3 (a) (iii) Rotter test 13.4.3
3 (@) (iv) 30 kg Fallhammer test 13.4.4
3(a) (v) Modified type 12 impact tool 13.4.5
3 (a) (vi) Impact sensitivity test 13.4.6
3 (b) () BAM friction apparatu$ 13.5.1
3 (b) (ii) Rotary friction test 13.5.2
3 (b) (H#Hiv) Friction sensitivity test 13.5.3
3(c) Thermal stability test at 75 C 13.6.1
3 (d) Smallscale burning test 13.7.1

a Recommended test

(Ref.Doc: ST/SG/AC.10/11/Rev.5/Cotr.1)

13.3 Test conditions

133.1 Care must be taken if it is necessary to crush or cut explosive samples before use. Protective
equipment, e.g. safety screens, should be used and the quantities kept to the minimum.

13.3.2 For tests of types 3 (a) and (b), wetted substapcamixtures should be tested with the minimurh
content of wetting agent providéor transpoffiRG42].

13.3.3 Test types 3 (a) and 3 (b) should be performed at ambient temperature unless otherwise
specified or the substangg mixtureis to ]be transporte@hms]under conditins where it may change itp
physical state.

13.34 To obtain reproducible results, all factors of test types 3 (a) and 3 (b) should be carefully controlled
and a suitable standard of known sensitiveness should be tested periodically.
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13.35 Entrapped aibubbles render liquidsubstancesmuch more sensitive to impact and hence test type 3
(a) methods for liquids employ special tools or procedures which allow the "adiabatic" compression of such bubbles in
the liquid.

13.3.6 Tests of type 3 (b) need not pplied to liquids.

13.4 Series 3 type (@) test prescriptions

13.4.1 Test 3 (a) (i): Bureau of Explosives impact machine
134.1.1 Introduction

This test is used to measure the sensitiveness of a substamédureto dropweight impact and to
deermine if the substange mixtureis too dangerodm transpor[RG44]in the form tested. It is applicable to solid and
liquid substancesr mixtureshy using two different sample assemblies.

13.4.1.2 Apparatus and materials
134.1.21 Solids

Drawings of he apparatus for the impact test of solids are shown in figures 13.4.11B.4rt12. The
apparatus is designed so that a weight of mass 3.63 kg is free to fall between two parallel cylindrical guide rods, from
pre-selected heights, onto a plungerdplug assembly. This assembly is in contact with the sample, which in turn is
placed on a diandanvil assembly and confined in a cylindrical casing whose inside diameter is just sufficient to
permit free movement of the plunger and plug. The plunger, pieg,cdsing and anvil are hardened tool steel of
hardness 565 on the RockwelC scale and the mating surfaces and the surfaces in contact with the sample have a
finish of 0.8 microns. The sample holder diametéy.ismm.

13.4.1.2.2 Liquids

The apparats for the impact test of liquidis similar to that for solids, except for the sample
assembly. The sample assembly for testing liquids is shown in Figure 13.4.1.3.

13.4.1.3 Procedure
13.4.1.3.1 Solids

A 10 mg sample is loaded onto the die (C). ThellgdE) and die are placed in the sample housing (F)
and the casing (D) screwed down over them. The plug (B) and plunger (A) are then inserted on top of the sample. The
drop weight is raised to a height of 10.0 cm and released. Observations are macghen & "explosion” occurs as
evidenced by a flame or audible report. Ten trials are performed for each test sample.

13.4.1.3.2 Liquids

The rebound sleeve (A), the intermediate pin (B), and the striker (D) are assembled in the striker
housing (C). Acopper cup (E) is placed in the cup positioning block (not shown in Figure 13.4.1.3) and one drop of the
liquid under test is placed in the cup (E). The housing (C) and its components (A,[B aralplaced over the top of
the cup positioning block. Thend of the striker (D) slips partway into the cup (E), but is prevented by the cup
positioning block from actually touching the liquid in the cup. When the striker housing is lifted from the positioning
block, the cup is held on the end of the striker bgtibn. The striker housing is then screwed down into the anvil
housing and the dimensions of the tools are such that the bottom of the copper cup just touches the anvil when the
striker housing is screwed in hatight. The whole unit is then placed inetsame drop weight mechanism used for
solids. The drop weight is raised to a height of 25.0 cm and released. Observations are made on whether an "explosion”
occurs as evidenced by smoke, flame or audible report. Ten trials are performed for each test sampl
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13.4.1.4 Test criteria and method of assessing results
134141 Solids

The test result is considered "+" if a flame or an audible report is observed in at least ®triadé
at a drop height of 10 cm and the substasrcmixtureis considerd too dangerouor transporfRG45]in the form in |
which it was tested. Otherwise, the result is conside@etl 'Borderline cases may be resolved using the Bruceton
method (see Appendix 2).

13.4.1.4.2 Liquids

The test result is considered "+" if smoke, flaonean audible report is observed in at least 1 out of 10
trials at a drop height of 25 cm and the substacmixtureis considered too dangerotm transpord[RG46]in the |
form in which it was tested. Otherwise, the result is consideyed "
13.4.1.5 Exampes of results
13.4.1.5.1 Solids

Results from tests to determine the impact sensitiveness af. solid

Test sample Result
Ammonium perchlorate T
HMX, (dry) +
NG Dynamite T
PETN, (dry) +
PETN/water, (75/25) i
RDX, (dry) +

13.4.1.5.2 Liquids

Results from tests to determine the impact sensitiveness of liquids:

Test sample Result

NG +
Nitromethane T
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(A) Drop weight
(B) Sample assembly

Figure 13.4.1.1:Bureau of Explosives impact machine
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Figure 13.4.1.2:Sample assembly for solids
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72

Figure 13.4.1.3:Sample assembly for liquids



UN/SCETDG/45/INF.8/Add.1
UN/SCEGHS/27/INF.5/Add.1

13.4.2 Test 3 (a) (ii): BAM Fallhammer
13.4.2.1 Introduction

This test is used to measure the sensitiveness of solids and liquids tevedghp impact and to
determine if the substance mixtureis too dangerou® transporfRG47]in the form tested.

13.4.2.2 Apparatus and materials

134221 The essential parts of the fallhammer are the cast steel block with base, the awwilurthe the

guides, the drop weights with release device and the impact device. A steel anvil is screwed onto the steel block and
cast base. The support, into which is fixed the column (made from a seamless drawn steel tube), is bolted to the back of
the steel block. The dimensions of the anvil, the steel block, the base and the column are given in Figure 13.4.2.1. The
two guides whichare fixed to the column by means of three ciuisses are fitted with a toothed rack to limit the
rebound of the drop weight and a movable graduated scale for adjusting the height of the fall. The drop weight release
mechanism is adjustable between thidgs and is clamped tbem by the operation of a lever nut on two jaws. The
apparatus is fixed onto a concrete block (8@D0mm) by means of four anchoring screws secured in the concrete, so
that the base is in contact with the concrete over its wdrele and the guides are exactly vertical. A wooden protective

box with inner protective lining and which can be opened easily, surrounds the apparatus up to the letettohihe
crossbar. An extraction system allows removal of any explosion gasassbfrdm the box.

13.4.2.2.2 The drop weights are shown in Figure 13.4.2.2. Each drop weight is provided with two locating
grooves holding it between the guides as it drops, a suspension spigot, a removable cylindrical striking head and a
rebound catch wibh are screwed on to the drop weight. The striking head is of hardened steel (HRC hardness of 60 to
63); its minimum diameter is 25 mm; it has a shoulder piece preventing it from being forced into the drop weight by the
impact. Three drop weights are dable with the following masse%,00kg, 5.00 kg and0.00kg. The 1 kedrop

weight has a heavy steel centre fitted with the striking head. The 5 kg and 10 kg drop weights are of massive and
compact steel, e.g. material specification at 1848%-1 in accordance with DINL700.

13.4.2.2.3 The sample of the substanoemixtureunder test is enclosed in an impact device consisting of fwo
co-axial steel cylinders, one above the other in a hollow cylindrical steel guide ring. The cylinders are ste&brullers

roller bearings with polished surfaces and rounded edges and a HRC hardness betwe&b58tendimensions of

the cylinders and the ring are given in Figure 13.4.2.3. The impact device is placed on an intermediate anvil and centred
by a locating ing with a ring of ventholes to permit the escape of gases. The dimensions of the intermediate anvil are
given in Figure 13.4.2.4 and those of the locating ring in Fi$j3ré.2.3.

13.4.2.3 Procedure
13.4.2.31 For solicssubstancgother than pastiéke or geltypes, the following points should be observed: |

(@) Substance®r mixturesin powdered form are sieved (sieve mesh 0.5 mm), all that palsses
through the sieve is used for the test

(b)  Substancesr mixtures which have been compressed, castotherwise consolidated aré
broken into small pieces and sieved; the fraction passing a 1.0 mm sieve and retained on
a0.5mm sieve is used for the t&st

(c)  Substancesr mixtureswhich ardtransported{RG48]onIy in the form of charges are tested i|n
the form of discs (chips) with a volume of 40 rh(approximately 4 mm diameter and 3 mm
thickness).

The cylinders and the guide ring should be degreased with acetone before use. The cylinders and
guide ring shoulanly be used once.

! For substaneesixtureswhich contain more than one constituethie sieve fraction used for the test should ble

representative of the original sample.
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13.4.2.3.2 For substanceand mixturesin powdered form, a sample is taken with a cylindrical measure of 40

mm® capacity (3.7 mm diameter x 3.7 mm). For pdike or geltype substancesr mixtures a cylindrical tube of the

same capaty is inserted into the substanoe mixtureand after levelling off the surplus, the sample is removed from

the tube by means of a wooden rod. For ligtidbstaneesa finedrawn pipette of 40 mincapacity is used. The
substancer mixtureis placed irthe open impact device, which is already in the locating ring on the intermediate anvil,

and for powders or pastike or geltype substancesr mixtures the upper steel cylinder is gently pressed until it
touches the sample without flattening it. Liqwi@mples are placed in the open impact device in such a way that it fills

the groove between the lower steel cylinder and the guide ring. The upper steel cylinder is lowered, with the aid of the
depth gauge, until it is 2 mm from the lower cylinder (seauf€igl3.4.2.5) and held in place by a rubber "O" ring. In

some cases, capillary action causes the sample to exude from around the top of the sleeve. In these cases, the assembl
should be cleaned and the sampleapplied. The filled impact device is placeédntrally on the main anvil, the
protective wooden box is closed and the appropriate drop weight, suspended at the required height, is released. In the
interpretation of the results of the trial, distinction is made between "no reaction”, "decompdsgitthnut flame or
explosion) recognisable by change of colour or odour and "explosion” (with weak to strong report or inflammation). In
some cases it is advisable to perform trials with appropriate inert refdencd{RGw] to allow a better
judgement ofvhether or not an audible report has occurred.

13.4.2.3.3 The limiting impact energy, characterising the impact sensitiveness of a subgtamigture is

defined as that lowest impact energy at which the result "explosion” is obtained from at least ohat least six

trials. The impact energy used is calculated from the mass of the drop aedbtite fall height (e.d. kg x 0.5 ma 5

J). The 1 kg drop weight is used at fall heights of 10, 20, 30, 40 and 50 cm (impact energy 1 to 5 J); the 5 kg drop
weight for fall heights of 15, 20, 30, 40, 50 and 60 cm (impact energy B®JXpand the 1&g drop weight for fall

heights of 35, 40 and 50 cm (impact energy 35 to 50 J). The series of trials is started with a singlOtlidlf att this

trial the result "explosion™ is observed, the series is continued with trials at stepwise lower ingrgEseuntil the

result "decomposition” or "no reaction" is observed. At this impact efexgy, the trial is repeated up to the total
number of six if no "explosion” occurs; otherwise the impact energy is reduced in steps until the limiting imggct ener

is determined. If at the impact energy level of 10 J the result "decomposition” or "no reaction” (i.e. no explosion) was
observed, the test series is continued by trials at stepwise increased impact energies until for the first time the result
"explosian” is obtained. Now the impact energy is lowered again until the limiting impact energy is determined.

13.4.2.4 Test criteria and method of assessing results
The test results are assessed on the basis of:
(@) Whether an "explosion" occurs in any @f to six trials at a particular impact energy; and
(b)  The lowest impact energy at which at least one "explosion" occurs in six trials.
The test result is considered "+" if the lowest impact energy at which at least one "explosion" occurs in sixXtdals

or less and the substanmemixtureis considered too dangerofas transporfRG50]in the form in which it was tested.
Otherwise, the result is considerei ™.
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13.4.25 Examples of results

SubstancéMixture

Limiting impact energy

)

Result

Ethyl nitrate (liquid)

Hexal 70/30

Hydrazine perchlorate (dry)
Lead azide (dry)

Lead styphnate

Mannitol hexanitrate (dry)
Mercury fulminate (dry)
NG (liquid)

PETN (dry)

PETN/wax 95/5
PETN/Wax 93/7
PETN/wa 90/10
PETN/water 75/25
PETN/lactose 85/15
RDX/water 74/26

RDX (dry)

Tetryl (dry)

1
10
2

oom.bmoomlan—\n—\mﬁ

w
>~ 005

I i i s
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(A) Two guides (B) Holding and releasing device
(C) Column (D) Middle crosspiece

(E) Drop weight (F)  Toothed rack

(G) Graduated scale (H)  Anvil 100 mm diameter x 70 mm
(J) Steel block 230 x 250 x 200 mm (K) Base 450 x 450 x 60 mm

Figure 13.4.2.1: BAM Rallhammer general view, front and side dimensions
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(A) Suspension spigot
(C) Height marler

(E) Cylindrical striking head

(B) Positioning groove
(D) Rebound catch

Figure 13.4.2.2:Drop weight
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(A) Steel cylinder(s)
(C) Guide collar
(E) Locating ring

Figure 13.4.2.3:1mpact device forsubstancessamplesin powdered, pastelike or gel type form
and locating ring
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(A) Impact device (B) Locating ring
(C) Locating plate (D) Intermediate anvil 26 mm diameter x 26 mm
(E) Anvil 100 mm diameter x 70 mm (F)  Steel block 230 x 250 x 200 mm
(G) Base 450 x 450 x 60 mm

Figure 13.4.2.4:Lower part
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(A) Rubber ring (can sometimes be omitted)
(B) Space free from liquid
(C) Liquid sample spread round circumference of steel cylinder

Figure 13.4.2.5:Impact device for liquids
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13.4.3 Test 3 (a) (iii): Rotter test
13.43.1 Introduction

This test is used to measure the sensitiveness of the substanogureto dropweight impact and torl
determine if the substanoce mixtureis too dangerodm transpor[RG51]in the form tested. It is applicable to solid and

liquid substanes by using two different sample assemblies. The procedure can involve a direct comparison with a
standard explosive, the median drop heights (50 per cent probability of ignition) being determined by the Bruceton
method.

13.4.3.2 Apparatus and materials
13.4.3.2.1 Solids

The Rotter type impact machine (5 kg weight) and tools, are shown in outline in E&ydr8.1 with
an enlargement of the chamber in Figure 13.4.3.2. The hardened steel anvils, brass caps, measuring dewite (0.03
volume), tampingdevice and gas measuring burette (5¢)care manufactured to standard drawings. The standard
explosive is RDX, recrystallized from cyclohexanone and dried according to a standard procedure.

13.4.3.2.2 Liquids

The equipment used for testing liquidshg Rotter type impact machine but with a different type of
impact assembly (Figure 13.4.3.3) and drift (Figure 13.4.3.4), and without the burette. A 2 kg weight is employed. The
various items shown in figures 13.4.3.2 to 13.4.3.4 are manufactured tarstaindwings, as is a hardened steel disc
for calibration of the cup and plunger assemblies.

13.4.3.3 Procedure
13.4.3.3.1 Solids

For solids, other than pastes or gels, the following points should be observed:

(ay If necessary, substances mixturesin coarse powdered form are crushed to pass throhgh
ag850e m si eve,; and

(b)- Cast substances mixturesar e ei t her crushed and pas§e|d t hr
discs are cut from the solid with nominal dimensions of 4 mm diameter and 2 mmessck

13.4.3.3.2 Powdered substances mixturesare measured into the caps with the measuring device and low [bulk
density substances mixturesare tamped with the tamping device. The loaded cap is placed upon the anvil in $uch a
way as to avoid invergn of the cap before the substameanixture makes contact with the anvil tip. The cap is thgn
rotated to spread the explosive evenly, the chamber is closed, the striker is adjusted so that it is in contact with the cap
and the chamber placed in positiorthe machine. The logarithms of the standard drop heights are arranged on a linear
scale. The initial heights for starting the Bruceton (see Appendix 2) runs for the sample under test and the standard are
determined by interpolation between the neargst (ignition) and "no go" (non ignition) until these occur at adjacent
levels. In a normal test, &hot Bruceton runs are performed. If the Sample Comparison Test (SCT) procedure (see
Appendix 2) is used, caps of the standard and the sample undeetbdrlternately, a separate Bruceton run being
operated for each. When testing any explosive substance, a "go" is said to have octumecbif more of gaseous
products are recorded on the manometer or if so indicated bgtandard transient morent of the manometer fluid

which is confirmed by the presence of smoke on opening the anvil housing. For some pyrotechnics a lesser effect,
e.g.colour change, is accepted as evidence of a "go". After testing each cap, the anvil and the interioraafilibe ch

must be thoroughly cleaned and dried; the anvil is examined and changed if visibly damaged. Dropping the weight from
heights much in excess of 200 cm can itself damage the anvil. Unless obtained from the SCT procedure, data for the
standard is obtaéd from 50shot running mean determinations.

13.4.3.3.3 Liquids

Individual cups and plungers for use with liquids are paired off before testing beginsalibination
disc is inserted into each cup in turn, its plunger added and the assembly lo¢h&etripact chamber. After the ball
bearing has been placed on top of the plunger, the upper part of the housing is fitted to the cap retainer and locked in
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position. The cap is then inserted and screwed down until the ball seating contacts the baitial' kistting is read off

a circular scale of 100 divisions on top of the upper part of the housing, and the reading is specific to the individual
combination of cup and plunger used. Each division on the circular scale corresponds to a verticaingisptzde. 02

mm. For the test itself, an-fing is placed in the cup. 0.0257 of the liquid under test is metered into the cavity, a
suitable dispenser being a 0.5%aastight syringe used in conjunction with a ratchet and a finely tipped plasticenozz!

A stainless steel disc is then dropped on to thn@) this seals off 0.025 chof air. The plunger is then located on top.

The assembly is placed in the impact chamber, theblealling on top of the plunger, and the upper part of the housing
fitted and locked into position. The cap is then screwed down by hand until it contacts the ball (Figure 13.4.3.3). A
standard preompression is applied to the sample chamber by screwing down the cap to the initial calibration position
for the particular cup anplunger used, and for a further standard number of divisions on the circular scale. The housing
is placed under the drop weight machine with the spherically recessed drift (Figure 13.4.3.4) resting on top ef the ball
bearing. The testing procedure is samito that for solids, the same Bruceton scale being used. A "go" is said to have
occurred if a "bang" louder than that from a drop of equal height on to an inert liquid is heard, or if there is residual
pressure in the sample chamber, or if on dismantiecomposition products are seen or smelt. Following "no goes"
unchanged liquid remains in the sample chamber. After testing, the cup and plunger are thoroughly cleaned and if either
shows signs of damage (usually pitting) it is replaced, when recadibrasing the calibration disc is required. In any
case, the @ing and stainless steel disc are replaced by new components after each test.

13.4.3.4 Test criteria and method of assessing results
134341 Solids

The test results are assessed on #séstof:

(@) Whether a "go" is observed in a trial;

(b)  Determination of the median drop height for the RDX reference standard and the sample by the
Bruceton method (see Appendix 2); and

(c)  Comparison of the running mean median drop height of #relatd (H) with the median drop
height of the sample (}{using the equation:

Figure of Insensitiveness (F of 1) = 80 »%/H;
(fH, O 200 c¢cm then the F of | is given as > 200

The test result is considered "+" if the F of | is less then or equg0 tand the substanoe mixtureis considered too
dangerouﬁor transpord[RGSZ]in the form in which it was tested. The test result is considededif the F of | is
greater than 80. If the F of | obtained for the substamamixtureunder test is less tha0, a direct comparison with
the standard RDX may be made by using the Sample Comparison Test €8€TAppendix 2) procedure willd0
shots on each substanmemixture If there is 95% or greater confidence that the substano@xtureunder test is ot
more sensitive than RDX, the substamzemixture under test is not too dangerofas transportfRG53]in the form
tested.
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13.4.3.4.2 Liquids
The test results are assessed on the basis of:
(ay Whether a "go" is observed in a test; and |
~(b) Determinaibn of the median drop height for the sample by the Bruceton method. |

The median drop height for liquids is calculated as for solids, and the result quoted directlly. For

samples which do not give "goes" at drop heights of approximately 125 cm, the ineidiainis quoted a5 125cm”.

The test result is considered "+" and the liquid too dangeimugransport{RG54jin the form tested if it is more
sensitive in this test than igopy! nitrate. This is normally determined from the median height value, the ihedian

height obtained for the substanmemixtureunder test is less than that quoted forpsopyl nitrate, 14.0 cm, a direc
comparison with is@ropyl nitrate may be made by using the SCT procedure Mishshots on each substarme
mixture. If there is 95% or greater confidence that the substanoaixture under test is not more sensitive than-is
propyl nitrate, the substan@g mixture under test is not too dangerdtm transpord[RGSS]in the form tested. The
result is consideredd"" if the media height is greater than or equal to that ofpsopyl nitrate.

13.4.3.5 Examples of results

13.4.35.1 Solids ‘

SubstancéMixture F of | Result |
Blasting Gelatineggeophex 15 +
Blasting GelatineSubmarine 15 +
Cordite 20 +
1,3-Dinitrobenzene >200 T
Guanidine nitrate >200 T
HMX 60 +
Lead azide (service) 30 +
PETN 50 +
PETN/wax 90/10 90 T
RDX 80 +
Tetryl 90 T
TNT 140 i

13.4.35.2 Liquids

SubstancéMixture Median height (cm) Result
Diethylene glycol dinitrate 12 *
Diethylene glycol mononitrat 46 i
1,1-Dinitroethane 21 T
Dinitroethylbenzene 87 T
Glyceryl trinitrate (nitroglycerine, NG) 5 +
Isopropyl nitrate 14 +
Nitrobenzene >125 T
Nitromethane 62 T
Triethylene glycol dinitrate 10 +
Triethylene glycol mononitrate 64 i
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Figure 13.4.3.1: ROTTERtest
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Figure 13.4.3.2:Explosion chamber

85



UN/SCETDG/45/INF.8/Add.1
UN/SCEGHS/27/INF.5Add.1

cu. 120
/A
/ ] )
7 ! 7 o~ . D
/ 2 %
] %/ é .
NI
|
x ~
\ | | )
\ J
/ | § ///// \
N .
(A) Cap (B) 7/8inch (22.2 mm) ball bearing
(C) Upper part of housing (D) Plunger made of hardened tool steel
(E) Stainless steel disc (F)  Rubber Gring
(G) Testsample (H)  Cup made of hardened tool steel
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Figure 13.4.3.3:Cup and plunger assembly and housing for liquids
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Figure 13.4.3.4:Liquid map test intermediate drift
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13.4.4 Test 3 (a) (iv): 30 Kg Fallhammer test

13.4.4.1 Introduction

This test is used to measure the sensitiveness of solidfiqais to dropweight impact and to
determine if the substance mixtureis too dangerou® transporfRG56]in the form tested.

13.4.4.2 Apparatus and materials

The test apparatus and materials are shown in detail in figures 13.4.4.1 and 13.4 .4t Haenple
tray (wall thickness ca. 0.4 mm) is 8 mm deep, 50 mm wide and 150 mm long.

13.4.4.3 Procedure

| The sample tray is uniformly filled with the substarmmemixtureto a depth of 8 mm. The tray is
placed on the anvil in such a way that the hamfaks onto a point 25 mm from one end, on the axis of the tray
(seeFigurel13.4.4.1). The fallhammer is released from a height of 4.00 m to 0.25 m in steps of 0.25 m. Propagation is
considered to have occurred if explosive effects, primarily deformafitmedray walls, are observed at least 100 mm
from the impacted point in the sample. Three trials are performed at each height. The limiting drop height is the highest
height at which no propagation occurs in three trials. If there is no propagationaudimgp heigt of 4.00 m, the
l' i miting height is recorded as A0 4.00 mo.

13.4.4.4 Test criteria and method of assessing results
The test results are assessed on the basis of:
(@)  Whether there is propagation of reaction; and
(b)  The limiting drop height.
‘ The test result is considered "+" if a limiting drop height of less than 0.75 m is observed and the

substancer mixtureis considered too dangerdlm transpori[RG57]in the form in which it was tested. The test result
is consideredd " if a limiting drop heightgreater than or equal to 0.75 m is observed.

| 13.4.4.5 Examples of results

| SubstancéMixture s Limiting height (m) Result
Ammonium perchlorate O 4.00 T
HMX0-100 &m ( 740% &mi)n O 0.50 +
HMX80-800 em (50% “Min O315 1.75 i
Hydrazine nitrate, melted 0.25 +
Mining explosive’ O 4.00 i
Nitroglycerine 0.50 +
Nitroguanidine O 4.00 i
PETN fine (40% min O 40 ¢ 0.50 +
RDX0-100 em (55%°*min O 40 ¢ 1.00 i
RDX mean size 1252 00 & m 2.00 T
TNT flakes® O 4.00 i
TNT cast O 4.00 i

Recrystallized from cyclohexanohe RDX content : max. 3%
¢ 60-80 °C d AN based, with Pentolite 11.5% and Al 8.5%

e Mel ting p6int O 80.
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Figure 13.4.4.1: 30 kg Fallhammer test

89



UN/SCETDG/45/INF.8/Add.1
UN/SCEGHS/27/INF.5Add.1

e
/ R
N

10

$#94

@190

(A) Guide-lug
(B) Removable nose

Figure 13.4.4.2: Drop weight
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13.45 Test 3 (a) (v): Modied type 12 impact tool

13.45.1 Introduction

This test is used to measure the sensitiveness of substanoeguresto dropweight impact and to
determine if the substanoce mixtureis too dangerodm transpor[RG58]in the form tested. It is applicabie solid and
liquid substances by using two different sample assembilies.
13.4.5.2 Apparatus and materials

The following apparatus and materials are required:

(@) A drop mechanism capable of dropping, via three guides, a mass of 1.0, 1.5, 1.& 210, 2.
5.0kg through a vertical distance of up to 3.0 m onto an intermediate mass resting on a sample
placed on an anvil. The drop and intermediate masses are used in the following combinations:
0] 1.5 kg intermediate mass with a 1.0, 1.5, 1.8 or 2.6rkg mass;

(i) 2.0 kg intermediate mass with a 1.0 or 2.0 kg drop mass; and

(i) 2.5 kg intermediate mass with 2.5 or 5.0 kg drop mass;

(b) A target assembly (modified Type 12 tool) consisting of an anvil (impact suBfacen
diameter) and a gde for the intermediate mass;

(c) Garnet paper cut into 25 + 2 mm squares;
(d) A balance with an accuracy of = 1 mg;
(e) Brass caps with 10.0 mm diameter, 4.8 mm height and 0.5 mm wall thickness;
)] Stainless steel discs 8.4 mm diameter andriwithick;
() Neoprene @ings 8.4 mm diameter and 1.3 mm thick;
(h)  50¢l syringe;
0] Micro-spatula.
13.4.5.3 Procedure
13.45.3.1 Solids

The intermediate mass is raised. 30 £ 5 mg of the test substant&tureis placed in a loose pil
certrally on the anvil (for less sensitive substances, 30 + 5 mg of the test sulmstamicéureis placed on a square 0
garnet paper and the garnet paper with the test substamsixtureis placed on the anvil). The intermediate masg is
then carefully levered onto the substanoe mixtureon the anvil. The drop mass is raised to 36.0 cm (the height in the
middle of the logarithmic series of drop heights) and released to drop onto the intermediate medermediate
mass is raised. The trial is asseksss positive if the sample reacts with an audible repatttieie is production of
smoke or odour, or there is visual evidence of an ignition. Note the type of reaction that occurs. The surfaces are
cleaned with a cloth. The initial drop height for apation of the Bruceton method (see Appendix 2) is determined by
interpolation between the nearest drop heights giving positive and negative results until these occur on adjacent levels.
25 trials are then performed selecting the heights using the Brucetthod with a base 10 logarithmic interval of
0.093 giving the following series of drop heighdss, 8, 10, 12, 15, 19, 24, 29, 36, 45, 55, 69, 85, 105, 131, 162 and
200 cm. The median height calculated from the results using the procedure given iniA@pédid combination of a
1.8 kg drop mass and a k§ intermediate mass, without the use of garnet paper, has been found to be optimal for
determining whether substangasmixturesare more or less sensitive than RDX.
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13.4.5.3.2 Liquids

An Oringisi nserted into a cap and ‘icdmeptesdsutdstan@ to t
mixture is placed in the cap using a syringe. A stainless steel disc is placed orritige The intermediate mass is
raised and the cap assembly is placed on the armaéliftermediate mass is lowered carefully so that it fits into the cap
and compresses theing. The drop mass is raised and released to drop onto the intermediate mass. The intermediate
mass is raised. The trial is assessed as positive if the sampie wéilican audible report, if there is production of
smoke or odour, or if there is visual evidence of an ignition. Note the type of reaction that occurred. The initial height is
selected using the procedure given in 13.4.5.3.1ri&5 are performed anthe median height calculated using the
procedure given in Appendix The combination of 4.0 kg drop mass and a 1.5 kg intermediate mass (designed for
testing liquids) has been found to be optimal for determining whether substanmoeduresare moreor less sensitive
than isopropyl nitrate.

13.4.5.4 Test criteria and method of assessing results
134541 The test results are assessed on the basis of:

(@) Whether a positive reaction is obtained in a trial; and

(b)  Determination of the median drdneight (Hg) for the sample by the Bruceton method.

Details of the statistics used to determing &hd the standard deviation can be found in AppeRdix
13.45.4.2 Solids

The test result is considered "+" if the median drop heigkd) (ld less tan or equal to that of dry
RDX and the substangg mixtureis considered too dangerqﬁx transpori{RGSg]in the form in which it was tested.
The test result is considered " if the medium drop height @dg) is greater than that of dry RDX.
13.45.4.3 Liquids

The test result is considered "+" if the median drop heigkd) (6l less than that of isopropyl nitrate
and the substana@ mixtureis considered too dangerofes transporfRG60]in the form in which it was tested. The
test result is considere® ™ if the medium drop height @) is equal to or greater than that of isopropyl nitrate.

13.45.5 Examples of results

13.455.1 Solids

SubstancéMixture s Median height Result
(cm)

1.8 kg drop mass, 1.5 kg intermediate mass, no garnet paper

PETN (superfing 15 +
RDX Grade 1 38 +
RDX/water (75/25) > 200 i
Tetryl > 200 i
TNT (200 mesh) > 200 i

2 The relationship between the sample volume and the sensitiveness of the liquid is a function specific to the

liquid. The volume selected in this procedure is suitain@étermining relative sensitiveness. A determination of the
relationship between the sensitiveness and the sample volume should be carried out when more detailed information is
required about the substanoe mixture
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SubstancéMixture s Median height Result
(cm)

2.5 kg drop mass, 2.5 kg intermediate mass, with garnet paper

PETN (superfine) 5 +

RDX (Cal 767) 12 +

Tetryl 13 i

TNT (200 mesh) 25 i

13.45.5.2 Liquids

SubstancéMixture s Median height Result
(cm)

1.0 kg drop mass, 2.0 kg intermediate mass

Isopropyl nitrate (99%, boiling point. 1102 °C) 18 T

Nitromethane 26 T

TEGDN 14 +

TMETN 10 +

TEGDN/TMETN (50/50) 13 +
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(A) Electromagnet (B) Drop mass (e.g. 2.5 kg)
(C) Intermediate mass (e.g. 2.5 kg, diameter 32 mm) (D) Anvil (impact surface 32 mm diameter)

Figure 13.4.5.1:Modified Type 12impact tool (Full, top and expanded side view)
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