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At the time of writing, an ISO Standard
was needed and was being developed
by TC 160 to determine safety related
performance of glass-based glazing
panels. Shot-bag pendulum tests have
been widely established as being an
acceptable test method. This article
assesses the shot-bag approach and
tries to define the criteria for technical
equivalence among impact tests.

NTRODUCTION 
Comparisons of scope and aim of inter-

national safety glass standards appear to
indicate movement from previously accepted
human impact simulation performance stan-
dards, evolving into somewhat more prescriptive
impact test methods, intended or applied more
for quality control.  

The concept of safety glass is defined by a
human safety performance standard, of which an
essential and crucial part is the qualitative user
requirement statement, giving the user need or
expectation. For example, such a subjective
statement of intent is found in USA jurisdic-
tion regulation Safety Standard for Architec-
tural Glazing Materials for glass used in doors,
CPSC 16CFR1201. “The safety requirements are
designed to reduce or eliminate unreasonable risks
of death or serious injury to consumers when glaz-
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AIMS AND OBJECTIVES
The purpose of this work is to analyse

development of the shot-bag pendulum
approach and examine the premise that the
shot-bag method is an appropriate basis for
evaluating technical equivalence of oth-
er test designs and their performance cri-
teria. 

The content is intended to review nation-
al consensus standards for tests related to
safety glazing, to describe the intellectu-
al and literature linkages of the shot-bag

test to human impact simulation, and to define
basic criteria for technical equivalence among
impact tests.

CONTEXT AND CLASSIFICATIONS
For minimizing human injury from acci-

dental glazing impact, the general chain-of-
reasoning context is: 
• adequately simulate the threat(s);
• establish acceptable minimum performance;
• relate performance level(s) to intended usage. 

Titles, and usually the purpose or scope, of
methods related to impact testing for glazing can
be classified into two kinds of standards. Those
using the word “safety” in their title include:
CPSC 16CFR1201, ANSI Z97.1, BS 6206,
AS/NZS 2208, CAN/CGSB 12.1, CAN/CGSB
12.12, and CAN/CGSB 12.20, where the latter
three from Canada are product specific and as

ing material is broken by human contact”.  
There now appear to be two major

approaches to international standards for safe-
ty glass. The 45 kg shot-bag single wire pen-
dulum has become the basis of many nation-
al standards, most originating from the
1975 version of American National Standard
Z97.1 “Safety Performance Specifications
and Methods of Test for Safety Glazing
Materials Used In Buildings”. ANSI Z97.1,
a voluntary standard, was first issued in 1966
but was changed to the taped shot-bag in
1972. By 1976, the taped impactor standard was
included by reference in 33 state laws which
collectively covered 75 per cent of the United States
population. (Adler, 1976) The ANSI standard was
revised editorially in 1984 and reaffirmed in
1994. CPSC 16CFR1201 was published as a
United States regulation for doors on January 6,
1977 and is basically an extensive revision of ANSI
Z97.1-1972. Brill reviewed CPSC standard
developments in 1977.

The second approach is now a weighted dou-
ble-tire suspended along their axes as a single-
wire pendulum assembly, per CEN draft docu-
ment prEN 12600, “Glass In Buildings - Pendulum
Test - Impact Test for Flat Glass and Perfor-
mance Requirements”. Concern exists as to
whether or how this evaluation method relates to
performance requirements, and thereby to require-
ments of users. 
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In 1982, CIB Publication 64
on performance approach in
building, cited this example
of stress for which there are
outwardly similar test
methods, typically
illustrating a “dynamic load
(soft blow, shoulder
blow)” (see Figure). In
developing the
primary USA safety
test procedure CPSC
16 CFR 1201.4,
performance
standards concepts
were applied. The USA
Consumer Product
Safety Act (sec. 7[a]
[2]) calls for the use
of performance
standards where

feasible. Their aim is to
define performance required
of building products, parts of
buildings and structures in
terms of functional
requirements of their users
and to define behaviour of a

product related to its use.
ISO 6240, 6241 and 7162
provide guidance. The three
essential aspects have been
called the R-C-E framework,
integrating:
• qualitative user’s need

Requirement;
• quantitative performance
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152 such are more prescriptive. Those which do
not have the word “safety” in their title include:
DIN 52337, JIS R 3205, JIS R 3206, JIS R
3204 and now prEN 12600, where the three from
Japan are product prescriptive. The scope of the
CEN draft method states intent “to evaluate
the possible risk of injuries” even though the
impactor differs significantly from any of the
others and the minimum applied potential ener-
gy impact level (99 Joules) is lower than any of
the others. 

Three essential aspects must be considered
in writing performance statements (Gross,
1996): 
• qualitative user requirement;
• quantitative performance requirement;
• evaluation methods. 

The performance standard concept has a his-
tory spanning the development of safety glaz-
ing tests, culminating in definitions and ter-
minology applicable to the performance concept
for building (ISO 6240-1980, ISO 6241-1984). 

These important principles apply to safety glaz-
ing standards and definition of minimum per-
formance. 

CONSTRUCTION PRODUCTS DIRECTIVE
“The Construction Products Directive issued

by the European Union in December 1988,
explicitly calls for application of the perform-
ance concepts in the development of European
standards for all construction products that are
intended to be permanent parts of buildings

Dramatic,
expansive
single-pane
laminated
entries of new
residence 
in Victoria,
Australia

and civil Engineering structures. The six essen-
tial performance requirements for construc-
tion products include (89/106/EEC): 
• mechanical resistance and stability;
• safety in the case of fire;
• health hygiene and the environment; 
• safety in use; 
• protection against noise;
• energy economy and heat retention.” 

(Gross, 1996). 

HUMAN IMPACT SIMULATION
There exist literature records strongly link-

ing the shot-bag pendulum approach to human
body impact simulation. For example at an
applied potential energy of 542 Joules for both
cases, decelerations for an instrumented 45
kg shot-bag impactor dropped 1,220 mm onto
various glazing types compared in magnitude
to those measured in an instrumented man-
nikin dropped onto 5 mm thick annealed glass
causing breakage (Robbins, 1976).

There also exist precedents in the literature
for what is interpreted herein as a minimum
impact performance level. An Australian safe-
ty glass study concurred - for full body impacts
- with lowest energy level established by the
CPSC regulatory process: 
• about 203 Joules (45 kg from drop height of

460 mm) was recommended “in the interim”
for safety performance “with the body sim-
ulator [shot] bag test” (Oliver, et. al., 1978,
p. vi); 

• on the other hand, the [203 Joule] energy lev-
el (corresponding to the [460 mm] drop
height) appears to offer hand and arm pro-
tection for adults and protection to children
below 10 years old for whole body impacts
(CPSC regulation notice, 1977, p. 1434); 

• affected products are defined and divided into
two categories according to the expectation
of high energy or low energy accident
modes... and glazing materials for other
products (e.g., storm doors and entrance
and exit doors) are tested at [203 Joules]”
(CPSC proposed standard, 1976, p.6179). 
Compromises to performance principles,

however, can convolute standardization. For
example, Reid in 1986 reported the history of
a particular national shot-bag standard, AS
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2208, was influenced by many non-
technical and subjective factors relat-
ed to prescriptive descriptions for a par-
ticular glazing type, wired glass. Fur-
ther, in 1978 Oliver et. al. stated,
“Square wired glass, while appropri-
ate in situations involving fire and
low energy impact by a large and
resilient impact surface, is quite inap-
propriate in situations involving acci-
dental human impact”. The point of
these citations is not a wired glass
issue, but the influence and compro-
mise which the testing characteris-
tics of a particular product can have
on the perceptions of the quantita-
tive safety performance requirements.
Safety performance concepts should ideally
be independent of particular product test char-
acteristics. Developing and applying the qual-
itative user requirement statement is thus an
extremely important part of the performance con-
cept. 

US Consumer Product Safety Commission
(CPSC) found no existing standard was adequate
(Adler, 1976) when applied to doors. The stan-
dard first proposed to CPSC was based on
ANSI Z97.1 methods, but that ANSI standard
even in 1999 retained significant deficiencies
which the CPSC process intended to improve
(CPSC, 1976 and 1977). There is a clear record
in the US Federal Register of applying the
performance concept and relating the shot-
bag methods to human impact simulation: 
• a CPSC review of an early recommenda-

tion based on the Z97.1 methodology using
“engineering analysis and laboratory test
work ... produced a number of technical
concerns as to the standards adequacy and a
general concern regarding the standards
being quality-control oriented rather than per-
formance oriented” (CPSC, 1976, p. 6179);

• “...Commission determined that the Com-
mission staff should ...convert [the Z97.1
based] recommended standard to a per-
formance standard to the degree practicable
...” (ibid., p. 6178); 

• “  ...instead provid[ing] a more performance
oriented impact procedure which divides
products into two categories according to the

expectation of high energy or low energy
impacts” (CPSC, 1977, p. 1434); 

• Because, “the requirements of a consumer
product safety standard shall, wherever fea-
sible, be expressed in terms of performance
requirements” (CPSC, 1976, p. 6179). 
Subsequently, ISO standards 6240 and 6241,

on the performance concept itself, were pub-
lished, and are clearly appropriate to any future
safety glazing performance standardization.
Interestingly, the performance concept is
dependent upon the more traditional prescrip-
tive approach for its practical application
(Gross, 1996). The prescriptive and perform-
ance approaches interact with each other and,
indeed, performance requirements are embod-
ied as a set of prescriptions for their evaluation
methods. Thus the venerable taped shot-bag, sin-
gle-wire pendulum safety glass tests appear to
be a relevant basis for comparison. 

TECHNICAL EQUIVALENCE
To be “equivalent”, different test methods

would, ideally, be directly comparable across a
multiplicity of comparison criteria. A strict
definition can be formulated: 
• something that is essentially equal to anoth-

er in its formal mechanical or scientific cor-
relative relationships;

• being essentially equal technically, all things
considered; much the same; 

• the state or condition of being equivalent;
equality; interchangeability; 

TWO DIFFERENT USA STANDARDS

The first USA safety glass
standard in its most
rudimentary form was the
1966 edition of ANSI
Z97.1 which was
substantively revised in
both 1972 and 1975; the
1984 version persists.
The USA Consumer
Products Safety
Commission per Federal
Register found the Z97-
based protocol and its
minimum to be

“deficient”. USA CPSC
decided the 136 Joule
impact (45 kg dropped
30.5 cm) was too low
offering protection to
children under 5 years
old. While open to various
interpretations, current
procedures for national
standards development
now state intent to avoid
“potential or existing
conflicts”. The term
“conflict” refers to “a

situation where, viewed
from the perspective of
an implementor, the
terms of one standard 
are inconsistent with 
the terms of another
standard such that
implementation of one
standard necessarily
would preclude proper
implementation 
of the other standard 
in accordance with 
its terms”.
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• having virtually identical, similar or corre-
sponding parts or identical effects.
Impact events are very complex. It is here-

in suggested both specimen response charac-
teristics (pre- and post-breakage) as well as
an array of impact technical equivalence criteria
be thoroughly evaluated. The premise is to
comprehensively assess and compare multi-
ple impact comparison criteria such that the
test as a whole can be assessed for technical equiv-
alence. For a given glazing area, the following
are used:
• mass of impactor missile;
• velocity of impactor missile;
• area of impactor contact;
• shape of impactor device;
• nature of impactor missile:

- stiffness (force per unit deflection);
- yield stress (deformation characteristics);
- damping (impeding oscillations);
- strain/ rate sensitivity (certain materials)
- contact dynamics (time sequence);

• nature and mass of specimen target;
• nature and mass of specimen frame;
• collision elasticity: coefficient of restitu-

tion;
• transient dynamic response.

Effects of an impact applied during a glaz-
ing test strongly depend on the nature and prop-
erties of the impactor chosen and prescribed. 

Therefore different impactors are highly
likely to differ in the elasticity of their respons-
es in an impact test where applied potential
energy is equal. And that is why prescribing the
minimum acceptable performance level (with
a prescribed impactor) is crucial to meet the user
requirement for human safety. Selection of that
minimum is attained only through delibera-
tion and discussion in a consensus standardization
process. Agreement is needed.

CALCULATION MODELS
Technical aspects are further described in

two publications related to impact calculation
models: 
• Toakley published a classic technical paper

in 1977 proposing a mathematical model
for shot-bag tests using an inelastic collision
assumption, with reference to ANSI Z97.1-
1975. Assumption was , “that no rebound

occurs for impacts with glazing panels. This
would seem reasonable in view of the fact that
the human body provides an essentially non-
elastic resistance to load” (p.88). Examples
modelled show glass stress increases with
smaller glazing area for a given impact;

• Japan’s Ministry of Construction published
a refinement of Toakley’s model in 1986 as
a design-by-analysis procedure for safety
glazing, also including head injury criteria for
excess deceleration from thick, rigid glass-
es with little deflection. This modelling was
based on the taped shot-bag impactor with glass
size, mass and framing considered. 
These publications on modelling the shot-bag

methods lend further credence to using the
shot-bag impactor as the basis for evaluating tech-
nical equivalence at acceptable impact per-
formance levels, especially the minimum user
need for safety.

CONCLUSIONS
Basic principles for applying the performance

concept to safety glass standards are particularly
important because of the mutual need and val-
ue for human injury protection. Evaluation
methods and criteria for acceptance of vari-
ous glazing products have been refined within
national jurisdiction requirements since the
mid 1970s. Performance requirements necessitate
a clear rationale for establishing the minimum
acceptable impact level and specimen area.
User requirements must be explicitly defined,
otherwise the standard as a whole can become
convoluted with product prescriptions and qual-
ity control testing rather than performance-
based standardization. 

ISO 6240 and 6241 on the application of
performance concepts are relevant. For exam-
ple, a “Construction Products Directive” with-
in the European Union calls for applying the per-
formance concept to standards for products
intended for safety in use. In principle, these per-
formance concepts could be used for CEN glaz-
ing tests related to “risk of injuries”.

Two kinds of national consensus standards
appear to have developed. There are jurisdictional
requirements in the US, Britain, Australia and
Canada for safety glazing where a taped shot-
bag was established and accepted as a “human
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impact simulation”. USACPSC methods used per-
formance concepts and practices. However, stan-
dards in some other countries appear to have
evolved into impact tests more oriented to qual-
ity control and/or prescriptive product conformance,
usually lacking a user requirement (or basis
thereof) for human safety in the methods title, aim
and/or scope. 

Shot-bag tests have been jurisdictionally
established for human impact simulation. Con-
sensus within certain national jurisdictions
have defined minimum safety glazing per-
formance standards based on shot-bag impact
methods. Criteria for technical equivalence
among impactors is particularly important at the
minimum level to be established as an inter-
national consensus safety performance require-
ment for human impact simulation. 

Thus the shot-bag impactor, with its particu-
lar response characteristics, appears appropriate
and suitable as the basis for evaluating techni-
cal equivalence among impact methods. And it
is also reasonable to conclude the shot-bag pen-
dulum impactor remains an appropriate approach
for adaptation as a world-class ISO perform-
ance standard for safety glazing. 

In conclusion, additional work comparing
impactors is recommended and, importantly,
world-wide international communications to
address issues of equivalence prior to adoption
of a human safety performance standard for
glass-based glazing needed globally by industry. 
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