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51 Wearabllity • the Improvement of personal protective equipment
MJ. Gray, Protective Equipment Section, Health and Safety Executive, Broad
Lane, Sheffield, United Kingdom

The design of many types of protective equipment is influenced by the need to comply
with standards' specifications. However, most standards confine themselves to the
technical specification of materials and construction. Their aim is to ensure that a
particular level of protection will be afforded by equipment which complies with the
requirements. What many standards tend to ignore is that personal protective
equipment has to be worn by people while pertorming a wide variety of tasks. Such
equipment thus needs to be wearable. It is extremely difficult to convince a
construction worker, for example, that he should wear a safety helmet ff it gives him a
headache, falls off or interteres with his job.

Work within the Protective Equipment Section of the Health and Safety Executive's
Safety Engineering LaboratDlY has been directed towards obtaining information about
factors which affect the wearability of some personal protective equipment. This
information is related to design features of the equipment and can thus be
incorporated in revisions of the relevant standards as testable criteria. For example the
current British Standard for Industrial Eye Protectors requires fhe lenses to meet
certain precise impact requirements. However, one of the biggest problems
encountered in the use of eye protectors is that the lenses mist up. Experimental
investigation has determined the criteria needed to alleviate the problem of misting and
a test method has been devised to enable eye protectors to be assessed. Prototype
goggies designed according to these criteria have been tested in laboratory and field
trials. As a result several refinements have been incorporated in pre-production
samples.

For some tasks the prevention of foreign bodies passing between the frame and the
face is particularly important; this requires a close fitting eye protector. Studies are
described in which detailed anthropometric data are used to specify shapes which
provide the basis for tests on whether a protector will meet specific criteria for Itt. The
anthropometric data-base consists of the coordinates for 94 points around the head of
each subject; it can be used to investigate shape and size requirements of several
types of head mounted personal protective equipment. For example, to ensure
adequate Itt and comfort of both respirators and 90ggles the variation in the curvature
around the nose area must be accommodated; such information can be obtained from
the data. Similarly the curvature of the forehead at any required position can be
calculated by interpolating between measured points.

The design of industrial safety helmets is an area where HSE has been sponsoring
research to elicit better information on the factors that affect wearability. Findings
suggest, for example, that better comfort is achieved with harnesses made from
webbing rather than injection moulded plastic. The latest revision of BS5240
incorporates some of these findings in the form of requirements that a comfortable
helmet should meet.

If workers are to be required to wear protective equipment then it is very desirable that it
is not too uncomfortable. If the current standards can be improved by incorporating
criteria that ensure that discomfort is minimized then this is likely to have an effect on
product design and to better meet the needs of the user. This in turn should increase
the wearing rate at the workplace.

52 A microcomputer model for the thermal comfort prediction In
moderate thermal environments
J. Grobe/ny, Institute of Production Engineering and Management, Technical
University of Warsaw, Poiand

A simple simulation model of thermal regulation processes in man was presented. This
model was based on concepts represented by members of the Thermal Physiology
School of the J.B. Pierce Foundation Laboratory and Yale University - mainly by J.A.J.
Stolwijk, J.D. Hardy, and A.P. Gagge. A simple CORE-SHELL model represents an
"average" human body (the passive subsystem) and a regression function operating
on "signals" from the skin and the core represents the thermal controller (the active
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sUbsystem). Fange(s concepts of PPD and PMV (predicted percentage of dissatisfied
and predicted mean vote) were included into the model to make it comparable with an
approach of ISO 7730 standard. This standard deais with an assessment of moderate
thermal environments. The model was implemented,on a simple a-bit microcomputer.
The program was organized in such a way to be' usable even for non-experts in the field
of thermal physiology. Some simulation experiment resulls were presented. They
generaily show a very good performance of a model in predicting thermal comfort
conditions. Similarities and differences between the ISO standard approach and the
model presented were discussed briefiy.

53 Implementation of SOlAS 74/83 Immersion suit standards
w.M. Riley, United States Coast Guard, Washington, DC, USA

in 1983, the International Maritime Organization (IMO) adopted the second set of
amendments to the International Convention for Safety of Life at Sea 1974 (SalAS
74). These amendments included specifications and, carriage requirements far
immersion suits. The specifications for the suits were further interpreted in IMO
Resolution A-521 , Recommendation On Testing of lifesaving Appliances. The
amendments, now referred to as SalAS 74/83, enter into force on July 1, 1986. This
paper will outline the pitfalls encountered and lessons learned by the author, a staff
engineer in the Survival Systems Branch, Merchant Vessel Inspection Division of the
U.S. Coast Guard Office of Merchant Marine Safety, in the process of amending our
domestic regulations to incorporate the provisions of SalAS 74/83 with regard to
immersion suits. Similar experience has been or is being faced by other staff engineers
in connection with other items of approved equipment. The opinions expressed,in'this
paper are, however, those of the author and do not necessarily reflect the position of
the U.S. Coast Guard.

Immersion suits, as provided for by SalAS 74/83, can include a number of devices
already in existence in various countries. The IMO delegates obViously reached a
compromise intended to allow existing devices to remain in use and production with
little or no redesign. SaLAS 74/83 thus recognizes immersion suits which are
insulated or uninsulated, and buoyant or non-buoyant. The U.S. Coast Guard has
already been approving "exposure suits" for a number of years; these suits are
required to be insulated and buoyant. One of the first issues to be dealt with in
implementing the SalAS 74/83 requirements was whether or not to approve
uninsulated and/or non·buoyant immersion suits. The uninsulated immersion suit
performs "as advertised" only when worn over a standard outfit of clothing which
includes two woolen sweaters. The non-buoyant suit must be worn in conjunction with
a life preserver. Since the extra time required to don these layers of protection might
well cost a seaman his I~e, the U.S. Coast Guard has thus far rejected the concept of
the uninsulated and non-buoyant suits.

IMO Resolution A-521 was prepared almost simultaneously with Chapter ill of SaLAS
74/83, and there are places where the resolution seems to conflict with the document
it is intended to interpret or apply. For example, the resolution calls for a more stringent
hand dexterity test than the Convention itseif. Where possible, U.S. Coast Guard
regulations have resolved such conflicts in favor of the Convention, using the test
called for in the resolution as an alternative where this would be more economical for
the applicant. Other conflicts have had to be resoived where the language of IMO is
not directiy enforceable as a U.S. domestic regulation. We have attempted, in such
cases, to preserve enough of the SaLAS 74/83 language to make it clear to other
Administrations that our regulations are equivalent to the convention requirements, in
order to ensure international marketability of U.S. Coast Guard Approved equipment.

SalAS 74/83 permits an immersion suit to be carried in place of a lifejacket if the
immersion suit meets all the performance standards of a Iifejacket. The greatest single
obstacie to this is the fact that a buoyant immersion suit, as presently designed, 'Will not
turn an unconscious wearer face up in the water. I encourage manufacturers to study
this problem further, since a suit which could carry dual approval as an immersion suit
and a Iifejacket couid save shipowners considerable sums of money.


