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(ABSTRACT)

Garment fit is a complex concept made up of objective and
subjective variables. It can be measured in terms of functional ease,
garment ease, comfort, and appearance. The success of any garment
design is dependent upon the suitability of fit for intended end use.
Garment fit is fundamental to user satisfaction. One type of garment
where fit is essential is protective clothing. Protective clothing
should minimize discomfort to the wearer, maximize the level of
environmental protection, and provide minimum interference with the task
being performed. Because of consumer complaints about the fit of
protective clothing, a recommendation for revision of current sizing
specifications has been made by the Industrial Safety Equipment
Association (ISEA). The purpose of this research was to evaluate the
fit of limited-use protective clothing manufactured to the proposed size
revision of ANSI/ISEA 101-1985 Men’s Limited-Use and Disposable
Protective Coveralls Sizing and Labeling Requirements.

Garments which met minimum specifications were provided in three
styles by manufacturers. Subjects were obtained at agricultural
conferences sponsored by the Virginia Cooperative Extension Service.
After selecting garments according to height and weight measurements,

subjects were asked to wear the garments while completing an exercise



work protocol designed to represent common body movements. Data were
collected with a questionnaire concerning overall fit, ability to
perform a job while wearing the garment, and whether the garment was too
large or too small. Results were used to analyze and make
recommendations concerning 1) static fit and dynamic fit, 2) key body
measurements other than height and weight needed to select garments, 3)
required ease, and 4) the effects of design on fit.

Significant results made it possible to make recommendations
concerning amounts of ease necessary for overall fit as well as dynamic
and static fit. However, evidence was inconclusive in regard to garment
design. Comparisons between body and garment measurements were not
definitive enough to make recommendations for use of any body dimensions
other than height and weight for size selection. Recommendations were

made that more anthropometric data be collected for this purpose.
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CHAPTER 1
INTRODUCTION

Considering the relationships between human beings and technical
developments has increased the interest in human factors as a
discipline. A brief perusal through many types of current literature
readily shows this interest in human factors with the increasing
awareness of hazardous environmental conditions and the concern for
worker safety. Considering human factors early in the design phase of
apparel accomplishes two major objectives: enhancing the effectiveness
and efficiency with which activities are carried out and enhancing
certain desirable human values such as improved safety, reduced fatigue
and stress, increased comfort, greater user acceptance, increased job
satisfaction, and improved quality of 1ife (Sanders & McCormick, 1987).
As technological advancements increase, pollutants sometimes invade the
environment and result in harmful effects to its inhabitants. Use of
pesticides to increase crop production, asbestos abatement procedurés
required for asbestos free habitats, chemicals or paints used in
production processes, and cleanup procedures for removal of toxic
substances are just a few examples of processes that create
environmental conditions which place workers in contact with harmful
substances. Protective clothing is one means of safeguarding workers
from these environmental risks. Protective clothing must be both
effective and acceptable to the wearer to be successful in providing
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protection. It should also be economically feasible for the purchasers
to acquire.

Protective clothing should minimize discomfort to the wearer,
provide minimum interference with the task being performed, and maximize
the level of environmental protection (Shirley Institute, 1982). It
must not only be available, but it must actually be worn if it is to
shield workers from harmful environmental exposure (Watson, 1989). A
frequent complaint of those needing to wear protective clothing is the
poor fit, which may adversely affect body mobility and consequently the
ability of the wearer to perform the job. Restrictions on body mobility
not only make simple tasks more difficult, but also increase the energy
costs of work (Veghte, 1989). Because of limited mobility and
increased energy requirements needed to perform the work the wearer then
becomes less productive. Consequently, workers sometimes risk exposure
to harmful substances rather than wear garments that inhibit body
mobility. When protective clothing fit is extremely poor, the garment
may actually become a hazard and contribute to injuries rather than to
protection (Huck, 1988). Poor fit can result in exposed body areas,
thereby reducing the amount of environmental protection provided by the
garment.

Garment fit can be described as the relationship between the size
and shape of the garment and the size and shape of the body (Shishoo,
1990). The difference between the measurements of the garment and the
measurements of the person wearing that garment is the garment ease.
That difference may be composed of two types of garment ease: functional
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ease and styling ease. Functional ease is the amount of extra fabric
necessary for body mobility. The amount is influenced by fabric
properties and the way the fabric contributes to or restricts body
movement. Styling ease is the additional fabric needed because of the
specific style of the garment. Garment dimensions include the addition
of both functional ease and style ease to the body dimensions. For
example, a garment designed to fit a 36" chest may require 6" of
functional and styling ease in the chest area. Therefore, the finished
garment actually measures 42" even though the size definition says it is
for a 36" chest. These differences can be seen when looking at garment
manufacturing specifications and the corresponding body dimensions for
each of the stated sizes.

Appropriate fit also requires wearer satisfaction in both static
fit and dynamic fit. Static fit is evaluated when the wearer of the
garment assumes a stationary stance; dynamic fit is evaluated as the
wearer moves and carries out typical activities associated with the
garment use (Gordon, 1986). Static and dynamic fit tests are the basis
for subjective evaluation of fit. A comparison of body measurements
with corresponding garment measurements and subjective evaluations of
fit contribute to the development of satisfactory sizing scales and
specification tables.

Garment fit is not only a key factor in defining sizing
specifications but it is also fundamental to user satisfaction (Delk &
Cassill, 1989). Consumer complaints have indicated the need for a
revision in current sizing of protective clothing (American Society for
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Testing and Materials F23 - Committee on protective clothing, personal
communication, 1988). The Industrial Safety Equipment Association
(ISEA), the organization that develops standards for allied areas, has
recommended a revision of the current sizing specification -- ANSI/ISEA
101-1985 Men’s Limited Use & Disposable Protective Coveralls - Sizing &
Labeling Requirements (Appendix A). A sizing scale has been proposed
based on height and weight that covers seven sizes from Extra Small (XS)
to Extra Extra Extra Large (3XL). This expansion of sizes is an attempt
to fit a broader range of consumers including women and larger men.

This research project involved evaluating the fit of garments
constructed according to the specifications of the proposed ANSI/ISEA
sizing standard. Conducting an anthropometric fit test early in the
development cycle of the sizing standard revision is cost-effective,
allowing modifications to be made before production begins rather than
re-doing procedures, a process that often provides less than
satisfactory results (McConville, 1986).

The purpose of this study was to evaluate the fit of protective
clothing manufactured to the proposed revision of the ANSI/ISEA 101-1985
sizing standard. The research was supported by three manufacturers of
protective clothing and the manufacturer of the fabric used in the
garments. Recommendations based on the findings of this research were

reported to ISEA and the participating manufacturers.



CHAPTER 11

REVIEW OF LITERATURE

When environmental situations endanger the health or safety of a
worker, action should be taken to provide some protective measures.
When possible, the best solution is to engineer a change in the
operational process producing the hazard since mechanical changes and/or
design processes are generally more reliable than human behavior changes
(Srachta, 1985). If the hazard cannot be eliminated through engineering
revisions such as mechanized handling systems that eliminate manual
handling, then the next best solution is administrative controls, i.e.
substitution of less toxic materials or limiting the exposure time of
any one employee (Sanders & McCormick, 1987). If engineering and
administrative controls do not remove the problem, then the use of
protective equipment (a behavioral change) is the most commonly used
alternative. Even when engineering and administrative modifications do
control the problem, protective clothing is often advisable as an
additional safeguard. Occupational Safety and Health Administration
(OSHA) regulations require the use of protective equipment, including
protective clothing, in a variety of work situations which include
"hazards of processes or environment, chemical hazards, radiological
hazards, or mechanical irritants encountered that are capable of causing
injury or impairment in the function of any part of the body through
absorption, inhalation, or physical contact" (Srachta, 1985). Of the
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three main types of environmental exposure -- dermal, ingestion, and
inhalation -- dermal exposure poses a greater health hazard than the
others in many occupations (Reinert & Severn, 1985; Wolfe, Durham, &
Armstrong, 1967). Protective coveralls are the only significant type of
dermal barrier available to many workers (Ehntholt et al., 1988; Gohlke,
1989; Keeble, Norton, & Drake, 1987; Nielsen & Moraski, 1986).

Although many types of protective garments are available, this
research focused on limited-use protective coveralls. As is the case
with most research projects, this one has many dimensions. The review
of literature is divided into sections dealing with use of protective
clothing, benefits of disposable protective clothing, product
certification and standards, fit and body movement, fit and sizing of
limited-use protective coveralls, fit evaluation, and product

development.

Use of Protective Clothing

Protective clothing is used for a wide variety of occupations and
purposes. It may be used for simply keeping workers from getting dirty
or for protecting them from toxic substances. Laws requiring protection
for workers date back to the late 1800’s. In England, the Factory and
Workshop Act of 1891 required suitable overalls, protecting the "neck,
arms, and ordinary clothing" to be worn by workers in occupations that
included handling animal hides, paint manufacturing, enamelling
processes involving arsenic, match manufacturing, and explosives

6



production (deMarley, 1987). These "overalls" were actually smocks that
were worn with trousers. One-piece coveralls were introduced around
1900 and worn over street clothing by members of the working class such
as chimney sweeps (Fig. 2.1) (deMarley, 1987). They were also popular
for persons who worked around machinery since the reduced amount of
fullness helped prevent loose fabric from being caught in moving parts.
One-piece coveralls first appeared in the Sears, Roebuck and Company
catalog in 1915. They were described as a "Two-in-one union suit
overall garment, specially adapted for machinists, automobilists and
anyone in need of a dirt repelling garment" (Fig. 2.2) (1915 Fall/Winter
Sears, Roebuck and Company Catalog, p. 587). In 1969 disposable
coveralls first appeared in the Sears catalog. They were described as
"...Lightweight yet durable..... May be shortened with scissors. No
laundry or repair bills. Ideal for industrial, medical, research,
institutional, service installation workers..." (Fig. 2.3) (1969
Spring/Summer Sears, Roebuck and Company Catalog, p. 493). The raglan
sleeves, convertible collar, and zipper front styling looked very
similar to coveralls available today.

Disposable garments are often referred to as "limited-use" garments
by manufacturers. A widely used fabric for limited-use coveralls is
DuPont’s Tyvek®, a spunbonded olefin non-woven fabric made from high
density polyethylene fibers, (DuPont, 1990). The coveralls are
designed to protect workers from skin contact and undergarment
contamination by harmful substances. Dupont 1lists the following as
properties of Tyvek: high level barrier protection, light weight for
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Figure 2.2. Union suit - 1915,
(1915 Fall/Winter Sears,
Roebuck and Company Catalog).

Figure 2.3. Disposable coveralls -
1969, (1969 Spring/Summer Sears,
«— Roebuck and Company Catalog).




comfort and ease of movement, flexibility, disposability for convenience
and reduced contamination, durability with high wet and dry tear
resistance, and economy for regular use (DuPont, H-19690-1, 1990).
Limited-use Tyvek® garments are often used in the drug and
pharmaceutical industries, for cleanup of hazardous materials, for
asbestos abatement, and in cleanrooms where the product (rather than the
worker) must be protected from contaminants and perspiration (Katzel,
1985). Tyvek® provides an excellent barrier against paints, lead dust,
asbestos, bacteria, some agricultural chemicals, fiberglass, carbon
black, resins, nuclear particulate, and many kinds of liquid splash.
Nigg, Stamper, and Queen (1986) determined that Tyvek® coveralls reduced
dermal exposure from pesticides by 40 percent. With the addition of a
coating, Tyvek® also offers protection from hydrocarbons, acids,
agricultural insecticides, and hazardous spills (Goldstein, 1985).

One of the largest problems currently facing industries is the need
for workers to understand the necessity of using personal protective
equipment and wearing personal protective clothing properly ("Advancing
the," 1990; Ashdown, 1989; Breisch, 1990; Conforti & Grunberg, 1987;
Gabele, 1989; Katzel, 1985; Minter, 1987; Srachta, 1985). Workers often
either do not perceive themselves as being at risk from the chemicals
they use or they feel that ordinary work clothing provides any necessary
protection from dermal exposure (DeJonge, Vredevoogd, & Henry, 1983-84;
Keeble, et al., 1987; Norton, Drake, & Young, 1988; Rucker et al.,
1988).



In addition to the necessity of knowing about the hazard being
encountered, workers also need to be aware of the consequences of
exposure if they are not protected (Minter, 1987). One sector of the
population especially at risk is the agricultural pesticide applicator.
Moraski and Nielsen (1985) found the major source of occupational
exposure to toxic chemicals to be in agriculture. Due to the nature of
their work, enforcement of protective clothing regulations is often
impossible. Many pesticide applicators work individually on their own
property or for independent farmers and are not under the supervision of
environmental professionals who would normally monitor such activities.

Zach Mansdorf, president and chief health scientist of S.Z.
Mansdorf & Associates Inc., believes that more must be done to help
employers and employees understand the hazards of the work place. He
feels the responsibility for education rests with the hazardous
materials suppliers and protective clothing manufacturers as well as the
employer ("Advancing the," 1990). In an interview with Breisch (1990),
Mike Fagel, corporate safety director at Aurora Packing Company, Inc.,
stated that "it is our responsibility to offer a safe and healthy
environment so our employees can leave work in the same condition they
arrived. That is not only our legal obligation, but it is also our

moral obligation" (p. 63).



Benefits of Disposable Protective Clothing

Reusable protective garments are usually job specific and often
very expensive (Gabele, 1989). They are durable but, in many cases, not
very comfortable since they may weigh from five to fourteen pounds each.
After use they must be properly decontaminated and any chemical residue
properly disposed. In certain situations these garments are necessary,
but in many cases disposable garments are equally acceptable. A recent
study combining field and laboratory testing of disposable Tyvek® and
reusable treated twill protective coveralls found the garments made from
Tyvek® offered better protection from test pesticides than the reusable
garments (Nigg, Stamper, Easter, Mahon & DeJonge, 1990).

One of the reasons disposable garments have become a popular form
of protection is that the cleaning of permeated materials isn’t always
effective (Minetos, 1988). Workers may be re-exposed when they put the
garments back on (Laughlin, 1990). Knowing if a piece of protective
clothing has been decontaminated is difficult and sometimes impossible
(Minter, 1987). This problem is especially prevalent with agricultural
pesticide applicators since their garments are usually Taundered in the
home (Crown & Rigakis, 1989; Keeble, 1988). Use of disposable garments
eliminates this problem and often saves considerable money on cleaning
and decontamination costs while providing acceptable barrier protection
(Martin, 1987).

Work with some hazardous substances, such as asbestos or PCB
hydrocarbons, requires contaminated garments to be disposed of rather
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than processed in home or commercial laundries (Goldstein, 1985). In
these situations disposable garments are the only reasonable cost
effective alternative. Sometimes limited-use garments are worn over
more expensive protective gear to prevent the contamination of the
expensive garment and avoid costly decontamination. Worker productivity
is also an important cost factor. Protective garments must be easy to
put on over regular clothing yet not be so bulky as to hamper job
performance or produce risk to the wearer (Kelly, 1989). Some
conventional protective garments weigh as much as 14 pounds whereas a
typical Tyvek® garment weighs less than one pound. Wearers of limited-
use garments report feeling less claustrophobic in a Timited-use garment
(Goldstein, 1985) than in conventional types and thus are potentially

more productive.

Product Certification and Standards

The Safety Equipment Institute (SEI), a non-profit organization
that oversees voluntary, third-party testing procedures that verify a
product’s integrity and assures workers the best possible equipment,
works to encourage customer confidence in safety products through its
certification program (Katzel, 1985). SEI is involved in product
certification rather than developing standards. Initial certification
is granted after product testing and is followed by an on-going program
of quality assurance audits. Rigorous performance tests are based on
design and performance criteria which use the best available published
standards that have been developed and approved by organizations such as

11



the American National Standards Institute (ANSI), the Industrial Safety
Equipment Association (ISEA), and the American Society for Testing and
Materials (ASTM). The quality assurance audits are conducted at least
once a year at manufacturing sites to assure that all products are made
with the same attention to given quality as the originally tested items.
Once a product has been certified, the manufacturer may affix the SEI
label to the product and use the certification in advertising.

The current ANSI/ISEA 101-1985 standard for size and labeling of
limited-use disposable protective coveralls was developed by the ISEA
and approved by ANSI in 1985. A standard did not exist previously and
there was considerable confusion among coverall buyers as to what a
standard size actually was (Smith, 1987). Under the SEI procedure, all
coveralls must meet uniform sizing, labeling, and packaging
requirements. Each garment is measured and must meet minimum dimensions
in the chest, leg inseam, sleeve outseam length from center back point,
body length, sleeve opening, leg opening, and finished front opening

length (Appendix A).
Fit and Body Movement
Garment fit has been described as the relationship between the size
and shape of the garment and the size and shape of the body (Shishoo,

1990). Kallal (1985) described it as the garment form in relation to

the structural human form. This can be clarified by thinking of fit as
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the relationship between the shape of the garment and the contours of
the body wearing the garment.

Consumer dissatisfaction with garment fit is a major industry
problem that is not restricted just to protective clothing (LeBat, 1987;
Sieben, 1988). Physical dimensions of the garment often do not
correspond to body dimensions to provide the desired comfort and
appearance (LeBat, 1987). Traditional methods used by consumers to deal
with fit problems include selecting separates to fit individual body
shapes better, consistently selecting clothing from a manufacturer that
makes items for their body type, having alterations made to ready-to-
wear, or having custom sewn clothes where patterns have been altered to
reflect body proportions. None of these options are viable for limited-
use protective clothing.

Although largely subjective, fit can be evaluated by two criteria:
appearance and comfort. Standards are available in most clothing
construction books that provide guidelines for appearance. Comfort is a
more difficult concept to identify and it is subject to the experiences
of the person wearing the garment (Laing and Ingham, 1985). Sontag
(1985) described physical comfort with respect to clothing as

a mental state of physical well-being expressive of satisfaction

with physical attributes of a garment such as air, moisture, and

heat transfer properties, mechanical properties such as elasticity

and flexibility, bulk, weight, texture, and construction. (p. 10)

This research looked at comfort in terms of mechanical properties as

they influence fit but excluded thermal properties.
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Comfort is often cited as the ability for the body to move in the
garment without restriction (Clulow, 1983; LeBat, 1987). Garments that
bind or restrict, as well as those that are too large, affect safety as
well as comfort. A crotch length that is too long may prevent workers
from moving quickly or may tear and leave them unprotected. Sleeves
that are too long or too wide may catch on equipment and pull workers
into moving parts of machinery. For protective clothing, proper fit
becomes imperative to the protection of the worker. Fuzek (1981) found
that fit was the most important factor in the subjective evaluation of
comfort. Jobs involving extensive physical activity require fit for
comfort and ease of movement (Farmer & Gotwals, 1982). Clulow (1983),
Eiser (1988) and Henry (1980) all found that if protective clothing is
not comfortable, the worker will find excuses for not wearing them.

Fourt & Hollies (1970) reported several studies on the individual
energy costs of physical activity. They pointed out that both the
weight and fit of clothing add to the personal energy costs of
performing any activity. The more the body must work against the
clothing, the greater the person’s energy costs. Heavy protective
clothing places demands on the body metabolism which increases the
energy expenditure associated with simply wearing the garments
(Rosenblad-Wallin, 1985). If people are unable to perform their jobs
well while wearing protective gear, they are unlikely to wear it
(Minter, 1987).

Commercially made garments are traditionally fit on a non-moving,
rigid body form, however humans rarely spend time in this stationary
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stance. Heisey, Brown, and Johnson (1988) described two types of fit,
structural and functional, in their paper on the theory of three-
dimensional pattern drafting. Structural fit is described as that which
accommodates the dimensions of the stationary body and functional fit is
defined as the fit that accommodates the body during the motion and
activities of the wearer. Gordon (1988) used the terms "static" instead
of "structural” and "dynamic" instead of "functional" in describing the
two types of fit. The terms, "static fit" and "dynamic fit", will be
used throughout this research.

An understanding of the body movements that affect fit,
particularly dynamic fit, is important when researching literature
related to fit. Work related activities require a variety of motions by
the various body parts. Terms that describe body movement include
flexion, extension, abduction, adduction, circumduction, and rotation.
Body movements that occur at joints are referred to in terms of starting
from and returning to the anatomical position, the basic stature (Fig.
2.4) where one stands erect with legs straight, feet flat on the floor,
heels together, and the arms hanging straight down with the palms
forward (Kroemer, Kroemer, & Kroemer-Elbert, 1986; Watkins, 1984). Body
movement is then described in reference to this position and in terms of
three bisecting planes and the axis of rotation of the body (Fig. 2.5)
(Huck, 1988; Kallal, 1985; Kroemer, et al., 1986; Watkins). The planes
divide the body from front to back (frontal), left to right (sagittal),
and into upper and lower sections (transverse). Watkins described the
axes as "lines around which motion occurs. It may be easiest to think
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of them as pins or rods passing through a body joint in a specific
direction" (pg. 147).

Flexion is bending, extension is straightening, abduction is
movement away from the midline of the body while adduction is movement
toward the body. Circumduction can be thought of as a cone Tlike
movement with the point of the cone being a joint. Rotation occurs when
a body part moves around its own axis. An example of rotation is the
hand movement when it rotates from facing front to facing back. These
terms in combination with the plane and the body axis form a descriptive
terminology for any body movement. Kallal (1985) provides the following
description of body movement.

The movement of the body unit and its segments is

produced by the forced motion of bones at joint articulation

points. The direction of body 1imb movement is dependent upon

the joint type involved. The hinge joints of the elbow and

knee permit flexion (bending) in only one direction. Flexion

also occurs at the neck, shoulder, spine, and hip, but usually

in more than one direction. In addition, body segments rotate

at the neck, shoulder, trunk (waist), and elbow. The

shoulders can be elevated or lowered. Circumduction occurs at

the neck, shoulder, waist hip, wrist, and ankles.

Movement of the limbs creates simultaneous changes in their

Tength and circumference. When you flex your elbow or knee, these

joints each lengthen about 35 to 40 percent. Elbow circumference

increases an average 15 to 22 percent, whereas knee circumference
increases an average 12 to 14 percent. Reaching forward extends

the back about 13 to 16 percent while the seat increases about 4 to
6 percent. (p. 75).

These changes in the body that result from movement provide the basis
for establishing and incorporating ease into garments. The location and
amount of movement necessary to function must be considered when
determining garment dimensions and functional ease based on body
dimensions. Use of the scientific terminology for body movement gives
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the researcher a descriptive picture of what is happening. However,
since the terminology is not common in the lay person’s language, it is
not necessarily the best method to use when explaining body movement to

subjects participating in a research project.

Fit and Sizing of Limited-Use Protective Coveralls

It is necessary for the fit of protective clothing to provide
enough ease to allow for the needed range of motion without restricting
body movement. Sizing systems designed for both males and females have
unique problems due to the varied body types. In early attempts at
integrated (male and female) sizing systems the female often was
considered a scaled down version of the male. The dimensions most
likely to be adjusted were height and body segment lengths (Robinette,
Churchill, & McConville, 1979). Analysis of anthropometric data from
their research showed that for nearly 80% of the dimensions under study,
the scaled-down male did not represent the female and often more
problems were created than solved. Two of the studies available for
review on integrated sizing systems were conducted for the military
(Robinette, Churchill, & Tebbetts, 1981; Gordon, 1986); both
investigated separated upper and lower body garments rather than one-
piece coveralls. Robinette et al. (1981) found that identification of
the key body dimensions used in garment sizing are crucial to the
success of any sizing program. Two descriptive dimensions of the
intended user are usually required, one to control the vertical variance
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and one to control the horizontal variance (Robinette, 1986). Shoulder
circumference was found to be much more critical to the fit of a shirt
than chest or hip circumference, so shoulder circumference and stature
were selected as the key dimensions for upper body garments. Since the
waist could be adjusted, hip circumference and crotch height were found
to provide the best indicator of size for lower body garments. The Army
selected a 20-size system as the best to significantly reduce fit
problems on integrated sized garments (Gordon, 1986). Both Robinette
and Gordon also determined that instead of the customary single master
pattern that is graded to all sizes in the system, the integrated system
required three master patterns graded to different ranges within the one
sizing system. This information about the multiple master patterns is
presented only as a background for the development of integrated sizing
systems and not as information integral to the proposed research
project.

Sizing problems for protective clothing are more serious than those
for traditional clothing since poor fit can be hazardous as well as
hamper the worker’s performance (Robinette, 1986). In a survey of 468
users of protective equipment conducted by the Human Factors
Subcommittee (F23.51) of the ASTM Committee on Protective Clothing (F23)
approximately 55 percent of the respondents reported that fit of
garments affected their performance (ASTM, 1989). The problems they
most frequently reported with coveralls were tearing and ripping of the
garment, excess material bulk, restricted overhead reach, and problems
with ascending/descending ladders/stairs.
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Light weight, good fitting garments often result in better worker
morale and increased productivity (Goldstein, 1985). Smith (1987), who
is affiliated with SEI, reported that before the adoption of the current
ANSI/ISEA standard

there were some sub-standard products being marketed, and by

cutting corners on the size, workers were not assured of a

good fit. In a potentially hazardous situation, where

performance of the coveralls is vital, the seams of an

incorrect size garment may split when movement takes place,

exposing the worker to the hazard. Also a wrong size garment

could restrict a workers movements - a potential cause of

additional risk. (p.55).

DuPont revised the recommended sizing scale to include seven sizes
and requires all manufacturers who make garments using the Tyvek®
trademark and meeting ANSI sizing standards to include a height/weight
chart with each case of garments. This chart gives consumers access to
information on the recommended size coverall for their body dimensions
(DuPont H-24827, 1990). DuPont claims that a better fit means better
protection. Their effort to expand the sizing scale to seven sizes is
evidence of the need for the expanded ANSI/ISEA sizing standard.
Problems resulting from the current ANSI/ISEA five size scale could be
construed as problems with Tyvek® garments and not the sizing. DuPont
wants to avoid implications detrimental to the reputation of Tyvek® and
puts the following disclaimer on the height/weight sizing chart that
accompanies garments made from Tyvek®: "This chart is a guide for
garment selection, but proper fit varies with individual body shape and

underclothing. Test for proper fit before use. Garment performance

depends on selecting appropriate size" (Appendix B).
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The problem of fit in limited-use coveralls is compounded by the
fact that the sizing system must fit both the male and female
population. Alterations are not a viable option, these garments are
available as one piece coveralls rather than separates, and although
made by several different manufacturers, all are made to the same sizing
standard and are usually purchased in bulk by the employer regardless of
body types of employees (wearers of the garment.) Also, Tyvek® and
other barrier fabrics are not generally available to consumers in the
form of yard goods. Alterations, other than shortening arms and legs by
cutting off excess length, are not cost effective since alterations are
expensive relative to the cost and the limited-use/disposability of the
garments. Also, seam allowances, generally 1/4", are not adequate for
letting out the garment.

The loose style of the coveralls (see Fig. 3.1) alleviates some of
the fit problems, but body measurements must still be considered. 1In
addition, the coveralls use alpha sizing (ie. S, M, L, etc.) rather than
numerical sizing (ie. 34, 36, 38, etc.). Manufacturers often try to fit
everyone into a limited set of sizes (Robinette, 1986) which is
obviously advantageous in regards to inventory and record keeping. As a
result, each size designation must fit a larger proportion of the
population. The current sizing standard defines five sizes ranging from
Small (S) to Extra, Extra Large (2XL); the proposed revision will expand
the sizing designation to include seven sizes from Extra Small (XS) to

Extra, Extra, Extra Large (3XL). This revision is an attempt to
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improve fit that results when a smaller proportion of the user
population are included in each size designation.

A common problem with Timited-use garments are tears that result
from poor fit or from catching on projections. The tendency for many
workers is to ignore the tears and continue working (Ashdown, 1989). A
tear provides ventilation which allows the worker to be cooler but
decreases protection. Mending the tear with duct tape, as is the common
practice, is time consuming and interrupts the work process. OSHA not
only requires employers to provide workers with protective clothing if
they are exposed to asbestos, but also that a "competent person" be at
the worksite to periodically examine clothing for rips and tears, and to
mend with tape or replace that clothing when necessary (Conforti &

Grunberg, 1987).

Fit Evaluation

The initial step to any fit evaluation project is a scientific
method of measurement. Anthropometry provides standard terminology and
measurement methods (Kroemer, et al. 1986). Procedures, definitions,
illustrations, and anatomical landmarks used for measurements can be
found in the Anthropometric Source Book published by NASA (1978).
Landmark definition or interpretation may differ slightly unless all
measurers (anthropometrists) are highly trained (NASA, 1978).
Anthropometric measures are traditionally taken and reported in the
metric system (Kroemer et al.).
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Since there is often very little correlation between major
definitive body dimensions such as chest girth and body Tength (Kroemer,
1989), it is necessary to measure the wearer in a variety of body areas.
Sizing scales based on that anthropometric data are developed in an
effort to satisfy a wide a range of wearers. The need to define a
sizing scale that provides adequate fit for both males and females
compounds the problem. Anthropometric tables and the current sizing
standard for protective clothing define body measurements and garment
dimensions that are used for size definition.

Anthropometric fit testing (hands-on fit testing) is the most
reliable means of determining the correct dimensions for protective
clothing designed to meet a specific need (McConville, 1986). If the
item being tested is designed for a variety of uses by many different
subjects then the test should take place at several sites and with a
wide variety of subjects. If the item is designed for a specialized
population, then the test garments should be worn by members of the user
population who are knowledgeable about the item being tested and are
able to wear the item under the conditions for which it was designed.
McConville separated the fit test into three phases: 1) preparation, 2)
testing and evaluation, and 3) analysis and reporting. During the
preparation stage, a sample is selected from the user population if
possible. A test sample of at least 20 subjects is preferable but if
availability of appropriate subjects is a problem, then McConville

recommends at least three to five subjects for each size of the test
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item. This sample group should cover 90 to 98 percent of the body size
variability for the anthropometric variables of interest.

Variables of interest in the fit of the item should be examined.
McConville (1986) recommended selecting the two variables that best
define the size and constructing a bivariate table so that the
representativeness of the sample can be monitored. Height and weight
are the two variables used by DuPont for determining the sizing chart
for Tyvek® limited-use coveralls.

Anthropometric fit tests often employ two data forms (McConville,
1986). One is used to collect biographical and physical data on the
participant. The other generally seeks subjective information
concerning the fit of the garment. Construction of the questionnaires
requires careful planning in order to design clear, comprehensive,
easily completed forms. McConville advocated leaving space for user
comments about the test item. He also stressed the importance of
checking the sizes of items being tested if the items are prototypes
since, due to their developmental nature, prototypes have a higher
incidence of mislabeling and are more likely to deviate from standards
than regular production items.

Working with a team of investigators during testing and evaluation
is recommended for improved accuracy (McConville, 1986). A procedure
that starts with briefly explaining the project to each subject, though
repetitive, puts the subject at ease and gains his or her full
cooperation. One investigator then measures the variables of interest
while the other one records them. The recorder locates the subject on
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the prepared bivariate table to determine the proper size garment for
testing and to keep a record of the distribution of subjects within each
division on the bivariate sizing table. Once the subject has been
assigned a proper garment, he or she dons the garment in the manner in
which it will be worn in the field. That is, if it is to be worn over
other clothing, then it is tested in that manner. The subject is then
led through an exercise protocol representative of the actual user
situation. The investigators watch for indications of restricted
ability or mobility such as stress lines on the garment. Although a
camera is not essential, McConville highly recommends it as a means of
documenting and illustrating the findings. Once the subject has
conducted the fit test, debriefing can be achieved by using a
questionnaire about the test item’s performance.

The final phase of McConville’s (1986) fit test is the analysis and
reporting. One step of this is documenting the representativeness of
the sample by analyzing the original bivariate table. The other is
assessing the acceptability of the item. Whenever possible, he
recommends quantifying the data. One way of doing this is to record the
number of participants who judged the fit to be good or poor; another is
to calculate the percentage who were not well fitted within their size
range. In addition to reporting the findings, McConville believes the
investigators should recommend modifications that would improve the fit
and function of the tested item. It is then up to the manufacturers
whether or not they act upon these recommendations. Gordon (1986)
recommended a similar procedure for fit testing. She emphasized the
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importance of collecting dimensional data on the test garments prior to
testing for the purpose of quality control. Qualitative and
quantitative data are necessary for both static and dynamic fit. Static
fit is judged by how well the garment fits when the subject is in a
stationary stance while dynamic fit is judged by how well the garment
fits when the subject is performing task related movements.

Several other published studies also use task related movements as
the basis for evaluation (Ashdown, 1989; Crow & Dewar, 1986; Henry,
1980; Huck, 1988; Johnson & Stull, 1988; Keeble, 1988; Kirk & Ibrahim,
1966; vanSchoor, 1989; Watkins, 1977). Ashdown studied the movements of
asbestos abatement workers in a training session, an actual removal
project, and a laboratory setting in order to discover problems
associated with protective coveralls. She made design modifications to
the garments based on observations and conducted field and laboratory
testing on the redesigned items.

The study by Crow & Dewar (1986) focused on seam strength. They
used a series of body movements and stances designed to determine where
maximum stresses on seams occur as well as the stresses occurring when
the subject donned the garment. One of the garments used for evaluation
was a one-piece coverall. Body positions found to produce maximum
stress for the upper body portion of the garment were arms crossed in
front with the hands on opposite shoulders and, for the lower portion of
the garment, squatting. They also found that the degree of stress put
on clothing was related more to muscular development than hip or chest

dimensions.
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Huck (1988), using a series of body movements to evaluate joint
mobility, investigated various types of fire fighter turnout gear. The
measurement of restriction to joint mobility determined the effect of
the garment design on body mobility.

The relationship between skin extensibility (stretch) during body
movement and garment fit was the subject of research conducted by Kirk &
Ibrahim (1966). The amount of strain on the fabric was evaluated by the
actual amount of skin extension. The critical strain areas identified
on the body were the knee, the seat, the back, and the elbows. The
evaluation of stretch fabrics and their relationship to comfort and
fabric performance was the object of the study. Johnson and Stull
(1988) evaluated the integrity of totally encapsulating chemical
protective (TECP) suits, those that completely encapsulate the worker
and include a head covering with face mask, a breathing apparatus, and
hand and foot covering in addition to the body coverall. They are
generally not disposable. The integrity of the suit must be maintained
during use if a high degree of safety for the worker is to be assured.
This study was conducted in conjunction with the U.S. Coast Guard, the
U.S. Occupational Safety and Health Administration, and the U.S. Fire
Administration.

An exercise protocol was developed to test the reliability of the
TECP suit in a laboratory setting. The exercises were designed to
represent typical work related movements (J.0. Stull, personal
communication, July 2, 1990). Standing in place was used to evaluate
the static integrity of the TECP suit. A series of four exercises were

26



specified for determining the dynamic integrity of the suit. These
included: 1) raising the arms above the head, completing at least 15
raising motions per minute, 2) walking in place, completing at least 15
raising motions per minute of each leg, 3) touching the toes, making at
least 10 complete motions per minute of the arms from above the head to
the toes, and 4) performing deep knee bends, making at least 10 complete
standing and squatting motions per minute. This protocol was used in
the development of an ASTM Standard Practice for chemical leak rate.
The resulting standard, ASTM Standard Practice F 1154-88 for
Qualitatively Evaluating the Comfort, Fit, Function, and Integrity of
Chemical-Protective Suit Ensembles, uses a variation of the original
exercise protocol.

A survey conducted by vanSchoor (1989) and used in the design
process of disposable protective coveralls for pesticide applicators in
agriculture found the most common activities of the intended user were
bending, climbing on machinery, sitting, walking, squatting, turning,
and donning and doffing the garment. These movements were verified for
that study by field observations and by viewing films of pesticide

application.

DuPont developed an exercise protocol consisting of seven test
movements for licensing purposes on garments made of Tyvek® (A.M
Torrence, personal communication, December 18, 1989). Requirements for
licensure involved having an independent laboratory test garments using
the following exercise protocol:
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1)

2)

3)

4)

5)

6)

7)

Kneel on both knees, lean forward and place both hands on

the floor 18" in front of knees. Crawl forward 10" on

hands and knees.

Climb ladder at least four steps

Position hands at chest level with palms out. Reach directly
overhead, interlock thumbs, extend arms fully.

Kneel on right knee, place left foot on floor with left knee
bent 90 degrees. Touch thumb of right hand to toe of left
shoe.

Extend arms fully in front of body, lock thumbs together,
twist upper body 90 degrees left and right.

Stand with feet shoulder width apart, arms at sides. Raise
until they are parallel to floor in front of body. Squat down
as far as possible.

Kneel as in Movement 4, left arm hanging loosely at side.

Raise left arm fully overhead.

DuPont required two complete size sets of each garment to be submitted

for testing. One garment of each size would be tested. If one tear

occurred during the testing of the first garment the second garment of

each size would be tested. The garments passed if no tears occurred.

If more than one tear occurred while testing the first set of garments

or if any tears occurred while testing the second set of garments, the

garments failed the test and permission to use the Tyvek® trademark

would not be granted.
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Product use testing for protective equipment design has also been
conducted in sports-related situations. Watkins (1977), studying the
protective equipment worn by hockey players, viewed body movements in
training and game films, and replicated them in the laboratory. The
resulting data on joint movement was used for making design decisions
about new equipment.

In her textbook on functional clothing, Watkins (1984) illustrated
the use of wrinkle analysis as a method of collecting data on the fit of
clothing. The subject assumes the work related position and the
researcher notes the location and type of wrinkles that result from the
stress and strains on the garment. These wrinkles can provide
considerable information for the trained observer. They point to the
area causing the problem and the type of wrinkle (loose or taut folds)
provides information regarding the cause of the problem.

These studies show that some research involving body movement for
fit evaluation involves a generalized series of movements whereas other
research uses movements specific to the task for which the garment is
designed. Most of the research on movement studies involve existing
articles of clothing rather than prototypes (Ashdown, 1989). Use of
wear testing in the design process and for the evaluation of prototypes
can be very cost effective by solving potential problems before they
have a chance to materialize. Results of these tests can be used to
recommend modifications that improve the fit and function of the item.
If the problem does not become apparent until the item has been
manufactured, then the measures to correct it are often "quick-fix" or
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"band-aid" procedures that seldom hold up over the life cycle of the
item (McConville, 1986). Thus having actual users of the garment
involved early in the production process can be beneficial to the

manufacturer as well as providing improved products for the user.

Product Development

Consumer satisfaction is important in the adaptation and use of
protective clothing (Coletta, 1985; Fraser & Keeble, 1988; Eiser, 1988;
Lloyd, 1986). Fit of garments is consistently listed as being of
primary importance to consumers (Bergeron & Carver, 1988; Hogge, Baer, &
Kang-Park, 1988; Lebat, 1987; Sieben, 1988). The obvious reason for
this, according to LeBat, is that the physical dimensions of the garment
do not necessarily conform to those required by the body. If consumers
are to be satisfied, this problem of fit must be addressed and the
optimum time to do this is prior to garment production (McConville,
1986). Rosenblad-Wallin (1985) related consumer satisfaction to product
development in her "user-oriented product development theory" which
provides for systematic product design based on demands of the user and
the use-situation. Both functional and symbolic values of a product are
considered in the analysis of use-demands. The symbolic values of
clothing are reflected in the impressions the clothing imparts to the
wearer and the observer. Important values clothing should offer include

self-esteem, respectability, group-membership, status, and confidence.
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Implementation of Rosenblad-Wallin’s (1985) theory begins with a
detailed list of demands gathered from a combination of objective and
subjective data on the user and demands arising from the use situation.
These demands are then classified as variables and assigned priorities
from the standpoint of importance; the most important are then
transformed into specifications of the respective demand. Although
symbolic values are often difficult to measure they must be kept in mind
during the product development phase. Rosenblad-Wallin emphasized that
as functional demands become more important, the symbolic values become
less important. After the development of ideas, the solution is
evaluated and modified and a prototype made. Final evaluation completes
the process. This method of product development differs from
conventional product development which generally starts with market need
and typically deals with consumers as buyers, their choices and
preferences, and the exchange value of the product.

Product planning with the end-user is an accurate way to predict
and fulfill the needs of the consumer (Kincade & Cassill, 1989). While
working on a "product development model”, Gaskill (1990) found that
understanding the customer was of primary importance since knowledge of
that customer drives all product development. User-oriented product
development deals with the users, the use demands, and the use value of
the product (Rosenblad-Wallin, 1985). In research focused on the future
survival of the apparel industry, Kincade (1991) found that an important

strategy was for the manufacturer to get involved with the customer and
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that success of a product could be improved if the product was planned
with input from them.

A panel of practicing human factors professionals discussed the
challenges of applying human factors to the design of commercial
products at the 33rd Annual Meeting of the Human Factors Society held in
1989. Employing human factors in the development process involves two
objectives: functional effectiveness and human welfare (Sanders &
McCormick, 1987). Fisher (1989) defined the role of human factors in
the design process as the responsibility for ensuring that the product
is usable. Testing to confirm the usability objectives then becomes a
part of the product development cycle. Hoffman (1989) suggested
borrowing the marketing technique of pre-released products to allow
working with users of a product. Exploring new product design concepts
with customers would allow consumer input during the design phase so
that user comments and needs could be an integral part of the product
design.

The opinion of Watkins (1989) in a paper on basic human needs
supports the role of research in product development. She feels that

home economists, as individuals who are concerned about human

survival, have a responsibility to work not only toward research
that will help establish effective design development but toward
conditions in which ultimate users, e.g., workers, are actually

protected" (p. 20).

Starting the design process with worker’s needs insures that actual
protection is one of the design objectives. The position paper by
Pedersen (1989) on clothing as a basic human need refered to Maslow’s

hierarchy of needs which starts with the need to satisfy the body’s
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basic physiological requirements for existence and is followed by the

need for safety. Protection from environmental risks is fundamental for
the safety of the worker. When occupational hazards require the use of
protective clothing the functional design process can improve the safety
of the worker by providing maximum function and comfort (Shannon, 1987).

McConville (1986) also supports the concept of user needs in
product development. He maintains that using anthropometric tests early
in the development cycle improves the fit and function of the item.
Waiting until the item has been produced results in last-minute, "quick
fix" solutions. These solutions often shorten the life cycle of the
item and result in costly and time-consuming resizing or redesign
(McConville). Ashdown’s (1989) research illustrated this. Asbestos
removal workers tape their garments with duct tape to make them fit.
This results in a distortion to the design which may inhibit its ability
to allow easy movement or even its protective ability. One of the major
problems she found with Timited-use garments was the problem of tears.
Taping of garments could very well contribute to this problem by
creating garments that are too tight in some areas or garments with
projections of loose fabric that easily catch and tear, thus reducing
the function of the garment.

The manufacturing cost and the user cost of the garment are both
important considerations in the production of protective clothing.
Litchfield (1988) noted that garment cost often takes precedence over
the more critical safety aspects. A user preference study conducted
with agricultural workers indicated that when all facts about protective
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garments were known, the wearers were more influenced by the cost than
the protective properties or the comfort (Litchfield). The costs of raw
materials and production each contribute to what the user must pay.
Determining the minimum number of sizes that will adequately cover the
needs of the population helps keep manufacturing costs down by reducing
the amount of required inventory. Fit requirements directly affect the
span of the size range and, consequently, the total number of required

sizes that will satisfy the needs of consumers.
Summary of the Problem

Protection and comfort are the most important functional values of
protective clothing (Rosenblad-Wallin, 1985). These contributing
factors include protection from the environment and fit. The
adaptability of the clothing to body movement and the preésure of the
clothing against the body are factors in fit comfort. This research
project is designed to investigate the fit of limited-use protective
coveralls in an effort to improve their wearability and therefore,
their acceptability. LaBar (1990) pointed out that acceptability is
important since the real level of protection is determined by whether or
not employees can be motivated to wear protective equipment. This
research does not involve the designation of sizes or the original
design of garments (and master patterns) but only the fit of garments
manufactured to the proposed revision to ANSI/ISEA 101-1985 sizing
standard.
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CHAPTER II1I

STATEMENT OF THE PROBLEM

Worker safety is a major concern in many industries. Contact with
hazardous chemicals or dangerous materials requires the use of
protective clothing if workers are to be safeguarded from these
environmental risks. An important contribution to a worker’s
performance is body flexibility which is directly affected by garment
fit. If protective clothing is to be effective in shielding workers
from harmful environmental exposure it must be wearable (Watson, 1989).
Restrictions on body mobility not only make simple tasks more difficult,
but they increase the energy costs of work (Veghte, 1989). Workers may
risk exposure rather than wear clothing that inhibits body mobility.

Garment fit reflects the relationship between the size and shape of
the garment and the size and shape of the body (Shishoo, 1990). Garment
ease is the difference between the dimensions of the body the garment is
designed for and the actual dimensions of the garment. The function of
the garment determines the appropriate amount of ease. Sizing
specifications for limited use coveralls include the amount of ease the
Industrial Safety Equipment Association (ISEA) considers necessary for a
person to function while wearing the garment. Appropriate fit for the
task requirements is fundamental to user satisfaction.

Consumer complaints have indicated the need for a revision in
current sizing of protective clothing. A survey of users of protective
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equipment conducted by the Human Factors Subcommittee (F23.51) of the
American Society for Testing and Materials (ASTM) Committee on
Protective Clothing (F23) revealed that approximately 55 percent of the
respondents reported that fit affected their performance (ASTM, 1989).
ISEA has recommended a revision of the current sizing specification --
ANSI/ISEA 101-1985 Men’s Limited-Use & Disposable Protective Coveralls -
Sizing & Labeling Requirements (Appendix A). A sizing scale based on
height and weight and covering seven sizes from Extra Small (XS) to
Extra, Extra, Extra Large (3XL) has been proposed (Appendix B). This
expansion to the sizing standard is an attemp to fit a broader range of
consumers which includes women and large sized men. These limited-use
protective coveralls are available in three predominant styles: a set-in
sleeve, a raglan sleeve, and a yoke with cut-on sleeve (Fig. 3.1). Each
style is made by a different manufacturer. A1l have long sleeves, a
convertible collar and a front zipper. Although all styles are
sometimes made with elastic at the wrists and ankles, the ones specified
in the ANSI/ISEA 101-1985 Sizing Standard have straight sleeves and legs
with no elastic.

The ASTM Committee F-23 on Protective Clothing is interested in
promoting worker safety through the use of protective clothing and their
F-23.51 Human Factors Subcommittee has been considering the need for the
sizing revision. At the January, 1990 meeting of that committee it was
reported that ISEA was in the process of revising their standard on the
sizing of men’s coveralls. A portion of the minutes of that meeting
read:
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Members expressed a desire to evaluate the fit of coveralls made to
either the existing ISEA standard or the revised one. The
objectives would be to compare body measurements of both men and
women to garment measurements, to evaluate the fit of the coverall
that people selected for themselves as compared to the correct
size, and to examine coveralls with set-in, dolman (yoke with cut-
on), and raglan sleeves.

This research was designed to respond to the needs expressed by ASTM F-

23.51 Human Factors Subcommittee on Protective Clothing.

Purpose

This study was designed to evaluate the fit of limited- use
protective clothing manufactured to the proposed size revision of
ANSI/ISEA 101-1985 Men’s Limited-Use & Disposable Protective Coveralls -
Sizing & Labeling Requirements. The end purpose was to make
recommendations for improving fit of limited-use coveralls thereby

increasing their wearability and, therefore, their acceptability.

Objectives

The objectives for this research were:

1. To identify key body measurements needed to select protective
clothing manufactured to the proposed revision of the
ANSI/ISEA 101-1985 sizing standard.

2. To evaluate the static and dynamic fit of protective clothing
manufactured to the proposed revision of the ANSI/ISEA 101-
1985 sizing standard.
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To determine minimum, maximum, and optimal garment ease
required for satisfactory fit.
To determine the effect of sleeve style on the fit of

protective clothing.

Assumptions

The following assumptions were made relative to this research:

1.

The size range defined by the proposed revision to the
ANSI/ISEA 101-1985 sizing standard adequately covers the user
population.

Features of the coveralls from all three manufacturers are the
same except for the sleeve style.

The motions in the fit test are representative of typical body

movements that occur in actual work situations.

Limitations

Limitations of this research include:

1.

The population being sampled is not necessarily the user
population of the protective coveralls.

The population, although representative of Virginia, is not
necessarily representative of the remainder of the United

States.
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3. Manufacturers are responsible for making their own patterns,
therefore, strict adherence to exact sizing specifications
could not be controlled.

4. Due to limitations of equipment and space, not all subjects

were video taped.

Delimitations

The scope of this research does not include chemical, biological,
or physical protective properties of the fabric used for limited-use
protective coveralls. Neither does it involve research of the design
process or the modification procedures for the design of the garment
except for looking at the effects of the three sleeve styles. Other
delimitations included:

1. Fit is subjective and closely related to comfort. Thermal
comfort is not addressed in this research project, however,
thermal discomfort may bias subjective feelings on fit.

2. Test environments were not controlled since garments will
ultimately be worn in a variety of environmental conditions.
However, thermal discomfort associated with the environment
may have biased subjective fit ratings.

3. The type of street clothing particpants wore was not
controlled since the protective coveralls were designed to be

worn over ordinary clothes.
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Operational Definitions

Design -- The styling details and shapes of the individual pieces
making up a garment.

Dynamic fit -- The fit of the garment on the body when various body
parts are in motion.

Static fit -- The fit of the garment on the body when it is in a
stationary stance.

Key body-area measurements -- The dimensions specified in the
ANSI/ISEA 101-1985 Sizing Standard plus measurements indicated in the
literature as being definitive of body size. These include: height,
weight, inseam length, arm length from center back, underarm length,
shoulder girth, vertical trunk circumference, and chest, hip, waist,
thigh and upper-arm (biceps) circumference.

Bivariate size specification -- The minimum and maximum height and
weight for each size block in the sizing chart.

Garment ease -- The additional dimensions added to a garment beyond
the exact body dimensions. The amount of ease is dependent upon the
mobility requirements, the manner in which the garment is to be worn,
and the style of the garment.

Maximum ease -- The maximum amount of ease allowable before the
volume of the garment interferes with the body movements required for a
Jjob.

Minimum ease -- The minimum amount of ease necessary in order for
a worker to be able to perform his job.
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Optimal ease -- The amount of ease required for the wearer to feel
comfortable in a garment and to be able to easily perform his job.

Raglan sleeve -- The style of sleeve that has an underarm seam and
is attached to the body of the garment with a seam that runs diagonally
from the underarm junction to the neckline in both front and back (Fig.
3.1).

Set-in sleeve -- The style of sleeve that joins the body of the
garment at the shoulder joint location with a seam that runs completely
around the armhole (Fig. 3.1).

Yoke with cut-on sleeve -- The style of garment that has a yoke
seam dividing the body of the garment into upper and lower portions.
The sleeve is cut in one piece with the yoke so that the shoulder line
is continuous from the neckline to the wrist edge and there is no seam

joining the sleeve to the yoke (Fig. 3.1).

41



Raglan Sleeve
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Set~-in Sleeve

Yoke with Cut-on Sleeve

FIGURE 3.1. Sleeve Styles on Protective Coveralls.
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CHAPTER IV

METHODS AND PROCEDURES

This research involved evaluation of the fit of limited-use
protective coveralls. The garments tested were standard Tyvek®
coveralls with zippered front, convertible collar, and no elastic at
wrists or ankles. Three manufacturers supplied garments made to meet
the proposed revision of ANSI/ISEA 101-1985 Men’s Limited-Use and
Disposable Protective Coveralls - Sizing and Labeling Requirements
(Appendix B). Each manufacturer produced a different sleeve structure
on the coverall. The styles tested were a set-in sleeve (SSlv), a
raglan sleeve (RS1v), and a yoke with cut-on sleeve (YS1v) (Fig. 3.1).
Limited-use coveralls are designed to be worn in a variety of situations
under a variety of conditions. Therefore, the test methods used were
designed to represent general work conditions with extensive body
movements rather than a specific job related task.

A sample of subjects matching the height/weight range of each size
in the proposed revision was selected. The goal was to have a minimum

of 10 subjects per size covering

at least 90 percent of the body size variability within each size block.
Anthropometric methods were used to measure the subjects. Each

participant donned the protective clothing and engaged in a wear test

consisting of a series of exercises developed to represent typical work
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related body movements. The subjects then completed a survey designed
to evaluate the garment for both static and dynamic fit. They repeated
this procedure wearing the same size garment made in each of the three
different styles. The objectives of the research provided the basis for

analysis of the completed evaluation forms.

Garment Preparation

The test garments required a two step preparation before the actual
wear test. First, since they were prototype garments, 40 percent were
measured for all the dimensions specified by the proposed revision to
the ANSI/ISEA 101-1985 sizing standard in order to determine the mean
garment dimensions. The measurements specified on the sizing standard
are chest, leg inseam, sleeve outseam length from center back point,
body 1ength, sleeve opening, leg opening, and finished front-opening
length (Appendix A). Two additional measurements were taken for the
purpose of evaluating fit based on body size. These were biceps taken
1" below the sleeve body intersection and thigh taken 1" below the
crotch intersection. Both measurements were taken perpendicular to the
outside folded edge (Appendix C). These two additional measurements
were selected because the research of Crow and Dewar (1986) showed that
stress was more a factor of muscular development than of body
dimensions. All measurements were recorded on a peel-off sticker

attached to the coverall.
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Since each subject tested three garments, the second step was to
randomize the order for wearing the garments. Systematic ordering of
the garments is called counterbalancing (Keppel, 1973). This method
increases internal validity and negates the effect of fatigue. Use of
three items allowed two degrees of freedom, therefore, the total number
of possible combinations was six. Table 4.1 illustrates this
arrangement.

Balancing the order in which the three coveralls were tested spread
the influence of uncontrolled variables associated with the garments
equally over the trials. This also removed bias resulting from
sensitization to the test procedure which occurs when responses to the
second and third testings are affected by virtue of having previously
completed the entire procedure (Huck, Cormier, & Bounds, 1974). The

order was repeated as necessary to accommodate
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TABLE 4.1.

Counterbalanced Arrangement of Test Items

Testing Order of Coverall Style*

Trial 1 123
Trial 2 231
Trial 3 312
Trial 4 321
Trial 5 132
Trial 6 213

yoke with cut on sleeve
= set-in sleeve
raglan sleeve

W N =
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the number of testings for each style. Each coverall was identified by
its size, style, and trial number. This information was recorded on the
sticker containing the dimensional information. For coveralls where
dimensional data were not recorded, the testing order was placed on a
sticker on the coverall. A1l three coveralls were placed in a 12 x 15
inch manilla envelope which was labeled with a packet number consisting
of the size and the numerical order for that size (ie. packet number M9
was the ninth packet in size medium whereas packet number L9 was the
ninth packet in size large).

Subject Selection

Agricultural workers were targeted as subjects for the study for
several reasons. A survey of protective equipment users conducted by
ASTM Committee F-23 on Protective Clothing Sub-committee .51 on Human
Factors (ASTM, 1989) found that the largest percentage of respondents
were involved with chemical handling or mixing. Research by Moraski &
Nielsen (1985) found the major source of occupational exposure to toxic
chemicals to be in agricultural settings. This research was conducted
in conjunction with the Virginia Cooperative Extension Service.

The Agri-Tech Conference, held on the Virginia Tech campus July 12-
13, 1990, was chosen for the initial testing because of the large number
of attenders and the diversity of agricultural related occupations as
well as the racial and gender mix represented. This annual event was
sponsored by the College of Agriculture and Life Sciences, Virginia
Cooperative Extension Service, Virginia-Maryland Regional College of
Veterinary Medicine, Virginia Agricultural Experiment Stations, and
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Virginia’s agricultural industries, businesses, and associations.
Additional testing was conducted at Experiment Station Field Days, which
are educational experiences sponsored by the Virginia Cooperative
Extension Service and held within localized divisions. These field days
were selected because their audiences tend to be people who regularly
deal with pesticide application. Additional subjects were solicited
directly because there were not enough volunteers wearing size XSmall
and 3XLarge. Data collection at the College of Human Resources was set
up for subjects not participating at the conferences. Data collection

took place on the following days and locations:

July 11, 12 Agri-Tech Conference Virginia Tech
July 31 College of Human Resource Virginia Tech
August 23 Tidewater Field Day Suffolk, VA

August 28 Virginia State Field Day Petersburg, VA
September 19 Turfgrass Field Day Virginia Tech

September 25 College of Human Resources Virginia Tech

Subjects were recruited with a brochure given to conference
attenders asking for volunteers who used protective clothing as well as
those who had experienced problems in the fit of protective clothing.
The participants in the study were given the three test garments to
keep. By offering the garments as an incentive, participants tended to
be individuals who used or had an interest in personal protective
clothing. The sites for data collection included both air conditioned
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spaces and outdoor spaces thereby providing a variety of testing

atmospheres.

Development of Exercise Protocol

The exercise protocol used for the wear test was developed from
several sources and designed to incorporate typical work postures and
movements. Limited-use coveralls are designed to be worn in a variety
of situations under a variety of conditions. Therefore the exercise
protocol was designed to represent common body movements rather than
specific job related tasks. The exercise protocol included the
following activities:

1. Stand in place.

2. Raise the arms above the head, completing at least 5 raising

motions.

3. Walk in place, completing at least 5 raising motions of each
leg.

4. Reach towards the toes, making at least 5 complete motions of
the arms from above the head to the toes. While bending over,
twist from side to side.

5. Perform deep knee bends, making at least 5 complete standing
and squatting motions.

6. Stand erect, raise arms out to side, cross arms in front of
body and place hands on opposite shoulders making at least 5

complete motions.
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7. Kneel on one knee, place the opposite foot on floor with knee
bent 90 degrees and arms hanging loosely at side; then
alternately raise each arm fully overhead 15 times.

The first five exercises were adapted from the exercise protocol
used by the American Society for Testing Materials (ASTM) in developing
their method for testing the integrity of totally encapsulated chemical
protective suits (ASTM Standard Practice F 11.54). They were selected
for this standard because they encompass a wide variety of body
movements and because they are brief (Johnson & Stull, 1988).

Additional information was obtained through interviews with users of
personal protective clothing. Originally Exercise 4 involved only
reaching towards the toes. Twisting from side to side was added after
the initial pretest with emergency squad workers indicated that
environmental clean-up might also involve a sweeping motion or spreading
absorbent materials on the ground. Exercise 6 was selected as a result
of the research by Crow & Dewar (1986) which found the described
movements to be those that created the most stress on the upper body
garment. Exercise 7 was an adaptation of one designed by DuPont for use
with Tyvek® garments (DuPont, personal communication, Dec. 18,1989).

The exercises also replicated the movements found by vanSchoor
(1989) to be most representative of the activities reported by the
pesticide handlers who participated in her research. Five repetitions
were selected for each of the exercise activities. Since each subject
would be required to repeat the exercise series three times (once for
each garment), there was concern that some subjects would not be able to
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complete more than a total of fifteen repetitions for some of the
exercises. Also, during preliminary testing, it was found that subjects
who split or burst the garments did so within the first three
repetitions of the exercises.

McConville (1986) recommended individual explanation to each
subject so they would fully understand the nature of the project.
Therefore, an instructional video that explained the project and
demonstrated the exercise protocol was made for the participants to
view. Use of this video put the subjects at ease and allowed more
natural participation in the research project (McConville). Posters
were also developed to aid participants in following the exercise
protocol (Appendix D).

Data Collection

Two data forms were developed for each participant, the first to
gather demographic and dimensional data (Appendix E). The second was a
subjective questionnaire that allowed the respondent to evaluate each of
the three coveralls worn during the wear test (Appendix F). The
questionnaire was a Likert scale that assessed the quality of static
and dynamic fit, the ability to move during the various exercises, the
ease of donning the coverall, and the participant’s perception of
his/her ability to perform a job wearing the coverall. It also gave the
participants an opportunity to make additional comments about the

coveralls.
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Pretest

The final step of preparation was the pretest which isolated
confusing statements and ambiguous questions (Dillman, 1978). Open-
ended questions on the pretest were used to pinpoint areas that had been
overlooked. Also, giving the questionnaire to colleagues provided
valuable feedback on the construction of the questionnaire. Two other
groups ideal for pretests are potential users and those from the
population to be surveyed. Each brings a different perspective to the
process. Dillman recommended verbal feedback if possible because the
respondents could explain any problems or questions they had.

The pretest of the exercise protocol was also important for
logistic reasons. When more than one person works with several subjects
simultaneously, the procedures can get out of hand. Running through the
test ahead of the actual data collection phase can resolve some of these
difficulties.

Two groups were selected for the pretest, a group of fire
department volunteers who work with the emergency squad and a group of
university lawn care workers. University colleagues also reviewed the
questionnaire. Several changes were made including the addition of
items and the rewording of others. One change was made in the exercise

protocol as a result of feedback from the emergency squad personnel.
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Testing Procedure

The research was conducted by three teams of investigative
assistants. A1l participants were first assigned an identification
number and given an Informed Consent Form to sign which briefly
explained the research and informed the subjects of their right to
withdraw from the wear test at any time (Appendix G). The first team
collected demographic and dimensional data for each subject. One
assistant measured the subject while another recorded the information.
The information for each participant included their height, weight,
identification number, whether or not they were users of protective
clothing and, if they were, a description of their occupation and the
frequency with which they used it. Body dimensions that were recorded
at this time corresponded to the areas measured on the coveralls as
specified by the proposed ANSI/ISEA standard. Measurements were taken
over street clothing since that is how limited-use protective garments
are normally worn. Inseam length, arm length, shoulder girth, vertical
trunk circumference, flexed biceps circumference and thigh, chest, hip
and waist circumference measurements were taken. The NASA
Anthropometric Source Book (NASA, 1978) was used as a guide for taking
the measurements (Appendix H). Shoulder girth was included in addition
because Robinette (1986) found this girth to be more critical to fit
than the traditional chest and hip measurements when working with

integrated sizing systems.
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The second team of investigative assistants assigned the protective
coveralls to each participant based on the size indicated by their
height and weight. If participants fell outside one of the size blocks
(Appendix B) the size was determinde by the dimension that was greater
than the size block. Generally, height was used if the subject fell
above the size blocks on the bivariate chart and weight was used if the
subject fell below the size block. The participant’s identification
number was added to the coverall identification sticker so that body
dimensions could be paired with wear test information. The assistants
instructed the participant on the testing procedure by showing the
instructional video and answering any questions. This team recorded the
participants height and weight on the bivariate chart indicating the
size distribution (Appendix I, Fig. I.1). That allowed control to be
maintained over the distribution of subjects. When any one area of the
size distribution chart became over represented, volunteers falling
within that range were no longer accepted. For any areas of the size
distribution lacking sufficient representation, subjects were recruited
on subsequent test days.

The third team of investigative assistants directed the exercise
protocol and administered the questionnaire. Since more than one
subject performed the exercise protocol at any given time, each subject
had a designated area marked in which to carry out the requested tasks.
There were from one to three exercise stations depending upon the data
collection date and location. At least one assistant was assigned to
each exercise area. Two video cameras were set up to video tape one of
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the exercise areas. One camera captured the subject from the side front
and the other from the side back. McConville (1986) recommended
photographs as an excellent means of documenting and illustrating test
findings. The video allowed verification of the evaluations of each of
the styles on the same subject.

No attempt was made to control the type of street clothes the
participants wore other than the necessity for female participants to
wear pants or shorts rather than skirts. The coveralls were designed
to be worn over ordinary clothes so the normal variety of street
clothing was beneficial to the validity of the wear test. Each subject
then completed the exercise protocol wearing each style of protective
garment. For the first garment, the assistant led the participant
through the exercises to assure adherence to the procedure. The
subjects were encouraged to complete the exercises at their own speed
but as quickly as was comfortable. A chart showing the exercises was
also displayed at each exercise station to aid the participant (see
Appendix D).

After finishing the exercise protocol in each garment, subjects
completed a questionnaire rating the garment for static and dynamic fit.
Therefore, each subject completed the exercise protocol and a
questionnaire three times. The identification sticker from each
protective suit was affixed to the corresponding questionnaire so that
objective and subjective data could be compared. The investigative
assistant also had the opportunity to make comments on the evaluation
form if any garment areas interfered with the subjects ability to
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perform the designated exercises. If the garment burst or split, the
location and time of occurrence for the tear was noted. All forms
including the demographic data form and the informed consent form were

placed in the original manilla envelope which was identified with the

packet number.

Data Analysis

The data were analyzed based on the objectives of the study. Each
subject wore three different garments which provided three times the
number of observations as subjects. Frequency counts and relative
frequency distributions (percentages) were calculated on all responses
both for the entire sample and for individual size groups. Descriptive
information including means and standard deviations were calculated on
ranked responses and on measurements of both garments and subjects.

Multiple regression analysis on job performanace with static and
dynamic fit ratings was conducted to determine if any static or dynamic
fit indicators were predictors of ability to perform a job. Multiple
regression was also conducted on fit and body dimensions to determine
which measurements were predictors of good fit.

Data were analyzed comparing the measurements of the coveralls with
those of the subjects to determine minimum, maximum and optimal amounts
of ease for comfort and fit. Regression analysis was used to determine

the effect of fit on job performance. Factor analysis and repeated
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measures analysis of variance were used to analyze differences in styles

for both static and dynamic fit.
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CHAPTER V

RESULTS AND DISCUSSION

The purpose of this research was to evaluate the fit of limited-use
protective coveralls manufactured to the proposed size revision of
ANSI/ISEA 101-1985 Men’s Limited-Use and Disposable Protective Coveralls
- Sizing and Labeling Requirements. The garments tested were provided
by three manufacturers of protective clothing who each routinely produce
a different sleeve treatment on their coveralls. The Tyvek® test
garments were made in the seven sizes proposed for the new standard.
They were styled with zippered front, convertible collar, no elastic at
wrists or ankles, and either a set-in (SS1v), raglan (RSlv), or yoke-
with-cut-on sleeve (YSlv).

Measurements of garment dimensions, specified by the proposed
revision to the ANSI/ISEA 101-1985 sizing standard, were taken on 40
percent of the test garments to determine the mean garment dimensions.
Demographic and dimensional data were collected for each subject. In
addition to height and weight, body dimensions, corresponding to
ANSI/ISEA specified coverall dimensions, were measured.

Each of the 166 subjects who volunteered to participate in the
study were assigned a coverall size based on their height and weight as
specified by the sizing chart designated by the proposed ANSI/ISEA
standard (Appendix B). The exercise protocol for the wear test was
designed to incorporate typical work postures and movements rather than
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specific job related tasks since the coveralls were designed to be worn
in a variety of work situations under a variety of work conditions
(Appendix D).
A11 of the subjects wore protective coveralls and completed the
series of exercises in each of the three styles. After finishing the
exercise protocol in each garment, they evaluated the garment for both
static and dynamic fit. Static fit described the fit which accommodated
the dimensions of the stationary body while dynamic fit described the
fit that accommodated the body during the motions and activities of the
wearer.
The questionnaire used to evaluate the garment was a Likert scale
that assessed the fit, the ability to move during the various exercises,
the ease of donning the coverall, and the participant’s perception of
his/her ability to perform a job wearing the coverall (Appendix F).
Three questionnaires were provided to each subject, one for each of the
test garments.
The questionnaires were analyzed based on the objective of the
study:
1. To evaluate the static and dynamic fit of protective coveralls
manufactured to the proposed revision of ANSI/ISEA 101-1985
Sizing Standard;

2. To identify key body measurements needed to select protective
clothing manufactured to the proposed revision of ANSI/ISEA
101-1985 Sizing Standard;
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3. To determine the minimum, maximum, and optimal garment ease
required for satisfactory fit; and
4. To determine the effect of sleeve style on the fit of

protective clothing.

Demographics

A1l sizes specified in the bivariate sizing chart, based on height
and weight, were represented in the sample. Most subjects were
volunteers attending an Agri-Tech Conference at Virginia Tech. After
the initial days of testing additional subject were obtained at other
test sites. When there were no;t sufficient volunteers to fill all the
size blocks, subjects of specific sizes were recruited. Since there
were no volunteers wearing the smallest size all of the subjects in this
category were recruited. The size breakdown for the study is shown in
Appendix J, Table J.1.

Of the 166 subjects, 110 (66.3%) were male and 56 (33.7%) were
female. Males were represented in all size groups except XSmall and
females were represented in all seven size groups. Only 6.4% (7/110) of
the males were in sizes smaller than Large and 8.9% (5/56) of the
females wore sizes bigger than Large (Appendix J, Table J.2).

Due to the volunteer nature of selecting the sample, the goal of
90% representativeness for each size group was not controllable. When
looking at where the subjects fell on the size chart, neither 90% of the
males or females fell within the designated size blocks (Appendix I,
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1.1, 1.2, & 1.3). Twenty (18%) of the males fell outside the designated
size blocks. Nine (16%) of the females fell outside the designated size
blocks. If the sample is representative of users of protective
clothing, then the sizes designated by the proposed chart are not
adequate to cover 90% of the population. Analysis of anthropometric
data sets would identify the Timitations necessary to cover 90% of the
population.

The subjects ages ranged from 15 to 75. The ranges for each size
are shown in Appendix J, Table J.1. The subjects’ ages were divided
into five groups: less than or equal to 18 years, 19-25 years, 26-35
years, 36-50 years, and 51 years or older. The greatest number (59) of
respondents fell in the 36-50 age group with the next largest group (40)
in the 26-35 age group (Appendix J, Table J.3).

Racial groups represented in the sample included Caucasian,
Hispanic, Black, and Oriental. One subject checked other as racial
group and 3 gave no response. The largest number of subjects (130) were
Caucasian with Blacks (25) the second largest group. The complete
racial mix of the sample is shown in Appendix J, Table J.4.

Geographically, 104 of the subjects participating in the research
represented 46 counties in Virginia with the largest number, 36 (21.7%),
from Montgomery County where Virginia Tech is located. The Targest
number from any other individual county was seven. Twelve subjects were
from states other than Virginia: Florida, Louisiana, North Carolina,
Pennsylvania, Maryland, Michigan, and West Virginia. Seven subjects
were from other countries: China, Korea, Malaysia, Peru, Kenya, and
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Zuni. Listing of a home address was optional so 43 subjects did not
supply that information.

Three items on the questionnaires of primary interest were overall
fit of the garment, whether the subject could perform his/her job
wearing the coverall, and whether the subject felt the coverall was too
large or too small. The total number of possible responses was the
number of subjects multiplied by three since each subject wore three
garments and had the opportunity to evaluate each of the garments. The
responses on the fit question were collapsed into two categories with
"strongly agree", "agree", and "tend to agree" in one and "strongly
disagree", "disagree", and "tend to disagree" in the other.

The subjects were fairly evenly divided between those who felt the
garment fit well and those who felt it did not (51.2% and 48.8%
respectively). When asked if they could perform their job wearing the
test garment, 60.9% responded in the affirmative and 39.1% felt they
could not perform their job wearing that particular coverall. These
responses indicate that some subjects felt they could perform a job
wearing the coveralls even if they considered the coverall fit poor.
When asked whether they felt the coverall was too large or too small,
29.5 % of the subjects felt it was too large while only 14.5% felt it
was too small. The total percentages do not add up to 100% because only
subjects who felt the garments were too large or too small were asked to
respond to that item on the questionnaire. However, 25 subjects
responded to that item even though they did not select "no" on ability
to perform a job. Table J.5, Appendix J, shows these responses as well
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as the breakdown of responses by style for the entire sample. Tables
J.6 - J.12 in Appendix J give the same information for each individual
size. |

Although there was not a significant difference in fit between
styles for the entire sample, when individual sizes were analyzed, the
raglan sleeve style fit significantly less well in sizes XLarge and
2XLarge than the other two styles. Individual components of fit are
discussed with the analysis of static and dynamic fit later in this
chapter.

Of the 166 subjects participating in the study, 85 stated that they
used protective clothing and 79 did not (two did not respond to that
question.) Responses to the three items of interest to the overall
question of fit for protective garments were analyzed to determine if
users of protective clothing differed from the complete sample. There
was no significant difference in the percentages for users compared to
the total sample. Therefore it can be assumed that the findings for the
entire sample were not significantly different than results would be if
ascertained from users only. The percentages are shown in Appendix J,
Table J.13.

Before discussing the objectives of the research, it will be
helpful to view the relationship between the proposed standard, the
actual body measurements and the garment dimensions for each of the
three styles of garments. Appendix J includes Figures J.1 - J.5 which
illustrate these relationships. Thigh and biceps are included even
though they are not a part of the proposed standard because they are
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indicators of muscular development which was shown to be a determining
factor for fit in previous research (Crow & Dewar, 1986). Front
opening, leg opening, and sleeve opening were not included since
corresponding body measurements cannot clearly be defined.

As can be seen from the charts, the proposed and actual garment
measurements generally exceed the actual body measurements. When
looking at the relationships involving actual body measurements, the
XSmall size and the 3XLarge size should be considered questionable
because of the small number of subjects in these size groups.
Considering individual measurements, body length varies most with size
and style (Appendix J, Fig. J.4). The proposed standard requires body
length to be longer than all but one of the actual garments (13.7 cm.
longer for Small to 1.1 cm. Tonger for 3XLarge. Excluding the one
garment in one size that measured 3 cm. longer, the garments measured
from 2.4 cm. to 9.4 cm. shorter than the proposed standard. Analysis of
static and dynamic fit showed that subjects, other than those wearing
the largest sizes, generally considered body length either "just right"
or "too long" on current garments. Therefore, increasing the length as
required by the proposed standard would increase the dissatisfaction

with fit.
Analysis of Static and Dynamic Fit
Objective 1 was to evaluate the static and dynamic fit of

protective clothing manufactured to the proposed revision of ANSI/ISEA
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101-1985 Sizing Standard (Appendix A). The questionnaire was designed
with items assessing static and dynamic. Items 1 through 9 assessed
static fit with questions concerning the length and tightness of the
garment (Appendix E). Items 10 through 19 evaluated dynamic fit with
questions concerning ability to move while wearing the garment. Items
20 through 22 assessed the overall fit and performance of the garment.
In each of the analyses, the results for the XSmall and the 3XLarge
should be considered questionable because of the small number of
subjects in these size groups. The results of these two sizes are shown
with the plots and graphs because they add to the overall information
about the garments.

Static Fit Evaluation

Each of the static fit scales was analyzed using a 7 X 3 repeated
measures analysis of variance. A response of 3 indicated the garments
were "just right" whereas 4-5 indicated they were "too long" or "too
loose" and 1-2 indicated they were "too short" or "too tight". The
results for all three length items -- sleeve, leg, and body -- showed a
significant difference between sizes, a difference across styles, and a
significant interaction between size and style (Appendix J, Tables
J.14 - J.16).

Sleeve Length. The plot for the sleeve length (Fig. J.7) shows
that the garments differ by style in sizes XlLarge, 2XLarge and 3XLarge.
A11 the subjects wearing sizes XSmall and Small felt the sleeves were "a
little too long" while the Medium and Large felt all the garments ranged
from "just right" to "a 1little too long." The subjects in size XLarge
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and 2XLarge felt the YS1v and SS1v styles were close to "just right" in
length but the RS1v was perceived as being too long. The subjects in
size 3XLarge also perceived the SS1v as being close to "just right" with
the RS1v sleeve being "a little too long" and the YSIv sleeve "a little
too short."

Leqg Length. The plot for the leg length (Appendix J, Fig. J.8)
shows an interaction for the subjects in size Small with the subjects in
size XSmall indicating the legs were "too long to function" and the
subjects wearing size Small indicating the legs were "a little too
long." Those wearing sizes Medium and Large perceived the YSLv style as
being "just right" with the RS1v being more towards the long side and
the SS1v falling between the other two styles. The subjects wearing
sizes XLarge and 2XLarge felt both the YS1v and the SSlv styles were
close to being "just right" with the RS1v being too lTong. The size
2XLarge subjects felt the legs approached being too long for them to
function. Subjects wearing size 3XLarge perceived the legs of the SSlv
and YS1lv as being a little on the short side and the RSlv as a little on
the long side.

Body Length. The plot for body length (Appendix J, Fig. J.9) shows
interaction taking place between the subjects wearing sizes XSmall,
Small, and Medium with those wearing the XSmall perceiving body length
as being almost "too long to function." The subjects wearing size Small
also indicated the body of the garment was "a little too long." Those
wearing sizes Medium and Large felt the body length was just about right
whereas the subjects wearing sizes XLarge, 2XLarge, and 3XLarge all
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perceived only the SS1v body length as "just right" with the YSlv style
on the short side and the RS1v style on the long side.

Tightness Items.

The results for all four tightness items -- sleeve, leg, chest, and
hip -- showed a significant difference between sizes, a difference
across styles, and a significant interaction between size and style
(Appendix J, Tables J.17 - J.20).

Sleeve Tightness. The plot for sleeve tightness (Appendix J, Fig.

J.10) shows the ratings and interaction with all the styles except the
YS1v on the loose side in all but size 3XLarge. Subjects wearing sizes
Medium, Large, XLarge, and 2XLarge indicated the YSIv and SSlv styles
were close to "just right" with the RS1v being loose. A too loose
rating was given to the RSlv style in sizes XSmall and 2XLarge and to
the SS1v style in the XSmall size. The sleeve tightness in size 3XLarge
was closest to "just right" for the SS1lv style with the RS1v style too
loose and the YSlv style too tight.

Leq Tightness. The leg tightness plot (Appendix J, Fig. J.11)

shows the same pattern but with the RS1v also judged close to "just
right" for sizes Small, Medium, and XLarge. The leg tightness of the
RS1v style is again perceived as being too loose for the 2XLarge size
and the 3XLarge size. The YSLv style was judged to be too tight in the
leg area for the size 3XLarge.

Chest Tightness. Chest tightness for sizes Small, Medium, and

Large were all judged close to just right (Appendix J, Fig. J.12). The
chest of the XSmall size was considered on the loose side for all three
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styles. In sizes XLarge and 2XLarge the RSIv style was judged to be on
the loose side with it "too loose" for size 2XLarge. Subjects wearing
size 3XLarge once again judged the RS1v style a 1ittle loose in the
chest and the YSlv style a 1ittle tight in the chest.

Hip Tightness. Results for the hip tightness (Appendix J, Fig.

J.13) are similar to the chest except that the yoke and set-in sleeve
styles also depart from just right in the size 2XLarge with the YSlv
style on the tight side and the SSlv style on the loose style. Results
of these two ratings were expected to be similar due to the styling of
the garments. Since they are made without side seams, garment
dimensions for the waist and hip are identical to the chest measurement.

Static Fit Summary

An overview of all the static items shows that the greatest
agreement in all categories is in size Small with all the Tength items
being "a little too long" and all the tightness items showing the
garments to be "just right." Subjects wearing size XSmall judged the
garments to be "a little too long/loose" with the YS1v style closest to
"just right." Those wearing sizes Medium and Large viewed all the
garments close to "just right" in tightness and length. Subjects
wearing sizes XLarge, 2XLarge, and 3XLarge perceived all the garments as
being close to "just right" in tightness but the RSlv tends to differ
from the other two in length. The ratings approach too long in the
XLarge size and continues with ratings peaking on the long side for size
2XLarge. Subjects wearing the 3XLarge also felt the YSlv style was a
little small.
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Dynamic Fit Evaluation

The dynamic fit indicators were analyzed using factor analysis on
Items 10 through 20. This analysis identified three factors. Items 10
through 15 Toaded together, Items 16 through 19 loaded together and Item
20 stood by itself. The first group involved upper body movements, the
second group involved lower body movements, and the last item was an
assessment of overall fit. Factor scores were computed for the first
two groups by adding the individual responses together and dividing by
the number of items (6 and 4 respectively). Each of the resulting
dynamic fit scores was analyzed using a 7 X 3 repeated measures analysis
of variance. Responses ranged from 1 to 6 with 2 being agree and 5
being disagree (Appendix F). Responses from 1-3 indicated the garments
were unsatisfactory and responses from 4-6 indicated they were
acceptable with 3.5 as the dividing point.

Upper Body Factors. The results for the upper body factor scores

showed that there was a significant difference between sizes, a
difference across styles, and a significant interaction between size and
style (Appendix J, Table J.21). Therefore, individual repeated measures
ANOVAs were conducted on each of the contributing items.

The first item, number 10, ascertained the difficulty of donning
the garments. Although this would seem to involve the entire body, it
loaded with the upper body movements in the factor analysis. This may
be due to the motions required in putting the garment on. The subjects
inserted their feet through the legs of the garment with ease but
pulling the garment up onto the shoulders and in place on the body then
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involved upper body movements. Analysis showed a significant difference
within styles for the sizes 2XLarge and 3XLarge (Appendix J, Table J.22)
but all three fell in the acceptable range except for the yoke sleeve
style in the size 3XLarge (Appendix J, Fig. J.14).

The analysis of whether the garments were binding across the
shoulders and whether they were binding through the body area (Items 11
& 12) both showed a significant difference between sizes, across styles,
and a significant interaction between size and style (Appendix J, Tables
J.23 - J.24). The plots (Appendix J, Figs. J.15 - J.16) show that all
the garments are acceptable except for the YSlv style in size 3XLarge.
A11 three styles were similar up through size Large, although they
became increasingly different as they increased in size. The RSlv style
was given the highest rating on both items showing that it was largest
through the shoulders and the YSlv style the lowest, indicating it was
the tightest of the three. Both ratings peaked at size 2XLarge and the
YSlv style became unsatisfactory for size 3XLarge.

The next three items (numbers 13 - 15) dlso had similar responses
except for the XSmall size. They assessed restricted arm movement,
restricted overhead reach, and restricted forward reach (Appendix J,
Tables J.25 - J.27). The plots (Appendix J, Figs. J.17 - J.19) show
that responses for size XSmall differed on all three styles but were
acceptable. A1l styles had similar ratings for size Small but became
increasingly further apart as the sizes increased. The ratings all
dropped for the 3XLarge size. The RSlv style maintained the highest
rating indicating that it was the loosest and the YS1v had the lowest
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ratings with it becoming unsatisfactory for arm movement and reaching
up.

Lower Body Factors. Analysis of the lower body factor scores
showed no significant difference between sizes for the garments.
However, there was a significant difference in styles and a significant
interaction between size and style (Appendix J, Table J.28). The plot
(Appendix J, Fig. J.20) of the Tower body factor ratings revealed that
for all sizes the responses clustered close to four except for the YSlv
style in size XSmall, the RSlv style in size 2XLarge and the RS1v and
YSlv styles in the 3XLarge size. These responses indicated that only
specific garments in specific sizes differed from the others. The
XSmall YS1v style and the RSlv style garments in sizes 2XLarge and
3XLarge were less restricting. Generally, the YSlv style tended to be
given lower ratings than the other two styles for all sizes with it
becoming unsatisfactory in the 3XLarge size.

Dynamic Fit Summary. An overview of all the dynamic ratings

indicated that the greatest agreement as to fit was in sizes XSmall
through Large with all the upper body responses indicating that the RSlv
and SS1v styles were less restricting than the YSlv style garments.
Subjects wearing size XLarge perceived more difference between the
styles with the RSlv style the least restricting and the YSlv sty]g the
most restrictive. Ratings increased as the sizes increased through size
2XLarge, but then all ratings dropped for size 3XLarge.

It should be noted that in the dynamic fit measures, an acceptable
(responses of 4-6) rating did not necessarily indicate good fit in all

70



categories. Garments that are too large in the upper body area may not
be restricting even if the fit is very poor. The one area that will be
restricted when a garment is too large is leg movement if the body
length is too long. A crotch seam that is too low restricts leg
movement both in walking/climbing motions and in kneeling movements.

Since dynamic fit indicators did not specifically indicate good
fit, one questions whether dynamic fit is a measure of fit or if it is a
measure of restriction. Therefore, until this question is investigated
further, it is necessary to evaluate both static and dynamic fit when
assessing the fit of the garments.

Overall Fit Evaluation

Analysis of the item assessing overall fit (number 20) showed a
significant difference between the sizes but not the styles (Appendix J,
Table J.29). A significant interaction was indicated between the sizes
and styles. The plot (Appendix J, Fig. J.21) indicated that if
responses from size XSmall are not considered, the differences occur in
either size XLarge or 2XLarge. Al1 other means of the response ratings
were obviously close together. In size XSmall it is evident that the
YSlv style was considered to have the best fit although the rating was
toward the disagree response. An additional analysis of only the
responses for sizes XLarge and 2XLarge indicated no significant
interaction between the sizes but only a significant difference between
styles (Appendix J, Table J.30), therefore, all the significant
difference occurred in one size. Reviewing the plot (Appendix J, Fig.
J.21) for all sizes indicated the garments and sizes that were least
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acceptable were the RSlv style in size 2XLarge and all styles in size
XSmall. These ratings indicate that something about the group of
subjects or the garments for these sizes differ from the other sizes and
styles.

Analysis of responses to static fit items and dynamic fit items as
well as body measurements were reviewed to see if any explanations were
evident. It was obvious that all subjects wearing size XSmall felt the
garments were too large. Static and dynamic fit ratings indicated only
that there were greater differences in responses for the RSlv style for
size 2XLarge, but these differences were not necessarily detrimental to
the fit of the garment. An analysis of actual body measurements
compared to garment measurements indicated only that the body length for
the raglan sleeve style was longer in the size 2XLarge than in any of
the other sizes or styles (Appendix J, Fig. J.1). Therefore, in can be
concluded that this additional length in the body of the garment was
associated with the unsatisfactory fit rating. The analysis of
recommended ease discussed later in the results section further
describes these measurements.

Ability to perform a job while wearing protective clothing is an
additional measure of fit. Regression analysis of job performance with
static and dynamic fit ratings was conducted to determine if any of the
static fit areas or dynamic fit motions could be used as predictors of
this aspect of fit. Four static fit items and three dynamic fit items
were identified for the three styles (Appendix J, Table J.31). These
items were different for each of the styles with sleeve length and body
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length being the two static measurements that were identified for at
least two of the styles. Although sleeve length was the only length
measurement other than body length to be identified, all the body
measurements except for biceps and thigh were highly correlated
(Appendix J, Table J.33) with one another (0.63 to 0.93). Once one of
the corresponding garment measurements was identified, the analyses did
not consider the others. Although body length was also highly
correlated to the other body measurements (0.64 to 0.71), it also
appeared to be a significant contributor to fit. Only one dynamic fit
rating was identified by more than one style and that was leg movement
which was selected for all three styles. As mentioned previously, leg
movement is dependent upon body length of the garment, so this finding
supports the importance of the body length rating that was isolated on

the static scale.

Key Body Measurements Affecting Fit

The second objective of this study was to identify key body
measurements needed to select protective clothing manufactured to the
proposed revision of the ANSI/ISEA 101-1985 Sizing Standard. Multiple
regression on fit, controlling for size, was conducted with body
measurement variables to determine if any of the body measurements could
be used as predictors of fit. Height was the only variable identified
as significant for any of the styles and it was significant only for the
set-in sleeve style (Appendix J, Table J.32). Correlations between body
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measurements were high for all measurements (Appendix J, Table J.33).
The plot (Appendix J, Fig. J.22) of mean body measurements for each
size illustrates this correlation between all measurements (means and
standard deviations are given in Appendix J, Tables J.35 - J.42).
Circumference measurements were divided in half for Fig. J.22 since
standards are written for flat garment dimensions which encompass only
half of the circumference measurement. Although information from the
literature did not support high correlations among body dimensions for
the purpose of fit, the degree of correlation considered high is
dependent upon the type of fit desired. If fitting an item such as a
flight helmet, then .6 to .8 correlations would not be considered high
enough to be used as a basis for selecting size. However, loose fitting
coveralls allow more flexibility in fit. Therefore, correlations in
this study were high enough that no single one could be identified as
the best predictor of good fit.

Forward selection multiple regression for predicting fit from body
dimensions was conducted to determine if any body measurements other
than height could be considered good predictors of fit. For this
analyses, height was controlled for by standardizing the body
dimensions. This was accomplished by dividing each of the body
measurements by height to get a ratio of the measurement to the hejght
of the subject. A significance level of 0.10 was set for the multiple
regression analyses. Measurements other than height that were
significant predictors of fit were identified for only two sizes and two
styles. Table J.34 in Appendix J shows the results of the regression
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analysis for each of the sizes yielding significant results. Responses
for size Small in the SS1v style identified standardized weight and
standardized hip measurements as being significant predictors of fit.
Responses for size Small in the RSlv style identified standardized
weight, standardized chest measurement and standardized arm length as
significant predictors of fit. Responses for size XLarge in the SSlv
style identified standardized thigh measurement as the only significant
predictor of fit. These results were not definitive enough to indicate
any body measurements other than height as being significant predictors

of fit for the entire size range.

Ease Requirements for Satisfactory Fit

The third objective of the research was to determine minimum,
maximum, and optimum ease for satisfactory fit of limited-use protective
garments. The first step of this process was to determine which
subjects considered the garments to fit well. Appendix J, Table J.35
shows the breakdown by gender and size of subjects who selected strongly
agree (response 1) or agree (response 2) to the question of whether the
garment fits well. The percentages of the entire sample selecting these
responses is given in addition to the proportion of males and femq]es
for each size. As can be seen, a larger percentage of males than
females said the garment fit well. Also, for the total number of

responses per size group, the largest percentages of subjects responding

75



with a 1 or a 2 were in the mid-size ranges. Each of the 166 subjects
rated three garments allowing a total of 498 possible observations.

Tables J.36 to J.42 in Appendix J show the proposed standards, body
dimensions, means, and standard deviations on each style of garment for
all the ANSI/ISEA specified measurements. The thigh and biceps are also
included. These tables can be used for reference when looking at the
results for the minimum, maximum, and optimum ease analyses.

A11 garments supplied for the wear test met the minimum standards,
yet measurements of body length on the test garments were less than
those required by the standard. Further investigation into the body
length measurements revealed that measurements of body length are not
taken with garments laying on a flat surface as specified by the
standard. Instead, body length is measured by pulling the collar point
and crotch point to lengthen the garment and take advantage of the
longer back length (D. Tatara, personal communication, Jan. 19, 1991).

In order to determine minimum, maximum, and optimum ease, the
responses for static fit were analyzed and the respective mean body
measurements were compared to the mean garment measurements for each
size. If the subject selected Number 3 (just right) in response to an
item such as "the body length was:" then the mean body length of those
subjects in that size and style was compared to the mean body Tength of
the corresponding size and style of garment. For all circumference
measurements, the garment measurement was doubled since flat
measurements of the garment represented only half the total garment
measurement. Within each size, the number of subjects making that
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response was multiplied by the difference in the two measurements for
each of the three styles. The resulting figures were then summed and
divided by the total number of "just right" responses to get an average
amount of ease for that size. This procedure was repeated for those who
answered Number 2 ("a little too short/tight") and again for Number 4
("a 1ittle too long/loose"). Responses of Number 3 ("just right") were
used for optimum ease, Number 2 for minimum ease and Number 4 for
maximum ease. Responses 1 ("too short/tight to function") and 5 ("too
long/loose to function") were not used because subjects selecting either
of those responses felt they could not function while wearing the
garment.

When looking at the individual body areas, the subjects wearing
smaller sizes generally reported needing less ease than those wearing
larger sizes. An exception to this sometimes occurred in the XSmall
where all three garment styles were considerably larger on the subjects
than for other sizes. In judging the three garments, size XSmall
subjects may have rated garments in comparison to one another rather
than on how they actually felt each of the garments fit. None of the
subjects wearing the XSmall rated any of the garments as too short/tight
so there were no observations for that cell.

In some areas, especially the chest and body length, respondents
gave conflicting ratings. Some results of the analyses indicated
greater amounts of ease necessary for the "short/tight" rating than for
the "just right" or "long/loose" rating. Intuitively, that would not be
so. These conflicting results may be caused by the overall fit of the

77



garment influencing the respondent’s ratings of individual components of
fit. Also respondents who fell outside the designated size blocks may
have skewed the results.

Table J.43 in Appendix J shows the results for the comparison of
the mean chest measurements of the subjects with the mean chest
dimensions on the garments. Conflicting ratings were given in the
XSmall, Medium and Large size groups. For the required ease to be
consistent with the ratings, the derived maximum ease (response Number
4) would be the largest of the three figures and the derived minimum
ease (response Number 2) would be the smallest figure. The rating for
the chest may be confounded due to the fit of the entire upper body
area. A garment that is tight or loose in the armscye or shoulder may
feel tight or loose in the chest to the wearer. Observations of
respondents on the video tape showed that many of the garments appeared
to be tight or binding in the armscye area. Also, the garment rating
was completed after the exercise protocol and the ability to move in the
garment may have influenced the static fit ratings.

When determining chest ease, the hip measurement must also be
considered. Although the ANSI/ISEA standard only designates the chest
measurement, the styling of the garment (no side seams) dictates that
the chest, waist, and hip on the garment are all the same dimensiqn.
Therefore, the chest measurement of the garment should also be compared
to the hip measurement of the body. Fig. J.25 in Appendix J illustrates
the proposed minimum standard for the chest, and the actual body
measurements for chest, waist, and hip. In the smaller sizes the hip is
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larger than the chest, but as the size increases, they become closer to
the same value with the chest slightly exceeding the hip for the largest
size. This probably reflects the body type of the majority of subjects
in these sizes since most of those wearing the smaller sizes were
females and most of those wearing the larger sizes were males.

Appendix J, Table J.44 shows the minimum, maximum, and optimum ease
for the hip derived from ratings of fit through the hips, body
dimensions for the hip, and chest dimensions on the garment. Size Large
results show optimum ease and minimum ease as the same amount and size
2XLarge shows conflicting results. Since waist is usually smaller than
hip or chest measurement and the styling of the garment does not define
a waistline, it is not necessary to compare the waist to the other
dimensions.

Comparison of the mean body length of the subjects with the mean
body length of the garments also shows conflicting results for the size
Medium and negative outcomes for size 2XLarge and 3XLarge. Negative
results indicate that the garment was smaller than the corresponding
body dimension. Obviously that would not be satisfactory. It seemed
unlikely that subjects would choose those responses unless the overall
fit of the garment influenced the perceptions of fit in all areas. The
negative amounts ranged from 3.8 - 8.9 cm. (1.5-3.5 in.) with all but
one being less than 5.1 c¢cm. (2 in.). Considering the magnitude of the
body length measurements, these amounts are not great, but any negative
amount would logically be considered poor fit. Since sizes 2XLarge and
3XLarge contained all the negative amounts of ease, those two sizes were
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not included in the averages across sizes given in Appendix J, Table
J.45.

Table J.46 in Appendix J gives the comparison of mean biceps
measurements of subjects with mean biceps dimensions of the garments.
Conflicting results for minimum ease are reported in sizes Medium and
3XLarge with a significantly smaller amount for size Large. This may
occur because evaluating fit in the biceps area would be influenced by
ability to move the arms. Therefore, the overall fit in the shoulder
and upper body area could influence the subject‘'s perception of fit in
the biceps.

Comparison of the mean thigh measurements of the subjects with the
mean thigh dimensions of the garments is shown in Appendix J, Table
J.47. Conflicting results were reported for maximum ease in sizes
Medium and 3XLarge and for minimum ease in sizes Large and 2XLarge.
Evaluating fit in the thigh could be influenced by fit in the lower body
area with hip and body length being especially crucial to perceptions of
fit. Restricted leg movements could be caused by excess body length (a
crotch seam falling halfway to the knees) yet attributed to poor fit in
the thigh area. Although the average ease for each minimum, maximum,
and optimum amount occurs in the logical order, the range of the three
is very small and probably does not reflect a range acceptable to users
of limited-use protective clothing.

Dynamic fit ratings were not used for the analysis since they were
not definitive about good and poor fit. The optimum amount of ease in
each of the specified garment areas as derived from static fit ratings
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can probably be considered as representative of user requirements since
larger numbers of observations were included in those analyses.

However, the smaller number of observations for minimum and maximum
amounts of required ease may not be adequate for making recommendations.
A larger sample size might also eliminate the conflicting results for
some of the sizes.

The greater number of subjects in the mid-size ranges responding in
the affirmative to good fit may be an indication of a pattern grading
problem since sample sizes are generally in the mid-size range. Pattern
grading then changes each basic garment piece to reflect predicted body
dimensions for the other sizes. For this sample the fit deteriorated as

the sizes required approached either end of the size-range.

Effect of Design on Fit of Protective Clothing

The fourth objective of this research was to determine the effect
of sleeve style on the fit of protective clothing. In order to evaluate
the effect of sleeve style the assumption was made that each
manufacturer would produce the garments exactly to the standard with
only the sleeve treatment being different. However, since current
standards only identify minimum dimensions, garments can meet the
standard yet be considerably larger than the dimensions specified by the
standard. Consequently each manufacturer’s garments varied from the
standard by differing amounts. Tables J.36 - J.42 in Appendix J
describe the dimensions of the individual styles for all sizes.
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Observations of the garments with each of the three sleeve styles
did provide some general information. The YSlv style tended to bind in
the upper arm area and be more restricting than the others when raising
the arms overhead. This may have been partially due to the smaller
biceps area for the larger sizes. The RSlv style tended to bind in the
raglan seam when kneeling and reaching overhead. The SS1v style tended
to allow the greatest overhead movements. These remarks are based only
on the observations of the researcher and not on data from the subjects.
Conducting analyses based on sleeve style was not possible with data
from this research since each of the participating manufacturers
produced their own pattern and adherence to the minimum specifications

was not controllable.

Video Taped Observations

Subjects were video taped only during the first day of the wear
testing at the Agri-Tech Conference due to the logistics of transporting
video equipment and lighting to the outdoor locations. Video equipment
was set up at only one of the three exercise stations as that was all
the exercise space would allow. Two cameras were used with one directed
towards the subject from the side front and one from the side back,
Video taping took place for only 17 subjects which represented 10
percent of the sample. Each subject was video recorded wearing all

three garments which resulted in 51 observations. There were 7 females
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and 10 males with all sizes being represented except for the XSmall.
The demographic breakdown is given in Appendix J, Table J.48.

Since a small percentage of subjects were video taped, only general
observations were made based on the tapes. These observations are
described below. The surface texture and white color of the limited-use
garments reflected the light so that details were difficult to
distinguish. Therefore from viewing the tape it was not always possible
to determine the style of garment the subject was wearing. Also, all
the garments tended to be so loose in the body area that stress lines
were not definitive.

The subjects tended to conduct the exercises in a fairly slow,
methodical manner. This may have allowed them to think about how the
garment felt while doing each exercise, but it also reduced the amount
of stress placed on the garment which may have affected their ratings of
each garment.

The legs and arms of the garment tended to slide freely on the body
since the garments were not held close to the body at the ankles or
wrists. This may have prevented subjects from feeling the length in the
arms and legs was too short while going through the exercise routine.

It was observed both from the video tapes and by the investigative teams
that garments were often too short to protect the ankles during the
exercise protocol yet some subjects still rated the length as being
"just right".

It was obvious from viewing the tapes that if the body length was
too long, the subject was restricted in leg movements both when stepping
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in place and when kneeling on one knee. Most of the garments tended to
fit close to the body at the underarm-sideseam intersection area. This
may be a result of the armscye being too small. Since the biceps girth
determines the width of fabric in the sleeve-underarm intersection, an
increase in the biceps area would necessitate a larger armscye. Also,
more fabric in the underarm area of the sleeve would provide additional
ease for movement.

Although the video tapes did not provide enough information for
statistical analyses, they did help substantiate findings from the
surveys. General information on garment fit and insight into some of

the fit problems was gained from viewing the tapes.
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CHAPTER VI

CONCLUSIONS

The results of the fit and sizing evaluation of limited-use
protective coveralls manufactured to the proposed revision of ANSI/ISEA
101-1985 Sizing Standard were presented in Chapter V. The volunteer
sample size was adequate in all sizes except XSmall and 3XLarge.
Subjects for these sizes were recruited for the wear test but the
numbers in size XSmall remained inadequate to use as a sound basis for
making decisions about the sizing standard. However, all subjects in
the XSmall size were in the upper half of the designated size block
(Appendix I, Fig. I.3) yet they consistently rated the garment as being
too large (Appendix J, Table J.6). Also 48 percent of the subjects
wearing size Small felt the coveralls were too large. Therefore,
consideration should be given to expanding the designated size block for
size XSmall to include the Tower portion of the current Small
designation.

Since only 51 percent of the respondents reported that they were
users of protective clothing, items on garment fit and job performance
were analyzed to determine if users responded significantly different
than non-users. The responses of the two groups were very similar.
Therefore, it was assumed that results of the entire sample were

representative of the user population. (Appendix J, Table J.13).
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Conclusions based on these responses are presented according to the
objectives of the research.

Objective 1:

To evaluate static and dynamic fit of protective'covera11s
manufactured to the proposed revision of ANSI/ISEA 101-1985 Sizing

Standard.
Sleeve and lLeg length. It should be noted that in the dynamic fit

measures, a rating indicating the garment was not restricting does not
necessarily indicate good fit in all categories. Garments that are too
large in the upper body area will not be restricting even if the fit is
very poor. Therefore, it is necessary to evaluate both static and
dynamic fit when accessing the fit of garments.

Analyses of sleeve and leg length indicated that both the sleeve
and leg length for the size XSmall could be shortened since subjects
wearing that size felt the garments were too long for them to function.
Subjects wearing size Small also felt the garments were a little too
long. Since Tyvek® does not require a hem, leg and sleeve length can
easily be shortened by simply cutting away excess length. Therefore,
judging the garments as being too long need not prevent a person from
performing a job. However, when making sleeves and arms longer than
necessary, excess fabric is used. Manufacturers could increase thgir
fabric efficiency without sacrificing function by reducing the length of
sleeves and legs in the XSmall and Small sizes.

Subjects wearing sizes Medium through 2XLarge rated the garments
close to "just right" except for the leg in the RSLv style which
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appeared to be too long for size 2XLarge only. Subjects wearing size
3XLarge rated the yoke sleeve style as being too short in both arm and
leg length. An analysis of anthropometric data could verify necessary
sleeve and leg lengths once a parameter for the percentage of the
population to be fit was established.

Body Length. Body length is a critical dimension for both fit and
job performance. If it is too short the garment will not only be very
uncomfortable but the crotch seams may split when the wearer becomes
active. If the body length is too long it does not cause discomfort
when the wearer is stationary but it becomes inhibiting to job
performance when the wearer becomes active. A crotch seam that is too
low prevents the wearer from moving his/her legs in a normal manner.
The wearer will either be restricted in movement or the garment will
tear in order to allow the person to move. The inseam measurement is
also affected by the body length. The closer the inseam/crotch seam
intersection comes to the body, the longer the inseam required for the
garment to be an equivalent length on the wearer. Therefore, the body
length must be established before a satisfactory inseam length can be
determined.

The responses to the static and dynamic fit items indicated the
XSmall size as being larger and the 3XLarge was smaller than the other
sizes relative to body dimensions of the subjects. A look at the ease
requirements suggests that adjustments need to be made for both of these

sizes. Since the number of subjects for both of these sizes was smaller
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than those for the other sizes, additional testing should be conducted
for subjects in these sizes.

Objective 2:

To identify key body measurements needed to select protective
clothing manufactured to the proposed revision of ANSI/ISEA 101-1985
Sizing Standard.

A1l measurements taken on subjects in this sample tended to be
highly correlated to each other, therefore, no single one could be
identified as predictive of fit based on the results of this research.
No individual body measurements other than height were identified as
predictors of fit for all the sizes. Therefore, additional measurements
other than the current two (height and weight) specified on the
bivariate sizing chart cannot be recommended.

Objective 3:

To determine the minimum, maximum, and optimum garment ease
required for satisfactory fit.

The procedure for deriving minimum, maximum, and optimum ease was
described in detail in Chapter 5. The results of these analyses are
given in Tables J.43 - J.47. Generally, it was found that the larger
sizes required more ease than the smaller sizes. Whether or not to
grade patterns using variable grades so that the amount of ease
increases as the sizes increase is a decision that producers of the
garments would need to make. Two of the key areas for fit - chest
circumference and body length - were inconclusive for minimum and
maximum amounts of ease necessary for satisfactory fit. Making
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additional observations and analyzing anthropometric tables for ranges
in individual body dimensions for each of the designated size blocks are
recommended before making decisions on minimum and maximum ease
necessary for satisfactory fit. If it were necessary to make
recommendations based on the data from this research, looking at the
results from only the Medium, Large, and XLarge is suggested since these
three sizes were the ones that were most satisfactory in fit (Appendix
J, Table J.35). It should be noted that circumference measurements
reported in Appendix J, Tables J.43 - J.47 are total body measurements.
When using these tables for determining standards, all circumference
measurements (chest, hip, body length, thigh, and biceps) should be
divided in half because standards are normally written for flat garment
dimensions. Also, when writing standards for garments to fit subjects
who fall in designated size blocks such as those defined by the
bivariate height-weight sizing chart (Appendix B), the garments must
provide adequate fit for subjects at the upper limits of the block
rather than be designed just for the average size in the block.

Chest and Hip Dimensions. The results of analysis of chest

measurements were inconclusive (Appendix J, Table J.43) with reported
minimum ease being greater than optimum ease and maximum ease being less
than optimum ease for some sizes. Because of the large number of
observations, the optimum ease could probably be considered as
representative for this sample. Requirements for hip ease (Table J.44)
should also be reviewed when considering chest ease since the garments
are styled with the same amounts of ease in the hips as the chest.
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Body Length. Results of analyses for necessary ease in the body
length showed conflicting and negative ease requirements (Appendix J,
Table J.45). Therefore, recommending ease for body length requires
additional testing with garments made longer than the actual body length
of the subjects. The average optimum ease derived from the Medium,
Large, and XLarge sizes would be a logical amount to start with since
those are the three sizes that indicated the best fit from the garments
(Appendix J, Table J.35).

Biceps and Thigh Dimensions.The averages found from the analyses of

responses to biceps fit (Appendix J, Table J.46) appear to be suitable
for use as a guide to minimum, maximum, and optimal ease requirements.
Analyses for ease requirements in the thigh area showed very little
difference between minimum, maximum, and optimum ease (Appendix J, Table
J.47). Results for optimum ease could be used but anthropometric tables
showing ranges in body measurements should be consulted before

specifying minimum and maximum amounts of ease.

Standards Development. Writing standards that provide for
satisfactory fit requires two steps. Body dimensions of the population
each size is designed to fit must be determined. This information can
be gathered from anthropometric data sets or from samples of subjects
once the parameters for the size are established. The proposed revision
to the ANSI/ISEA 101-1985 sizing standard designates height and weight
(Appendix B) as the parameters for establishing size. After the body
dimensions have been isolated, the ease requirements must be added to
the body dimensions to establish the recommended standard. The
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advantage to determining minimum, maximum, and optimum ease is that
optimum ease can be used to establish the standard and then minimum and

maximum ease can be used as tolerances for the standard.

Objective 4:

To determine the effect of sleeve style on the fit of protective
clothing.

Analysis of the effect of sleeve style on fit was not possible with
the data available from this research. In order to accomplish this
objective, it would be necessary for all garments to be manufactured to
the same dimensions for all the measurements specified in the standard
with only the sleeve treatment being different. The garments secured
for this research did not meet that requirement.

Conclusions based on video taped observations. The armscye area

appeared to fit very close to the body on all the styles and in all but
the smallest sizes. This could affect evaluations of fit in all the
upper body areas. Additional fabric in the underarm area would provide
additional ease. Care must be taken to keep the armscye from becoming
too large or it becomes restrictive in the same way excess body length
restricts leg movement.

Length of arms and legs on the garments should be based on
anthropometric data and not on subject’s evaluations. Since the
garments could slide easily over the clothing worn under the coverall,
the subject was not necessarily aware of when the legs and sleeves
exposed the wrists and ankles during the exercise routine, thereby
providing less protection for harmful exposure.
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Implications and Recommendations

The underlying purpose of this research was to evaluate the
proposed revision of ANSI/ISEA 101-1985 Men’s Limited-Use & Disposable
Protective Coveralls. The proposed revision attempts to fit females as
well as males within the same sizing standard. Objectives one, two, and
three of this research were components of this evaluation. Analysis of
the individual sizes of garments as well as the specific styles
determined if all or just some isolated sizes needed additional
adjustments. Since each subject evaluated three different garments,
there were three times the number of observations as subjects.

Static fit was used to identify specific areas of fit in relation
to the body. The comparison of static fit ratings with body
measurements was used to establish optimum differences between garment
dimensions and body dimensions.

Dynamic fit tests were used to evaluate the movement ability of a
person while wearing the garments. The dynamic fit tests were an
integral part of evaluating the proposed standard since ease of movement
is essential to job performance for most individuals working in
situations that demand protective clothing.

Generally, it was found that subjects wearing garments at the
extreme ends of the sizing scale were not satisfied with the fit,
whereas, subjects wearing the mid-range sizes felt the fit was
satisfactory. The XSmall garments were judged to be too large and
portions of the 3XLarge garments were judged to be too small. The
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responses from subjects wearing Small garments tended to think all the
garments were a little large. Those wearing 2XLarge garments had mixed
responses; the raglan sleeve style was judged too large, responses to
the set-in sleeve style were mixed, and the yoke sleeve style was too
small. Subjects wearing Medium, Large, and XLarge generally felt the
garments fit well with Medium and Large having the best fit (Appendix J,
Tables J.6 - J.12). This was not surprising since mid-sizes are usually
used as the sample size for which the pattern is developed and the end
sizes are then graded variations of the sample size.

Responses to static fit items on the questionnaires indicated that
all the subjects wearing XSmall considered the garments to be too long
in the body, too loose in the sleeves, too loose in the legs and loose
in the chest and hips (see Figs. 5.12 to 5.16). The responses for both
static and dynamic fit indicated that the subjects considered the body
length too long for size XSmall and Small. Static fit for body length
was judged by the response to Item 5 (the body length was too
short/long) and dynamic fit by Item 17 (the coverall restricted leg
movement) since a crotch seam that is too Tow hinders leg movement. A
look at the bi-variate sizing chart indicated that all subjects falling
within the XSmall size block were in the upper half of the block.
Almost half (47.6%) of the subjects who wore size Small also judged
those garments to be too large (Appendix J, Table J.7). These findings
indicate that the XSmall size block could be expanded to incorporate a

portion of the Small size block. An alternative would be to make the
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garments smaller, however, those who thought that the Small size fit
well might find the garments too small.

Only the yoke sleeve style in size 3XLarge was perceived as being
too small or restricting on the static and dynamic fit ratings (Appendix
J, Figs. J.9 - J.20). Comparison of garment measurements for the three
styles in that size (Appendix J, Table J.42) indicates the only area of
the yoke sleeve garment that shows a major difference from the other
styles (excluding front opening) is in the biceps area; the yoke sleeve
style was 8 cm. and 6.2 cm. smaller than the raglan sleeve style and
set-in sleeve style respectively. However, comparison of the ratings
for chest tightness (Appendix J, Fig. J.12) indicated that the yoke
sleeve style is also considered tighter in the chest area than the other
two. A comparison of mean body and garment measurements shows the chest
of the yoke sleeve style to fall between the other two styles in
dimension. A possible reason for these conflicting ratings is that the
smaller biceps area resulted in binding across the chest during the
exercise protocol. Thus, the subjects may have reported the chest as
being restrictive in addition to the sleeves.

Results of analysis for ease requirements also produced conflicting
responses. For some sizes minimum ease requirements were greater than
maximum ease requirements. Body length ease requirements indicated that
minimum, optimum, and maximum garment dimensions were less than actual
body measurements for some sizes (Appendix J, Tables J.44 - J.47).
Intuitively, this could not be, therefore, something other than actual
garment size influenced the subjects’ judgement of fit for body length.
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This may have resulted because of perceptions influenced by the ability
to move during the exercise protocol.

Ratings on fit sometimes conflicted with comparisons of body and
garment dimensions. This may have been a result of subjects being
unable to separate static and dynamic fit after completing the exercise
protocol. If further investigation of static and dynamic fit is
conducted, it is recommended that static fit be evaluated before
exercising so the ability to move in the garment does not confound the
perceptions of static fit.

Since fit was not as satisfactory in the extreme sizes of the
sizing standard, it is recommended that either the dimensional
specifications for these sizes be adjusted or the size blocks that each
size is designed to fit be revised. One recommended revision to the
size blocks would be to expand the XSmall size block on the bi-variate
height/weight chart to include part of the current Small size block.
Further investigation with these specific objectives would help clarify
the necessary modifications to the sizing standard.

Recommendations for modifications of sleeve and leg length on the
sizing standard were not made because appropriate length should be
established based on anthropometric data for the population the garments
are intended to fit. Also, both areas need to be designed for the
longest measurements determined by the anthropometric data since
inadequate length does not provide protection to the wearer and garments
made of Tyvek® are easily shortened by simply cutting away excess
length.
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Defining minimum, optimum, and maximum ease for each size specified
by the sizing standard would result in better fitting garments. Current
standards identify only minimum dimensions for garments (Appendix A).
Therefore, garments that are overly large may pass the standard testing
for smaller sizes and qualify for ANSI/ISEA certified labeling. No
provision is currently made for controlling maximum dimensions of the
garments. Also, a definitive method for measuring body length should be
established and adhered to.

It is recommended that minimum and maximum dimensions be specified
by the standard. That would allow individual manufacturers a range so
they could maintain their specific type of fit yet assure the customer
that the garment would not be overly large or small. Additional
research on minimum, optimum, and maximum ease in addition to
anthropometric data on subjects falling within each size block would
help provide more definitive results which could lead to recommended

body dimensions for each size.
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CHAPTER VII

SUMMARY

Human factors research has two major objectives: enhancing the
effectiveness and efficiency with which activities are carried out and
retaining certain desirable human values such as improved safety,
reduced fatigue and stress, increased comfort, greater user acceptance,
increased job satisfaction, and improved quality of life (Sanders &
McCormick, 1987). As technology increases, industrial situations
sometimes endanger the health or safety of workers. When possible, the
best solution is to engineer a change in the operational processes
producing the hazard since these changes are generally more reliable
than human behavior changes. When hazards cannot be controlled through
engineering revisions to the systems or products, then the second choice
is administrative control which 1imits exposure to the hazard. If
neither engineering nor administrative controls are possible then the
use of protective gear (a behavioral change) is the most common
solution. Protective gear is often advisable as a safeguard even if
engineering and/or administrative controls are implemented. Of the
three types of exposure to environmental hazards--dermal, ingestion, and
inhalation--dermal exposure poses the greatest health hazard for many
occupations (Wolfe, Durham, & Armstrong, 1967). Protective clothing is
the only significant type of dermal barrier available to many people.
Limited-use protective coveralls are the type used by many workers due
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partially to the prohibitive cost and availability of other types of
protective gear.

Protective clothing must be acceptable to the consumer for it to be
effective. If it is not worn it cannot shield workers from harmful
environmental exposure. A frequent complaint of those workers using
limited-use protective coveralls is poor fit. The fit of protective
garments may adversely affect body mobility and, consequently,
productivity. Poor fit can also result in exposed body areas, thereby
reducing the amount of environmental protection provided.

Standards for sizing of limited-use protective coveralls are
developed by the Industrial Safety Equipment Association (ISEA), adopted
and approved by the American National Standards Institute (ANSI), and
regulated by the Safety Equipment Institute (SEI). The current
ANSI/ISEA 101-1985 standard for size and labeling of limited use
coveralls defines five sizes ranging from Small to 2XLarge. A proposed
revision of the standard expands the sizes to seven ranging from XSmall
to 3XLarge. This revision attempts to improve fit by including a
smaller proportion of the user population in each size designation.

The purpose of this research was to evaluate the fit of protective
clothing manufactured to the proposed revision ANSI/ISEA 101-1985 sizing
standard. Three styles of garments -- a yoke with cut-on sleeve (YS]V),
a raglan sleeve (RSlv), and a set-in sleeve (SSlv) -- were tested in
each of the seven sizes specified by the proposed sizing standard. The
research was supported by three manufacturers of limited-use protective
coveralls and the manufacturer of the fabric used for the garments.
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Method

The research followed the procedure for anthropometric fit testing
set forth by McConville (1986). The garments were prepared for testing
by recording the measurements of garment dimensions as specified by the
proposed revision to the ANSI/ISEA 101-1985 sizing standard (Appendix A)
on 40 percent of the test garments. Mean garment dimensions were
calculated based on these measurements. Since each subject tested three
garments, the order of testing was randomized by use of counterbalancing
(Keppel, 1973).

Anthropometric methods were used to measure the subjects. Each
participant donned the protective clothing and carried out a wear test
consisting of a series of exercises developed to represent typical work
related body movements. The subjects then evaluated both static and
dynamic fit of the protective coveralls by completing a questionnaire
which asked about garment fit in specific body areas and ability to move
in the garment. This procedure was repeated for each of the three

garments.

The Sample

Most of the subjects for the research were volunteers attending
agricultural conferences sponsored by the Virginia Cooperative Extension
Service. By offering the garments as an incentive, the participants
tended to be individuals who used or had an interest in protective
clothing. Seven of the 166 subjects were recruited because of their
size. A1l sizes specified in the sizing chart based on height and
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weight were represented in the sample. Reporting home address was
optional but of the subjects who did 1ist an address, 104 were from
Virginia, 12 stated they were from states other than Virginia, and seven
were from countries other that the United States.

Demographic and dimensional data were collected for each subject.
In addition to height and weight, body dimensions corresponding to
ANSI/ISEA specified coverall dimensions were measured. Biceps and thigh
measurements were also taken since they were indicators of muscular
development.

Two thirds (66.3%) of the sample were male and one third (33.7%)
female. Subjects from five racial groups were represented in the sample
(Appendix J, Table J.4) and the subjects’ ages ranged from 15 to 75
years with the majority 26 to 50 years old (Appendix J, Table J.3).

Just over half of the participants (85) had previously used protective
clothing. Responses from users of protective clothing did not differ
significantly from those of non-users (Appendix J, Table J.13),
therefore the findings were assumed to be representative of users.

The Exercise Protocol

The exercise protocol for the wear test was designed to incorporate
typical work postures and movements. The exercise activities were
developed from several sources including one developed by DuPont for
licensing their garments, one adopted by the American Society for
Testing and Materials in their test method for testing the integrity of
totally encapsulated chemical protective suits, and through interviews
with users of personal protective clothing.
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Five repetitions were selected for each of the exercise activities
since each subject was required to repeat the exercise series three
times (once for each style garment). The subjects were encouraged to
complete the exercises at their own speed but as quickly as was
comfortable. An instructional video which demonstrated the exercise
protocol was viewed while the participants waited to be measured.
Charts illustrating the exercises (see Appendix D) were posted on the
wall in front of the participants and one of the research assistants
also led the subjects through the exercises at the beginning of the

procedure.

The Questionnaire

A Likert scale questionnaire was developed that assessed the
quality of fit, the ability to move during the various exercises, the
ease of donning the coverall, and the participants perception of his/her
ability to perform a job wearing the coverall (Appendix F).

Data Analysis

Static Fit. Al1 items were analyzed by size and style. Analysis
of variance with repeated measures was used to analyze static fit, which
was measured by the length in the sleeves, legs, and body, and the
tightness/looseness in the sleeves, legs, chest and hip of the garment.
The body length was considered too long for all styles in the XSmall
size and too short for the yoke sleeve style in the 3XLarge size. The
other sizes and styles were considered to be alright or only a little
long or short (see Appendix J, Table J.16 and Fig. J.9). Although
perceptions of the leg and sleeve length were included in the analysis
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(see Appendix J, Tables J.14 & J.15 and Figs. J.7 & J.8), they were not
considered in recommendations for modification to the sizing standard
because appropriate length should be established based on anthropometric
data for the population the garments are intended to fit. Since
inadequate length does not provide protection to the wearer and garments
made of Tyvek® are easily shortened by simply cutting away excess
length, a minimum length should be established.

Results for leg and sleeve tightness indicated that all styles were
considered loose in the XSmall size. The leg and sleeve were considered
loose on the raglan sieeve style and tight on the yoke sleeve style in
the 3XLarge size (see Appendix J, Tables J.17 & J.18 and Figs. J.10 &
J.11). Chest and hip tightness were judged to be a little loose for the
raglan and set-in sleeve style in size XSmall and for the raglan sleeve
style in the 2XLarge size (see Appendix J, Tables J.19 & J.20 and Figs.
J.12 & J.13). The other sizes and styles were considered alright.

Dynamic Fit. Factor analysis of the dynamic fit items identified
two factors affecting fit ratings. These were renamed upper body factor
and lower body factor since the individual items grouped together
according to the portion of the body that was evaluated by the
individual items. Analysis of variance with repeated measures was used
on these two factors as well as on Item 20 which assessed overall fit.
Descriptive statistics were used with Item 21 which assessed ability to
perform a job wearing the coverall. It should be noted that on the
upper body and lower body factors that a non-restrictive rating was not
necessarily synonymous with good fit since the garments could be judged
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as being non-restricting and still be considered too large to have a
good fit rating.

There was a significant difference between sizes across styles
(Appendix J., Table J.21). Therefore, individual analysis of variance
with repeated measures on upper body factors was used on each of the
contributing items. These analyses showed that only the yoke sleeve
style in size 3XLarge was restricting in upper body movements (see
Appendix J, Tables J.22 - J.27 and Figs. J.14 - J.18). The lower body
factor analysis did not indicate a significant difference between sizes
across styles so no further analyses were conducted on those items (see
Appendix J, Table J.28 and Fig. J.20).

Key body measurements affecting fit. Multiple regression for

predicting fit from body dimensions was conducted to determine if any
body measurements could be considered good predictors of fit. Height
was identified as the only body variable predictive of fit (see Appendix
J, Table J.33). A1l other body measurements were highly correlated
considering the loose fit of the garment so no single one could be
identified as being more predictive of fit than the others (see Appendix
J, Fig. J.25).

Ease requirements for satisfactory fit. When ease requirements
were analyzed results were conflicting. Some ratings for minimum ease
were greater than those for maximum ease. In some sizes, the required
dimensions of the garment for good fit was reported to be less than the

actual body dimension. One possible reason for these conflicting
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responses is that the subjects’ perception of static fit was influenced
by their ability tb move in the garments.

Effect of design on fit of protective coveralls. A1l three
styles -- set-in sleeve, yoke with cut-on sleeve and raglan sleeve --
were manufactured to specifications that met the proposed revision to
the ANSI/ISEA 101-1985 sizing standard for limited-use protective
coveralls. However, meeting the standard requires only that garments
meet or exceed stated minimum dimensions. No provision is currently
made for controlling a maximum dimension.

General observations of the styles showed the yoke sleeve style to
be the best fitting in the smaller sizes and the set-in sleeve style in
the larger sizes. Excluding the XSmall size, these two sizes were also
the most consistent across all other sizes (see Appendix J, Fig. J.21).
The major differences in dimensions for the three styles occurred in the
biceps area. The thigh dimensions also differed, but not as much. The
body length varied some but the chest dimensions of all three styles
were similar (see Appendix J, Figs. J.1 - J.6).

Measurements of the test garments differed in all ANSI/ISEA
specified dimensions as well as in sleeve style (see Appendix J, Tables
J.36 - J.42). Consequently, it was not possible to evaluate the effect
of sleeve style because the other portions of the coveralls were not
consistent with one another.

Conclusions and Recommendations

The proposed revision to ANSI/ISEA 101-1985 Men’s Limited-Use and
Disposable Protective Coveralls - Sizing and Labeling Requirements added
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two sizes to the current standard, one at each end of the size range.
The addition of these two sizes was an attempt to fit larger size males
and to make the coveralls fit the female population also. Results of
wear tests of the garments made to the proposed revision of the sizing
standard indicated that the two added sizes did not fit as well as the
previously existing sizes.

Generally, subjects wearing the garments rated all the XSmall sized
garments as too large and the yoke sleeve style of the 3XLarge as too
small in the shoulder/biceps area. The raglan style sleeve was rated
large in the XLarge and 2XLarge sizes. Comparisons of body dimensions
and garment dimensions also revealed that the garments in the largest
sizes were too short in the body. Ratings on fit were sometimes
conflicting with comparisons of body and garment dimensions. This may
have been a result of subjects being unable to separate static and
dynamic fit after having completed the exercise protocol. If further
investigation of static and dynamic fit is conducted, it is recommended
that static fit be evaluated before exercising so the ability to move in
the garment does not confound the perceptions of static fit. The
questionnaire could also be revised so there would be an equitable
number of items assessing upper body fit, lower body fit, and overall
fit and function.

Since fit was not as satisfactory in the extreme sizes of the
sizing standard, it is recommended that either the dimensional
specifications for these sizes be adjusted or the size blocks that each
size is designed to fit be revised. One recommended revision to the
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size blocks would be to expand the XSmall size block on the bi-variate
height/weight chart to

include part of the current Small size block. Further investigation
with these specific objectives would help clarify the necessary
modifications.

The proposed revision to the ANSI/ISEA 101-1985 sizing standard
includes a bi-variate height/weight chart to be used for selecting the
proper sized coveralls (see Appendix B). Multiple regression analysis
on predicting fit from body dimensions across all sizes did not identify
any body variables other than height as significant predictors of fit.
Therefore, no recommendations can be made for using additional body
measurements to select a better fitting garment.

Development of a standard defining minimum, optimum, and maximum
ease for satisfactorily fitting garments could lead to better fitting
garments. Current standards identify only minimum dimensions for
garments (see Appendix A). Therefore, garments that are overly large
may pass the standard testing for smaller sizes and qualify for
ANSI/ISEA certified labeling. No provision is currently made for
controlling maximum dimensions of the garments. It is recommended that
minimum and maximum dimensions be specified by the standard. That would
allow individual manufacturers a range so they could maintain their
specific type of fit yet assure the customer that the garment would not
be overly large or small. Additional research on minimum, optimum, and

maximum ease in addition to anthropometric data on subjects falling
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within each size block would help provide more definitive results which
could lead to recommended body dimensions for each size.

Analysis of the effect of sleeve style was not possible with the
garments obtained for this research project. In order to evaluate the
effect of sleeve style on the garment, all other dimensions 6f the
garment would need to be held constant. The test garments for this
research were donated by three manufacturers and were made from their
own patterns and to each individual companies regular coverall
dimensions except for the addition of two sizes. It is recommended that
additional research be conducted for the purpose of evaluating the
effect of the sleeve style. To control for all body dimensions, it
would be ideal to use one master pattern for all three styles and make
the necessary modifications to produce each of the sleeve styles. That
way, the responses to the questionnaire would be evaluating the effect

of the sleeve change and not some other body variable.
Suggestions for Further Research

The findings of this research identified several areas that could
be investigated in further studies. The method for determining minimum,
optimum, and maximum ease could be explored using garments designed with
varying amounts of ease. It was difficult to get definitive results
with garments designed to be as loose fitting as those used for this

research. Refining the method by testing it with close fitting garments
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as well could help establish a method for determining the necessary
functional ease required by the designated purpose of the garment.

The effect of design on the fit and function of the garment could
be further explored by evaluating garments that are constructed exactly
to specified dimensions except for the area under investigation. Static
and dynamic fit measures could be used to evaluate the design feature in
question.

The question of whether dynamic fit is a measure of fit or a
measure of restriction could be investigated. Using dynamic fit to
evaluate the function of a garment provides useful information, but
overly large areas of a garment may not produce adverse ratings
pertaining to the function of the garment. Therefore, the method of

evaluating dynamic fit may need to be expanded so it is more definitive.
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for personnel proleclion -

men’'s limited-use and disposable
protective coveralls -

size and labeling requirements

K Approved September 9, 1985

Secretariat: Industrial Safety Equipment Association J
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1. Scope, Parpose, and Application 2. Delinitions

coverall. A protective ganment designed 1o be worn

1.1 Scope. This standaid establishes mininnan size
over other clothing. (See Figuse 1 for an exammple.)

requlicinents formen’s limited-use and disposable pro-
tective coveralls. It also establishes minhmun fabieling

and packaging sequireiments for these garments. disposable. A product that Is intended 1o be disposed

of sather than sefwibished or cleancil.

1.2 Purpasc. This standand is Intended to provide mini-
min sequirements for linished ganment duncasions,
labeling, and packaging of men’s limlied use and dis-
pusable protective coveralls. Gannents that mect the
tequlicments of this standard will provide the nser
assuance of the mindmuom level of fit. b addition, the
Infoapation provided by the labeling and packaging

fabuic identification. The mune of the {iber or the se-
glstered trade name of the fabile.

finishicd dimensions. Mcasurciments of the completed

gaunent.

limited use. A praduct that is intended 10 be warn fur

requeisements will provide the user with lnfoumalion
huportant to workes safety.

1.3 Application. 1tis specifically intended that wtiliza-

ton ol anly 2 portion or part of this standaed is pro-
hibited.

one o1 seveial wearings pilor to disposal.

shall. ‘The word “shall’ denotes a mandatony sequbie.

went.

should. ‘The word “should®” deanotes a reconumendation,

An Amerlean Hatlonal Standand limplics 8 consensus of thos
Standard Is intcuded o 3 gulide ta ald the manufacturer, the consumer, and the pencsal public. The exlsicice of an Amerlcan Natlonal Stan-

¢ subistuntlally concerned with lis scope and provisions. An American Natlonal

dand dues not In any tespeet prechte anyone, whether he has approved the standard or not, frousimanufacluding, maketing, puichasing, ar
wslop products, processes, or pracedutes nat confosmlng to the standard. Amcrican Natlonal Standands are subject to pesiodic seview amd

uscrs ate caulloned o oblain the latest editlons.

.
The Amesdean Hathonad Standards Insthute docs ot develop standanls and witl In no chicumstances give an lnterpictation wf any Ameslcan
Natlonal Standand. Mutcaver, no persan shall have the tight o1 autharlty 1o ksuc an dnterpictation of sn Amcrlcan Nattonal Standaid In the

name of the Amerlcan National Standards Institule.

CAUTION NOLICF: This Amerdean Natlonal Standard may be sevised or withdiawn at any thie, The procedutes of the Awmeddcan Natlonal
Standarde Instiinie requite that action be taken to gealtivm, sevise, o wlthdiaw this standaid no Jates than five years from the date of ap-
proval Paachasers of Amerdean Natlonal Standasds may secelve conent Information on all standaids by calling or willing the Ametlcan Na-

Copyright © 1905 by m Amarican Natlonst Standmdy tnstiiite, 1430 Deosdway, Now York, N.Y, 10018 ANSIIMEIRS /A
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Figure |
Measurement Locations for Coveralls
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‘Table 1
Minimum Finished Dimensions of

Limited-Use and Disposable Protective Coveralls

) ) ) “) (5) (6) M
Sleeve *
Ouiscam Fintshed
from Front
Leg Cenler Ny Sleeve Leg Opening
Sire Chest Inscam Dack Length Opening Opcening Length
Small 21172 27-1/2 312 3s 6-1/2 9-1/2 2912
(S) (54.6) 69.9) (RO.0) (R8.9) (16.5) (24.1) (714.9)
Medivm 23-1/2 28 32:1/2 36 17 10 29-1/2
(M) (59.7) oL (R2.6) (91.4) (11.8) (25.4) (714.9)
Iape 25-1/2 29 3342 3 7 10 30
o) (61.8) (13.7) (R5.1) (94.0) (17.8) (25.4) (76.2)
X lupe 27-1/2 29-112 15 JR-1/2 7 10 30-1/2
(X1) (69.9) (714.9) (R8.9) (97.8) (17.8) (25.4) (11.5)
XX large 29-1/2 30 36-1/2 39 7 10 N
(14.9) (76.2) 92.7) 99.1) (17.8) (25.4) (78.7)

(XX1)

NOTE: All dimensions without parentheses are in Inches. All dimenslons within parentheses are in

cenlimeters.

3. Minimum Size Reguirements

3.1 Mensurements. Finished garments shall be nea-
sured in the seven locations described in this subsection
and Hlusteated in Figuie 1. Al mecasurements (in cither
inches or centimetess) shall be taken with the garnment
lying flat on a hard horizontal sutface. To establish
center back point, locate the center back scam (if any)
at the top of the neckline o1 fold the garment so that
the sleeve ends meet. The center back polnt is at the
Junction of the fold and the top of the neckline.

NOTE: The following numbers carrespond to the nunshers
uscd in Viguie | and Jable ).

(1) Chest. Measure from 1 inch below the base of
the annhole, across the chest fiom folded edge 1o
folded cdge.

(2) Leg Inscam. Measwie from the center of the
crotch seam, down the leg inseam; to the leg bottom.

(3) Sleeve Outscam Length from Center Back 'oint.
Measure fiom the center back polal to the top edge of
the slecve end.

(4) Body Length. Measure fiom the 1op of the neck-
line at the center hack point to the crotch seain with
the coveralls flat and front side up.

(5) Sleeve Opening. Flatten the sleeve and measure
from one folded cdge to the other folded edge at the
sleeve end.

(6) Leg Opening. Flatten the keg and measuie from
one folded edge to the other fbided edge at the leg end.

(7) Finished Front-Opening Length, Measure from
the center back point 1o the hottom of the front open-
ing with the coverall that and front side up.

3.2 Minimum Dimension Requirements. Each of the
seven measurcments shall equal or exceed the dimen-
sions listed for the appropiiate size in lable 1.

4. Minimum Labeling Requirements

4.1 Each garment shall be marked legibly and in a
conspicrous position using a sewn-n lahel, contact
label, stamp, o1 other equivalent method.

4.2 For each ganment, the following infonmation shalt

be provided:

(1) Name of manufacturer or other means of identi-
fication of the manulactuier

(2) Sire ’

(3) Statement of compliance with this standard

(4) Fabric identification

5. Minimum Packaging Requireinents

5.1 Each package shall be marked legibly.

5.2 The following information shall be provided on
the package:

(1) Name of manufactuier or other mcans of ldentl-
fication of the manufactuser

(2) Number of ganments in the package

(3) Size v
(1) Statement of compliance with this standadd

(5) Fabric idemtification

ANSI/ISEA 101-1985
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Sizing Chart for Limited Use and
Disposable Protective Coveralls

Height=(t./in.
6'g” T
6'6" |—
G4 — <
SN N \ 3xy
B \\ZXL\\\\\
s AR
510" [~ XL
48 | | 1 I | | | | I |
90 10 130 150 170 190 210 230 250 270

Weight in Pounds

290

Please Note: This chart is a quide for garment selection,
but proper fit varies with individual body shape and under

clothing. Test for proper tit belore use. Garment pertformance
depends on sclecting appropriale size.
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APPENDIX C

8 Thigh

6 —

Measurement Locations for Coveralls
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APPENDIX D
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APPENDIX E

SIZE PACKET NO. SUBJECT NO.
1. Age 8. Hip
2. Sex M F 9. Sleeve Length
3. Height 10. Bicep
4. Weight 11. Thigh
5. Shoulder Circumference 12. Girth
6. Chest 13. Inseam
7. Waist
Type of clothing worn: 14. Knit shirt 15. Dress pants
Woven shirt Blue jeans
Other Other
16. Race/Nationality Caucasian Black
Hispanic Oriental
American Indian Other
17. Do you ever use protective coveralls? Yes No
18. If yes, how often? Two or three times a year

Once a month

Two or three times a month
Two or three times a week
Every day

17. In what capacity?

Do you object to being videotaped? Yes No

(The tapes will be used for further evaluation of the coveralls. They may also
be used in a classroom setting to describe fit problems.)

Home County State —

Mailing address (Optional)

Address City State Zip
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APPENDIX F

FIT EVALUATION Subject No

Style R S Y
Please circle the number which corresponds
with your assessment of the fit
A\
o QJ‘\ ‘;\o“ oo ‘o(‘ﬁ i“"‘ QJ" - -\'\q‘\‘ oo': ‘J“\
0(\ AL - EX ‘\Q“‘ ¢ h) 6“ o o 0 X ‘“‘ . e |
49° < - "-\‘\ w“" * - ‘“\ A v 40° ‘N‘; \J‘\‘\:o-‘ » . ‘\\\d’ &
1. The sleeves were: 1 2 3 4 5 .12 3 4 5
3. The legs were: 1 2 3 4 5 . 1 2 3 4 5
S. The body length was: 1 2 3 4 5 . 1 2 3 4 5
7. The chest area was: 1 2 3 4 5 1 2 3 4 5
9, The hip area was: 1 2 3 4 5 1 2 3 4 5
€
,q('" .Q(& o < ) \‘.th
134 \"
The coverall: @ ‘O\é“v"' 3 s‘uf“
10. was difficult toputon . . . . . . . . . .. .. 1 2 3 4 5 6
11. was binding across the shoulders . . . . . . .. 1 2 3 4 5 6
12. was binding in the body area . . . .. ... .. 1 2 3 4 5 6
13. restricted arm movement . . . . . . . . . . ... 1 2 3 4 5 6
14. restricted overhead reach . . . . . . . . .. .. 1 2 3 4 5 6
15. restricted forward reach . . . . . .. . .. .. 1 2 3 4 5 6
16. restricted bending from the waist . . . . . . . . 1 2 3 4 S 6
17. restricted leg movement . . . . . . . . . . . . . 1 2 3 4 5 6
18. restricted kneeling . . . . . . . . . . .. ... 1 2 3 4 5 6
19. restricted combined kneeling & bending . . . . . 1 2 3 4 5 6
20, fits well . . . . . . L. e e s e e e e e e e 1 2 3 4 5 6
21. 1 could easily perform my job wearing this coverall Yes No
22. If not, I felt the coverall was Too Large Too Small

Additional comments:
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APPENDIX G

INFORMED CONSENT FORM

The Evaluation of Fit of Limited Use Protective Clothing
Manufactured to a Proposed ANSI/ISEA Sizing Standard

Principal Investigator (PI): Dr. Vera B. Keeble

Environmental conditions often require workers to come in contact with hazardous
materials. Protective clothing shields the workers from these environmental
risks. The fit of these garments may adversely affect body mobility and
consequently the ability to perform the job. The purpose of this research
project is to evaluate the fit of protective clothing manufactured to a proposed
revision of ANSI/ISEA 101, 1985 Sizing Standard. Three companies have supplied
their standard Tyvek coverall with zippered front, regular collar and no elastic

at wrists or ankles for testing.

Subjects will be selected on the basis of height and weight as specified by the
proposed revision to the sizing standard. At least ten subjects per size will
wear each style suit while performing tests to evaluate static (stationary body
stance) and dynamic (moving body) fit. Measurements to be taken are: height,
weight, inseam length, arm length, shoulder girth, vertical trunk circumference,
and chest, hip, waist, thigh and upper arm circumference. The garment size will
be selected for each individual based on their height and weight. An
instructional video that explains the project and the exercise protocol will be
viewed by subjects. Then they will don the protective coveralls over their street
clothes and perform the exercise routine. The exercise wear test is a series
of body movements designed to incorporate typical work postures and movements.
Some subjects will be video taped while performing the exercise routine. Faces
will be covered for subjects who wish to preserve their anonymity. Subjects will
complete a form which identifies how the garments fit.

Subjects will be assigned a code for identification and will not be identified
individually at any time. Only group data will be used for publication and
presentations based on this study.

The entire process will take approximately 30 min. Participation is voluntary
and subjects may withdraw consent and terminate the test at any time.

Participants may keep all three protective coveralls they test. The use of
these garments is not recommended in high heat and humidity. If you experience
discomfort under these conditions you should remove the suit.

Any inquiries concerning the project will be answered by Vera B. Keeble.
You may also contact DR. E. R. Stout, Chairman of the Institutional Review Board
at Virginia Tech. He oversees the rights of participants in research studies.

His number is (703) 231-5281.

Participant, Signature and Date PI, Signature and Date
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APPENDIX H#*

SHOULDER CIRCUMFERENCE

6 Definition: The horizontal circumference of the

body over the deltoid muscles. The

subject stands erect, looking straight

- ahead, arms relaxed at the sides, heels
.. together, and weight distributed equal-

ly on both feet.

0
| Application: General body description;

Sizing of clothing and personal pro-
' tective equipment;

Workspace layout.

CHEST CIRCUMFERENCE

Definition: The horizontal circumference of the
chest at the level of the nipples.
The subject stands erect, looking
straight ahead, heels together, and
weight distributed equally on both
feet,

Application: General body description;
Sizing of clothing and personal pro-
tective equipment;
Workspace layout;
Equipment design: upper torso re-
straint systems and rigging.

WAIST CIRCUMFERENCE

Definition: The horizontal circumference of the
trunk at the level of the waist land-
marks. Subject stands erect, looking
straight ahead, heels together and
weight distributed equally on both
feet.

Application: General body description;
Sizing of clothing and personal pro-
tective equipment.

*Reprinted from NASA Anthropometric Source Book, Volume I:
Anthropometry for Designers.

127



BUTTOCK CIRCUMFERENCE

The circumference of the hips at the
level of the maximum posterior pro-
trusion of the buttocks. The subject
stands erect, looking straight ahead,
heels together, and weight distribu-
ted equally on both feet.

Definition:

Application: General body description;
Sizing of clothing and personal pro-
tective equipment.

SPINE-TO-WRIST LENGTH (SLEEVE LENGTH)

Definition: The surface distance from the spine
to the wrist landmark. The subject
stands, arms horizontal, elbows flex-
ed about 60 degrees, fists clenched
and touching, and shoulders relaxed.

Application: Sizing of clothing and personal pro-
tective equipment,

BICEPS CIRCUMFERENCE, FLEXED

Definition: The circumference of the arm at the
level of the biceps landmark. The
subject stands with his elbow bent at
90 degrees and the biceps maximally
flexed.

Application: General body description;
Sizing of clothing and personal pro-

tective equipment.
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THIGH CIRCUMFERENCE

Definition: The circumference of the thigh at
the level of the gluteal furrow.
The subject stands erect, heels ap-
proximately 10 cm. apart, and weight
distributed equally on both sides.

Application: General body description;
Sizing of clothing and personal pro-
tective equipment.

VERTICAL TRUNK CIRCUMFERENCE

Definition: The circumference of the trunk mea-
sured by passing a tape between the
legs, over the protrusion of the
right buttock, and up the back to lie
over the midshoulder landmark. The
other end of the tape 1s brought
up over the right nipple to the
midshoulder landmark. The subject
stands with the legs slightly apart.

Application: Sizing of clothing and personal pro-
tective equipment;
Equipment design: length of straps
and webbing for restraint systems and
rigging.

CROTCH HEIGHT

Definition: The vertical distance from the stand-
ing surface up into the crotch until
light contact 1is made. The subject
stands erect, heels approximately 10
cm. apart, and weight distributed
equally on both feet.

Application: Sizing of clothing and personal pro-
tective equipment.
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APPENDIX I
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APPENDIX J
TABLE J.1

Demographics of Sample

Size Total Males Females Age Racial
Number Range Groups
XS 4 0 4 20-29 4
S 21 2 19 15-64 3
M 22 5 17 25-68 2
L 35 24 11 21-65 2
XL 37 35 2 15-75 3
2XL 33 31 2 19-69 2
3XL 14 13 1 19-67 2
TOTAL 166 110 56 15-75
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TABLE J.4

Racial Mix of Sample

Racial Group Total Number
Caucasian 130
Hispanic 1
Black 25
Oriental 6
Other 1
No Response 3
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Body Length Dimensions

Figure J.1.
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Figure J.4. Sleeve Outseam Dimensions
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TABLE J.43

Minimu, Maximum, Optimum East for Chest

SIZE MAXIMUM OPTIMUM MINIMUM
N AVG N AVG N AVG
(cm) (cm) (cm)
XSmall 6 29.0 4 31.5 0 0.0
Small 9 29.1 49 28.9 24.7
Medium 12 29.0 50 20.5 27.9
Large 19 36.2 74 37.3 10 36.5
XLarge 22 44.5 75 41.5 9 38.7
2XLarge 24 45.3 56 44.6 40.1
3XLarge 6 49.0 25 41.3 7 38.8
TOTAL 98 39.1 333 36.0 35 35.6
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TABLE J.44

Minimum, Maximum, Optimum Ease for Hip

SIZE MAXIMUM OPTIMUM MINIMUM
N AVG N AVG N AVG
(cm) (cm) (cm)
XSmall 7 24.5 3 22.2 0 0.0
Small 11 22.9 43 19.6 17.4
Medium 11 24.2 47 21.7 7 16.0
Large 17 34.9 72 32.5 12 32.5
XLarge 25 39.6 74 38.1 7 33.7
2XLarge 25 43.4 48 43.1 14 44.2
3XLarge 8 44.3 21 45.0 2 41.2
TOTAL 104 35.0 308 32.8 49 30.2
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TABLE J.45
Minimum, Maximum, Optimum Ease for Body Length

SIZE MAXTMUM OPTIMUM MINIMUM
N AVG N AVG N AVG
(cm) (cm) (cm)
XSmall 5 22.1 0 0.0 0 0.0
Small 3 24.9 19 18.8 18 17.5
Medium 6 11.6 37 9.9 12 10.6
Large 6 13.1 55 6.4 32 3.1
XLarge 7 13.2 57 9.8 26 7.4
2XLarge 8 - 5.1 35 10.4 35 - 3.8
3XLarge 2 - 4.0 12 - 4.2 14 - 8.9
TOTAL 22* 14.3* 168* 9.7* 88* 8.5*

*Sizes S, M, L. and XL
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TABLE J.46

Minimum, Maximum, Optimum Ease for Biceps

SIZE MAXIMUM OPTIMUM MINIMUM
N AVG N AVG N AVG

(cm)_ (cm) (cm)
XSmall 7 23.0 3 20.5 0 0.0
Small 19 21.1 37 19.5 3 20.2
Medium 15 19.7 39 13.5 10 15.9
Large 31 18.9 65 17.1 6.8
XLarge 34 23.0 63 17.4 11.0
2XLarge 26 19.6 50 13.9 12.0
3XLarge 8 21.3 19 14.2 14.4
TOTAL 140 20.7 276 16.2 45 13.5
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TABLE J.47

Minimum, Maximum, Optimum Ease for Thigh

SIZE MAXTMUM OPTIMUM MINIMUM
N AVG N AVG N AVG
(cm) (cm) (cm)
XSmall 4 13.9 1 10.2 0 0.0
Small 21 15.5 38 13.3 3 12.3
Medium 15 12.9 43 13.6 12.3
Large 29 16.6 62 13.6 12 14.0
XLarge 33 19.6 67 16.9 8 15.9
2XLarge 26 18.3 45 10.9 15 20.3
3XLarge 9 19.2 21 20.9 8 20.5
TOTAL 142 17.0 237 16.9 52 16.8
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TABLE J.48

Demographics of Video Taped Subjects

Gender/ XS S M L XL 2XL  3XL  Total
Size

Male 0 0 0 2 2 5 1 10
Female 0 1 2 4 0 0 0 7
Total 0 1 2 6 2 5 1 17
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