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PREFACE

Body size information on both men and women of the U. S. Army is available in
the form of data from several major anthropometric surveys carried out during the past
31 years. Questions are frequently raised concerning changes or increases in body size
over a period of time. With the increasing numbers as well as importanze of women
in the Army, questions regarding the differences in body size and proportions between
men and women also are asked with increasing frequency. In order to facilitate reference
to anthropometric data in answering such questions, U. S. Army anthropometric data
collected between 1946 and 1977 have been collated and analyzed for presentation in
this report.
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UNITED STATES ARMY ANTHROPOMETRY: 1946—1977
1. INTRODUCTION

For some years, body size information in the form of anthropometric data have been

_ utilized in military research and development programs. Knowledge of body size and

proportions is essential for the design, sizing and tariffing of military clothing and personal
equipment. Of even greater importance is the fact that anthropometric data are required
as a basic input in the human engineering of military equipment systems: vehicles, aircraft,
and various weapons systems. The anthropometric measurement of the military population
provides the basis for a metric description of that population in terms of the ranges of
variation in body size. Anthropometric data then may be applied in order to achieve
accommodation, compatibility, integration, safety, improved performance and logistic
efficiency in man/equipment systems.

In the 31-year period between 1946 and 1977, several major anthropometric surveys
have been carried out on U. S. Army personnel, both men and women. Army men have
been measured three times (1946, 1966, 1977), Army women have been measured twice
(1946 and 1977), and Army aviators have been measured three times (1959, 1967, 1970).
In the course of these surveys, a considerable amount of anthropometric data has been
accumulated on the U. S. Army population. These data have been published in a large
number of technical reports.! However, comparisons of data in order to examine
differences or trends in body size are difficult when it becomes necessary to refer to
several separate sources of information.

The purpose of this report is to collate and synthesize the U. S. Army anthropometric
data collected during the last 31 years and to present these data in a standardized format.
With such a presentation, it is possible to analyze changes in body size in the Army
population over a period of time. More importantly, anthropometric data for Army men
and women may be examined and compared as a basis for design and sizing criteria for
clothing and materiel which may be required for use by both men and women.

'White, R. M. An annotated bibliography of U. S. Army anthropology (1947-1977).
Technical Report NATICK/TR-78/012, U. S. Army Natick Research and Development
Command, Natick, Mass., 1977. (AD A060 939)




2. THE ‘). S. ARMY ANTHROPOMETRIC SERIES

The anthropometric data presented in this report are based upon six series: Army
men — 1946: Army women — 1946; Army men — 1966; Army men (basic tiainees) —
1966; Army women — 1977; and Army men (basic trainees) — 1977. Anthropometric
data on U. S. Army aviation personnel will not be included in this report.

a. U.S. Army Men — 1946

A major anthropometric survey of U. S. Army men was carried out by the
Quartermaster Corps in 1946 under the direction of Francis E. Randall. In this survey,
105,062 men were measured at six spearation centers; of the total, 96,381 men were
World War |l separatees and 8,681 men were new inductees. Sixty-six body measurements
were obtained on all individuals. This was the first extensive Army anthropometric survey
to be conducted primarily to provide body size data for the design, sizing and tariffing
of military clothing and personal equipment. The tremendous volume of data accumulated
in this survey proved difficult to process in detail with punched cards before the use
of high-speed computers and magnetic tapes. Consequently, data on a selected sample
of approximately 25,000 men were utilized as a "working series’’ for the 1946 Army
men. A large number of technical reports have been published on these data and their
applications for clothing; these may be found in the annotated bibliography published
by White in 1977.2 A report on the methodology of this survey by Randal! and Baer
was published in 1947;3 this was subsequently republished in a revised edition by Newman
and White in 1951. The 1946 anthropometric data on men were published in 1951 by
Newman and White in a report containing bivariate charts and regression tables.*

2¢ee reference 1.

3Randall, F. E., and M. J. Baer. Survey of body size of Army personnel, male and female;
Project No. E—59-46, Phase |, Report No. 1 — Methodology. Report No. 122, U. S.
Army Quartermaster Climatic Research Laboratory, Lawrence, Mass., 1947. Revised
edition by R. W. Newman and R. M. White published in 1951. (AD 149 458)

4Newman, R. W., and R. M. White. Reference anthropometry of Army men. Report

No. 180, U. S. Army Quartermaster Climatic Research Laboratory, Lawrence, Mass.,
1951. (AD 149 45)
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b. U. S. Army Women — 1946

In the anthropometric survey carried out by the Quartermaster Corps in 1946, 8,864
U. S. Army women were measured at three Army separation centers. The women included
5,216 Women's Army Corps (WAC) officers and enlisted women, ard 3,648 Army nurses.
Sixty-five body measurements were taken. A report by Randall on the methodology of
this survey was published in 19475 while the data on women were published in 1949
by Randall and Munro in a report containing bivariate charts and regression tables.® In
the first publications of the data, all of the measurements taken on women were not
analyzed. Consequently, the 1946 anthropometric data on Army women subsequently
were transferred from punched cards to magnetic tape in 1972 and the data were edited
through the use of computer programs. As a result, anthropometric data for all of the
body measurements taken now are available on 8,100 women; the change in the total
from 8,864 to 8,100 women was the result of the elimination of faulty data in the original
punched cards.

c. U.S. Army Men — 1966

As a part of the U. S. Armed Forces anthropometric surveys of 1966, a total of
6,682 Army men were measured. The Army series included basic trainees (40%),
infantrymen (51%), armored crewmen (7%), and a small group of Army aviation personnel
(2%). The men were measured at twelve Army installations throughout the United States
between November, 1965 and April, 1966. Seventy body measurements were taken on
each man. The anthropometric data from this survey represent the first major updating
of body size information of U. S. Army personnel since the Quartermaster survey of 1946.
A report on the 1966 survey of Army men was prepared by White and Churchill and
published in 1971.” Changes in the body size of Army men between 1946 and 1966
were discussed in this report.

SRandall, F. E. Survey of body size of Army personnel, male and female; Project
E—59—-46, Phase 4, Report No. 1 — Methodology and general considerations (female).
Report No. 123, U. S. Army Quartermaster Climatic Research Laboratory, Lawrence,
Mass., 1947. (AD 209 809)

SRandall, F. E., and E. H. Munro. Reference anthropometry of Army women. Report
No. 149, U. S. Army Quartermaster Climatic Research Laboratory, Lawrence, Mass., 1949,
(AD 209 837)

"White, R. M., and E. Churchill. The body size of soldiers: U. S. Army

anthropometry—1966. Technical Report 72—51—CE, U. S. Army Natick Laboratories,
Natick, Mass., 1971. (AD 743 465)

1




d. U. S. Army Men (Basic Trainees) — 1966

The 1966 anthropometric survey of U. S. Army men included the measurement of
2,639 basic trainees. Seventy body measurements were taken on each man. The basic
trainees of 1966 included both draftees and Regular Army enlistees. Since they were
just beginning their Army training, they were a young group of men with less than one
month of service. The anthropometric data for basic trainees were presented in the
technical report on the 1966 Army survey.®

e. U.S. Army Women — 1977

An anthropometric survey of U. S. Army women was conducted between November,
1976 and February, 1977, with women measured at Fort Sam Houston, Texas; Fort
McClellan, Alabama; Walter Reed Medical Center, Washington, D. C.; and Fort Jackson,
South Carolina. Anthropometric data for 69 basic body measurements were obtained
on a sample of 1,331 women. An additional 28 body measurements were taken on 255
women, and 31 head and face measurements were made on 216 women. In addition
to the conventional anthropometry, 14 workspace measurements were taken on 300
women, and 9 static muscle strength measurements were made on 349 women. The 1,331
women measured included 116 officers, 228 Army nurses, and 987 enlisted women. The
1977 survey of women resulted in the first updating of body size information on Army
women since the Quartermaster survey of 1946. The resuits of the anthropometric survey
were published in 1977 in a series of three reports by various authors.®+!'0/!!

8GSee reference 7.

9Laubach, L. L., J. T. McConville, E. Churchill and R. M. White. Anthropometry of
women of the U. S. Army-1977; Report No. 1 — Methodology and survey plan. Technical
Report NATICK/TR—77/021, U. S. Army Natick Research and Development Command,
Natick, Mass., 1977. (AD A043 715)

10 Churchill, E., T. Churchill, J. T. McConville and R. M. White. Anthropometry of women
of the U. S. Army—1977; Report No. 2 — The basic univariate statistics. Technical Report
NATICK/TR—77/024, U. S. Army Natick Research and Development Command, Natick,
Mass., 1977. (AD A044 806)

11 Churchill, T., E. Churchill, J. T. McConville and R. M. White. Anthropometry of women
of the U. S. Army—1977; Report No. 3 — Bivariate frequency tables. Technical Report
NATICK/TR-77/028, U. S. Army Natick Research and Development Command, Natick,
Mass.,, 1977. (AD A046 692)
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f. U. S. Army Men (Basic Trainees) — 1977

At the conclusici: of the anthropometric survey of U. S. Army women in 1977,
a sample of 287 Army men were measured. This group consisted of newly-inducted men
who were undergoing basic training at Fort Jackson, South Carolina. The opportunity
to obtain measurements on men made by the same technicians at the same time and
place, and using precisely the same measuring techniques, provided a unique source of
comparative data for the design of Army clothing, equipment and workspaces which,
increasingly, must accomodate the wide range of sizes represented by both sexes.
Fifty-seven of the 93 body measurements taken on women were made on the sample
of men, while 31 head and face measurements were taken on 102 men. In addition,
14 workspace measurements were made on 106 men, and 9 static muscle strength
measurements were made on 102 men. A report of the anthropometric data on the Army
men measured in 1977 was published by McConville, E. Churchill, T. Churchill and White
in 1977.'?

g. U. S. Army Aviation Personnel

U. S. Army aviation personnel have been measured in three anthropometric surveys.
In the first, carried out in 1959, 500 Army aviators were measured at four Army posts;
40 body measurements were taken on each man. The sample included commissioned
and warrant officers, and both fixed-wing and rctary-wing pilots were represented. This
was the first such survey on Army aviators. A technical report on the survey was published
by White in 1961.!3 In the second survey, 1,640 Army warrant officer candidate flight
trainees were measured at Fort Rucker, Alabama in 1967—1968; nine body measurements
were made. A report on this work was published by Schane et al., in 1969.'* In the
third survey, a sampling of 1,482 Army aviation personnel were measured at Fort Rucker,

12pcConville, J. T., E. Churchill, T. Churchill and R. M. White. Anthropometry of Women
of the U. S. Army —1977; Report No. 5 — Comparative data for U. S. Army men.
Technical Report NATICK/TR—-77/029, U. S. Army Natick Research and Development
Command, Natick, Mass., 1977. (AD A048 591)

!3White, R. M. Anthropometry of Army aviators. Technical Report EP—150, U. S.
Army Quartermaster Research and Engineering Center, Natick, Mass., 1961. (AD 363 357)

14Schane, W. P., D. E. Littell and C. G. Moultrie. Selected anthropometric measurements
of 1640 U. S. Army warrant officer flight candidate trainees. USAARL Report No. 6S--2,
U. S. Army Aeromedical Research Laboratory, Fort Rucker, Alabama, 1969. (AD
688 856)

13




Ersmee ..

Alabama in 1970. The series included enlisted men (crew chiefs, mechanics, door gunners),
warrant officer and warrant officer candidate trainees, warrant officer rated pilots,
commissioned trainees, and commissioned pilots; both fixed-wing and rotary-wing pilots ‘
were represented. Eighty-five anthropometric measurements were made on each individual.
The report of this survey was prepared by Churchill, McConville, Laubach and White and
published in 1971.'%

Due to different criteria of selection and training, U. S. Army aviation personnel are - |
considered to be a specialized segment of the Army population. Anthropometric data
on Army aviators show some differences from Army men in general. The anthropometry
of Army aviators is not discussed in this report; detailed anthropometric data on U. S.
Army aviators may be found in the referenced technical reports.

'3 Churchill, E., J. T. McConville, L. L. Laubach and R. M. White. Anthropometry of
U. S. Army aviators—1970. Technical Report 72-52—CE, U. S. Army Natick
Laboratories, Natick, Mass., 1971. (AD 743 528)
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3. MILITARY DOCUMENTATION OF ANTHROPOMETRIC DATA

In addition to publication in technical reports, U. S. Army anthropometric data now
are included in official documents published by the U. S. Department of Defense. Several
of these will be reviewed in order to indicate the anthropometric data which are presented.

a. Military Standard 1472

Military Standard: Human Engineering Design Criteria for Military Systems,
Equipment and Facilities (MIL—STD—1472), approved by the Department of Defense,
is mandatory for use by all Departments and Agencies of the Department of Defense.
This document was first published 9 February 1968. Anthropometric data in the first
edition consisted of 5th and 95th percentile values (in both inches and centimeters) for
measurements of men representing U. S. Air Force flying personnel (1950), U. S. Navy
aviators (1964), and U. S. Army separatees (1946). The second edition,
MIL—-STD—1472A, dated 15 May 1970, included 5th and 95th percentile values for
measurements of men representing U. S. Army personnel (1966), U. S. Navy aviators
(1964), and U. S. Air Force flying personnel (1967). The third edition, MIL—-STD—-14728,
dated 31 December 1974,'¢ presented anthropometric data in the form of 5th and 95th
percentile values for measurements of ground troops, aviators, and women. Data for ground
troops consisted of measurements of 6,682 U. S. Army men and 2,008 U. S. Marines,
both measured in 1966. Data for aviators were based on measurements of 1,482 U. S.
Army aviators (1970), of 1,649 U. S. Navy Pilots (1964), and of 2,400 U. S. Air Force
flying personnel (1967). The anthropometric data for military women consisted of
measurements of 8,100 U. S. Army WAC personnel and Army nurses, measured in 1946,
and of 1,905 U. S. Air Force WAF personnel and USAF nurses, measured in 1968.

The latest revision of MIL—STD—1472B consists of Notice—2, dated 30 May 1978.
In this document, the anthropometric data for ground troops include data on 287 Army
men (basic trainees) measured in 1977, as well as on Army men and U. S. Marines measured
in 1966. There have been no changes in the Army, Navy and Air Force data for aviators.
"The anthropometric data for women are based upon measurements of 1,330 U. S. Army
women and nurses, measured in 1977, and of 1,905 U. S. Air Force WAF personnel and
nurses, measured in 1968.

16Department of Defense. Military standard: Human engineering design criteria for
military systems, equipment and facilities. MIL—STD—1472B. U. S. Government Printing
Office, Washington, D.C., 31 December 1974,

15




I ——— I .

b. Military Standardization Handbook 759

A military standardization handbook entitled Human Factors Engineering Design for
Army Materiel (MIL—HDBK—759) was published on 12 March 1975.!7 This document,
developed by the U. S. Army Human Engineering Laboratory, provides basic information
on human factors engineering design for Army materiel. However, it is not intended
to be referenced in its entirety for mandatory use in procurement specifications except
for informational purposes. U. S. Army anthropometric data are included in this
handbook. The data consist of selected percentile values between the 1st and 99th
percentiles, given in both centimeters and inches. Data presented are for a total series
of 6,682 Army men, for 2,639 basic trainees, for 3,429 infantrymen, and for 489 armored
crewmen, measured in 1966; for 1,482 U. S. Army aviation personnel (1970); and for
8,100 U. S. Army WAC personnel and Army nurses (1946). A revised edition of
MiL—HDBK—-759 is in preparation in which the 1946 data on Army women will be
replaced and superseded by the new 1977 anthropometric data on Army women.

c. Engineering Design Handbook: Metric Conversion Guide

An Engineering Design Handbook: Metric Conversion Guide (DARCOM Pamphlet
706—470) was published by Headquarters, U. S. Army Materiel Development and
Readiness Command, dated 5 July 1976.'® This document pertains to the process of
conversion to the International System of Units (SI) or the “metric’’ system from the
English or “inch” system (U. S. customary units). In an example selected to illustrate
conversion from centimeters to inches or from inches to centimeters, U. S. Army
anthropometric data are presented in a table of percentile values in both centimeters and
inches; these data were taken from MIL—-STD-759.

17 Department of Defense. Military standardization handbook: Human factors engineering
design for Army materiel. MIL—HDBK-759. U. S. Government Printing Office,
Washington, D. C., 12 March 1975.

18Department of the Army. Engineering design handbook: Metric conversion guide.
DARCOM Pamphlet 706—470. Headquarters, U. S. Army Materiel Development and
Readiness Command. U. S. Government Printing Office, Washington, D.C., 5 July 1976.
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4. THE U. S. ARMY SOURCE DATA
a. Summary Tables of Anthropometric Data

U. S. Army anthropometric data for men and women measured between 1946 and
1977 are presented in 24 summary tables. The sequence of these tables is: U. S. Army
men — 1946, U. S. Army men — 1966, U. S. Army men (basic trainees) — 1966, U. S.
Army men (basic trainees) — 1977, U. S. Army women — 1946, and U. S. Army
women — 1977. Comparisons of body size between Army men of 1946 and 1966, between
Army women of 1946 and 1977, or between Army men of 1966 and Army women of
1977 may be made with reference to these data. The men measured in 1977 at the
conclusion of the anthropometric survey of Army women were Army basic trainees; since
any direct comparison of data should be made between similar groups, data for the 1966
basic trainees are included here in order to provide comparative data for an evaluation
of body size in these young men.

Two tables of data are given for each of these Army series. The first table contains
statistical values and the second table presents selected percentile values for the
anthropometric measurements. The metric system is used in the initial collection of
anthropometric data and all body measurements (except for weight) are made in
millimeters. Therefore, the first set of 12 summary tables shows statistical and percentile
values expressed in centimeters. Since conversion to and use of the metric system is
still in a transitionai phase in the United States, many users of anthropometric data are
not as yet familiar with data in centimeters. Consequently the second set of 12 summary
tables shows statistical and percentile values expressed in inches (U. S. customary units).

The summary tables presented here show all of the anthropometric data obtained
for each of the six representative series under discussion. These tables thus indicate the
source data which may be used for further analyses or applications. While all of the
anthropometric data have been published previously in technical reports, only the 1966
data on Army men and the 1966 data on basic trainees have been presented in the form
of summary tables. Most of these tables then have not been published before.
Anthropometric data for other specific samples of Army men, such as infantrymen or
armored crewmen, may be found in the published technical report on the 1966
anthropmetric survey of U. S. Army men.

Detailed information on definitions of the body measurements and on measurement
techniques may be found in the referenced technical reports. The locations of
measurements on the body and the methods of measurement also are illustrated in the
technical reports. Information on the terminology of body measurements may be found
in the Appendix (page 286) of this report.
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It should be emphasized that the anthropometric data presented in these tables
represent body measurements of men wearing only undershorts and of women wearing
only bra and panties; thus they are essentially nude body measurements.

b. Statistical and Percentile Values

Conventional statistical values for the anthropometric data are shown in the statistical
tables. These are: the number of individuals measured (N), the arithmetic mean (or
average) value for the measurement (Mean), the standard error of the mean (SE(M)}, the
standard deviation (S.D.), the standard error of the standard deviation (SE(SD)), and the
coefficient of variation, expressed as a percent (V(%)). The range for each measurement
is indicated by the minimum value (Min.), the maximum value (Max.), and the total range,
which is the difference between the minimum and maximum values. Finally, a stature
ratio is given. This is obtained by dividing the mean value for each measurement by
the mean stature for that series. The ratios shown in the tables may be converted into
percentages by multiplying by 100. A stature ratio of 0.520 for sitting height, for example,
indicates that mean sitting height is 52 percent of mean stature for that particular series.
The stature ratios thus serve as a useful basis for the comparison of body proportions.

Selected percentile values are shown in the percentile tables. These are: the 1st,
2nd, 5th, 10th, 25th, 50th, 75th, 90th, 95th, 98th, and 99th percentiles for each
measurement. However, due to the small sample size (287 men), only selected percentile
values between the 5th and the 95th percentiles are given for the 1977 U. S. Army
basic trainees. The 50th percentile value is the median value for each measurement. The
range in the percentile tables shows the difference or spread between the 1st and 99th
percentile values.

c. Tables of Statistical and Percentile Values in Centimeters

In the following twelve summary tables of anthropometric data, statistical and
percentile values are presented for: U. S. Army men — 1946, U. S. Army men — 1966,
U. S. Army men (basic trainees) — 1966, U. S. Army men (basic trainees) — 1977, U. S.
Army women — 1946, and U. S. Army women — 1977. Values are expressed in
centimeters for all of the body measurements, while weight is shown in kilograms and
age is given in years.

The body measurements in these tables are grouped under the following headings:
Weight, Standing Measurements, Sitting Measurements, Depth and Breadth Measurements,
Circumferences, Limb Circumferences, Surface Measurements, Head and Face
Measurements, Hand Measurements, Foot Measurements, and Age.

Similar summary tables of statistical and percentile values given in inches may be
found beginning on page 79.
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