ADAIDTSL 4198

O/

Best Available Copy

PHYSICAL PERFORMANCE TASKS

REQUIRED OF U.S. MARINES
OPERATING IN A DESERT ENVIRONMENT

Paul O. Davis
Arthur V. Curtis

‘Steven A. Bixby

November 1981

20030904005

0

9411-RLE

Institute of Buman Performance —————— E —/
E HIGHWAY EI FAIRFAX, VIRGINIA 22031 [] (703) 591-6200 : ™




PHYS ICAL PERFORMANCE TASKS
REQUIRED OF UNITED STATES MARINES
OPERATING IN A DESERT ENVIRONMENT

Paul 0. Davis, Ph.D.
Arthur V. Curtis, M.S.
Steven A. Bixby, B.S.

- November, 1981

INSTITUTE OF HUMAN PERFORMANCE
9411-R Lee Highway
Fairfax, Virginia 22031




S e s mm e e s o S e mm mm S S e e T e e e S mae S e S s M S S e S S S ew G S TR mw M mm DR ww e A o e me e s me e S mm g e e g
22 2 24 2t 4 1 F 2 4 1 2 2 2 X 1 2 1 2 2 2 LR AR R

W G G M S G WA SN S s G S SN TS S M T GES e MM NS G AW UM Ve G Swe GES S N mn G - — n - S ——— — —-—— - s e wm Sme e MEe e S s e W S
L+ 2+ 5+ - 5 2 2 2 2 22 & 2 1 5t ki

Lrs-r of Tab'esootoooo.ocooonacooooocooaoao.co-co-aoo-l-
Lis-f- of F'guresco‘00000001.ocﬁocooooc-aooonn.ccoeo.-o'oo
Abs*rac+oc.oocoooo-o..ooooocooooooooooooacn---cooooo-o.
ln.rr.oduc.rlonoouu.-oa..nooo-.-n-.a---oo.-nooo'-o--otl‘oo
S-‘-udy Purposeooooonconto.oooooooooooooro.oooooo,o.cctoo
Background.............C......I.'......................
Rela*ed Sfud'esocooooonco-oan.oo-f-o-ooocooooouoooooooo
Me*hodologyooooooo-ooooooooooooc-oooooco--ooooooooocc.olo
Slfe sslec*'onoooccoooooooco:o.oo-'ooooooooooooooo-cooo1o
Ba*fallon Selecf'on....0'...0...‘.0...00.l'.t.l..!.‘...11
Liason with 2nd Battallion, 2nd Marineseccceccccccccccssei]
NHRC Parfc'pa*lonnccooou-ooooocoocoooooc'oaoo-oocoooo-c13
Observation Team Tra‘nlng"""""""""""""""13
Preliminary Work at Quantico, Virginfacsssscrsecsrccccei]y
Recording and Reporting Categorlesesccccceccccccsccscrecsiy
Data Collection/Recording Equipment***s*teccccceccrcccer]}
Physlological Tes-'-lng af NHRC..-.oooonoooooocoocotoooon‘&
Determination of Percent Body Fate*c ccccsccceccccccccif
Resting Blood Pressure and EKG******crrecrecccccccccrscip
Aerob'c FI-rness Assessmen1—.'|0.0..00......0...00...000'17
Neuromuscular Fitness Assessmentecccccccccccerccccvcrccety
Observation at Twentynine Palms*®****csrcceccccrccrocccsig
Resu|fs.cooco.ooo-coo-o-aoo.ooo.coooc'-cuooooooooooo-ucz5
Physical Fitness Test Results® e sccccsscsscccccces?’
Laboratory Evaluation Resultsecccccscreccrcccccccnccseelh
F'eld observaf'on Da-’-aoooooo-uooco'oooococooccoooaotntnza
'Diseusslongooooccooocooo..o'.nooc-ooooo.ooo.oocco.cocoa46
Cr'*'ca‘ Tasksooooocooooonooooooc-oooownoo--onooo-cooto46
Fire Team RuUShe@seccteerstssccssccscssscsssccsscssvcsscsscgg
Movemen-‘- by Hel'Copferoo.ooo.o'oo‘-ooo--ooooo..uoco.ooo48
Frequen?|y Performed Tasksesoervsocosscsccseccsssrnscacys
climb’ Load’ Llf* and Carryoooooanoc...c--oo-.o-oo---.o49
D'gg'ngocon-oonco.ooo-ooooo-voooo..u.coo.oc009000-0000049
wa'king/Mal’Chlng""'"""'"""""""""""""'50
Env'ronmen*al Overlays-coooo'-ta-oo-o..o-ooooooooo'oonoso

Hea.rtoOol......O‘o..o..0..u..ooo.oool.ol.o".o'o...lo.t50

~NOoOOoONoOV\U W

e o o o ¢ o
BUWN - N —

N —

* s o
WN —

Wa1-erl"'oo...0...‘..oocn.-.oo.lcooolacnl-000000000000051

Deriving Physical Fitness Standards***c**cccccccccccesech]

Summary‘.O.lo..l.o.c..00.'.0....cooci000000000000‘0005053

Bib|IOgl"aphy"“'“""""""'"""""""""""‘55

OCUIBUVIWULNNNN—D 2 CcOUNCLCOONNNNSNGGUVIVUVIE UWN 2O WN —=O
. L] .
N —

Vs APLLBALELELAEBRAUVWWULHULNNNRNNRNNNNNNNNRNRN - - a

e o o o & ® & ® e & & & B e * & S S ¢ & & G S & 6 & e s @ .« & @ * & e * e

TABLE OF CONTENTS 2




LIST OF TABLES

Dafa En*ry Sys+em for Tape Recorderso.oc-oooo-oooooooo-ooooooooo--ocl4
sublec* PFT scoresocooonooooooocooooooococo.oocooooooccooo..o.aocnoozs
SubJeC+ An*hropomefric Prof'leooo-c.Oooo..oooonoc.00000000000000000026
subJec+ a* Res+oocoo-oooco-.cooo.ocoo.n.occ-oo'o-oooooo-o.ooooao.co-27
5ubJec+ Aerob'c Evalua+]ono.oc.oo.lol-oooo000oouooooonoaocc.o.oooo.oz7
subJecT Neuromuscular Evaluaftoncolto'cooooo-o.coooooco-ocoooaooo.o-Z?
SQ+_up Defensive Poslitiongeeesesescescscscscscosescscstscacscncsessey]
Reserve Suppor*-AC*'V'f'eS"..'."..."."..'"'..‘...'.'.....'.“‘.32
Hel[cop+er Mova“en*.cooo--ooc-ooooc-o-ooooo-ono---oocoooo0000000000033
Gamma Goat Movemenfco..o-oo.ooo.uoooco.oo.oono-oocoo-oc--noooocoocoo34
0 T;35 Truck MOVemenfo.ooco.o-no-oo-oco.cooooof--ocoo-ocooooo-aun-onoo35
1 Am+rack Movemen*ooooo-t.oooocoooooto.ooooo'ontoocoocoooocoooo..c.coc36
2 Offenslive Manuever Prior 1o Attackesscevccscrsscoscsscsccrscsncsasee’y
3 Fire Team Rush-ooottoooooo-o-ooo-.coo.o-,oo-oo.ooooooooa.oo00-oonoo.38
4 wef/Dry Bulb Temperafuresoooo-no'ooco.n-occcooocoooooonooooocono-oo.41
5 Body welgh+= Equ‘pmen+ Rela*lonSh'ps..‘.....-......"..........".‘.42
6 Weights of Various Equipment Carried by Marinessccccccscscecccccccsegy
Summary of Physical Tasks and Requirementsccccccccccccscccccrccescsehh

HSUWWUWLWLWLWWWUWLWL WL WLN
Ll Ll Ll L oo nruaL

LIST OF TABLES 3




LIST OF FIGURES

AU N = = s e (OO~ Ut & W —
WN —=O ) o N

WWUWUWULWWRNNRNNNNNRNNNNNNDND

* o e e o o e o o ® & o ® @ ¢« o o @

Me*hodology Flow Char*............'.....................‘.......'....12
Da+a Gafherlng Equ'pmen+o.oonoco-notcctco-on.ocoooo.oo.ooo-01000000019
Maximum 0xygen Upfake Tesfoooooo.ouolo..oooo--ov-oooon.ooooo....cooc19
Pull_DoNn Sfreng+h Tes+ooo-ocoooooccoo-ooo-o-ooooo.oo---c.cooootoooo‘Q
Observer We[gh'ng Equ'pmenfoooon--ooot..cooooo-oooooocooooooco-toooo19
CH_46 He|'copferoc.-oocoooo-ooooo-coo-.-.0.ooooooonooooo--o.o-coco0021

Gamma Goa'r.....ll........‘...‘.....'...............'.........‘..l...21

T;35 Trucko-ooooo.ooounooooo.oo-oooooooootcoo'oo-oco-ooooooooc|0000021

Armored Personnel Carrlerooocooo.oo.cotoono-;cootooo-o-c-oo-ooo-ooouz1
Typ'cal Mar'ne Load ooo-'oooooooooo.0-octoooooooo-oooouoooonoooc.c0022
subJec+ wl+h H°|fer Monlforoooocoooocno.ouo-ooo.ooo-c.oooocc.o-too-ozz
Bu'ld'ng Defensive POS'TIO"S.."'.‘........'..."'..............".'22
Firing (I‘ghf an+i-*ank weapon) Lawl‘.Ql-...0..0!.............00000022
Comba* scenar'o Flow Char+oo.o.ooocooooo--tooa.toouoo-ooooo.-.looaoozg
Tlme/Temperafures Rela*'onshipsocoou-coo.oo.oo.oo--.oc-u..ooo.ooooocso
Defenslve p°s‘+'on cons+ruc+'°nlono.cloo..oOoo..ooo‘ttocooo.coo.o.oo44
Marine Subject Taking Military Objectivercccccccscecscncccsrccnscncsgs

Examp|e of Deserf Terra'noo.cooloo-oo- -oo-oo-oﬁoooooo-c?oono.o0000044
Fire Team Rushoootooo-o.oooo.-oo-oooootno-oo.-ooo.oooo-ooo-.oc00-00044

LIST OF FIGURES 4




ABSTRACT

Nine representatives of the Institute of Human Performance were
Integrated Into a marine battalion during a CAX (combined arms exerclise)
for the purpose of gathering descriptive and objective Information
regarding the nature and types of physical performance tasks encountered by
marine Infantrymen (MOS 0311) during desert combat.

Through the use of minicassette recorders, scales, cameras and ofher
data collection equipment, scenarios were described which typify the
critical, frequent and strenous types of tasks indigenous to marines In
this environment,

Distances covered on foot, loads carried, rates of travel and grades
encounfered are detailed and described as well as other environmental
overlays which Impact on troop performance.

It was determlined that for the most part, a mechanfzed, motorized
combat scenario does not require high levels of physical abllity; however,
fire team rushes represent a critical scenario, with high levels of aerobic
and anaerobic power, particularly when performed In ambient temperatures of
100-107°F. |

A taxonomy of physical tasks from this environment will be added to
physical performance data from other Marine Corps theaters of operations
for the purpose of developing a complete job analysis of activities

Involving strength and endurance factors.
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SECTION 1.0: |INTRODUCTION

1.1 Study Purpose

The purpose of this work was to gather descriptive and objective

Information regarding the physical performance tasks required of United
States Marines with the MOS 0311 (rifleman) In a desert combat theater of
operations. This Information will serve as the foundation of a job
analysis leading to the development of a jéb-relafed physlical performance
examination capable of predicting combat readiness of marines faced with

the prospects of action In different environments.

1.2 Background

Headquarters, USMC (Code TRI) has the responsibil Ity for the
administration of the currently used Physical Fitness Test (PFT). This
test has been In existence for nine years and represents a fltness battery
consisting of Items whose capability of predicting combat readiness has not
been scientifical ly validated. The test battery consists of pull-ups, sit-
ups and a three-mile run M, .

Scoring the fltness battery Is arbitrary, and does not take into
account such factors as environment, |oads carfled or numerous other .
factors that will no doubt have a profound impact on combat capabilities
and readlness. Oﬁce agalin, the relationship between combat performance and
scores on the PFT has neither been Investigated nor establ ished on the
basis of any empirical work.

Noting these shortcomings, representatives of HQMC approachéd the

Institute of Human Performance regarding the possibility of Improving upon

INTRODUCTION 6

L T



the vall1dity of the PFT and/or the addition of other measures that might
allow the battalion commander to have a definitive picture of the combat
readiness of his troops. In view of the Navy's responsibilty for research
of this type, meetings were held wlth representatives of the Naval Medical
Research and Development Command to discuss the research design necessary
to accomplish the stated objectives of this project.

A review of the literature and [nformaflon regarding the job
description of the rifleman and/or Infantryman quickly reQealed that aside
from only broad, sweeping statements of purpose there exists no empirical
data describing the physlcél performance tasks necessary to accompl ish the
Intended objJectives of this speciality. Since any test development must
start with a well-planned and carefully constructed job analysis, it was

declided that such an analysis should be made.

1.3 Related Studies

Many of the military occupéfions for which standards have been
developed are non-combat iIn nature, and are therefore not uséful In
development of a physical performance test for the Marine Corps. Dealing
with the Marine Corps does have a number of advantages In that the Corps
bel ieves that every marine Is fundamentally a rifleman, and as such, only
one minimum set of standards will need to be developed for the entire
Corps. Since the Marine Corps' mission involves combat under a number of
environmental extremes, gathering information on physical performance In a
variety of combat environments (deser+, cold, tropical and amphiblious) is
an Integral part of the data collectlion process.

Testing for physlcal fltness and combat readiness probably had 1+s
origins in anclent Greece. The first data collected involving an empirical

analysis of modern military tasks was probably col lected by Brezina and
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~ Kolmer 1n 1912 (2}, In a classic 1923 study by Cathcart, Richardson and
Campbel|l of the Royal Army, It was noted that "the heavier loads were a
distinct menace to the malntenance of normal cardlac activity” (3,

A review of military and civilian job analysis methods revealed that a .
number of options existed which would comply with the Uniform Guidelines on
Employee Selection Procedures.'4) These guidel ines represent the
concensus of those federal agenclies (Departments of Labor, Office of
Personnel Management, Equal Employment Opportunity Commission, Department
of Justice and Department of the Treasury) that deal with the methods and
procedures for the val idation and development of pre-employment tests.
Such gulidelines would best serve the Navy and the Marine Corps In the
production of new valldated standards.

The Army, through the Research Institute of Environmental Medicine
(USARIEM), conducted a survey of physical tasks, and then categorized the
MOS's surveyed according to the most strenuous physical tasks within each
MOS. On the basis of thelr flndlﬁgs(S), Job demands were then sorted into
five clusters, The major purpose of this work was to develop a screening
device to be used at the AFEES centers, and not as a tool to predict combat
readiness. |

USARIEM has conducted an analysis of energy expenditure of soldlers "
involved In combat operations In a tropical environment. This work by
Goldman{® found the upper limits of energy expenditure to be In the range
of 400 to 450 kcal per hour. Total weight carried represented the most
critical factor in the energy output, while terraln was independently
related to energy requirements Iif the troops were allowed to work at their

own pace.

Job analyses and on going research conducted by the Navy(7) and the

INTRODUCTION 8

—



Alr Force!® have Iittle applicability, excepf that onslte observation and
measurement are currently being employed to assess physlﬁal performance.

It Is Interesting to note the trend towards on-the-job measurement, as
opposed to penclil| and paper Job analysis. WIith the Increased capability
assoclated with portable metabollc measurement equipment and other mlcro-
electronic measurement equipment, old methods of data collection are
rapidly being replaced.

Observation and measurement by +frained exercise physliologists
represent the optimum method of gathering the types of data needed to
construct a taxonomy of physical performance tasks. Individual Interview
and observation have been demonstrated as the most reliable methods of
gathering information regarding the speciflc dimensions of a physical |
job(g). Clearly, obtaining rellable data on the physical tasks of marines
through some method other than onsite observation represents a less than
preferred approach. To perform the work described below, a team of nine
observers was selected. These observers had an academic background in
exerclse physfology, work physiology or physical education, with extensive
experience in the areas of tests and measurements of physical performance.
Two members of the team had doctoral degrees, while five members had

masters degrees,
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SECTION 2.0: METHODOLOGY

Sectlion 2.0 describes the actlon plan used to accomplish the stated .
purpose of this project. Figure 2.1 displays the sequence of project tasks

and the order In which they were accomplished.

2.1 Site Selection

A series of meetings was held between staff members of I|HP and
representatives of Headquarters Marine Corps (Code TRI). As a result of
these meetings It was determlined that observations and data collection
would be conducted at the Combined Arms Combat Center (CACC) at Twentynine
Palms, California.

The CACC Is a base encompassing 932 square miles In the southern Mojave
Desert. = This area is classified as having an arid upland desert cl Imate.
Summer months are characterlized by high temperatures, low humidity, and
clear days. While the average annual temperature is 67 OF, the temperature
occasionally reaches 130 OF in the summer. Relative annual humidity Is
approximately 27% but ranges between 2% and 69%. Average annual
preclplfaflon Is 4 Inches, most of which occurs as rain from July to
January. The terrain consists of s+eep sloped, highly eroded mountains,
that gently slope to flat intermediate valleys. The valleys are oriented
northwest to southeast. Geographic relief is moderate with elevations
ranging from 1,800 to 4,500 feet. Most mountain segments have
approximately 2,000 feet of relief between the valley floor and summit.
The combat center also contains several dune areas, lava flow, and dry
takes. The CACC area is typical of many other desert environments around

the world (10).

METHODOLOGY 10
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2.2 Battallion Selection

During the same series of meetings with HQMC it was determined that the
2nd Battallon, 2nd Marine Regiment, 2nd Marine Division was scheduled for
training at the Combined Arms Combat Center In June and July of 1980. This
training sequence was to culminate with a Combined Arms Exercise (CAX). [t
was thus determined that the team would observe the battal ion during the
CAX. It was felt that the CAX would realistically simulate desert combat

conditions. Live fire would be used throughout the tactical evolution.

2.3 Liason with 2nd Battalion, 2nd Marines

Shortly after the battallion selection, two members of the IHP
observation team were dispatched to Camp LelJeune, North Carolina to make
contact with the 2nd Battal ion, 2nd Marines. The commlssloned.and non=-
commission officers of the battalion were briefed as to the purpose of the
project. They were also asked to select 20 marines as subjects for the
observation pool, out of which 18 would be observed. I+ was specified that
the subjects should be working In the military occupational speclal ity MOS
0311. Each rifle platoon in the battallion was requested to provide
subjects, with not more than one subject from a single squad{ This request
was made to provide the observation team with exposure to the wide varlety
of combat tasks that would occur'durlng the CAX because different platoons
would be functioning as helo (helicopter borne), motorized, or mechanized
units. Finally, the commissioned and non-commissioned officers were
Informed that the marines selected should be those whom they would prefer
to have In thelr command In a combat situation.

Using these selectlon standards, the commissioned and non-commissioned
officers selected the subjects and asked them to report to the observation

team. Once the subjects were Identified, they were administered the marine
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Figure 2.1
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Corp's physical fitness test (PFT). A more definitive evaluation of the
subjects would take place later at NHRC (Naval Health Research Center) In

San Diego.

2.4 (NHRC) Participation

Following subject selection and the establ ishment of CAX observation
dates, IHP contacted NHRC to determine the availability of physical fitness
assessment facilities. The experimental design called for the development
of physliological profiles of the 18 Individual marines who were to be
observed during the CAX. NHRC agreed to conduéf this physlologlical
evaluation of the subjects, and also provlaed IHP with the services of a

staff physlologist to serve as a member of the observation team.

2.5 Observation Team Training
Several meetings were conducted with the members of the observation
team to familiarize the team members with the desert environment and CAX

conditions and to develop standardized methods for data collection.

2.5.1 Preliminary Work at Quanfléo, Virginia

"~ All equipment and observation techniques were tested Initially at the
Marine Corps Base in Quantico, Virginia during a simulated combat training
operation. Each observer was assigned to a subject In an aggressor unit.
All physical actlvity during a combat problem was recorded for a period of
nine hours. This allowed the observation team members to learn how to use
the data reéording edulpmenf while moving, and become acqualinted with the

routine activities of the marine rifleman.
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Several days after this prelimlnary §pera+lon, a meeting was held with
the observation team members to evaluate the activities at Quantico. This
evaluation of the data collection/recording methods Indicated that
weighing of loads and note-taking would have to be accomplished largely
during periods of subject Inactivity. Once the subject began to move, the
tape recorder would serve as the most practical Instrument for data

collection.

2.5.2 Recording and Reporting Categories
Standardized methods for reporting observations were developed. Speeds

for movement by foot were to be classifled as:

Slow Walk (1 - 2.0 mph)
Fast Walk (2.1 = 3.4 mph)
Slow Run (3.5 - 4.4 mph)

Fast Run (4.5 mph or greater)

Grades were to be recorded In degrees of Inclination. The specific

sequence to be used In recording data is given In Table 2.1.

TABLE 2.1

DATA ENTRY SYSTEM FOR TAPE RECORDERS

BEGIN TAPE:

1. Observer

2. Date
3. Time
4, Tape #

METHODOLOGY 14
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TABLE 2.1 (continued)

RECORD:

1. Distances
2. Speeds
3. Grade

4, Body Positlion

5. External Loads
6. Footing

7. Obstacles

As a result of this preliminary work it was decided that the observer
team would wear the utility uniform of the marines, and integrate with the
battalion as fire team members. This was done to minimize Interference
with the normal flow of the combat problem. Body armor and helmets would

also be worn by the observers for protection from |ive fire.

2.6 Data Collectlion/Recording Equlpment

All data collection/recording equipment was selected based upon
function and durability while exposed to dry heat and sand. Each team
member was Issued a tape recorder (Norelco 185 minlcassette) for recording
descriptive information, a camera (Olympus XA) to document the task, a 25
Kg capacity scale (Chatillon IN=50) in 250 gram gradients to weigh articles
carried by subjects, and a stop watch (Cronus Digital) for recording the
elapsed time of physical tasks. Figure 2.2 depicts the equipment carried
and used by each observer. |

Six Actographs were provided by the Department of MIlitary Medical
Psychophysiology, Walter Reed Army Institute of Research. These were used

to provide a quantitative measure of gross body movement. Three members of
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the observation team were also provided with Holter monitors (Avionics
Mode! 445). These were used to continuously monitor the heart rates of
selected subjects. One team member was Issued a mercury thermometer with a
temperature range of =-50°F to 120°F. Temperature measurements were

recorded hourly throughout the three-day exercise.

2.7 Physlological Testing at NHRC

After approximately two weeks of desert training at Twentynine Palms,
the 18 subjects from +he battallon were transported by hel icopter to NHRC
where they were met by the NHRC and IHP research team. Physical fitness
evaluation of the subjects was conducted over a two-day perlod. During
this tIme the subjects were housed at the Marine qups' Recruit Depot and
shuttled by van to NHRC as required. Upon arrival, each subject was

briefed by an IHP Investigator about the evaluation techniques to be used.

2.7.1 Determination of Percent Body Fat

Each'subJecf was weighed, and his height determined. Skinfold
measurements were taken using a Harpenden skinfold caliper. Skinfold sites
Included the subscapula, triceps, bliceps, pectoralls, and supraillac. Neck
and abdomInal clrcumferences were obtalned using a Gul ick tape measure.

Percent fat was estimated using the formula of Wright, Dotson and Davis .

(1

2.7.2 Resting Blood Pressure and EKG
Resting blood pressure was measured In the supine position. A resting,
12 |ead EKG was al so obtalned. Resting heart rate was measured directly

from the resting EKG.

METHODOLOGY 16 ¢
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2.7.3 Aerobic Fitness Assessment
Maximum O, uptake was measured using a treadmi!| protocol developed by
Dr. James Hodgedon of NHRC. All tests were performed using a Quinton Model

18~60 treadmill., Marines were Instructed to exert themselves maximally.

Expliratory gas analysis was performed and results were computed on |ine

using a Hewlett Packard Computing system (see figure 2.3). This technique
allowed for constant monltoring of the Respiratory Exchange Ratio and a
determination of the level of effort expeﬁded. Blood pressure was monitored
during the exercise test. Heart rate and EKG were continuously monitored

during the entire procedure.

2.7.4 Neuromuscular Fitness Assessment

The final evaluation phase consisted of a serlies of neuromuécular tests
for muscular power and strength. Muscular power, defined as the ability to
exert maximum force In a specifled time, was estimated In the legs using
the standing long Jump. The best single score for three jumps was

recorded. Muscular strength was evaluated by measuring grip strength and

" static arm strength. Grip strength was measured for right hand and left

hand»uslng a Lafayette hand-dynamometer. Each subject was allowed three
efforts per hand with the highest value for each hand being recorded.
Static arm strength, or shoulder girdle strength, was measured with a force
chaln designed by the USARIEM. The subject was strapped In a seat and
instructed to grip (pronated) a suspended bar in front of him. The bar was
then adjusted to bring the subject's elbows to a 90° angle, with the
humerus parallel to the floor (see figure 2.3). Once the adjustment was
completed, the subject was asked to pull downward on the bar with maximum
force. As with grip strength, each subject was allowed three efforts and

the highest value was recorded. A Muscular Strength Index score was
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obtalned by summing both left and right grip strength scores and the static
arm strength score. Foilowlng the completion of this evaluation, the IHP

observation team and the marine subjects were transported by helicopter

from San Diego to Twentynine Paims.

2.8 Observation at Twentynine Paims

The +ralning schedule at the CACC allowed the marines to accl Imatize
over a period of two weeks to the desert environment while learning desert
tactics and survival. The final three days of fhe schedule had been
reserved for a simulated combat exercise that would provide the marines
with an opportunity to apply the knowledge that they had gained. The
observation team was briefed by battallon offlcers on the plans for the
three-day combat exercise. One rifle company had been designated as a
helol ift unlt with the primary means of +transportation being helicopters
(CH-46's and CH-53's, see fligure 2.6). One company would be tfransported
by mechanized vehicles, (Amtraks, figure 2.9). The third company would be
motorized using T-35 trucks (flgure 2.8) and Gamma Goats (flgure 2.7). The
battalion would be receiving artillery and air support as It moved along a
40km course called the Delta Corridor. The corridor presented a series of
"enemy" bunkers mostly situated on high ground. These bunkers were to be
assaulted by the marines. One company would be held.ln reserve, while the
other two "leap-frogged" up the corridor In the assaulfl Because magnetic
flelds were hampering electronic communications In the desert, the
"commence firing" and "cease firing™ signals between platoons were conveyed
with smoke grenades (yellow for commence, green for cease-fire). The
briefing session was ended with a reminder to the offlcers and observation

t+eam that this would be a |ive flre exercise.
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Data gathering equipment Maximum oxygen uptake test
fig. 2.2 tig. 2.3

i

Pull doWn strevng’chythest Observer weiging eipmeiit
fig. 2.4 tig. 2.5
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Once the three-day exerclise was explained, it was declded that one
member of the observation team would act as a | laison, and nine members
would be assigned two subjects each. A subject would be observed for 36
hours, and then the observation team member would switch to his second
subject for the flnal 36 hours. Each observer was assigned two subjects
from the same platoon. After the assignments were made, the observation .
team members were to meet wifh the platoon commander for further briefings.
The platoon commanders were Informed that the observation team members were
to be consldered as part of their fire team.

The observation team members were then transported from the field (Camp
Wilson) to the main base of Twentynine Paims where they were issued "782"
gear, conslsting of steel helmets, helmet |iners, body armor, All=-Purpose
Light-Welght Individual Carrying Equipment (i.e. the ALICE field pack),
sleeping bags, canteens, canteen cups, web belt and suspénders, ammunition
pouches, and gas masks. Figure 2.10 depicts a marine wearing this load.
The comhandlng officer of the CACC requested that the observers be
ldentifiable, so white tape was used to form a cross on the backs of the
observer's body armor.

The observers were returned to the field in the afternoon preceedlng
the first déy of the CAX. This allowed. them to locate their first subject
and to be transported out with the subject'!s platoon as it merd Into
position. AT this polnt each observer was, for all Intents and purposes,
geographically Isolated from the rest of the observation team.

The first day of the exercise began with the observer welghing and
recording the gear carried by the subjects (see figure 2.5). The actograph
was activated and the time was noted. Holter monitors were set up by
affixing electrodes to the subject's chest using wide micropore tape. The

cable was passed over the shoulder and down the back to the monitor which
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CH46 helicopter
fig. 2.6

T35 truck
fig. 2.8
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Typical Marine load Subject with Holter monitor
fig. 2.10 . fig. 2.11

T R T

Building defensive positions Firing light anti-tank weapon (LAW)
fig. 2.12 " fig. 2.13
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was |ocated on a walst belt (see figure 2.11). After the proper
connections had been made, the monitor was activated, taped shut, and the
time was noted.

As the subject engaged in the exercise activities, the observer
followed, maintaining close visual contact at all times. All movement,
load or gear changes, and terraln covered by the subject were noted using
the minicassette recorder, as wel! as photographed (see figures 2.12 and
»2J3). After 36 hours of almost continuous data recording, the observers
removed the actographs and Holter monitors from the first subjects, noting
the time of removal. The second subjects were then located, and the
actographs and Holter monitors were attached to these subjects. The
actographs required littie attention other than time and subject number
notation. The Holter monitors were supplied with a neQ magnetic tape,
batterles, and reactivated. Once again, for 36 hours the sub jects were
closely followed and data was recorded.

-This close contact was malntained throughout the exercise with only two
exceptions. One of the subjects was evacuated from the fleld with heat
stroke. In this case the observer assisted the corpsmen In the evacuation
and then returned to the field to collect data on an alternate subject.
One of the observers was temporarily removed from the fleld after an
apparent case of heat ekhausflon. He recovered quickly and was returned to
the fleld where hé resumed monitoring his subject.

At the concluslon of the operation, the observers removed the
actographs and Holter monitors from their subjects. The observers were
then transported with the marines back to Camp Wilson. The reassembled
observation team was then taken fo the malin base at Twentynine Paims, and

the members of the observation team were debriefed.
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2.9 Preparation of Observer Reports

During the two weeks following the operation at Twentynine Palms, each
observer reviewed his tapes and written notes. All photographs of combat
activities were developed. This Information was then consol Idated by each
observer Into a written report according to the procedures outlined by
Hogan and Bernackl (12),

Followling a review of these reports, a series of staff meetings was
held at IHP. The purpose of these staff meetings was to jointly discuss

the observations and to ldentify areas of criticallty and commonal ity of

tasks. Section 3.0 describes the results of this work.

METHODOLOGY 24



SECTION 3.0: RESULTS

3.1 PHYSICAL FITNESS TEST RESULTS

The three Item Physical Fitness Test (PFT) results, displayed in Table
3.1, show that the marine subjects had attalned first class scores on this
fitness battery. The average time for completion of the three- mile run
represents an average mile pace of Just slightly over seven minutes per
mile. Even the slowest time of 25:23 (8:24 per mile) Is Indicative of
above average physical f1tness.t13) The number of sit-ups performed are
well above average when compared to data collected on an age-matched sample
of indlviduals tested at the IHP laboratory facility. Since the method
dsed to measure chin-ups is not comparable to conventional measures, It is
difficult to make statements regarding the upper body muscular endurance

scores attained on this test.

TABLE 3.1

S T T N NN T N ST NS SN DD T mm me Sh Sh T A am e e S S s S S me S S S T S A G E e M L S S S M S S Sy S A S G S G G e G Sm e e e M me m s
ERE A R S22 2 s 2 22 - 2 2 A -t 2 1 - - 2 - - ¢ 2 4 - 2 % & ¢ 2 ¢ 55

e o T T mw me m me Eh ME ST S em M M e M e mm mm S S S S e s Sm S S S e e T e G S Sk e e ST T e dee e S e S G D G g W S W S e A me me
CER R A A2 2 22 At i A 2 2 2 A 2 2 2 2 F i 2 &+ 2 5 Fit

N X ‘ Range
3=-mile run (min:sec.) 18 21:08 17:30-25:23
Max sit=up (2 min.) 18 73.22 62-90
Pul i-ups (max.) 18 15.72 5-20
PFT Score 18 245.61 167-300

3.2 LABORATORY EVALUATION RESULTS
Physical description, body composition and anthropometric data are
displayed on Table 3.2. Body composition data show that this marine group

was sllightly less fat than data reported el sewhere for marine subjects

RESULTS 25




(14), Resting measures of heart rate and blood pressure are provided I'n
Table 3.3, while dynamic measures of aerobic fitness are displayed In Table
3.4, Maximum aerobic capacity would be considered high normal for this
sample compared +Q age-matched controls. Neuromuscular fltness Indicators
are displayed in Table 3.5, and compare favorably with age-ma-réhed groups
of public safety employees tested wlith the same protocols at the [HP .
laboratory (IHP unpublished data). No tests of statlistical slgnificance

were performed on this small sample.

TABLE 3.2

TTTTTTTSUBJECT ANTHROPOMETRIC PROFILE
T TTTTT X  Range
Helght (cm) 18 179.27 167.6 - 186.7
Weight (Kg) 18 73.43 57.9 - 91.3

Skinfolds (mm) 18

.a. Subscapular 10.99 7.2 - 17.5

b. Triceps 8.00 5.2 - 15.0

c. Biceps 4.54 3.0 - 7.4

d. Pectoralis 7.32 4,0 - 16.6

e. Supralliac 13.88 5.5 = 30.0 :
Circumferences (cm) 18 .
a. Neck 36.75 34,0 - 40,0

b. Abdomen 79.94 67.5 - 94,0

Percent Fat (7%) 18 15.06 9.2 - 21.4
Density 18 1.064 1.050 - 1.078

Lean Body Welght (Kg) 18 65.83 51.1 - 76.4
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TABLE 3.3

S e e ew e S G e e S S S e e M Se e S S S W s S Ame G S fem G S G S B S SE M M G G e e S S e e T G G S S S e e v mm S e e M e e e
-2 2 2 22 2 2 R 2 2 2 A 2 2 2 R A ittt ii

- m Sr m mT S S Em mm SD S wm e e o e S e Get M e S e S ES S S I ST SN S e S G S M S S PR S gw S S M S S B S e e me S m e s e S S S e m
EE SIS 222 2 R 2 Tttt 2  E  E - F F-  E  E  F F FE F E E 1T

N 40 Range
Resting Heart Rate 17 58.12 48,0 - 80.0
Resting Blood Pressdre 18 123/70 100/64 - 140/84
TABLE 3.4

S e mE mn D Nn T M S EE me mm o i e S S G A S G e e D S B M S S S sue A M S S S M S WU e S e G b mm S M S M e e A A S e e S M M e e e e
AR 2 2 2 2 T2 2 2 2 i i 2 i 3 & i kst P &t 22 R i 2 R kAR iRt itii]

S e m am s e mh D e Sy tm e e mn M St S S M Gt G S M M G S M G fe e S e M S MR S Yt e fe e e A S T e S S W M S e S A S e S G G B e e e
AR L 2 2 A A A - A 2 2 - R 5 2 200

N X Range
Age (yr.) 18 20.7 19.0 - 26.0
Anaerobjc threshold 18 33.03 20.1 - 43.2
(ml-kg‘1'min'1)
Max Heart Rate 18 194.83 181.0 - 206.0
Vo, max (mi<kg~!emin~1). 18 52.41 41.3 - 60.0
TABLE 3.5

G g e w T mm ST MM S SR S e mm mm wm N S S S e e e S S S S G M S S am S S M M S e e S i Sms e S e S S G WU S e e e S S S sy M S G e S S
CR S 2 2 2 22ttt 1 i - 1 X 2 2 - 2 R L 1 F R a2 R R E 2

. e e mm mm e A mw S Ew e S S oy S e S S S e Y S e S e SN S e e e S Sme S S S S S W M W S Sm e MG e M S e Gm e S S S e W S fw G s e
Rk 2 2 2 2 - R 2 2 - b ik iR i R R R 2R R R R AR R E i

N X Range
Standing Long Jump (cm) 18 239,48 $204.8 - 264.0
Grip Strength, Right (kg) 18 ~ 52.81 42.5 = 73.5
Grip Strength, Left (kg) 18 50.78 41.0 - 68.0
Static Arm Pull Down (Kg) 16 122.88 95.0 - 155.0
Strength Index 16 216.69 169.0 - 376.0
Max Sit-Ups (2min.) 18 73.22 62.0 - 90.0

D G G G Gur G P B G GRS T D G G D G SIS D GE G G GEP M G G NS GO B G G S THS B Gir TE G G G WD D G G G D G G G G G G TE GO0 M D W G G S G G o
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3.3 FIELD OBSERVATION DATA

Transcribed Information obtalned from the microcassettes was reduced
to narrative form and transferred to a tally sheet by a single member of
the observation team. Frequency counts were compared for each of the
companies and examined for dlfferences. Slince no clear differentiation:
could be obtalined between companies, the data were merged and complled -
according to logical scenarfos. Eight fundamental clusters of scenarios
emerged from these narrative data. They are: (1). Set-up Defenslive
PosH:Ions; (2). Reserve/Support Activities; (3). Helicopter Movement; (4).
Gamma Goat Movement; (5). T=35 Truck Movement; (6). Amtrack Movement; (7).
Offensive Maneuver Prior to Attack and (8). Fire Team Rushes.

Each of these scenarlos Is displayed In table form and In flow chart
form In Figure 3.1. Due to the small number of frequency counts
avallable, It was felt that the data should be expressed as ranges, Instead
of mean values. However, [t should be remembered that when an observed
event was occuring the entire company was usually taking part in the same
event (see Figures 3.3 - 3.6). Each of the Identifiable scenarlios Is
described In Tables 3.6 through 3.13. Included In these tables are
. descriptive data necessary to recreate the physical tasks, Including
posture, loads carrled, terrain encountered, as well as geographical A
factors are noted. Temperatures encountered over the three~ day period are
displayed with the data, and also In Table 3.14., Simple dry bulb

temperatures are displiayed as a function of t+ime In Figure 3.2.
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Figure 3.1
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TABLE 3.14

T e P P T T T T T T 2 T 1 11
F I 2 3 113 2 2 2 1 21 i 2 2 it 1t 1t 13 2 b R R

DAY ONE
0500 79 ' 49 30
0600 80 44 36
0700 84 44 40
0800 90 61 29
0900 95 69 26
1000 100 78 22
1100 102 73 29
1200 103 : : 71 32
1300 105 76 29
1400 106 73 33
1500 107 81 26
1600 107 81 26
1700 106 79 27
1800 102 73 29
1900 96 63 33
2000 94 62 32
2100 90 56 34

DAY TwO
0600 79 45 34
0700 81 40 41
0800 83 44 39
0900 90 53 37
1000 92 54 38

1100 96 59 ' 37

1200 98 64 34
1300 100 - 64 36
1400 104 70 34
1500 104 74 30
1600 104 74 30
1700 102 73 29
1800 100 68 32
1900 97 68 29

DAY THREE
0700 72 46 26
0800 74 52 22
0900 84 62 22
1000 88 65 ‘ 23
1100 93 68 25
1200 95 69 26
1300 97 70 27
1400 96 66 30
1500 98 72 26
1600 98 68 30
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Where appropriate, comments on exposure to environmental factors are
noted. While no objectlve data were gathered on noxious fumes and levels
of noise pol lution, the magnitude of these stressors was great enough to
warrant mention.

While the external loads carried ln‘ the ALICE pack ranged from a low
of 5.44Kg to a high of 36.74Kg, there was |ittle need for the marines to
carry thelr equipment for sustalned perlods. (Data on typical loads and

load/body weight relationships are shown In Tables 3.15 and 3.16).

TABLE 3.15

SUBJECT TOTAL BODY WT.(KG) EQUIPMENT WT.(KG) EW/BW WT. (%)

KP 86.2 33.75 39.15%
JB 72.8 _ 34.15 47.68%
BM 69.1 46,75 , 67.55%
RR 82.9 27.25 . 32.87%
PH 81.2 30.50 37.56%
GD - 93.0 30.50 33.89%
PK 70.3 33.90 48.22%
DM 77.3 _ 32.05 © 41.,50%
TS 59.6 29.65 49.70%
RD 73.0 31.60 43.29%
RR 92.0 30.40 33.04%
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TABLE 3.16
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EQUIPMENT ITEM RANGE OF REPORTED WEIGHTS (KG)

M-16 3.5 3.75
Helmet with Liner 1.75
Body Armor | | 5.5 = 5.75

Web Belt with Ammo
Pouches and two
Full Canteens 4,75 = 6.5

Cas Mask 1.25 = 1.75

AlTce Pack w/frame
E-tool, Poncho, Rubber Pad,

Ammo and other misc. Items 5.25 - 17.5
Full Desert Water Bag 2.5
Boots 1.5
Fatigues & Cover _ 1.5
M-203 lelé w/Grenade |
Launcher 4.5
Bandolier of M~60 Ammo ‘ 3.5

Transportation of troops by hellcopter imposed high workload levels
because the troops had to move quickly for distances up to 3001me+ers with
full gear In order to board a helicopter. A similar worklocad requirement
was Iimposed while exiting the hel icopter because the landing zone was
considered "hot" and, as such, movement away from the helicopter to
distances up to 100 meters had to be accompl ished with dispatch.

Estimates of the physical performance requlremenfg (made by members of
the observation team) are shown for each of the physical tasks/scenarios in

Table 4.1. Estimates, using the data of Passmore and Durnin, and others
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Defensive position construction Marine takigg military objective
tig. 3.3 tig. 3.4

Example of desert terrain Fire team rush
fig. 3.5 . fig. 3.6
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were used to estImate energy costs of these tasks In kcal/min. These data .
and relevant discussions are contalined in the flinal section of this report.
Actograph records and Holter Monitor data were evaluated and found fo add
|1+tle to the observations. Heart rates in this environment are no doubt
contaminated by the Influence of heat; however, In those episodes where
marines were monitored while wearing a Holter monitor and performing
physical tasks, It may be Inferred that the work would be classified as

Y"heavy" (15), approaching 160 beats per minute , or 450 kcal/hour.
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SECTION 4.0: DISCUSSION

The purpose of this Investigation was to gather Information regarding
the physical performance tasks required of U.S. Marines operating in a
desert combat environment. Data from nine separate observers were compiled
according to the most critical and frequent physical tasks observed under
these conditions. Several dimensions or components of physlical fitness were
Identifled as essentlal to the effective completion of a number of combat
tasks. Specifically, a high absolute and relative anaerobic and aerobic
work capaclity has been Identified as a necessary requlrement.
(Absolute work refers to energy belng expended to move objects external to
the body, while relative work refers to movement of one's own body.)
Additionally, relative and absolute muscular éndurance Is a requirement
for a significant number of the movement tasks that are performed while
wearing load bearing equipment. The speciflic nature of the physlical tasks
will be discussed under the appropriate headings. Table 4.1 |ists these
critical and frequent physical tasks and provides estimates of the oxygen
uptake costs assoclated with performance of the task. These estimates have
been derived from the published references noted on the right side of the

table.

4.1 Critical Tasks

For the purpose of this work, a critical task Is one deflined as
extremely important to the successful completion of a job or task. An
"InabilI+y to complete such a task could concelvably result In loss or
distruction of property, injury to self or co-workers, or loss of |ife. In
essence, a crlitical task Is significant to successful fulfillment of the

MOS 0311 function.
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4.1.1 Fire Team Rushes

The fire team rush was the most critical physical task observed at the
CACC. This task required that members of a fire team to assault an enemy
position while running upgrade and Intermittantly fire a weapon. This
actlvity Is assoclated with high levels of energy expenditure. The total

elapsed time for successful completion of this task (l.e., capturing of a

Iindividual hill or bunker) did not exceed 12 minutes per eplsode. In an
actual combat situation, It Is possible that these events could become
linked fogether In a contlnuous sequence of rushes, thereby placing a large
energy requlrement on each marine.

The typical flre team rush (e.g., providing cover fire and
Intermittent sprints up a 30° grade) involves both anaerobic and aerobic
power. While most of these eplsodes were performed without ALICE packs, a
substantial amount of equipment nevertheless was worn ("782" gear, body
armor, weapon, ammo; see Table 3.16). Muscular power of the legs Is
therefore an Important component of the rush. For short duration sprints
typical of a single eplsode, superior aerobic conditioning does not provide
any advantage in performing tasks of this type (16), However, in those
scenarlos in which several of these episodes of charging and firing a
weapon are |Iinked together, the aerobic requirement would be dramatically
Increased. Under those conditions In which a rush lasted longer than one
minute, aerobic energy may be needed to supply 30-40% of the total energy
requirement (17), and those cases of sustained performance exceeding 6
minutes aerobic energy would supply nearly 100% of the requirments.

Few casualties were observed durlhg the CAX, but those that were
observed were the victims of the combination of heat and the physical

stress of flre team rushes. |+ Is postulated that the overall intensity of
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these activities (and therefore the resultant casualtles) may be Increased
significantly during real combat (as was the case In the Eqyptian=Israell
war of 1973 (18)), Heat will be discussed In greater detall In Sectlion

4.3.1 below.

4.1.2 Movement by Helicopter

The marines were seldom required to run or attempt to run while
wearing and carrying all the equipment |isted In Table 3.15. The exception
to this general observation occured during boarding and off-loading of
hellcopters. Since hellcopters frequently land at some distance from the
staging area and because a minimal amount of tIme should be spent on the
ground to avold enemy detection and fire power, expediting the movement of
a platoon onto the hellcopter Is both necessary and physically stressful.
The fallure of any one marine to move rapidly and to successfully board the
hel icopter could compromise the entire operation. In off-loading, movement
away from the helicopter to establish a defenslve position Is also an
urgent matter, since It Is assumed that the plafoon would be receiving fire.
This task represents the single highest level of anaerobic power required
of all the observed combat tasks. Recovery from the boarding episode would
be expected to occur In-flight, while the off-lcading process could place ' »
the unit in sustalined combat without an opportunity for physical recovery.
In this case, the buffering effects of enhanced physical conditioning
(f.e., Increased tolerance to high levels of repeated anaerobic activity)

would be advantageous.

4.2 Frequently Performed Tasks
The next most critical category of tasks were found to be necessary

for the effectlive completion of support and reserve activities. While high
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energy requirements are not assoclated with these tasks, they are
nevertheless Important to the overall mission of the marines In a desert

environment. These tasks are described below.
4.2.1 Climb, Load, Lift+ and Carry

In a combat theater centered around the use of mechanized and
motorized transportion, the indlvidual marine Is still required to manually
handle supplies and equipment., Typical of each day's operation Is the
loading of one's personal equipment (ALICE pack) and one's self onto the
various modes of transport. Sufficlent upper torso strength is a necessary
requirement to effectively accomplish this task. This requirement Is most
evident while loading Into T-35 trucks and stowing gear on the Amtracks.
We were able to weigh nearly all of the regular Issue equipment and found
the maximum weight to be aBouf 40 pounds. Packs were the most frequently
loaded object, followed by C-ration cases and 5?gallon water cans (45
pounds). Rocks were frequently carried In order to bulld defensive
positions (described In greater detall below). We were unable to measure
the welght of these rocks due to the | Imitations of our portable scales.
However, estimates of their weight ranged from 25-50 pounds each. ’Because
carrying objects by hand Is far less efficient than carrying objects on
the back (19,20), e did not observe many marines carrying objects (such
as water cans) by hand more than 70 meters. Walking with loads will be

discussed in Section 4.2.3.

4.2.2 Digging
The use of an E (entrenching) tool is the primary means of

constructing fighting holes or defensive positions. While the physical
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costs of digging with more traditional methods of excavation have been
determined (21), two major differences under the present conditions should
be noted. First, the short shaft on the shovel required that digging be
conducted while squatting. Secondly, [f the marine was receiving fire, the
rate of digging was significantly accelerated. Rocks were often used to
supplement the construction of the defensive positions because the ground
was frequently too rocky to dig. Since rocks were readily available, they

were the primary material used In bullding personal fighting holes.

4.2.3 Walking/Marchling

Eplsodes requliring sustalned marching were not observed. Only one
company was required to walk approximately one mile to reach a staging
area. Iﬁ most of the scenarlos In which walking was required, frequent
rest stops occurred, allowing for stragglers to rejoin the unit. It should
be noted, however, that stragglers were rarely afforded any periods of
rest. It Is conceivable that any requirement o walk long distances on
foot in this environment could readlly turn the situation into a contest
for survival. Many investigators have determined the energy costs of
sustalned hiking/marching In a number of environments. The most relevant

of these citations are shown on Table 4.1.

4.3 Environmental Overlays

Mechanlzed/motorized desert combat is dlstinctly unque In the demands
placed upon men and machine. Failure to recognize the external |oad-
bearing conditions and environmental constraints In assaying the physical
demands of performance in a desert environment could distort the estimates

of physical requirements under these conditions.
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4.3.1 Heat -

The most important factor Impacting on sustained combat is the intense
heat that potentiates the stress of physical work. Time to compléfe tasks
and distances covered were significantiy altered by temperature. While the
literature Is mixed regarding the effects of heat upon energy costs during
varlous physical activities, It is apparent that in the untrained

Individual, heat does Increase the cost of performing physical work (22),
Consolazio has documented the Increased energy requirement for performance
In extremely hot climates (23), Goldman has cautioned that the contalnment
of heat caused by wearing CBR protective equipment even In a temperate
environment may have negatlive consequences (24), |nasimilar vein, he
warns against ardous work in hot environments. It has also been
demonstrated that increased levels of aerobic fitness significantly improve
tolerance to physical work in hot environments (25),  pAccl Imatization to

hot environments has been shown to take about two weeks (26%

4.3.2 Water

Water represents a logistical weapon In the desert. Without i,
movement must be curtailed or stopped. |f water Is withheld for an
extensive pertod of time disaster can befall the combat unit. In man, the
loss of 2 quarts of body water results in a 25% reduction in efficliency
(27, |+ 1s estimated that approximately five gallons of water per day
are required for each indlvidual for all purposes In this climate In order

to maintaln normal physical efflciency (28),

4.4 Deriving Physical Fitness Standards
A considerable amount of research has Investigated the relationships

between energy costs and the carryling or weérlng of equipment (29-36),
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These studles suggest that pace will adjust to the load being carried.

Estimates of the energy costs assoclated with many of these Marine Corps
desert tasks can be inferred through work performed in the same or similar
types of occupations. Environmental condltlons associated with the
performance of these tasks; however, markedly change energy costs. It Is
recommended that a standardized set of physical tasks derived from critical
eplsodes Identified above be empirically measured under conditions similar
fo those observed during these desert operations.

Studies can be performed In a fleld setting as suggested by Liddel |
(37), Consolazio (38) or Verma and others (39 through the use of portable
metabol Ic measurement equlpment. The face validity of this approach is
offset agalnst the Inconvenience associated with working outside of the
|aboratory environment. As a substitute procedure, simulation of these
scenarios In the laboratory can be accomplished in the following manner: an
envlronmenfal chamber can be used to accurafely replicate temperatures and
humidity encountered in the desert environment. A research treadmill will
allow for programming and reproduction of grades and speeds required during
the critical tasks. Using the observed tasks as the criterlion of
performance, a standardized set of reproducible, laboratory-based tasks can
be conduéféd during which metabol Ic measurements would be assessed. Due to
the nature of the combat environment and the time constraints imposed upon
the completion of these tasks, a number of specific tasks should be
performed In a sequential manner In order to fully tax the subject's oxygen
del Ivery system.

A battery of simple and complex physical fitness tests would also be
administered to the same subject group In a different time setting. The

criterla for inclusion of an item In the battery of predictors should be as
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follows: (1) be a "pure" (one dimension) predictor; (2) have a high degree
of test-retest rellability; and (3) lend Itself for use as an expedient,
easily administrated performance test.

Multiple regression analysis of the relationships between the battery
of predictors and the criterion tasks would Insure that the Marine Corps
had a fruly useful, Job-related physical performance test that would
accurately predict combat readiness for a desert environment. This
methodology would glve the appropriate weightings for each of the
dimensions of fitness In accordance with the order of their Importance In
predicting performance on the criterion tasks. It would also allow for the
intelllgent establishment of minimum levels or cut-off, idenytfying those
Indlviduals whose physical abtlities, beling only marginal, could compromise
the successful completion of a combat operation.

No doubt, the best approach to the development and val Idation of a
comprehensive job-related test is to ensure that data from all theaters of-
operation are assessed and Included in the taxonomy of job tasks. This will
be accomplished in future work under this program. Contingency planning for
combat preparedness should always Include the worst case condition as the

criterion of performance effectiveness.

4.5 Summary

In the desert environment, the most critical task in terms of
cardliovascular fitness (l.e. stamina) is the fire team rush. It Is
estimated that the typlcal, single episode in a fire team rush scenario
required an oxygen uptake In excess of 45 ml'kg'mln'1, with peak demand
exceeding 50 ml'kg'mln". A requirement for upper torso strength Is
evident In the loading of equipment and one's self onto the various modes

of transportation. While this task is usually accompl ished without the
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ALICE pack, nevertheless, a signiflicant amount of mass beyond body weilght
Is worn during +he performance of this task. Estimates of the forces
necessary to accomplish this task range from 120-160 pounds in The'shoulder
girdle and elbow flexor groups. Clear demonstration of leg strength was
not evident In any of the observed combat scenarios.

The exact physlologlical requirements for these critical tasks should
be discovered under simulated laboratory conditions. Comensurate with this

approach, candidate predictor tests could be developed that would correlate

highly with these laboratory based tasks.
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TABLE 4.1

e s s v s e e e S S s s e

SLHHARY OF OBSERVED PHYSICAL TASKS WITH REFERENCE TO ENERGY COSTS*
CATEGORY/TASK KCAL-MIN-1 CITATION
Sitting In vehicle 1.7 21
Standing (no Iéad) 1.51 21
Standing, |oaded

10kg 1.56 34

20kg 1.78 34

30kg 2.07 34
HALKING:
slow (no load) 5.5 Km/hr 5.6 21,34
smooth surface (91.6 m/m) 36
rough surface " " 7.6
sandy surface, (50 Ibs) 9.87 43
loaded, up grade (40 Kg, +10%) 9.91 35
|oaded, down grade (40 kg, -10%) 4.66 32
mechanical energy aspects
of running and walking - - 46,47 ,48
RUNNING (5~7 mph) 1.5 kcél/kg/mlle 21,42,45
low crawl 9.1 21
Impact of body welght 0.047(w) + 1.024
on energy cost 49
Implications for sustained performance 50,51,52
digging 5.4 21
| ifting/1oading 4,5~10.0 53,54,

55,56

™ Assuming 150 Ib. individual for most values
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