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ANTHROPOHETRY OF THE CLOTHED US ARMY GROUND

TRO)P AND COMBAT VEHICLE CREWMAN

INTRODUCTION

in order for the t -,w anc passengers of combat vehicles to perform at
o'pt:mai levels. it is "eressary that seating arrangements, hatch open~ings.
creu sea:s, cSartcets,. etc. be able to accotimodate soldiers of varyý_n&
sizes. Moreover, the vehicles must also accommodate the various items of
cioth:ng and equipment the soldiers wear or carry. The clothing and equipment
used tv crew and passengers (troops) will vary as a function of the demands oi
the natural environment (e.g., extremes of heat and cold) and/or the demaoids
Cf the specific milltary operation being conducted (e.g., whether the vehicle
is in a chemically contaminated environment).

Arithropometric data on the amount of space required for each person in a
-omltat .ehicle are essential input for the development of ar efficient man-
vehicle system. The U.S. Army has collected large amo; ts of data on the

anthro? ometric dimensions of the individual soldier, both male and female (cf.
White -2). However, virtually all these data were collected on nude soldiers
in order to determine sizing tariffs for individual clothing ard persoatal
equipment. When the planning of the dimensions of the interiors of vehicles
is carried out. nuoe body dimensaons of the crew and passengers are inadequate
approximations of the space to be occupied by each individual.

Little work has been don, in terms of determining the clothed body
dimensions of the U.S. soldier. MIL-STD-1472C (Human En ineering Design
Criteria for Military Systems, Equipment and Facilities)l and MIL--HDBK-759
kHuman Factors Engineering Design for Army Materiel) 4 , for example, present
anthrcpometric data based mainly upon nude-dimensions with the caveat that
"suitable allowances shall be made for light or heavy clothing, flying suits,
helmets. boots, body ar •ir, load-carrying equipment, protective equipment, and
other worn or carried items, when utilizing these data for design criteria"
(MIL-STD--1472C. page 139). These publications present scant objective
guidelines as to how much additional space is to be allowed for clothing and
equipment.

Some data on the space occupied by the arctic-clothed soldier have been
systematicatly collected5 , but these data. are-limi-ted-_•o theinfantryan's
clothing and were collected with the subject wearing an arctic ensemble whish
is now out of date. Furthermore, these data do not take into account the web

gear, canteen. armunition, intrenching tool, and other items which the combat
soldier would be expected to wear or carry.

The present report is an attempt to estimate the magnitudes of allowances
which must realistically be made for the latest US Army combat clothing and
equipment wher worn or carried by the crew and passengers of a ground combat
vehicle. The approach was (a) to collect anthropometric data on a small
number of nude male soldiers (who approximate the range of the US soldiers in
height and weight), (b) to clothe them in selected combat clothing ensembles,
and (c) to determine for each body dimension the mean difference between the
nude and the clothe( measurements for each ensemb'e. These mean oifference



f,. s': :d ref let the cdiangrs n nude body dimons ions as a funct ion of
:,'::~:;I cr,:.i c 1+h . Lo.stlv. these mari difference scores would then be

1'" Fg.'ezAlate P '4! e of p:,edirted anthrn;)ometric meiasurements of the

i'OCEDI'E ANI' RESULTS

' -.e i-uFar r t 'I a Irou id cort t vehi c 1 a) may be erther crew or
:-•...'d tr'i; (c a_ r gpas ,erp-rs K may be dressed for vi ther hot or cold .,-ather,

-rc r.. he dre•.'d ': ei'her a rhem Ira y cle.,n or a cherm.ically

" a- :n.a0 em .%iv -,- mu v' . *1hev may bf. dres.sed in any one of eoight bas-ic gomnd
, , c (n, "I,, nse . Tte er eight en:,emhn le. wf.re selected tor evaluation

'1.' ar as' ,,,Klow%:

.C,•mbaIt '•h.e crewman's clothing for hot wedther (see Table I and
rFgures !a and IH:

o:-. bhat vehicle cr ewman's clothing for hot weather and chemical
Protection (see Table 2 and Figures 2a and 2b);

3. Ccrtm hat vehicle crewman's clothing for extreme cold weather (see
Table 3 and Figures 3a and 3b):

4. Combat vet,,,-e crewman's clothing for extreme cold weather and

chemical protection (see Table 4 and Figuret. 4a and 4b);

5. Ground troop clothing for hot weather (see Table 5 and Figures
5a. ýb. 5c. and 5d;P

6. Ground troop clothing for hot weather and chemical protection
(see Table 6 and Figures 6a and 6b);

7. Ground troop :lothing for extreme cold weather (see Table 7 and
Figires 7 a, 7t. 7c, and 7d);

8. Ground troop clothing for extreme cold wcathetr ani chemical
protection (see Table 8 and Figures 8a and 8b).

The Sample and Measurement Procedure

Five male test subjects were recruited from the US Army Natick Researcn
and Development Center (NRDC) Enlisted Volunteer Platoon. Prior to
volunteering for this particular study, the subjects were informed of the
purpose of the study, the clothing ensembles they would be asked to wear. and
the body dimensions which would be measured. The mean age of the subjects was
23.4 y-ars. the mean weight was 74.4 kg (163.7 lbs). and the mean height was
176.3 cm (69.4 inches). Each of these means is within one standard deviation
of the corresponding means for US Army men and US Army armor crewmen as

2
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Th#. met.,'ds t-r rn,.'sur~r d:men sions 1 throuh 21 were adapted from White
a:;, .;:rrhil. sS Armv repo•rt.6 and the methods for measurin& dimensions 22
!!- ro, 28 IFre adai tc, frtOM. C.arrett 's "'S A:r Force report.' These

•,•s;=rrenls a-e dr• ine t:he A•p, endix and are illustrated in Figures 9-15.

orncr' were m psured ýn contimeters. Th'ee measurements were
,Ytia:7eý ,&or Pach dit-r'•ion for earh sutiect and the arithmetic mean was taken
.1s -,f a. ;A: va:o" .,r i eArh t . Table It0 presents for each

t.r:-;'nmetri dmenrs;-n the mean value of the sample under a nude condition.
:7h v,.'ues sh•.wn in :n.- es 'were obtained hy dividing each of the values in
c'r, ter• ,v '.*.• ;I,•r [AIitO P 7()47)O. M,-tric Conversion Guide). 8  The
vo,..e_ rer.•'Pd ii T-a.ie ',o w-re rompared to body sizo, data for military

,.- .r.. - and were found t•, te reprwe.,ntat .ve. ('t all but five of the 28
.', sa?'4F- near,,n is within one s.tandf.rd deviation of the mean for

,,:;)~rcd d~r.:s::r, for the military populations. That is, unless
,! herw.0- ii. .aý* 10*. Pah value fcr dimensions I through 21 is within

.: ••.n..dard diet••ca, L-f the m-an nude value for all US Army men as well as
,: -re 5. i.'dar dor-at'I-.n of the mean nude value for US Army armor

crevumor: the VS Army data in White and Churchill 6 were used to make these
.'-r• s'r'.sn S. Sin'ie there are nio comparable US Army data for dimensions 22
,hrcug! 28 the 1US Air Fs'rce data presented in Garrett7 were used for
,ý,rrT,-r~son purposes focr these dimensions; accordingly, unless stated otherwise

.Ta*'•. `C. each value for dimensions 22 through 28 is within one standard
devza', i cf the mean nu:de value for US Air Force men.

Chan~es in Anthropometric Dimensions Imposed by Clothing

The same 28 anthropometric dimensions measured on each subject while nude
were measured on each subject while he was clothed in each of the eight combat
cloth•ng ensembles (described in Tables I through 8). Measurements made over
clcthing were conducted with minimal pressure applied to the clothing. Each
measuring instrument (e... anthropometer) was simply brought into contact
with the clothing. Nc undue pressure was exerted on the clothing which might
(ompress it.

The mean changes in boav size imposed by the various c!othing ensembles
are pre~ented in Tables 11 through 18. The scores presented in these tables
were derived for each dimension by subtracting each subject's nude score from
his clothed score and then computing a group mean difference score for the
sample. As the measurem" :s were made in centimeters, the difference scores
were calculated in centi... ters. The difference scores which are presented in
inches are simply direct conversions from the metric difference scores which
are presented in the tables. No sign before a difference score indicates that
that dimension increased over the nude measurement as a function of that
particular clothing ensemble being worn. A minus sign before a difference
score indicates that that measurement decreased as a fu.iction of that
particular clothing ensemble being worn.

4.



.hr cith 1$ show that 1he doni•,ng cf personal
t". g a ,- et '.;prient 8!lvtc aII ant!rcpometric measurem'-rits, indicating dr.

-;i,.e -I l"• ,idv "er"velcpe" of !he -oldier. The only measures showr.: a
-,ASC We'0 " -hcs- neas-rPs of m ,:: .g.. vertical arw, reach) for which

,:q .ea y.:- l a r r:,n " hodv movement. or those measures 'e.g.
, ," t,) r wh, a dfr rlase may actua :Iv meat an increase Lr ,the

.*~:,: "• ;- ',-•. *c '.A, . The decrease k n eve heig'ht sitting; when the
S • e ar ,:e'. is .rnrahlv due t,> a "slump factor" (cf. MIL-HKrBK- 9.'

_ r I easn ts of the Clothed Soldier

v, t' . F,%:. m:n.*t ;ir each ciitthing ensemble, the tota.I amount of material
a., var.- s the size of the garment var;es tc accommodate individuais

,'•:*.!ring s iz- . Howrver. regardless of the size of the garment, the
'r: -,e,s of *re mater~al which makes up the garm.nt rer..ins constant. This

* noL th-m ai..erence scores in Dody dimensicns presented in Tables 11
"r, r otr 18 rmay tp ddded to corresponding nude body dimensions already

,-.ned eP.ewhere (e.g., the nude body dimensions for armor crewmen
P:' ;sh.ed, zir, 1IL HlBk-7594) in order to yield an estimate of the clothed body
neasý.remen's o!f soldiers of varying sizes. This may be done because all the
An trcpi'mrnetric dimensions measured in this study are linear. That is,. ail
mea.sremonts are- traight line distances such as height, breadth, depth. and

I . This prc'eidure would not necessarily be valid in the case of
.1•z. . r :,ea.urments (such as chest circumference) since the amount of

.!othýirg mater;a: under the measuring instrument -,i.e., a tape measure, varies
4s g'arment size varies.

Utilizing this procedure, the predicted anthropometric measurements of
the US Army armor crewman and US Army men were generated and are presented in
Tables 10 through 34. The data in centimeters are presented in Tables 19
through 26. while the same data in inches are presented in Tables Z7 through
34. The predicted clothed body measurements in centimeters were derived by
adding the difference scores (in cm) found in Tables 11 through 18 to the
corresponding nude body dimensions found in MIL-HDBK-759 CThble XI for US Army
armor crewmen and Table IX for US Army men 4 ). The preicted clothed body
measurements in inches were derived by dividing the metric sccres in
Tables 19 through 26 by 2.54 (per DARCOM-P-706-470. page 7-18). Therefore,
predicted measurements in inches were not obtained by adding the difference
scores (in inches) to the nude scores (in inches). but rather a direct
conversion was made from the metric predictions of clothed body measurements.
The actual mathematical manipulations were performed on the metric data
because the raw data (both in this study and those presented in MIL-HDBK-759)
were derived from measurements made in centimeters.

4
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DISCUSSION

"g. •rc. as one would expect. the data show that body dimensions increase
as moar a:,- more ;lrc'ective cioth.ng is donned. Specifically. meastired body

me7is.:•'s increase with the donning of hot weather clothing, increase more

W.'ý !%e 4'Inning c! cherr•al protective clothing, and increase even more with
S . of exre-m cl-d weather clothing. Some dimensions. however, were

.ePS I .. ie tc ,his :rend than others. For example, hand dimensions
r.a;ed :;.charged fror, the nude to the hot weather troop condition because

ha7,Cs rpra:red tsre. On the other side of the coin, head dimensions
in s ze ripýdly. even in the hot weather clothing condition, due to the
"n 'e b"itv helmet.

7T.e groatest increase in a body dimensicn was caused by the donning of
S:rge Al.CL pack with frame. Chest depth increased ovt,: the nude by an

a~ !e of-72. cn in the hot weather clothing condition, while buttock-knee
!i' ncreased it. average of 39.7 cm. In the cold weather clothing

. chest dopth increased over the nude by 50.9 cm, while buttock-knee
:e;igth increased 45.6 cm. Such increases in chest depth and buttock-knee
,(%,•h strongly suggest that the wearing of the ALICE pack and frame in a
ccrat. vehicie would be a highly inefficient use of space, if not prohibitive.
": packs and frames are to be brought on a mission and troops are to be
transported in a combat vehicle, packs and frames would probably best be
stored in a special compartment. lashed to the exterior of the vehicle, or
transported by separate means.

The present data are limited in generality. Only five male soldiers were
meosured. In order for data such as these to be soundly generalizable to the
target populations. daT. need to be collected on a large number of soldiers,
both male and female. Collection of data on clothed body size versus nude
body size as one approaches the extreme percentile levels (1st, 5th, 95th,
99th percentiles) will shed light on the validity of the assumption that
straight line measures (depth, breadth, height, length, etc.) increase by a
ce-'nstant amount for a particular clothing ensemble regardless of nude body
dimension percentile levels.

Lastly, new clothing and personal equipment ensembles may introduce
- sudden and drastic changes in a body dimension or dimensions (for ex the

introduction of a new large pack and frameD--and therefore, future data
collection on clothed body anthropometry should focus on new clothing and
"personal equi.nent ensembles as the Army develops them.

6



SUMMARY AND CONCLUSIONS

The present report describes an atte.;.Dt to estimate the types of
a~lowances which must realistically be made for ground combet clothing and
personal equipment when worn or carried by the crew and passengers of a. ground
comba! vehicle. Anthropometric data were collected on five nude male:
scldiers. Anthropometric data were subsequently collected on the same
individuals when they were outfitted i i i each of four ground combat vehicle
crewman's clothing ensembleT and each ,f four passenger (ground troop) cloth-
ing.enrembles. For each body dimension, a difference score was calculated for
each soldier to reflect the change in body size as a function of donning each
particular clothing ensemble. Mean difference scores were tabulated for each
body dimension under each clothing ensemble. Tables of predicted measurements
of the clothed body were then generated for each clcthing ensemble. A1thoush
the present data are limited in generality because all the data wvre collected
on live male soldiers, the tabulated data do give an empirical estimate of the
types of allowances in oody dimensions which must be made for ground combat
clothing and personal equipment. Future research in this area should focus on
broadening the subject sample to include females, extreIes in body size,, and
any new clothing and personal equipment items which are introduced in the US
Army inventory.

7
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TABLE I

COMBAT VEHICLE CREWMAN'S CLOTHING FOR HOT WEATHER

Undershirt. Man's (Quarter Sleeve). Cotton; JJ-U-513

,r..ers, Cotton; MILbD-4099
Undc:'grrment. Ballistic Protpctive; LP/P DES 11-80
Coveralls. Combat Vehicle Crewman's; MIL-C-44077

Headgear

Face Mask. Combat Vehicle Crewman's. Spall, Flame, Dust, Wind Protective;

nc specification available

Goggles. Sun. Wind. Dust; MIL-G-43914

Helmet. Combat Vehicle Crewman, DH-132: LP/P. DES 5-78

Footwear

Socks. Men's. Wool. Cushion Sole. Stretch Type; MIL-S-48

Boots. Combat. Leather, BLack. Direct Molded Sole; MIL-B-43481E

Handwear

Gloves. Combat Vehicle Crewman's. Summer; LP/P DES 13-78

10



TABLE 2

COMBAT VEHICLE CREWMAN'S CLOTHING FOR HOT WEATHER AND CHFICAL PROTECTION

Scdv Ccoth~ng

£.'n~ersP,:rt. Man's (Quarter Sleeve), Cotton. JJ-U-513
Drawers. Cotton: MIL-D-4O099
Vndergarmcnt. Ea'listic Protective; LP/P DES 11-80
Ccverails, Ccrt-at Vehicle Crewman's; MIL-C-44077
Su:t. Chemical Protective (Overgarment). Coat and Trousers; MIL-S-43926

headrear

H-Imet. Cc'mhatVehicle Crewman, DH-132: LP/P. DES 5-78
ý:s'., Cheirca, Protective, )XM-29; no sp.ecificdtion available

Fev twea r

SoCkS. Men's, Woo!. Cushion Sole, Stretch Type; NIL-S-48
Boots. Combat. Leather, Black, Direct Molded Sole: MIL-B-43481E
Faotwear Cover, Chemical Protective (Overboots); MIL-F-43987

Handwear

Gloves. Combat Vehicle Crewman's, Summer; LP/P DES 13-78
Clove Set, Chemical Protective (Butyl Outer Gloves with Cotton Inner
Gloves); MIL-G-43976

11
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TABLE 3

COMBAT VEHICLE CPEWMAN'S CLOTHING FOR EXTREME COLD WEATHER

Eody Clothing

Undershirt. Cold Weather. Men's: MIL-U--43262
Drawers. Cold Weather. Men's; MIL-D-43261
Undergarment. Ballistic Prctective: LP/P DES 11-80
Liner. Coverall. Combat Vehicle Crewman; LP/P DES 12-79
Coveralls, Combat Vehicle Crewman's; MIL-C-440"7
Overalis. Combat Vehicle Crewman's; LP/P LIES 15-80
racket. Cold Weather. High Temperature Resistant; MIL-J-43824

Headgear

Face Mak. Comabat Vehicle Crewman's, Spall, Flame, Dust, Wind
Frotective; no specification available
Hood. Combat Vehicle Crewman's: Balaclava; LP/P DES 14-80
Helmet. Combat Vehicle Crewman, DH-132; LP/PDES 5-78
Goggles. Sun, Wind. Dust; MIL-G-4394

Footwear

Socks. Men's. Cushion Sole, Stretch Type; MIL-S-48
Boots. Combat, Leather, Black, Direct Molded Sole; MIL-B-43481E
Overshoes, Vinyl Plastisoi; MIL-O-43995

Handwear

Gloves, Combat Vehicle Crewman's, Cold Weather; LP/P DES 9-79

12
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TABLE 4

COMBAT VEHICLE CREWMAN'S CLOTHING FOR EXTREME COLD WEATHER
AND CHEMICAL PROTECTION

Bcdv Clothing

Undershirt, Cold Weather, Men's; MIL-U-43262
Drawers, Cold Weather, Men's; MIL-D-43261
Undergarment. Ballistic Protective; LP/P DES .11-80
Linier. Coverall, Combat Vehicle Crewman; LP/P DES 12-79
Coveralls, Combat Vehicle Crewman's; MIL-C-44077
Overalls. Combat Vehicle Crewman's; LP/P DES 15-80
Jacket, Cold Weather. High Temperature Resistant; MIL-J-43824
Suit, Chemical Protective (Overgarment). Coat and Trousers; MIL-S-43926

Headgear

Hood, Combat Vehiclj Crewman's: Balaclava; LP/P DES 14-80
Helmet, Combat Vehicle Crewman, DH-132; LP/P DES 5-78
Mask, Chemical Protective, XM--29; no specification available

F'iotwear

Socks, Men's, Cushiqn Sole, Stretch Type; MIL-S-48
Boots, Combat, Leather Black, Direct Molded Sole; MIL-B--43481E
Overshoe, Vinyl Plaitisol; MIL-0-43995
Footwear Cover, Chermical Protective (Overbocts); MIL-F-43987

Handwear

Clove Set, Chemicel Protective (Butyl Outer Gloves with Cotton Inner
Cloves); MIL-C-43971
Cloves, Combat Vehi le Crewman's, Cold Weather; LP/P DES 9-79
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TABLE 5

GROUND TROOP CLOTHING FOR HOT WEATHER

Body Clothing

Undershirt. Man's (Quarter Sleeve), Cotton; JJ--U-513

Drawers, Cotton; MIL-D-40099
Coat. Hot Weather. Men's Combat; MIL-C-43199
7rousers, Hot Weather, Man's Combat; MIL-T-43217
Body Armor, Ground Troops, Fragmentation Protective Vest (PASGT);

H:L-B-44053

Headzear

Eelmet, Personnel Armor System Ground Troops (PASGT); LP/? DES 12-78A
Cover, Helmet. Ground Troops; LP/P DES 8-79

Footwear

Socks. Men's, Wool. Cushion Sole, Stretch Type; MIL-S-48
Boots, Combat, Leather, Black, Direct Molded Sole; MIL-B-43481E

Handwear

None

Load-Carrying Equipment

Fighting Load. ALICE (All-Purpose Lightweight Individual Carrying

Equipment): Belt. Individual Equipment; M1L-B-43826
Suspenders, Individual Equipment; MIL-S-43819

Cases (2), Small Arms Ammunition; MIL-C-43827
Cover, Canteen; MIL-C-43742
Canteen, Water, Plastic With Screw Cap; MIL-C-43103

Cup, Water Canteen,.Steel; MIL-C-43761
Intrenching Too], Hand, Folding, Lightweight and Carrier; MIL-I-43684
Case, First Aid; MIL-C-43745

Large Combat Field Pack With Frame, ALICE (All-Purpose Lightweight
Individual Carrying Equipment):

Field Pack, Combat, Nylon, Large; HIL-F-43832
Frame, Pack, Ground Troop, With Straps; MIL-F-43834
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TABLE 6

GROUND TROOP CLOTHING FOR HOT WEATHER AND CREKICAL PROTECTION

Body Clothing

Undershirt Man's (Quarter Sleeve), Cotton; JJ-U-513
Drawers, Cotton; MIL-D-40099
Coat. Hot Weather, Men's Combat; MIL-C-431099
Trousers, Hot Weather, Men's Combat; MIL-T-43217
Body Armor, Ground Troops. Fragmentation Protective Vest (PASGT);
MIL-B-44053

Suit. Chemical Protective (Overgarment), Coat and Trousers; MIL-S-43926

Headg a:"

Helmet, Personnel Armor System Grcund Troops (PASGT); LP/P DES 12-78A
Hood. Helmet Cover. Ground Troops; LP/P DES 8-79
Mask, Chemical Protective, MIJAI; MIL-M-51282B
Hood, Chemical Protective, M6a2; MIL-H-51291A(l)

Footwear

Socks, Men's, Wool. Cushion Sole, Stretch Type; MIL-S-48
Boots, Combat, Leather, Black, Direct Molded Sole; MIL-B-43481E
Footwear Cover, Chemical Protective (Overboots); MIL-F-43987

Handimear

Glove Set, Chemical Protective (Butyl Outer Gloves With Cotton Inner
Gloves); MIL-6-43976

Glove Shells, Leather; MIL-G-822

Load-Carrying Equipment

Fighting Load, ALICE (All-Purpose Lightweight Individual Carrying
Equipment):

Belt, Individual Equipment; MIL-B-43826
Suspenders, Individual Equipment; MIL-S-43819
Cases (2), Small Arms Ammunition; MIL-C-4382 7

Cover, Canteen; MIL-C-43742
Canteen, Water, Plastic With Screw Cap; MIL-C-43103
Cup, Water Canteen. Steel; MIL-C-43761
Intrenching Tool, Hand, Folding. Lightweight and Carrier; MIL-I-43684
Case, First Aid; MIL-C-43745
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TABLE 7

GROUND TROOP CLOTHING FOR EXTREME COLD WEATHER

i:.dershrt, Ct d Weather. Men's, MUL-U-43262
, r.ecd W-~a:hr. Mens; MIL-D-43261

S.V:: t, :oo!; HI[- ',1858

;-civ Armc'r. .Crourd Trcops, Fragmentation Protective Vest (PASGT);

"F.arka; MX i 434n6
, F..re:p C,,d Weather; MIL-F-434i6

. t: .F d 7rciuser; .IL-L-43498

"rousers. F'eld; MIL-T-43497
"Arct:c Trouser: M.4'-L-43632

Trouser, Arct*c: MIL-T-43654

Sis-e;-,wrs; M:L 5 10926

Cap, rsulaling H.Kmet Liner; MIL-C-43549
Heilmet, Personne: Armor System Ground Troops (PASGT); LP/P DES 12-78A

Cover, Helmet. Ground Troops; LP/P DES 8-79
Hood. Extreme Cold Weather, With Fur Ruff, OG--107; MIL-H-43555

Foo twear

Socks. Men's, Cushion Sole, Stretch Type; MIL-S-48
boot, Insulated. WhiLe: MIL-B-41816

Hdndwear

Mitten Inserts, Wool/Nylon; MIL-M-809

Mitten Set, Extreme Cold Weather; MIL-M-82

Load-Carrying Equ! oment

Fighting load, ALICE (All-Purpose Lightweight Individual Carrying

Equipment):
Belt, Individual Equipment; MIL-B-43826
Suspenders, Individual Equipment; MIL-S-43819
Cases (2), Small Arms Ammunition; MIL-C-43827

Cover, Canteen; MIL-C-43742
Canteen, Water, Plastic With Screw Cap; MIL-C-43103
Cup, Water Canteen ,Steel, MIL-C-43761

Intrenching Tool. Hand. Folding. Lightweight and Carrier; NIL-I-43684

Case, First Aid; MIL-C-43745
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TABLF 7

GRO•tNDI TROOP CLOTHING FOR FIXTU(EH COLD WEATER (cont'd)

1,afe C(,rnt,•' Field F'AR Wil Frame, ALICE (AlI-Purpose Lightweight

2r.d•'Idla', Carrvg ~Equipmriat):
Field raik. Comhal, Nylon. Large, MIL-F-4383

2

Frmr, F ark. Cround Troop. With Straps; MIL-F-4383
4
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1ABI.-. 8

C(RUND Tr(X)I' CLOTH ING FOR XTrFA. C(OL.D WEATHER

AND CHEMICAL. PROTFCTTON

1~ 7. jv M"d):.ITI M1'1 '31 iA2C-
A": : 'I

Ma•r•s t k r *,F- r ! , M .1 'A ,, • , M ', 1 M.5 28F2 bS

F.oLod, '.hemt;c a; I ',vc t ,ve . • a2 ; M 11L H 5 29 1gA;
Ifp I me 1. P r sc, n iie: A rm., r Sv st- er G-.roum• nd I -ps ý I'A I(, CT ; 1.1"P DES 12 -78A

H'-,j AA' H ;,t. (-T,'ri'o; T r ocq .s; 1.1 P~ lf' S 8 79•
f'' d ix *r#,.m,- (c, , d We•a !he . i 't h Fu r iRu : (•. I(' .I 1_- H- 4 3 .•

Se~ck•, Met-', (ushioon sole. Stretc h Tvpe; MIL-S-48
Bo,,*. nsiAated, 6"h te; MIL B - 18 16

Footwear (-ever. Chgemical Prctectiv. f ve (,.•r hoet s M .,IL -F Z-3(08 7

Ha ndw.ea r

G:cve Set. Chemical Protect ive f Butyl Outer Gloves With Cotton Inner
Clevres); MIL-G-4.3976

Glorve Shellis, Leather; MIL-G 822
Mitten Set. Extre~me Cold Weather, MIL-M 825
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TABLE 8

GROUND TROOP CLOTHING FOR EXTREME COLD WEATHER
AND CHEMICAL PROTECTION (cont'd)

• ad•Carrvzng F~,,i~mr.t

F;Xhting Load, ALICE iAll-Purpose Lightweight Individual Carrying
Equipment):
Felt. Individual Fquzptrent.; MIL-B-43826
S;.spenders. Individia, Equipment: MIL-S-.43819
Cases (2). Small Arms Ammunatiort; MIL-C-43827
Ccver. Can.een; ML C 43742
Ca:nteen. Water. P'astir With Screw Cap; MIL--C-43103
Cur. Water Canteer.. Steel; MIL-C-43761
Intrench:ng Tool, Hand. Fclding. Lightweight and Carrier; MIL-I-43684
Case. First Aid; MIL C-43745
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TABLE 9. Each Subject's Percentile Rankings Based On Stature And On
Weight For Two Reference Populations.

Fercentile Ranking Based Percentile Ranking Based
on o n

FST S"• 3ECT STATURE WEIGHT
•:ature. All Army Army Armor All Army Army Armor

Men Crewmen Men Crewmen

A. ( ,8.9 cnr. 99 99 98 95
98.6 kg)

E. 2.83.C cm. 90 90 75 50
7.7 .g)

c. ý.76.3 cm. 50 50 .50 50
72.7 kg)

(169.1 cm. 25 25 10 10
62.3 kg)

E. (164.2 cm. 5 5 10 10
60.9 kg)

Note: MIL-HDBK 759 (Tables IX and XI) was used for calculating the nearest
percentile ranking.

20



TABLE 10. Mean Values Of The Male Soldier Sample For Each Anthropoaetric
Dimension, N-5.

MEAN VALUE (NUDE)
Body Dimensions Inches Centimeters

. tature 69.4 176.3
2. chest depth, standing 8.9 22.7
3. functional reach, standing 33.5 85.2
4. vertical arm reach, sitting 55.0 139.6
5. sitting height 35.2 89.5
6. eve height, sitting 30.8 'P.3

knee height, sitting 22.3 ,6 6
8. popliteal height, sitting 17.8 45.2
0 buttock-knee length. sitting 24.1 61.2
10. buttock-popliteal length, sittiaig 19.9 50.6
'I. shoulder breadth. sitting 18.7 47.5
12. forearm-forearm breadth, sitting 18.3 46.4
13. hip breadth, sitting 14.2 36.1

Head Dimensions

14. head breadth 6.2 15.7
15. head length 1,2 7.2 18.2

Foot Dimensions

16. foot length 10.9 27.7
17. ball of foot breadth 4.1 10.3
18. heel breadth 2.6 6.7

Hand Dimensions

19. hand length1  7.9 20.1
20. palm length 1 , 2  4,5 11.5
21. hand breadth1  3.7 9.4
22. index finger breadth 0.8 2.1
23. middle finger breadth 0.- 0.8 2.1 _

24. grip breadth, inside3  2.1 5.4.
25. grip breadth, outside 4.2 10.6
26. hand clearance around knob, hypothenar 2.9 7.4
27. hand clearance around knob, pelmar 1.6 4.0
28. hand clearance around knob, supinated 3.9 9.9

iThis mean nude value is more than one standard deviation from the mean

nude value for all US Army men. 6

2 This mean nude value is more than one standard deviation from the mean

nude value for US Army armor crewmen. 6

3 This mean nude value is more than one standard deviation from-the mean
nude value for US Air Force men. 7
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TABLE 11. Mean Changes Ir Anthropometric Measurements Imposed By Combat
Vehicle Crewmr,,'s Clothing For Hot Weather.

Difference from Nude Measurement

BEdv Dimere'ins Inches Centimeters

1. stature 2.3 5.8
- chest depth. staiding 1.5 3.8
3. functional r-ach. standing 0.4 1.1
4. vertical arm reach, sitting -1.1 -2.7
5. sitting height 1.1 2.8
6. eye height, sitting -0.4 -1.1
" knee height. sitting 1.2 3.1

8. pcpliteal height. sitting 1.1 2.9

9. buttock-knee length, sitting 0.5 1.2

.0. buttock-popliteal length, sitting 0.2 0.6

.1. shculder breadth, sitting 0.1 0.2

.2. forearm-forearm breadth, sitting 1.9 4.7

13 hip breadth, sitting 0.9 2.3

Head Dimensions

14. head breadth 5.5 14.0
15. head-length 3.5 8.8

Foot Dimensions

16. foot length 1.3 3.4
17. ball of foot breadth 0.4 1.1

18. heel breadth 0.7 1.7

Hand Dimensions

19. hand length 0.1 0.3
20. palm length 0.0 0.0
21. hand breadth 0.1 0.3

22. index finger breadth 0.1 0.3
23. middle finger breadth 0.1 0.2

24. grip breadth, inside -0.1 -0.2
25. grip breadth, outside 0.0 0.0
26. hand clearance around knob, hypothenar 0.1 0.3
27. hand clearance around knob, palmar 0.0 0.1

28. hand clearance around knob. supinated 0.4 1.0

22



TABIE 1?. Mean Changes In Anthropometric Me'asure.o-nts Imposed By Combat Vehicle
Crewrman'-. Clothing For Hot Weather And Chemical Protection.

rifeýrencv from Nude Meas-.rerment

S'€2v ._i'i 4. Tnc h •(s Cerntimeters

.ur2e . 6.2

, ''t d. i . .2�', :2.6 6.5
3.. :.:':t ic:,a. :nath, ,n'n ng 0.1 0.3

" c.. y; . r.h t'.I 2.7

- 3.6

• ' :n 0.8 2.0
F. sitting 1.1 2.7

-o ' -a c 1 .gth, sitting 0 -1.2

, de r '-adt .. s.t Ing 3., 7.3
:2 fore-ar' e'r-arai breadth. sitting 5.6 14.3

"A. h: t'rea't; s:tt:ng 2.8 7.0

"".fhd breadth 5.6 14.1
3. ead 1ength 3.0 7.5

Fc•t Dimnensions

16. fcoot length 3.2 8.2
!7. ball of f Cot brr-adth 2.3 5.8
18. heel breadth 2. 3 5.8

Hand L i;iens , fns

19. hand length 0.2 0.6
20. Tarm length 0.3 0.7

21,. hand breadth 0.4 1.0
22. Index finger breadth 0.2 0.4
23. rniddle finger breadth 0.2 0.4

24. grip breadth, inside -0.3 -0.7

75. grip breadth, outside 0.0 0.1
26. hand clea:ance around knob. hypothenar 0.5 1.2
27. hand clearance around knob, palrmar 0.4 1 1
28. hand clearance around knob, supinate6 0.6 1.4
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TAHLE 13. Mean Changes In Anthropometric Measurements Imposed By Combat Vehicle
C:ewman's Clothing For Extreme Cold Weather.

Difference from Nude Measurement
Fodv Dimensions Inches Centimeters

statu-e 2.8 7.1
chest depth. stand:ng 3.0 7.5

3. functional reach, standing -0,4 -0.9
- vertisal arm reach, sitting -7.2 -18.4
5. s itt Ing height 1.5 3.8
6. eye he:ght. sitting -0.4 -1.1
" rnee height. sitting 1.6 4.0
8. popliteal he:ght. sitting -0.4 -0.9
9. tutteck-knee length, sitting 1.2 3.1
:0. butteck-popliteal length, sitting -1.6 -4.1
II. shoulder breadth, sitting 2.7 8.9
:2. forearm-forearm-breadth, sitting 6.4 16.3
'3. hip breadth, sitting 3.0 7.7

Head Dimensions

14. head breadth 5.6 14.3
15. head length 3.8 9.6

Foot Dimensions

16. foot -length 1.8 4.5
17. ball of foot breadth 0.9 2.4
18. heel breadth 1.1 2.8

Hand Dimensions

19. hand length 0.3 0.8
20. palm length 0.3 0.8
21. hand breadth 0.4 0.9
22. index finger breadth 0.2 0.5
23. middle finger breadth 0.2 0.4
24. grip brea th, inside -0.2 -0.6
25. grip breadth, outside 0.1 0.3
26. hand clearince around knob, hypothenar 0.5 1.2
27. hand clearInce around knob, palmar 0.2 0.4
28. hand clearance around knob, supinated 0.7 1.7
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TABLE 14. Mean Changes In Anthropometric Measurements Imposed By Combat Vehicle
Crewman's Clothing For Extreme Cold Weather And Chemical Protection.

Difference from Nude Measurement

Bcdv Dimens:cns Inches Centimeters

stature 2.9 7.4

. chpst depth. stariding 5.0 12.7

3. functional reach, standing 0.3 0.8
-. vet:ical arm reach, sitting -8.5 -21.7

. -"A:nt~g h^1Lgt 1.7 4.2

eve he.ght, , :.I*n1 -0.7 -1.9
knpe hoight. sitting 1.9 4.9

8. 7:teal he.ht. sitting -0.4

t. *, oct-cknee length. sitt ng 2.1 5.4"0. bu~c -po 1 eal length, sitting -0.8 -2.0

..c.•;1der breadth. sitting 4.2 10.7
:2'. " earrforearmr breadth. sitting 8.6 21.9

'3. hi- breadth. sitting 4.6 11.7

Hedd Dim~nsions

4.. head breadth 5.8 14.8
.5. head length 3.1 8.0

Foct Dimensions

16. foot length 3.9 9.8
'7. ball of foot breadth 2.6 6.6
:8. heel breadth 2.4 6.0

Hand Dimensions

I9. hand length 0.& 1.0

20. palm breadth 0.9 2.2
21. hand breadth 0.6 1.4

22. index finger breadth 0.3 0.8
23. middle finger breadth 0.3 0.7

24. grip breadth, inside -0.4 -1.1
25. grip breadth, outside 0.0 0.1
26. hand clearance around knob. hypothenar 0.7 1.8
27. hand clearance around knob, palmar 0.3 0.'

28. hand ciearance around knob, supinated 0.8 2.0
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TABLE 15. Mean Changes In Anthropometric Measurements Imposed By Ground Troop

Clothing For Hot Weather.

Differetnce from Nude Measurement

Fdv timensicns Inches Centimeters

S ature 1.9 4.7

2. :.est depth. standing 2.6(18.5) 6.5(47.1)

3. tnctional reach. standing 0.7(15.3) 1.7(38.8)

-. vertical arm reach. sitting -2.6(-3.9) -6.6(-9.9)

s•tting he:ght 0.7 1.9

r. eve height. sitting -0.5 -1.2

. ':iee height. sitting. 1.3 3.4

S. ;i;liteal height. sitting 1.0 2.5

9. .Atcck-knee length, sitting 1.9(15.6) 4.7(39.7)

0. :ttork--po~teal length, sitting 1.2(15.8) 3.1(40.2)

ii. sh.uder breadth, sitting 0.6 1.5

12. !orearm-forearm breadth, sitting 5.1 13.0

A3. h:p breadth, sitting 5.6 14.3

Head Dimensions

'4. head breadth 3.5 8A

15. head length 3.5 9.0

Foot Dimensions

16. foot length 1.3 3.4

17. ball of foct breadth 0.4 1.1

18. heel breadth 0.7 1.7

Hand Dimensions

19. hand length 0.0 0.0

20. palm length 0.0 0.0

21. hand breadth 0.0 0.0

22. index finger breadth 0.0 0.0

23. middle finger breadth 0.0 O.,0

24. grip breadth, inside 0.0 0ý..0

25 grip breadth, outside 0.0 0.0

26. hand clearance around knob, hypothenar 0.0 0.0

27. hand clearance around knob. palmar 0.0 0.0

28. hand clearance around knob, supinated 0.0 0.0

NC'YE: Scores i.n parentheses ind vite difference from nude measurement when the large

ALICE pack with frame (LC-l) is wrrn.
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TABLE 16. Mean Changes In Anthropometric Measurements Imposed By Ground Troop
Clothing For Hot Weathir And Chemical Protection.

Difference from Nude Measurement
Body Dimensions Inches Centimeters

1. stature 2.6 6.5
2. chest depth, standing 3.6 9.1
3. functional remch, standing 0.3 0.8
4.. vertical arm reach, sitting -3.6 -9.1
5. sitting height 1.1 2.7
t. e:'e height, sitting -0.6 -1.6

"knee he:ght. sitting 1.7 4.3
8. popliteal height, sitting 0.7 1.7
9. buttock-knee length, sitting 1.5 3.9

buttock-popliteal length, sitting 0.4 1.0
"shoulder breadth, sitting 2.6 6.6

:2 forearm-fcrearm breadth, sitting 8.0 20.2
:3. hip breadth, sittirg 6.6 16.7

Head Dimensions

i4. head breadth 3.5 8.8
15. head length 3.5 9.0

Foot Dimensions

16. foot length 3.3 8.4
7. ball of foot length 2.3 !.8

!8. heel breadth 1.7 4.3

Hand Dimensions

19. hand length 0.0[0.3] 0.0[0.7]
20. palm length 0.3[0.6] 0.8[1.5]
21. hand breadth 0.2[0.4] 0.5[1.1]
22. index finger breadth 0.1[0.2] 0.2[0.6]
23. middle finger breadth 0.1[0.2] 0.Z(0.6]
24. g;rip breadth, inside -0.1[-0.3] -0.3[-0.7]
25. grip breadth, outside 0.0[0.1] 0.1(0.3]
26. hand clearance around knob, hypothenar 0.2(1.0] 0.6[2.5]
27. hand clearance around knob, palmar 0.1(0.6] 0.3[1.4]
28. hand clearance around knob, supinated 0.4(0.9] 1.0(2.3]

NOTE: Scores in brackets indicate difference from nude measurement when the

black Itather glove shells are worn over the CB Gloves.
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TABLE 17. Mean Changes In AnthropomLetric Measurements Imposed By Ground Troop
Clothing For Extreme Cold Weather.

Difference from Nude Measurement
Body Dimensions Inches Centimeters

"stature 3.0
2. �chest depth, standing 5.0(20M0) 12.-6(50.9)
3. functirnal reach, standing 2.7(15.7) 6.9(39.8)

vertical arm reach, sitting -8.3(-8.8) -21.1(-22.3)
5 sitting height 1.8 4.6
'. eye height, sitting -0.2 -0.5

"knee height, sitting 1.6 4.1
E. popliteal height, siLting 0.2 0.6

. buttock-knee length, sitting 2.6(18.0) 6.7(45.6)
0. tuttock-popliteal length, sitting 1.9(17.2) 4.7(43.7)
1. shoulder breadth, sitting 4.9 12.5

:2. forearm-forearm breadth, sitting 10.6 27.0
3. hip breadth, sitting 7.2 18.2

Head Dimensions

14. head breadth 5.4 13.7
"5. head length 4.8 12.3

Foot Dimensions

16. foot length 2.5 6.4
17. ball of foot breadth 1.2 3.0
18. heel breadth 1.4 3.6

Hand Dimensions

19. hand length 0.9[0.0] 2.4[0.1]
20. palm length NA[0.1] NA[0.2]
2). hand breadth 1.210.3) 3.0[0.7]
22. index finger breadth NA[0.2] NA[0.4]
23. middle finger breadth NAENA] NA(NA]
24. grip breadth, inside -0.6[-0.2] -1.5[-0.6]25. grip breadth, outside . . . . 0.2(O.O] 0.6[0.11

26. hand clearance around knob. hypothenar 1.210.5] 3.1[1.2)
27. hand clearance around knob, palmar 1.8[0.3] 4.6[0.7]
28. hand clearance around knob, supinated 2.0[0.7] 5.0[1.7]

NOTE: Scores in parentheses indicate difference from nude measurement when the
large ALICE pack with frame (LC-1) is worn. Scores in brackets indicate
difference from nude measurement when only the trigger-finger inserts are worn.
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TABLE 18. Mean Changes In Anthropometric Measurements Imposed By Ground Troop
Clothing For Extreme Cold Weather And Chemical Protection.

Difference from Nude Measurement

body Dimensions Inches Centimeters

1. stature 3.5 8.9
7. chest depth, standing 6.1 15.6
3. functional reach, standing 1.7 4.3
4. vertical arm reach, sitting -9.5 -24.1

5. sitting height 2.4 5.0
6. eve height, sitting -0.7 -1.9
7. knee height, sitting 2.3 5.8
8. pc'liteal height, sitting 0.6 1.6

9. buttock-knee length, sitting 3.3 8.5

10. buttock-popliteal length, sitting 0.9 2.2

'I. shoulder breadth, sitting 5.9 15.0
12. forearm-forearm breadth, sitting 12.5 31.7

13. hip breadth, sitting 8.9 22.6

Head Dimensions

14. head breadth 5.8 14.8

15. head lengtlf 6.0 15.3

Foot Dirrensions

16. foot length 4.6 11.7
1?. ball of foot breadth 2.5 6.3
18. heel breadth 1.5 3.7

Hard Dimensions

19. hand length 0.610.8] 1.4[2.1]
20. palm lengtV NA[NA] NA[NA]
21. hand breadth 1.0[1.31 2.6[3.41
22. index finger breadth NA[NA] NA[NA]
23. middle finger breadth NA(NA] NA[NA]
24. grip breadth, inside -0.5[-0.7] -1.2[-1.8J
25. grip breadth, outside 0.2[(0.2] 0.5[0.4]
26. hand clearance around knob, hypothenar 1.2[1.2] 3.1[3.1]
27. hand clearance around knob, palmar 2.3[2.5) 5.8[6.3)
28. hand clearance around knob, supinated 1.9[1.9] 4.7[4.9]

NOTE: Scores in brackets indicate difference from nude measurement when the
black leather glove shells are worn over the CR Gloves and under the arctic
mittens.
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TABLE 19. Predicted Anthropometric Measurements (In Centimeters) Of The

US Army Armor Crewman Dressed For Hot Weather.

tr e. le

.." ';', : ! :•t 5th 50:h 95th 99th

.6. 169.2 1180.2 191.2 195.0
,23. 24.7 27.6 31.8 34.0

., .:.. ,,7". 76.2 84.0 92.7 95.9

vr : '. , 2 . 126. '35.7 145.2 151.1
, . 86f. 1-3.0 99.5 102.4

* ,v,7 :. : 7 ).8 77.2 83.2 86.3
. , m. 52.7 57.3 61.9 63.5

S!.g 4 3 43.7 47.3 51.7 53.2
", - ,, ,: . .. ', 54.3 56.2 60.9 66.2 68.8

4 •.•6.8 50.7 55.0 57.3

40. 42.3 46.0 51.4 53.4
h.42.9 .. 51.6 60.3 65.1

"1 .-'tS :.g 32.3 33.2 36.6 41.6 43.6

o',.a ,.::.',,:s I'n.'

h.. Load .reddh 27.9 28.4 29.3 30.3 30.8
"7. L.ad be th 26.6 27.1 28.4 29.6 30.0

. 0.. l :th 27.: 28.1 30.? 32.6 33.4
I7. !c21 7 .*ot breadth 9.6 10.1 10.. 11.8 12.3

I.. h t.1 Lr-,'t h 7.7 7.r 8.6 9.6 10.1

}a:id ! I!. n, rSiolls

7'. hand length 17.1 17.7 19.4 21.1 22.2
2'. palm 1 th 9.0 9.5 10.6 11.7 12.2
2:. hand oreadth 8.1 8.4 9.2 10.0 10.5
22. irdex finger breadth 2. 2 2.4 2.6
23. middle finger breadth 2 .1 2.3 2.5
24. grip breadth, inside 4. 1 4.7 5.4
2t. grip breadth, outside 9.3 10.7 11.8
26. hand cleirance around knob, 4 7 6.9 8.9

hypothenar
27. hand Llearance around knob, 3.2 3.9 5.4

palmar
28. hand clearance around knob, 9.5 11.2 12.1

supin3ted
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TABLF 20. Predi'cted AnLhrQp•,.etric Heasurements (In Centimeters) Of The US
Army Armor Crewman Drz.s-e4 For Not Weather And Chemical Protection.

Percenti _e

r,,pv : ~ns'1on• 1st 5th 50th 95tn 99th

5 *A urv 165.8 169.6 180.6 191.6 195.4
"-,t o i-•-ýt . !-tandinfg 26.1 27.4 30.3 34.5 36.7,

al reach. stand1it 73.3 75.4 83.2 91.9 95.;
* ': '• arr reach, sitting 120.5 123.9 133.5 143.0 148.9

S;rg hoigh" 84.1 86.4 92.9 99.1. 102.3
S" h',i.. •,ttlr, 68.3 70.7 77.1 83.1 86,2

ýi*ttirng 50.6 53.2 571.8 62.4 64.0)
S,, •, j.',. sitting 41.4 42.8 46.4 50.8 52.3

knee'' ilen.igth. sitting 55.8 57 41 ,2.4 67.7 70.3
itral lonth, 43.6 45.0 A8.9 53.2 55.5

1: -'r beadth. s,. tt in& 47.5 49.4 53.1 56.5 60.5
r. r f crearm breadth. 52.5 54.5 61.2 e9,9 74.7

. .. ' , inx 37.0 37.9 41.3 46.3 48.3

.,. a adt[ 28.0 28.5 29.4 30.4 30.9
""th 25.3 25.8 27.1 28.3 28.7

31.9 32.9 35.0 - 37.4 38.2

of. ; fi•," .•roadth 14.3 14.8 15.6 16.5 17.0
.F'. h,*,,-. bt~r dtl 11I .8 12.0 12.7 13.7 14.2

,"�,.* D ,nens ions

: . :;kd iergth 17.4 18.0 19.7 21.4 22.5
;, a i[d , length 9.7 10.2 11.3 12.4 12.9

, i. an d treadth 8.8 9.1 9.9 10.7 11.2
22 .d', f Inger breadth 2.3 2.5 2.7
23. ridcie finger breadth 2.3 2.5 2.7
"2.. grip t~rpadth, inside 3.6 4.2 4.9
2 E. gr;z breadth. outtide 9.4 10.8 11.9
2c. hrLh r,-a-a-ice around kn~ob, 5.6 8.0 9.8

bYpoth .r,.sr
2.'. hand f.letarance around knob, 4.2 4.9 6.4

p.'lIMar
""2. :•d c *arance around knob. 9.9 11.7 12.5

p ri n1
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TABLE 21. Predicted Anthrotpometric Measurements (In Centimeters) Of The US
Army Armaor Crewman Lressed For Extreme Cold Weather.

Percent ile

I , t 5_th SIth 95th 9 9 th

I t16.7 17(0.5 181.5 192.5 196.2

rch-: de~th. s:•nd:nrg 27.1 28.4 31.3 35.5 37.7
3 . .. . t . . ' 'll g 71.1 7i. . 82.0 90.7 93.9

-. ve: -a: arr r a,ý, s.iling 1)7.( 110.4 120.0 129.5 135.4

. he4gr" 85.2 87.5 94.0 100.5 103.4
. eye !r- h ' 8.t 7(0.8 77.2 83.2 86.3

"i.:,ee he igFh.. .i' irig : .0 53.6 58.2 62.8 64.4

V. F,;>ea - s5 11;&g 38.5 39.9 43.5 47.9 49.4
P' r).tc: Ivn.e t: gth, s; ttting 5 .1.2 58.1 62.8 68.1 -0.7

t• utctk- pc; A: teal length. 40.7 42.1 46.0 50.3 52.6

•. .hw.•,, r br.- a ý., h it t ing 1.~ 51.0, 54..7 60.1 62.1

!.. etriarr fcre-irt trreadth. 54. 5 56.5 63.2 71.9 76.7

.h treadth, stt•;.g 37.7 38.6 42.0 47.0 49.0

:-. head breadth 28.2 28.7 29.6 30.6 31.1

.5. head 4,ngth 27.4 27.9 29.2 30.4 30.8

Foot -"imenw.ion,

.P'. foe: .ength 28.2 29.2 31.3 33.7 34.5

a. aI ' of toot breadth 10.9 11.4 12.2 13.1 13.6
.8. heel breadth 8.8 9.0 9.7 10.7 11.2

Hand Dimensions

:9. hand length 17.6 18.2 19.9 21.6 22.7
20. falm iength 9.8 10.3 11.4 12.5 13.0

21. hand breadth 8,7 9.0 9.8 10.6 11.1
22. index finger breadth 2.4 2.6 2.8
23. midd;e finger breadth 2.3 2.5 2.7

2.. grip breadth. inside 3.7 4.3 5.0

25. grip treadth, outside 9.6 11.0 12.1

26. hand clearance around knob. 5.6 8.0 9.8

hypothenar
27. hand clearance around knob, 3.5 4.2 5.7

pa mar

28. hand clearance around knob, 10.2 12.0 12.8

supinated
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TABLE 22. Predicted Anthropometric.Measurements (In Centimeters) Of The US
Army Armir Crewman Dressed For Extreme Cold Weather And Chemical

Protect ion.

Percentile
r->v .n~men'•,n.• 1st 5th 50th 95th 99th

167.0 170.8 181.8 192.8 196.6
r.." 1,..• tani z:,• 32.3 33.6 36.5 40.7 42.9

cria reach. standing 72.8 75.9 83.7 92.4 95.6
%P-*:: a'.r reach, sitting 103.7 107.1 116.7 126.2 132.1

. . . t:gh" 85.6 87.9 94.4 100.9 103.8
S•e'~. ,.:tti,,g 67.6 70.0 76.4 82.4 85.5

- f'e helf g't. sitting 51.9 54.5 59.1 63.7 65.3
K, I'(a' height. sittng 38.3 39.7 43.3 47.7 49.2

:-:',,k- ,e 'length. sitting 58.5 60.4 65.1 70.4 73.0
it " . p'i t eall length. 42.8 44.2 48.1 52.4 54.7

bt. rreadth. %itting 50.0 52.8 56.5 61.9 63.9
-r:a.irn- f",- ..irn: breadth. 67.9 70.1 76.8 85.5 90.3

3. n-.; .a . sitting 41.7 42.6 46.0 51.0 53.0

"".head breadh 28.7 29.2 30.1 31.1 31.6
" "c. hedd !ength 25.8 26.3 27.6 28.8 29.2

06. fi'ct length 33.5 34.5 36.6 39.0 39.8
". a. of foot breadth 15.1 !5.6 16.4 17.3 17.8

28. heel breadth 12.0 12.2 12.9 13.9 14.4

Hand D)imensions

":9. har'd ien-th 17.8 18.4 20.1 21.8 22.9
20. •;amn length 11.2 11.7- 12.8 13.9 14.4

21. hand breadth 9.2 9.g 10.3 11.1 11.6
22. index finger breath 2.7 2.9 3.1
23. middle finger breadth 2.6 2.8 3.0
24. grip breadth, inside 3.2 3.8 4.5

2'. grip breadth, outside 9.4 10.8 11.9
2b. hand clearance around knob, 6.2 8.6 10.4

hypothenar
27. hand clearance around knob, 3.8 4.5 6.0

pal mýr
28. hand clearance around knob, 10.5 12.3 13.1

supinated
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TABLE 27. Predicted Anthropometric Measurements (in Inches) of the

US Army Armor Crewman Dressed for Hot Weather

Percentile

5odv Dimensions Ist 5th 50th 95th 99th

stature 65.1 66.6 70.9 75.3 76.8
2 chest depth. standing 9.2 9.7 10.9 i2.5 13.4
3. funct:onat reach, standing 28.8 30.0 33.1 36.5 37.8

vertlcai arm reach, sitting 48.3 49.6 53.4 57.2 59.5
.sitting height 33.1 34.1 36.6 39.2 40.3

Seve he:ght. sitting 26.9 27.9 30.4 32.8 34.0
knee he:ght, sitting 19.7 20.7 22.6 24.4 25.0

8. pc-plitcz height. sitting 16.7 17.2 18.6 20.4 20.9
G. buttock-knee length, sitting 21.4 22.1 24.0 26.1 27.1

b uttock-popliteal length, sitting 17.9 18.4 20.0 '.7 22.6
"shoulder breadth, sitting 15.9 16.7 18.1 O.2 21.0

2 forearm-forearm breadth, sitting 16.9 17.7 20.3 23.-7 25.6
.3. hip breadth, sitting 12.7 13.1 14.4 16.4 17.2

Head Dimensions

>-. head breadth 11.0 11.2 11.5 11.9 12.1
15. head length 10.5 10.7 11.2 11.7 11.8

Foot Dimensions

16. foot length 10.7 11.1 11.9 12.8 13.1
17. ball of foot breadth 3.8 4.0 4.3 4.6 4.8
18. heel breadth 3.0 3.1 3.4 3.8 4.0

Hand Dimensions

19. hand length 6.7 7.0 7.6 8.3, 8.7
20. palm length 3.5 3.7 4.2 4.6 4.8
21. hand breadth 3.2 3.3 3.6 3.9 4.1
22. index finger breadth 0.9 0.9 1.0
23. middle finger breadth 0.8 0.9 1.0
24. grip breadth, inside !.6 1.9 2.1
25. grip breadth, outside 3.7 4.2 4.6
26. hand clearance around knob, 1.9 2.7 3.5

hypothenar
27. hand clearance around knob, 1.3 1.5 2.1

palmar
28. hand clearance around knob, 3.7 4.4 4.8

supinated

42
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TABLE 28. Predicted Anthropometric Measurements (in Inches) of the
US Army Armor Crewman Dressed for Hot Weather

and Chemical Protection

Percentile

Body Dimensions Ist 5th 50th 95th 99th

1. stature 65.3 66.8 71.1 75.4 76.9
2. chest depth, standing 10.3 10.8 11.9 13.6 14.4
3. functioral reach, standing 28.9 29.7 32.8 36.2 37.4
4. vertical aria reach, sitting 47.4 48.8 52.6 56.3 58.6
5. sitting height 33.1 34.0 36.6 39.1 40.3
6. eye height sitting 26.9 27.8 30.4 32.7 33.9
7. knee height. sitting 19.9 20.9 22.8 24.6 25.2
8. popliteaI height, sitting 16.3 16.9 18.3 20.0 20.6
9. buttock-kcte length, sitting 22.0 22.7 24.6 26.7 27.7
YO. buttock-popliteal length, sitting 1.7.2 17.7 19.3 20.9 21.9
21. shoulder breadth, sitting 18.7 19.4 20.9 23.0 23.8
"12. forearm-forearm breadth, sitting 20.7 21.5 24.1 27.5 29.4
:3. hip breadth, sitting 14.6 14.9 16.3 18.2 19.0

Head Dimensions

14. headbreadth 11.0 11.2 11.6 12.0 12.2
15. head length 10.0 10.2 10.7 11.0 11.3

Foot Dimensions

16. foot length 12.6 13.0 13.8 14.7 15.0
17. ball of foot breadth 5.6 5.8 6.1 6.5 6.7
;8. heel breadth 4.6 4.7 5.0 5.4 5.6

Hand Dimensions

19. hand length L.9 7.1 7.8 8.4 8.9
20. palm length .8 4.0 4.4 4.9 5.1
21. hand breadth .5 3.6 3.9 4.2 4.4
22. index finger breadth 0.9 1.0 1.1
23. middle finger breadth 0.9 1.0 1.1
24. grip breadth, inside 1.4 1.7 1.9
25. grip breadth, outside 3.7 4.3 4.7
26. hand clearance around knob, 2.2 3.1 3.9

hypothenar
27. hand clearance around knob, 1.7 1.9 2.5

palmar
28. hand clearance around knob, 3.9 4.6 4.9

supinated
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TABLE 29. Predicted Anthropometric Measurements (in Inches) of the
US Army Armor Crewman Dressed for Extreme Cold Weather

! ercenti le

?cPdv '.me, ns m.s 5t h 9 5th

i. stature 05.6 67.1 71.5 75.8 77.3

2. c est de..h, standin" 10.7 1>.2 2 .3 ,4.0 A4.8
3. u c .icma reach. star,ndng 28.6 2Q.2 32 .3 35.7 37.0

a vertca.T .m reach, stting 42.: 43.5 47 .2 51.0 53.3
5. s &tting heigh.t, 33.5 34.4 37.0 39.6 40.7
6. cye he [, sitting 26.9 27.9 30. 4 32.8 34.0

7. kne heght, settgg 2(1.1 21.1 22 .9 24.7 25.4
8. pctli a ,h h ris.ht, s LttIng 15.2 15.7 17.1 18.9 i9.4

. tuttcck-.ree length. stt ting 22.1 22.9 24.7 26.8 27.8
1(. buttcck --p pl teal lfrgth, sitting 16.0 16.6 18.1 19.8 20.7
1 . shouI der 'lradth. s.ttLing 19.3 20.1 21.5 23.7 24.4
12. forearm forearrn breadth. sitting 21.5 22.2 2z. 9 28.3 30.2
13. h ip breadth, s itting 1•.8 15.2 16.5 18.5 19.3

isad 5'rm, n.ions

Ik. head breadth I1.1 11.3 11." 22.0 12.2
15. head length 10.8 11.0 11.5 12.0 12.1

Foot Dimens ions

16. foot length 11.1 11.5 12.3 13.3 13.6
17. ball of f.cot hreadth 4.3 4.5 4.8 5.2 5.4
18. heel breadth 3.5 3.5 3.8 4.2 4.4

Hand D imorsions

19. hand length 6.9 7.2 7.8 8.5 ".9
20. palm length 3.9 4.1 4 5 4.9 5.1
21. hand breadth 3.4 3.5 3.9 4.2 4.4
22. index finger breadth 0.9 1.0 1.I
23. middle finger breaath 0.9 1.0 1.1
24. grip breadth, inside 1.5 1.7 2.0
25. grip breadth, outside 3.8 4.3 4.8
26. hand clearance around knob, 2.2 3.1 3.9

hypothenar
27. hand clearance around knob, 1.4 1.7 2.2

palmar
28. hand clearance around knob, 4.0 4.7 5.0

supinated

44



TABI.E 30. Predicted Anthropometric Measurements (in Inches) of the
US Army Armor Crewman Dressed for Extreme Cold Weather

Chemical Protection

Percenti le

!'f :,:mPzn• lsL 5th 50th 95th 99th

"65.7 67.2 71.6 75.' 77.4
::. : , c h, 1 ,aid ng 12.7 13.2 14.4 16.0 16.9

c. -.a',r;a e ch, standin, 28.7 30.0 33.0 36.4 37.6
.. i•' a arnr rea t . ittitng .40.8 42.2 45.9 49.7 52.0

5. '• Y.eght 33.7 34.6 37.2 39.7 40.9
v v. \ 'r .gh I • t t In jt 26 .6 27.6 30 .1 32,.4 33.7

-. i.•ei. , t ..•ttng 20.4 21.5 23.3 25.1 25.7
t. c tai 'lie ght, .1tting 15.1 15.6 17.0 18,8 19.4

. Lutt.'c•kn•e Ielgth. sitting 23.0 23.8 25.6 27.7 28.7
j t. or,'•, - 2 tual ie rgth, sitting 16.9 17.4 18.9 20.6 21.5

"" -. d t.r I ,,ad!.h. t tt ing 20.0 20.8 22.2 24.4 25.2
.crrirr, f~oruair bizeaoth, sitting 26.7 27.6 30.2 33.7 35.6

.3. h;,ý treadth. sitting 16.4 6 8 1 . 20.1I 2 .

-:.. head treadth 11.3 11.5 11.9 12.2 12.4

;5. head length 10.2 10.4 :0.9 11.3 I1.5

F oc t Me 11ie sI I- [nI

" t.. foc't length 13.2 13.6 14.4 15.4' 15.7
Lal o!f foot breadth 5.9 6.1 6.5 6.8 7.0

;9. - •,. hee: breadth 4.7 4.8 5.1 5.5 5.7

H&nd ,inmers Icns

19. hand length 7.0 7.2 7.9 8.6 9.0
20. y. aIrr length 4.4 4.6 5.0 5.5 5.7
21. hand breadth 3.6 3.7 4.1 4.4 4.6
22. index finger breadth 1.1 1.1 1.2
23. middle finger breadth 1.0 1.1 1.2
24. grip breadth, inside 1.3 1.5 1.8
25. gri; breadth, outside 3.7 4.3 4.7
26. hand clearance around knob. 2.4 3.4 4.1

hypcthenar
27. hand clearance around knob, 1.5 1.8 2.4

palmar
28. hand clearance around knob, 4.1 4.8 5.2

supinated
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Figure I&. Combat vehicle crewman's clothing for hot weather (front view)
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Figue l. Cmba vehclecremans clthig fr ht wethe (sde iew
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Figure 2a. Combat vehicle crewman's clothing for hot weather and
chemical protection (front view)
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Figure 2b. Combat vehicle crewman's clothinz for hot weather and
Chemical Protection (side view)
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Figure 3a. Combat vehicle crewman's clothing for extreme cold weather
(front view)
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Figure 3b. Combat vehicle crewman's clothinL for extreme cold weather- (side view)
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d. ~ .. 'rtewry~in' c lothing !or extreme cold weather and
r errica.kiprotection (front view)
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Figure Lab. Combat vehicle crewman's c�othin� for extreme cold weather and
chemi�aI protection (sidi view)
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Figure 5a. Ground troo~p clothing for h~ot weather (front view)
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Figure 5b. Ground troop clothing for k~ot weather (side view)
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Figure 5c. Cround trocp ciothint for hot weather wiith the large ALICE
pack and frame (~front view)
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Figure 5d. Ground troop clothing for hot weather with the large ALICE
pack and frame (side view)
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Figure 6a. Ground troop clothin& for hot weather and chemical protection
(front view)
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Figure 6b. Ground troop clothing for hot weather and chemical protection
(side view)
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Figure 7a. Ground troop clothing for extreme cold weather (front view)
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Fig;ure 7b. Ground troop clothing, for extreme cold weather (side view')
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Figure 7c. Ground troop cloth ng for extreme cold weather with the large
ALICE pack and frame (front view)
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Figure 7d. Ground troop clothing for extreme cold weather with the large
ALICE pack and frame (side viewj)

73



Figure 8a. Ground troop clothing for extreme cold weather and
chemical protection (front view)
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Figure 8b. Gro'und troo; thv*thijn fc'rt ext-rrern cold we~the~r P.,),
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FIGURE 11. BODY DIMENSIONS (CONT'O)

11. Shoulr Bradth, Sitting
12. Forarm-Foreerm Breadth, Sitting
13. Hip Breadth, Sifting
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FIGURE 13. FOOT DIMENSIONS

16. Foot Length
17. Ballof Foot Breadth
18. HeoI Breadth
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FIGURE 14. HAND DIMENSIONS

19. Hand Length
20. Palm Length
21. Hand Breadth
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24 25

26 27 26

FIGURE 15. HAND DIMENSIONS (CONT'D)

22. Index Finger Breadth 26. Hand Clearance Around Knob,
23. Middle Finger Breadih Hypothenar (00)
24. Grip Breadth. Ifiide 27. Hand Clearance Around Knob,
25. Grip Breadth, Outside Palmer (90")

26. Hand Clearance Around Knob,
Supinated (1800)
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DEFINITIONS OF ANTHROPOMETRIC MEASUREMENTS*'

Body Measurements

1. Stature. The subject stands erect with the heels together and head
level. Stature is me.asured as the vertical distance from the floor to the top
of the head. An anthropometer is used with the anthropometer arm firmly

touching the scalp to compress the hair. Stature of the clothed man is
increased by footwear such as socks, boots, and overboots and by headgear such

as pile cap, balaclava. helmet, and hood.

2. Chest depth, standing. The subject stands erect, with his arms
initially raised ther, lowered after the anthropometer is in place under the
right arm. The depth of the chest is measured at the level of the nipples
during normal breathing. An anthropometer is used and is held horoizontally.

Chest depth of the clothed man is increased by clothing and equipment over the

back anL over the chest.

3. Functional reach, standing. The subject stands erect against a wall,
with his right arm extended forward horizontally, and with the tips of his
thumb and index finger pressed together; his shoulders must remain in contact
with the wall. Functional reach is measured as the horizontal distance from

the wall to the tip of the thumb. An anthropometer is used. Functional reach
of the clothed man is increased by. the clothing and equipment on the back and
by handwear; it is decreased by inhibition of arm-shoulder joint mobility due
to clothing and equipment bulk in that area.

4. Vertical arm reach, sitting. The subject sits erect, with his right
arm and hand extended vertically above his-shoulder. Arm reach is measured as
the vertical distance from the sitting surface to the t'p of the middle finger
of the extended hand. An anthropometer is used. Vertical arm reach of the
clothed man is increased by handwear and by clothing under the hips; it is
decreased by inhibition of arm-shoulder joint mobility due to the rlothing and
equipment bulk in that area.

5. Sitting height. The subject sits erect, with head level, and with
his feet resting on a surface ad-,xsted so that his knees are bent at right

angles. Sitting height is measured as the vertical distance from the sitting

surface to the top of the head. An anthropometer is used, with the
anthropoaweter arm firmly touching the scalp to compress the hair. Sitting
height of the clothed man is increased by the clothin- under the hips and leg,
and by headgear such as pile cap, balaclava, helmet, and hood.

6. Eye height, sitting. the subject sits erect with head level, and
with his feet resting on a surfa-e adjusted so that his knees are bent at

right angles. Eye height is measured as the vertical distance fromt the

SMeasurements 1. through 21 are adapted from White and Churchill; 6 measure-
ments 22 through 28 are adapted form Garret. 7
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sitting surface to the inner corner of the right eye. An anthropometer is
is used. Eye height of the clothed man is increased by clothing under the
hips.

7. Knee height, sitting. The subject sits erect, with his feet rescing
on a surface adjusted so that his knees are bent at right angles. Knee height
is measured as the vertical distance from the footrest surface to the tvp of
the right knee. An anthropometer is used. Knee height of the clothed man is
increased by footwear such as socks, boots, and overboots aud by the trouser
leg materials over the knee.

S. Popliteal height. sitting. The subject sits erect, with his feet
resting on a surface adjusted so that his knees are bent at right angles.
Popliteal height is measured as the vertical distance from the footrest
surface to the underside of the right knee (popliteal area). An anthropoineter
is used. Popliteal height of the clothed man is increased by footwear such as
socks, boots, and c,:erbocts; it is decreased by trouser leg materials at the
popliteal area.

9. Buttock-knee length, sitting. The subject sits erzct, with his feet
resting on a surface adjusted so that his knees are bent at right angles.
Buttock-knee length is measured as the horizontal distance from the back of
the right buttock to the front of the right knee. An anthropometer is used.
ButtocK-knee length of the clothed man is increased by clothing and equipment
over the hip and by trouser material over the knee.

b0. Buttock-popliteal length, sitting. The subjezt sits erect with his
feet resting on a surface adjusted so that his knees are bent at right angles.
Buttock-popliteal length is measured as the horizontal distance from the back
of the right buttock to the back of the right knee (popliteal area). An
anthropometer is.used. Buttock-popliteal length of the clothed mar. is
increased by clothing and equipment over the hip; it is decreased by trouser
leg materials at the popliteal area.

11. Shoulder breadth, sitting. The subject sits erect with his arms
bent to form right angles at the elbows and with his elbows held against the

----., -- body -The maximum breadth across the shoulders is measured at the bulges of
the deltoid muscles in the upper arms. An anthropometer is used and is held
hor;zontally. Shuulder breadth of the clothed man is increased by clothing
and equipment between the torso and the upper arm-. and by clothing material
over the upper arms.

12. Forearm-forearm breadth, sitting.. The subject sits erect, with his
arms ben-: to form right angles at the elbows, and with his elbows held against
th, body. The maximum breadth across the body is mepsured, including the arms
at the level of the forearm muscles. An anthropoineter is used and is held
horizontally. Forearm-forearm breadth of the clothed man is increased by
clothing and equipment between the torso and the arms and by clothing material
over the arms in tho area of elbows and forearms.
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13. Hit breadth. sitting. The subject sits erect with his knees
together. The maximum breadth across the hips is measured. An anthropometer
;s used and is held horizontally. Hip breadth of the clothed man is inrreased
ty clothing ard equipmer.t over the hips.

Head Measurements

14. Head breadth. The subiect sits erect with the head level. The
r-ax:mum herizcntal breadth of the head is measured above and behind the ears.
Spreading cal;per5 are used. Head breadth of the clothed man is increased by
,-.eadgear su'h as rile cap. balaclava, helmet, hood, and earphones.

15. Pead length. The subject sits erect with the head level. The
max::num ;e.gth ot the head is measured from the back of the head (occiput) to
the forehead (iabelia). Spreading calipers are used. Head length of the
cX'the J ma, ;s increased by headgear such as the pile cap, balaclava, helmet,
hood. ai.d rask.

Fcct Measures

16. Foot Length. The subject stands erect with his right foot in a foot
nwr3suring box. and with his weight evenly distributed on both feet. The
maximum length of the right foot is measured from the back of the heel to the
tqp of the longest toe. A foot measuring box is used. Foot length of the
clcthed man is increased ty footwear such as boots and .,verboots.

17. Ball of foot breadth. The subject stands erect, with his right foot
in a foot measurir 6 box. And with his weight evenly distributed on both feet.
The breadth of the right ioot is measured betweeit the inner and outer balls of
the foot (first and fifthlmetatarsal-phalangeal joints). A foot measuring box
is used. Ball of foot breadth of the clothed man is increased by footwear
such as socks, boots and Overbocts.

18. Heel breadth. The subject stands erect, with his feet slightly
arart, and with his weight evenly dist:ibuted cn both feet. The breadth of
the ribht htel is measured below and behind the projections of the nnkle bone&(malleoli). Sliding calipers are used. Heel breadth of the clothed man is

increased by footwear such a! boots and overboots.

Hand Mnasures

19. Hand length. The subject sits, with his right hand and fingers
extended, palm j-. The length of the right hand is measured from the wrist
crease to the tip of the middle finger. Sliding calipers are used. Hand
length of the clothed man it increased by gloves and mittens.
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20. Palm length. The subject sits, with his right hand and fingers
extended, palm up. The length of the palm is measured from the wrist crease
to the crease at the base of the middle finger. Sliding calipers are used.
Palm length of the clothed man is increased by gloves. Since mittens have no
base-of-finger landmarks, this measure is not obtained when the subJect wears
mittens.

21. Hand breadth. The subject sits with his right hand and fingers
extended, palm up. The breadth of the hand is measured at the level of the
knuckles (distal ends of the metacarpal bones). Sliding calipers are used.
Hand breadth of the clothed man is increased by gloves and mittens.

22. Index finger breadth. The subject sits with his right hand and
fingers extended. The fingers are slightly separated. The breadth of the
index finger is measured by moving the measuring instrument up and down the
length of the finger until the point of maximum breadth is found. Sliding
calipers are used. Index finger breadth of the clothed man is increased by
the wearing of gloves.

23. Middle finger breadth. The subject sits with his right hand and
tingers extended. The fingers are slightly separated. The breadth of the
middle finger is measured by moving the measuring instrument up and down the
length of the finger until the point of maximum breadth is found. Sliding
calipers are used. Middle finger breadth of the clothed man is increased by
the wearing of gloves.

24. Crip breadth, inside. A hardwood cone (24 inches high, with a 2-
inch diameter at the base and a 0.5-inch diameter at the top) is the measuring
instrument. Changes in the diameter of the cone to the nearest 0. 1 inch are
indicated by means of 24 equally-spaced circumferential lines drawn on the
cone. The subject hclds the cone at the largest circumference he can grasp
with his thumb and middle finger just touching. Grip breadth (inside) is
measured by reading the diameter of the cone corresponding to this maximum
circumference. Grip breadth of the clothed man is decreased by glove and
mitten material.

25. Grip breadth, outside. A hardwood cone (24 inches high, with a 2-
inch diameter at the base and a O.!-inch diameter at the top) is used during
thif measurement. Changes in the diameter f the cone to the nearest 0.1 inch
are indicated by means of 24 equally spaced circumferential lines drawn on the
cone. The subject holds the cone at the largest circumference he can grasp
with his thumb and middle finger just touching. Grip breadth (outside) is
measured from the interphalangeal joint of the thumb to the knuckle of the
middle finger. Sliding calipers are used. Grip breadth (outsidej of the
clothed man is increased by glove and mitten material.

26. Hand clearance around knob, hvypothenar. A rotation box (see
Garret 7 ) is used in taking this measurement. The rotation box used in this
study consisted of a Class C type rotary knob mounted on a metallic shaft
which penetrates the center of an 8" x 8" piece of sheet metal. The subject
extends his right hand and grasps the knob between his thumb and forefinger.
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The 0,: po;nts straia;ht n; W 1 at this point. hand c I-arance around knob
: vhy,,thenar) is measured, wi th the aid ot a vertical Wovden wedge, from the
knob cenror to the n:i•st i,: - rusiv,. point on the hypothenar surface of the

hand. Hand clearance arrund knob (hypothnar) of the clothed man is increased

by gloves and mittens.

2I. Ha'._ __c ':ara. ,'b.A retat ion box ,see arrettT)
:s. tawe:dan this ;,",•irmPvt . The rotation box is described ahbove. The

' ,','c extends his r"Aht Land and grasps the knob between his thumb and

forefinger. The knob points straight up (W°) at this po nt. The subt ect then

rot ates the knoh 0O0 f -om zero To the right. Hand ciarance around knob
ralrar, :s measured f*-o, *b•. knot center to th,- most prctrusive point on the

r-a,,ar si•de of the han. .OHnd rarancv arouwd knob yaki:;rar) cf the c othed
m.a:n; is increased tv loes and mi tters.

ZS. Hand ci,,aranwo around utb. s!jpinated hand. k r.tatiorn box (Fee
,.-arrett ! is used in tthi:n this mea.urpment. The rrtatl1or; box has been

described aboP. The sut, rt extends his r ght hand and grasps the knob
.be•wfc.n h•s thumb and fcr,,: nger. Th,, knob pcints straight up k0iO at this
point. n he suboect thtr. at F the knob 18U0 from zero the the subjects
r;:.•t. H-nd cIearan fe ard k nob (supinated hand) is measured from the most
;rctrusve point on the hvpwothenar side to the most protrusive point on the

h.ý.tnar side of tre supirnate hand. Hard clfearance around knob (sup inated
.and' of the clothed wa•r ;s increased by gloves and mittens.
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