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dimensions related to dress shirts are compared to the

dimensions of the current in-service shirt, It is ccncluded:

e that the current size roll could be
rationalized to provide shirts which fit a i
greater proportion of the populations ‘ 3
.5 that, especially for the larger collar sizes, :
- the in-service shirt range is too large in .

both waist and chesty . . PR
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B tre cuff circumference of the ingerv.ce shirt is too large|
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’ ?;:\\)that the in-gervice shirt is teo longyct: ¢~

Based upcn these findings, it is recocmended that a modified

set of shi»t dimensions should form the basis of a redesigmad
ghirt, ani that this redesigred shirt should be manufactured an:i
trialled,
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A SEIRT RANGE BASTD UTCY ANATCMITAL MEASURIMENTS

Dr ¥.G, Fing

AIM
1, The aim of this report is to present a comparison of the shirt

specified by DEF(AUST)5494 with the actiual body dimensions of men in the

Australian Army - the anatomical informa*tion being obtained from analysis
of the 1980 CRAMS (Clothing Related Aratomical Measurement Survey) data.
2. The adequacy of the existing size rolls exanmined and some changes
to the current range of sizes are recommended. Furthermore, the
relationships between the various dimensions of the shirt and the

distribution of relevant bodily dimensions are considered; where it is

possible to improve the fit of the shirt, some alterations to the

dimensional details of the shirt range are recommended.

THE SIZE ROLL

3 The size of a shirt is specified by two values - the sleeve length
and the collar size. In the case of the shirt DEF(AUST)S5494, 16 collar
sizes are offered, covering a range from 32 cm to 47 cm in 1 ¢ increments;
the sleeve length (which is measured from centre back to bottom edge of the
cuff) has a range of values from 74 cm to 89 cm, with the increment
alternating between 2 and 3 cm for the seven sizes of sleeve length. Of the
total 112 possible combinations of shirt and collar sizes, only 38 are
currently offered (these are listed in Annex A).

The Demand for Each Size

4. The CRAMS data provides the neck circumference, and the sleeve
length of each of the 21824 subjects measured. By comparison of these

values with the parameters defining the shirt size (collar,
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and s.eeve 1ength) it is possidle to estimate the dezand fcr each
size, and also the total percentage of the population of tre
poprulation which is fitted vty a pvarticular size roll can te calculated.

In tre case of tre size roll associated with DEF(AUST)S434, the 38

sizes offered provide shirts which fit 54% of the pcpulation. The

distridbution of demand for each size is indicated in Anrex 4,
S Tre following rules were aoplied to determine the collar
and sleeve size required by each man represented by a set of CRAMS
measurementss
a. the neck size (36 em, for example) corresponds to
a shirt with a collar 1 cm greater (37 cm circumference),
and it was decided to assign size 36 shirts to those
men with necks in the range equal or greater than
35.5 em to less than 36,5 cm.
b. for the sleeve sizes, the boundaries between each
size were calculated (for example the boundaries for
size 81 cm are 80 and 82,5 cm), and the demand for
each size was given by the number of men equal to or
less than the upper boundary, and greater than the
lower boundary.
c. for the shortest sleeve size, the demand for this size
was given by the number of men equal to or less than
the upper bourdary, because in practice it would be
found that the smallest sleeve size would be assigned ﬁ
t0 all men equal to or leas than the size.
SUGGESTED CEANGES TC THE SIZE ROLL
6. Changes to the Collar Sizes, With the current size roll,
the collar sizes are incremented in 1 cm steps, This means that whilst

a 36 cm collar is designed to fit a 35 cm neck, in practice the

difference (or allovance) between the wearer's neck and the shirt collar

ad ten—
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may be between 7.5 ani 1,5 em, I¢ it is accepted tha® <nis allowance
iz satisfactory at tre smaller end of the scale, then it car te shown
{See Anrex B) that a larger allowance should te accer:able for larger
reck sizes, A larger range in allowance means tha: the increment
tetween successive sizes can te corresvondingly larger. A rractical
arplication ¢f this principle is emtcdied in the recommerdation trat

up to and including collar size 47 cm, size increments shculd e in ¢

cm steps, whilst above collar size 42 cm, increments should te in
1.5 cm steps.

-

Ta Changes to sleeve length sizes. As with the ccllar

increments, it is appropriate to use larger increments tetween

the larger sizes, and this is in contrast with the current size roll
which employes alternating 2 cm and 3 cm increments throughout the
range of sleeve length sizes, Accepting that the 3 cm increment is
satisfactory at the small end of the scale, it is suggested that this
increment be maintained for the first three sizes.(74 em, 77 em,

and 80 cm); the next two increments should be 3.5 cm (to 83,5 em

and 87 cm) and, if required,the final increment should bte 4 cm

(to 91 cm).

8. The selection of sjzegs. The 21284 subjects whose data
are listed in the CRAMS data bank were "fitted" by computer with the
shirts defined by the new collar and sleeve length sizes, The
frequency of demand for each size, based in the results of the
computer fitting are shown in Annex C. It is suggested that where ﬁ
the predicted demand for a size exceeded 0.5% of the population (that
is, approximately 100, based on the CRAMS sample size), then a shirt
should be offered for that size, Based on this criterion, 43 of the
cells in the collar : sleeve matrix are indicated as sizes - and these

4% sizes would fit 92,78 of the population,




THE SHAPE OF THE SHIRT

“e In addition to ccllar and sleeve dimensions, *ne

TAn

svrecification for the shirt DIF(AUST) 4% llsts seven ciher mezsurezents:

‘o

chest, waist, seat, lengtr, cuff, vent, back width. Apart from the
sleeve vent, there are CRAMS measurements which corresrornd %o each of
the shirt dimensions and the descriptive statistics of tre SRS

zeasurements are presented in Annex D, The correlaticn matrix

relating each of the CRAMS dimensions is also given at Annex D,
10. Annex E lists the nine measurements of each shirt in
the current size roll for the in-service shirt,

CHEST:COLLAR RELATIONSHIP

11. Reference to the dimensions in Annex E will indicate that
for the in-service shirt the chest dimension increases with increasing
collar size, Over the range of collar sizes 31 to 35 cm an increment
of 2 cm in chest corresponds to an increment of 71 cm in collar; from
collar size 36 cm to 46 cm the increment in chest is 4 cm for each

1 cm in neck. This relationship is represented by the solid line

in figure 1. Also presented in figure 1 is a scattergram plot of a
random 2% sample of the subjects measured in the CRAMS survey (for

the sake of clarity the 21 824 subjects were not plotted on the

» scattergram). i
12. From Figure 1 it can be seen that where a man is fitted with ﬂ
a shirt by collar size, in no case is the shirt too small in the chest.
However the cost of achieving this situation is that in many cases the 4

shirts may be rather loose in the chest = and this is particularly so
for men with the larger sizes of collar, PFigure 1 shows that
the in-service shirt size range has been designed with the underlying

assumption that men with larger necks (3¢ cm and above) have increasingly

large chests. This assumption is not supported by the CRAMS data.
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retween chest ani ccllar dimensicons in <re larger sizes, 1% s suxgested

+rnat the chest size ceorres~ondine to & - em enllar Ye mzirntained for
-~ ~ - - /~
all larger cr-llzar slizes, rat is, for cclilzy sizes 27 =w¢ 4%, the chest

srould te 127 em. Turthernore, fro= tre diztritution -7 measuremernts
in the regiszr telow the collar size %F ¢z, thare aprvears o te little
Justification in derarting from the 4:° ratio Tetween chest and ccllar

Y -~

‘ncrements (re:rese:ted by the continusus line tetween collar size

35 and 39 cx). Therefore it is sugrested that the 4:° re*ic e

continued through the smaller ccllar sizes, Tris would lead %o a
chest dimensicn of 88 cm ccrresvendirs 45 the smallest c-llar size
(31 cm). These suggested modifications are .llustrated -y +he broken

-

line in Pigure 1., It can be seen from th:s “isure <ha+: ‘he suggested
range of shirts still effectively caters for ~o5s* 0f tre vopulation:
the advantage of better fit is nct at *he cost 3f a sreat ru-ber

of unfitted subjects, Tre sugrested mcdifi~atisnes are 3deailed in

Annex F.

~SAIST:COLLAR RELAT-CNEHIF

14. The approach and the resul<s of this aralysis closely parallels
the investigation of chesticollar relationships. The waist and collar
dimensions of the random 2% sample are illusirated in the scattergram in
figure 2, Also represented in this figure, by a solid lirne, is the
relationship between waist and collar in the in-service shirt, It can

be seen from this sample that in some instances a man may te fitted by
collar size, but he may find that the shirt is too tight in the waist
region « and this is more frequently tre case in the z.iile range of

=
z

ccllar sizes, or the larger collar sizes, the shirts zre unnecessarily

voluminous in the waist,.
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't Tummested oo oes, L8 with the chesticol ar izta, thnere
is little evidence ~7 the nmeed for systemartic incretse wEizt 3inse
coarresvondins o increasing collar size terord o collar size of Thoem,
2t is therefore sugres*ed that a2 constant waist dimersicen of “*7 onm

re adcrted for all z2hirzs of cellar size 33 g7 and akove, Tor -cllar

sizes ¥71 1o 33 em it i3 siecested that 2 ratic cize should te accomranied
ty an increment ¢f 5 om in tre waist ¢f the shirt, s-artins Tromoa

. XA ) . R . .. -
waiast of 77 cm owith the smallest collar size of 1 em. These

modifications are rerresented by the trcken line in Tigfure 2, Tre
susTested modifications zre detailed in anrex 2,

T4E CURF

1€. Tailoring converntions suggest that an allce e of
approximately 7 cm (tre excess of tihe -ircumference ¢ .rt cuff
over the wrist circumference) ‘s acceprtable. The current
specification has cuffs rangine frem 21 cm t» 28 em - the increase
being associated with increasing collar size, From the CRAMS data,
the statistical da-a relating to wrist and collar are given bty the
linear regression equation?

wrigt = 0,19 collar + 10
17. From the above relationships, for each collar size the
Qath centile (maximum) wrist circumference and the average wrist
circumference were calculated for each collar size, Bearing in
mind the target of an average 7 cm allowance, and the practical need
for whole number dimensions where possible, the cuff dimensicns
incorporated in the draft specification, Annex E, were computed.

In no case does the allowance for the 99th centile man fall below the

limit of 5 cm,




LENGTH

Cat\2 T

B
(¥

. Althcugh the current snirt rarge features lerngtihs
to "5 em (the increase Yeins asgociateld with lroreasing crllar) e
\:-‘

CHAMS data sug®ests that these shirts are tco long, “re mear man's

rni the standard deviation is 2,3 cm, Tre

@

body length is 7C com,

'

elatisnship between “coirlength and the two defining wrariztles

(collar and sieeve len:th) is given tx trhe multiple regression ezuation:

‘3 enllar + 0,227 sleeve + 31

—
D
03
n
t
>
"
[
.
n

with tne multiple regression ccefficient R = (.49
13, Prom tne residual variance (after ‘he applicatiasn cf <he
above regression equation , the 33th centile length was calculated
for each sleeve and collar combination., These maximum values were
rounded to the nearest 5 cm increment (in keering with standard
tailcering practice), and the recommernded shirt lengths listed in

Annex E are equal to the rounded 99th centile body length for that size,
CCNCLUSION

<0, Consideration of the current size roll leads to the
following conclusions:
a., the current size rcll affords a good fit to S4% of
the population, with 38 sizes being specified;
b. a rationalization to the increments between successive
collar sizes, and between successive sleeve sizes
is justified, with larger increments being specified
between the larger sizes;
¢. by adopting a rationalized size roll structure, and
selecting sizes in high demand, it is possitle to
provide shirts to fit approximately 9%3% of :he

Australian Army with 4% sizes.
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. : v L3 sves [ Tiel zize 22 1 rrediacen
- ~ - + ‘ o !
ey 3 agst T, 7 e romuletion,
. - . . . P el e, .
. S olterArvite irs srecif_oed Ty LI(AUST)RLNL rzs raern
- - o N A . - Py
~Acsmrared wotn lzva Syom JRAMD, With resgréd to tre rat.os of crecst
A - - - - - h A
<o czllar, ant walst %3 +:llar, 14 iz ~2onzliuded thats
- s
a, Tr o2 larser sizes (grezter *han collar size 23)

T, tne ad:izticn ¢of ming- meiifizations *to inhe scale of
ratios tetween waistico.lar and chesticcllar should

cerult in g tester fit fcr a greater rroportion of

ce *tne lergth of in-service shirt Is too great, in a

3

umber ¢f sizes, and a rationalized recomrendation

rovides a shirt length which will fit the GGth

'

centile man for each size;

d. the cuff circumference has been altered to provide a
satisfactory allowance (average 7 cm, minimum 5 cm)
for each size,

ECCMMENDATIONS

2z, That the specifications of *he Shirt, Mens, Polyester/Cotton
described by DEF(AUST) 5494 be re-examined by tailoring and design
professionals with a view to modifying the design parameters,

23, That the suggestions detailed in Annex F be considered by
tailoring and design experts and - if compatible with tailoring and
design conventions = these suggestions should form the basis of

modifications to the design parameters of the Shirt,
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ANNEX B

THE VARIATION IN CIRCUMFERENTIAL ALLOWANCE

FCR A RANGE OF CCLLAR SIZE3

1, The aliowance of a shirt coilar is the difference

between collar circumference and neck circumference, if tre

collar is pulled tight as illustrated

in the accompanying diagram, figure 1, ’

then the allowance is given by:
D/2 =t tang = xf (1)

where D is collar - neck

and § is the angle shown in

figure 1, i e 1

2. If the concept of fit/non-fit is defined by a
limiting value of the angle @ which is formed by the excess
material when the collar is pulled tight, then a maximum
and a minimum value for # can be calculated for any neck size.
In particular, if the maximum allowance which is acceptable
for a 32 cm circumference neck is 1.5 cm, then:

1.5 = 32 (tang - #)/1r

thus (tang - §)/n = 0.0469.
From this value the maximum allowances may be obtained for other
neck sizes; sgimilarly the minimum tolerance values may be
calculated using the criterion of 0.5 cm for a 32 cm neck,
The range of maximum and minimum allowances are listed in Table 1

of this Annex,




ANNEX B

3. An allowance of 1,5 cm maximum corresponds tc collar
increments of 1 cm, whilst a 2 cm maximum allowance corresponds

to 1,5 cm collar increments (assuming that a 0.5 cm mimimum allowance
is used). In keeping with the goal of avoiding fractional

measurements where possible, it was decided to recommend that for

neck sizes up to 41 cm (that is, co.lar sizes of 42 cm) a 1 em
collar increment should be used, whilst for the larger sizes a

1.5 cm increment should be adopted,

Table 1

The Range of Maximum and Minimum Allowance

neck maximum minimum
32 1.5 o4
34 1.6 )
36 1.7 5
38 1.8 5
40 109 .6
42 2.0 .6
44 2.1 .6
46 2.2 .6
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STATISTICS CP SHIRTHEL TEL VARIMBLES

TAREN FROM 'R S5 DATA

Dean, cs Sstandard deviation, ca, nusber

collar 18,8 2.42 21785
chest 97.7 7.18 1794
waist 84,24 8,99 21803
seat 96,61 6,23 2171717
wrist 17.57 0.896 21794
sleeve 80.24 4,09 21681
body length 70.02 3.91 21440

(cervical height
minus inside leg)

CORRELATION MATRIX

chest wvaist seat body sleeve wrist
collar 677 .669 <610 0422 «246 509
chest 812 . 781 «467 «296 525
vaist 816 «396 .238 «477
seat «525 +» 301 «527
body «351 .406

sleeve «379
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