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INTRODUCTION

This paper continues the study of stress in clothing by
presenting the results of stress measurements in the previously-identified
areas of maximum stress in the Canadian Forces (CF) combat shirt, trousers
and coveralls (Crow and Dewar, 1984, 1985).

REVIEW OF LITERATURE

Worthington (1974) and Nestler and Schlegel (1978) had measured
stress in clothing, Worthington with his bridge-clip and Nestler and
Schlegel with an extensometer. Worthington had measured stress in men's
and women's trousers, in men's jacket seams and seams of shirts, frocks and
girdles while the subjects took a variety of stances such as sitting,
bending, crouching and stretching. He had not pre-determined the locations
and stances which would cause maximum stress. He reported his results as
percent frequency of recorded stress for various stress regions.

Of the five men's jackets tested, only one gave stresses above
2940 N/m, as measured across the back armhole seam, 19 to 24 cm below the
shoulder. The maximum recorded stress for the men's shirt across the
armhole seam at the back and across the centre-back was 1460 N/m, and for
the woman's frock in the same location, 1960 N/m. For the trousers, he
reported some stress measurements above 3430 N/m as measured across the
centre back seam, 19 to 24 cm below the waistband.

Nestler and Schlegel did determine the location of stress in
clothing as described earlier (Crow and Dewar 1984), and determined the
stances which caused maximum stress. They report the maximum stress
obtained. Of the clothing they used, only the "sports jacket of a woven
fabric" could be comparable to the clothing used in our study. However,
thoy found the maximum stress to be in the waist area of the centre-back
seam, presumably because of the cut of the jacket, and found it to be
3000 N/m. This was the greatest reported stress in any of the garments
they tested.

w *.
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The Method for Measuring Stress in Clothing

A previous paper (Crow and Dewar, 1984) gave a detailed review
and critique of possible methods for measuring stress in clothing.
Briefly, it was found that common brittle-coatings were incompatible with
textile fabrics; gauge-length methods could be used on textiles, but were
unsuitable for relatively inextensible clothing over a curved-body surface;
go-no-go techniques gave relatively crude results. The remaining method
used strain gauges mounted on some type of metal carrier which could be

easily attached to clothing at various locations. Of those described in
the literature, the bridge clip by Worthington (1974), was found to be the
most sensitive and most easily located on the clothing. We are not totally
convinced that this is the best method for measuring strain in clothing, or
in fact, if this method does measure the actual stress due to the
interaction of the carrier with the fabric or if the response time of the
recorder (0.25 sec) is fast enough to measure the peak, maximum stress.
However, nothing better has been found or developed and this was deemed the
best method available.

Schematic drawings of the bridge clip and the mounted dummy
strain gauges are shown in Figure 1, their placement on the shirt in Figure
2 and the associated circuitry in Figure 3. A stop was added to the clip
of the bridge-clip to allow for reproducible positioning of the bridge-clip
when it was moved from one fabric location to another.

Our system differed from Worthington's in that one active strain
gauge RA, was used on the bridge-clip with three dummy strain gauges, RD,
to make up the Wheatstone bridge. The resistance of each was nominally

120 Q. Worthington had placed all four strain gauges on the bridge-clip,
two on the top and two on the underside. We could see no particular
rationale for having more than one active strain gauge on the bridge-clip
other than for temperature compensation and to nullify the lead-wire
resistances. Since applying strain gauges to metal is very much an art and
skill, it was found more practical to apply one strain gauge to the top of
the bridge-clip and three dummy strain gauges to a piece of 0.64 cm thick
aluminum which could be pinned on the clothing near the bridge-clip. Tn
this way, the effect of temperature on the gauges was eliminated. Further,
the dummy gauges had leads of identical length to those of the active gauge
to nullify lead-wire resistances.

The circuitry was changed somewhat from that of Worthington's.
The voltage reference was replaced with a constant-voltage power supply and
the differential amplifier with a floating-type voltmeter. Thpse changes
made the bridge easier to zero and the output more stable. Only the most
sensitive range was used for our study.

.......................... 4
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Figure 1: Schematic Drawings of Bridge-Clip and Mounted Dummy Gauges.
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Figure 3: Strain Gauges and the Associated Circuitry.
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Calibration

A calibration rig, similar to that used by Worthington, was made
and is shown in Figure 4. Initially, fabric in the shape of a cross had
two of its arms clamped in the two rubber-lined vises, and the other two
arms passed over low friction rollers. Weights were hung from these arms.
The bridge-clip was placed at the centre of the cross, parallel to the free
arm to which the range of weights were hung. The crosswise arm was
tensioned under a constant weight which was then varied for the range of
weights on the "parallel to the bridge-clip" arm. We found only small
variations in the stress measurements as the crosswise tension was varied,
as did Worthington. Therefore, further calibrations of the bridge-clip
were carried out on a strip, rather than on a cross of fabric.

The fabrics used for the calibrations were those used in the
Oanadian Forces lightweight combat shirt and trousers and the Canadian
Forces flying coveralls. The pertinent fabric properties are given in
Tatble I.

Initially, we calibrated the bridge clip on 4,6 and 8 cm wide
strips of fabric as we were somewhat concerned about edge effects of the
strips. This was repeated periodically over a few months, generating a

family of similar curves for the varying widths. What was of greate-
contern was the mediocre reproducibility of the curves when the
,alibrations were repeated, especially when using the larger loads. When
we examined the calibration results, we found that the first voltage

* reading was always higher than the subsequent readings taken for ary
particular load placed on the fabric strip. We then realised that the
.Itaple which neld the bridge-clip in the fabric was slipping slightly out
-f the clamp with each loading of the fabric, causing the angle 0 to vary
(Figure 1). Therefore, for the final calibration, the staple was replaced
ia the bridge-clip after each measurement. In order to have the
ciliaration curve extend over the range of forces measured in the actual
o 7t-.ing, it was necessary to use strips 2 cm wide as well as the strips )f

rr, .4idth. Lines of best fit were calculated for the calibrations for the
tw) f1toics using the values obtained for both the 2 and 4 cm wide strips.
,FVP -ve <and -quati )ns are given in Figure 5.

S]-:.-.*~ *-
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TABLE I

PERTINENT FABRIC PROPERTIES

FABRIC

LIGHTWEIGHT COMBAT COVERALL TWILL

MASS (g/m2 ) 154 220

FIBRE CONTENT NYLON/COTTON NYLON

WEAVE PLAIN 2/1 TWILL

COUNT (yarns/cm)

WARP 24 46
WEFT 20 25
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THE MEASUREMENT OF MAXIMUM STRESS IN CLOTHING

Five male subjects, who are members of the Canadian Forces,
participated in the measurements of stress in clothing. Their physical
characteristics are given in Table 2. They all donned: a combat shirt

*(formally called a coat), Size 2, short medium, to fit those with a height
of 160 to 170 cm and a chest of 95 to 105 cm; combat trousers, Size 4,
Regular Small to fit those with a height of 170 to 190 cm and a waist of 70
to 80 cm; CF flying coveralls, Size 7037 to fit those of a height of 178 cm
and a chest of 94 cm. The clothing was selected to be somewhat on the
small side for the majority of the subjects so that maximum stress readings
could be obtained for the upper limits of the CF population.

The area of each garment where maximum stress occurred and the
movements which caused maximum stress had been identified earlier (Crow and

Dewar, 1984, 1985) and are shown in Figures 6 and 7. In order to determine
a more precise position and orientation of the brige-clip on the clothing,
a series of measurements was made with the bridge-clip variously positioned
and orientated in these predetermined areas until a maximum stress reading
was obtained. This was done with one subject and then the location and the
crientation of the bridge-clip was kept constant for the other subjects.
There was one exception to this, the wearing-the-shirt measurement for
Subject B. Although he appeared to be the second largest subject, the
measurement recorded for him seemed abnormally low. Therefore, the
bridge-clip was moved up 5 cm from the "constant" position to see if higher
stress readings could be obtained. The locations of the bridge-clip on the
.3hirt, trousers and coverall top are shown in Figure 8. It was found that
wh.en the bridge-clip was positioned on the armhole seam, it fell over or
twisted out of alignment when the subject moved his arms from the side to
the front of the body. For this reason, the bridge-clip was positioned in

the centre back of the shirt and the coverall top for the measurements.

For the wearing tests with the shirt and the coverall top, the
_*)bject, with a quick, vigorous movement, crossed his arms in front of
himself to the fullest extent possible, simultaneously bending his elbows.

For the wearing tests with the trousers and coverall trousers, the subject
quickly dropped to a squatting position with the knees fully bent and the
leg- apart. For the donning tests with the shirt and coveralls, the
subject was asked to put as much stress as possible on the back as he was
donning the clothing. The tests were repeated several times, with the
3taple of the bridge-clip being repositioned in the clamp before each

otsurement. The maximum stress for each subject and action was the one
recorded. Subjects who were of smaller stature and/or did not exert as
much stress on the clothing as the others were not included in some of the
measurements. The results of the stress measurements are given in Table 3.

%a
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TABLE 2

.5-

PHYSICAL CHARACTERISTICS OF SUBJECTS

SUBJECT HEIGHT WEIGHT CHEST WAIST HIP

(cm) (kg) (cm) (cm) (cm)

A 178 81.5 101 84 98

B 179 80.3 95 87 100

C 169 59.2 89 78 94

D 175 64.0 94 81 92

E 175 76.2 105 87 100
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Figure 6: Location and Direction of the Maximum Stress Regions

in Seams of Typical CF Clothing.
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TABLE 3

STRESSES RECORDED IN CF CLOTHING

ACTION SUBJECT POSITION OF MAXIMUM STRESS RECORDED
BRIDGE-CLIP (FORCE PER UNIT WIDFH)

(N/m)

IN WEAR

i) Across Shirt A a 1680
3ack B a 30

B a + 5 cm 90
C a 350
D a 10

I.E a ,650

ii) Across Coverall A a 2080

Top Back E a 3430

iii) Trousers Inner A b 11430
Leg B b 1510

C b 430
D b 700

E b 860

iv) Across Trouser A C 2410
Back Seam B c 1980

C c 470
D c 1360
E c 2360

v) Across Trouser A C 2900
Back Seam of B c 1200
Coveralls E c 1230

IN DNNIN(;

vi) Across Shirt A a 990
Back E a 400

v, Across Coverall A a ,30

:',p Back E a 21:-170
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DISCUSSION

The maximum stresses we measured are similar to those reported by
4orthington and Nestler and Schlegel, being 3430 N/m across the coverall
top back and 2900 N/m across the coverall trouser back seam. This is in
good agreement, considering the different types of clothing used and in the
case of Nestler and Schlegel, the different measuring device used.

We found, in general, the larger the subject (or the closer the
Lit of the clothing), the greater the stress on the clothing. However, the
ranrking of the body measurements did not necessarily coincide with the
ranking of stress. The degree of stress a subject put on the clothing

appeared to depend as well on his muscular development and on his
aggressiveness in exerting stress on his clothing.

The subjects stressed the coveralls more than the shirt and
trousers, the trousers or coverall back seam more than the inner leg and

the shirt and coverall back more in wear than in donning. It would appear
that when the fabric is stressed in more directions than that of the
principle axis, the force components add up to give greater stress than
when the force is predominantly in one direction. Although the coveralls3

had approximately the same dimensions as the shirt and were slightly larger
han the trousers, they did not separate at the waist as the shirt and
trousers did. Thus there was a vertical component down the length of the
c(verall back giving a greater measured stress in them. Similarly in the
* ack trouser seam, there were multi-directional stresses, whereas in the
Snn " leg area, the stress was unidirectional and parallel to the warp.

in donning, the back of the shirt is stressed, or stretched,
-)etween the elbows which act as tie points. In wear, the shirt back is
*tretched around the back, with the elbows actings as "levers" arid so
generating a higher stress across the back. The coveralls are morc
diCficult to don than the shirt because the trouser portion restricts one's
movements in donning the upper portion of it. This would give rise to the
higher stress measurements with the coveralls, although the same donning
method was used for the shirt as for the coverall top.

41
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CONCLUSIONS

1. The maximum stress which occurs in clothing is of the order of 3,000
to 3,500 N/m. The stresses were found to be higher in the coveralls
than in the shirt and trousers, and higher in wear than in donning

the clothing.

ACKNOWLEDGEMENTS

We would like to thank the members of the CF DREO Test Team for their
cheerful participation in this study.

REFERENCES

1. R.M. Crow and M.M. Dewar, The Location of Stress in Clothing.
Defence Research Establishment Ottawa Report 911, December 1984.

2. R.M. Crow and M.M. Dewar, Determination of the Areas of Maximum

Stress During the Donning and Doffing of Clothing. Defence Research
Establishment Ottawa Technical Note 85-25, July 1985.

3. R. Nestler and W. Schlegel, Determining the Stresses to Which Wearing
Apparel is ubjected. Textiltechnik, 28, No. 2, pp 113-117, 1978
(Unedited translation).

4. A.P. Worthington, Stresses in Seams. Shirley Institite Bulleti,, 4 ,
No. 5, pp 131-136, 1974.

. ..
4 'S



- 19 -

UNCLASSIFIED
S ecuflitsy C lassification

DOCUMENT CONTROL DATA - R & 0
ISeci 'l classiclation of title, body of abstract an(i indexing alno alon ailna% his efntere l W Ien he- lvat alai a aa alhl l rid5al hedi

I INATJG ACTIVITY 
2

a DOCUMENT ",,ECURIT'r CLASSII If ATION

Defence Research Establishment Ottawa UNCLASSIFIED
Department of National Defence 2b GROUP

Ottawa. Ontario KIA Q74
3 DOCUMENT TITLE

THE MAGNITUDE OF MAXIMUM STRESS IN CLOTHING

I OLSCRIPVIVE NOTES (Type of report arid inclusive dates)

TECHNICAL NOTE

5 AUTHORiSl (Last namle, hrst name. middle anialal)

CROW, Rita M. and DEWAR, Malcolm M.

t [)()CUNENT DATE 
7

a TOTAL NO OF PAGES 0b NO CF REFSJULY 1985 17 4

Va PROJECT OR GRANT NO 9a ORIGINATOR'S DOCUMENT NUMBERIS)

14B00 DREO TECHNICAL NOTE NO. 86-5

it, CONTRACT NO 9b OTHER DOCUMENT NO (S) (Any (Thle, a,,rt that l a s t
assiqned this document)

M0 D1STRIHUTION STATEMENT

UNLIMITED

a1 SUPPLE .TENTARY NOTES 12. SPONSORING ACTIVITY

a AoI S isr: ( T

The maximum stresses were measured in Canadian Forces combat clothing and
were found to be of the order of 3000 to 3500 N/m. The stresses were found
to be higher in the coveralls than in the shirt and trousers, and higher in
wear than in donning the clothing.

" "'- -- "'.,"- .



_______ UNCLASSIFIED
security Ciassfrcjitronr

KEY WORDS

DETERMINATION OF STRESS

COMBAT CLOTHING

WEAR

DONNING

.5

INSTRUCTIONS

I 1 IRIGINA TINO ACTIVITY Enter the name and address Of the 91fv OTHER DOCUMENT NUMBE RISI If the dinient... - has Iiern
* rrari/itrrn issuing the document assigned any other document numbiters leither ly the originator

or by the sponsor), also enter this numtsir IsI
2ar lfOCfMf NT SECURITY CLASSIFI CATION Enter the overall

s' i yiasilcation of the rdocumnent including special warning tO(. DISTRIBUTION STATEMEN I Enter any limitationsii
i z.lhiiever applicable further dissemination of the document, other thin those' impossedf

bsy security classificatin, using starnrardi st aterne'n ts such is

?b GiROUP Eniter security reclassification group number The threea
inn' rdefined in Appeilix *M' of the ORB Security Regulations It) QCuafifiril requesters may ilitairi topies of this

i ThCAJ1IN TILE nte metorrplep dcumnt itl inalldocumnent from their defeniceifoi( mcinwition (i-i t.

* fiin letes Titles -in ll .asws shoijlr he unclassified If a (21 'Announrcennent id iisenni nan it ofhs rloir nit
suiflriiv dyiescriptive title cannot hec selected without classifi is not authorized without fi-ini alipiii' l I runl

* aho tri -roie clsit,1ication wvith the usual one caintal letter originating activity
ri.ri'.ti'r parentheses irnineitely following the title

1., SUPPLEMENTARY NOT ES Use lIn, aidirt~roii 'splanatrir
[) lib IflIVI NOTES Enter the categjory of document. e.g. irotes.

1,1heii report, technical note or Technical letter. If appropri
1rr the type of document. e q interim, progress, 1 2. SPONSORING ACTIVITY Enter the rarev oil the rdepartrmental

si'rr.inirual or final Give thr rrclusrve rfates when a project office or laboratory sponsor org the reSr'ai~ dOrill
'.air1 ., 'larirting pericir is covetrIl developmoent Include address.

U il jfiiEnter the naireis if .irittrrrrsi as showns on, ir 1. ABSTRACT Enter an abstract gv-14 a1 fire einI latuai
1 in'- d-, nient FEiter last earn'. 1rsi nmte, middle iitil. summary of the dlocument, even tfrcifr it riay isi appal

iishow rarik. Tne nair ill the prircipal author is an) elsewhere in the hotly of the dlocurreni itsr'lf it is C ighis
's II- I 'Ire rII rr M eniI e rri if MPII esirable that the abrstract sri classnl Cr rhe~rnert liri la

fred Each paragraph of the abstract shill endl wi i a
I' il

m 
NT DATE Enter thes ill ir-rrrh. year) rrf indication of the security classification oI the inforinatirsi

r tlisrrirerlr apIrvaf-d irl oulratrrr OfI the document, in the paragraph (unless the dJOCUnnerri itself Iin icasslirf-i
represented as ITS), (SI. (C). (R), Or LI)

4~~ /. T . ,] NUMBEFH OF PAGES 1Thi' total page Count shorili
iris - It padfrnitiiii prrrcerlures. e . enter the number Thne lengrth of tfhe afisti act shoufld he1 liniiri to 211 -ilefir spiked'r

If ilj.rr'' rnin~r-g rrfo'm~frtrrr standiarrd typewrttren fines. 711 inches ring

Itf N'%1 114i OF HECF RENCE S Friter the toital number of 14 KEY VYUROS Key wvoris are technrcally nieanrrgfr.1lterms or
in"1 . the tocumint short phrasses that character i/c a rocrirrerit aird i omild be herptl .

in cat al ogi ng the diocument. Key wvord if h(...i Ire e wlet e so
-rii'i, kI IT RSHANT NUMBER IT iplroprie. serter the that no security classification is seclitoi ldifiirfs. sruch as

its Of i ,''%ea,, Inii ileseliiant profect (ir graint ri-mhor equipment orlfel disignatrons. trailde iii tirIIltir lrtrfct code
* ~ ~ 1 ,h'lr hi' the rli rnent -1r -ti le name, geigriic lorcatron. Cray lie usifW is key wonrts hitl wili

fre foillowedf fry sirs indicatiorr of tirhi i ii orntr's
Hf if N IR 11T NUMBER If appropirate, enter the applicable 111

infder whit the dor:rrmerrt was written r

-i 'hr iilkIiiNTiI , DOCUMENT NUMBERIS) Enter the
Ii Iik input number lay which the r'n ceiument wiill be'

II, t-' -dirii corntrolleil by the sr~i rrrtir arctvty This
riir' ihb roe to thrs rlocuririn

-.4. ',',''n~W*. N re



'.4

'4 ~ ~

4%~

V

WI

.4

.4

-4

4.

~1
I

if

-I. w
-. 4

A

-a .4

.4.

4...

9...

.. p.II

XVA /


