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Summary

A method of measuring biaxial strains in coated fabric type materials
is presented vhereby the gtrain ig deduced from the distortion of a circular
impression made on the material. The impression is placed on the material
when loaded, enabling all measurements to be made with the material in its

relaxed, unloaded, state.

The methed ig simple to use, and requires a minimum of equipment.
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reference or fabric axes

apparent principal strain axes
residual strains in the x'y’ directions
true strains in the x'y’ directions
true strains in the xy directions
apparent angle between xy and x'y’ axes
true angle between xy and x'y’ axes

correction angle to 6 for residual effects

basic impression diameter

sizes of datum spot in the y,x directions
sizes of reference spot in the x,y directions
initial sizes of grid in y,x directions

final sizes of grid in y', x’ directions

see Fig. 4
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1.1__Introduction

Conventional methods of measuring strain become unsuitable when
dealing with fabric, or similar materials, because not only are the
straine involved generally very large, but also the presence of a
bonded strain gauge may seriously influence the local qtlfinees of the
material.

Although grids marked directly onto the fabric have been employed
to measure strains in these materials, these have the disadvantage that
the grid distortions must be measured with the structure in its loaded
state, which may be difficult on curved surfaces.

The 'Disc Replica’ method, presented here, overcomes these difficulties.
It will cope with large strains, does not influence the gtiffness of the
material, and all measurements are taken with the structure unloaded.
Furthermore, the method is simple to use: and the only specialised measuring
equipment required is a low-powered travelling microscope.

2.1 Disc Replica Method
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Two techniques are available: =~

i) 'Double Spot' technique
ii)  'Spot and Grid' technique.

The most suitable technidque to use in a given case will depend on the
initial (no load) stiffness of the material, and the rapidity with which
the strain changes from point to point in the loaded structure.

2:1.2. _ Double Spot Technigue
The method is chown diagrammatically in Fig. 1. The steps involved
are: -

(2) ©&mall circular discs of, say, 0.25 ins. diameter are cut from adhesive
plastic tape, using a hollow punch.

(b) In the region of the structure where strain is to be measured, an
orthogonal grid is marked, (in the case of a single ply fabric material,
it ie convenient if the grid axes coincides with the febric axes).

(c) With the structure unloaded, and unpressurised in the case of an inflated
structure, a disc is sgtuck into place, approximately over a grid intersection
previously marked. French chalk is now brushed over the disc onto the
gsurrounding material, and the disc removed, leaving a circular iupression.

(d) The structure is now pressurised and loaded, and allowed to stand for
a few minutes to allow creep strains to settle. A further cizcular
impression-is marked on the structure as above, adjacent to the original
(reference) impression.
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(e) Finally, the structure is unloaded and depressurised. The Impressions

~ from steps (c) and (d) will now be elliptical in shape, and the major

and minor axes of these ellipses are measured, uging, say, a travelling
nmicroscope. The angle between the marked axeS'and the prinecipal ellipse
axes of the second (loaded state) impression is also measured. Note that
all measurements are taken with the materisgl laid flat, and unloaded.

The initial (unloaded state) impression provides a measure of the residual
strain in the structure. Creep recovery becomes unimportant, therefore,
providing that any pair of impressions is measured within a reasonably short
time interval.

For low initial stiffness materials, it may be better to preload the
structure slightly before making the first impression, since this removes
uncertainties with regard to gauge length. In this case, the preloaded
state becomes the datum state for strain measurement.

2:1.2 _ 'Spot and Grid' Technigue
The method is shown diagrammatically in Fig. 2. The steps in the
technique are:-

(a) With the structure in its unloaded and unpressurised state, a grid

is marked out on it locally in the region where the strain is to be
measured. The grid size is then measured. (Note: for single ply fabrics
it is convenient if the grid coincides with the fabric axes).

(b) The structure is now pressurised and loaded, and allowed to stand
for a few minutes to allow creep strainz to settle. A disc ig now placed

on the structure at a grid intersection, and using french chalk, an impression

ig made. The disc is now removed.

(c) The structure is now unloaded and depressurised, and the major and
ninor axes of the ellipse resulting from the disc impression measured.

The angle between the ellipse axes and grid is aleo measured, and finally
the grid size itself is measured again as a check on residual strains.

As in the previous method, all measurements are taken with the material laid
flat. ‘

3.0 Analysis of Results
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Pig. % illustrates the appearance of the two spots after testing.
Fig. 3(a) showing the final state of the first (datum) impression, and Fig.
3(b) the final state of the second (loaded) impression.

Uclng the notatlon of Fig. 3, it can be shown that the residual strains
in the x’ and y’ directions are respectively:
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The true strains in the x’ and y’ are now: -
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The true strains in the x and y directions (fabric directions for single
ply materials) are now:-
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and shear strain in the x and y directions.
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When 6= 0, 68’ = 0, the principal strains are in the x and y direction and
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3.2 'Spot and Grid' Technique
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Fig. 2 illustrates the information obtained from the spot and grid
technigue. The process of analysing the results 1s similar to that used
in the previous method. ’

Using the notation of Fig. 2, it can be shown that the true strains
in the x'y’ directions are, after correcting for residual strains,
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where A = L4, - 4L,

The correction to be applied to € for residual strains
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where true angle 0/ =06 - d as before.
The true straine in the x and y directions are
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and the shear strain relative to the xy directions -
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When 6 = 6’ = 0, the principal strains coincide with the xy directions and
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Uniaxial tensile tests have been carried out on two specimens 062"
wide single ply neoprene coated nylon fabric (Dunlop PR7987). The Strains
on one specimen were measured by the 'Double Spot' technique and on the
other using the 'Spot and Grid' technigque. In both caseg the straing were
meagured independently by simply measuring the change.in length of a known
gauge length, using dividers.

The weft direction of the fabric corresponded with the direction of
loading in both cases, and since this material has zevo initial stiffness
in this direction, it was found to be beneficial to preload the material
to 5 1b/ins for the 'Double Spot' test, and to use this as the datum strain
level. This preloading tends to remove inaccuracies due to handling the
naterial in ite unstrained state. The 'Spot and Grid' technique does not
lend iteelf to such preloading, of course, since it is usually difficult
to measure the grid size with the specimen loaded.

The discs used for creating chalk impressions were cut from 'Lassotape’
adhezive backed P.V.C. tape, using a hollow punch.

The disc impression size (diameter 'd' in Figs. 1 and 2) was taken
as 6.47 m.m., this size being based on a statistical survey of 100 disc
impressions (see Appendix 1).

All measurements of grid and impression sizes were carried out using a
travelling microscope.

The test procedures followed that outlined in para. 2.2 and 2.3.

The results of the test on specimen 1 (‘Double Spot' method) are plotted
in Graph 1, and those for the test on specimen 2 ('Spot and Grid' method) in
Graph 2; in both caseg the results obtained by measurement with dividers have
been shown for comparison.

2.0, Conclusions

A method of strain measurement for fabric type materials has been
presented, and experimental strains obtained in this way compared with those
meagured with dividers over a known gauge length. The results show reasonable
correlation.

Of the two techniques employed, the 'Double Spot' method is the easier
to use, and is also to be preferred vhere the material has a low initial
stiffness. On the cther hand, where greater accuracy is required, and where
the material has a stress-strain relationship with a finite initial elope,
the 'Spot and Grid' technique is the more satisfactory.



Appendix I
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Errors in Disc and Impression Sizes
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A survey of 100 disc diameters and their corresponding chalk
impressions has been carried out in order to:

(a) assess the variation of chalk impression diameter compared
with disc diameter.

(b) determine a mean diameter of the chalk impressions for use in
subsequent calculations.

The discs were cut from 'Lassotape' adhesive backed P.V.C. tape, and
were stuck onto a strip of neoprene coated nylon fabric in random
orientations. The diameters of the discs were measured using a travelling
microscope.

The same discs were used to create chalk impressions on the fbric,
french chalk and a soft brush being used for this purpose. The diameters
of the chalk impressions, after removing the discs, were measured, using
the microscope as before.

The results of this survey are shown in graphs 3 and 4, which show
histograms of frequency v. measured size for the discs and impressions
respectively.

From these graphs for the discs:=-

6.438 m.m.
0.0416 m.m.
(0.64T% of mean dia.)

i

mean dia.
standard deviation

il

4

and for the impressions:

mean dia. = 6.471 nm.m.
standard deviation = 0.0827 m.m.
. (1.28% of mean dia.)

Thus, 95% of the measured chalk impressions will lie within *2.56% of
the mean size (6.438 m.m.).
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. REFERENCE AXES 2, 3TRUCTUELE IS
MARKED ON STRUCTURE  LoRDED & imPEESSioN
ALiGNED wWiTH FRBRIC B' ;s MARKED onN

DBECTIONS 3 WITH

FABRIC - Di3cC 18

STRUCTURE UNLOADED REMOVED RFTER
O& PRELOADED /MPLESSION Mﬂk’fm?d

A IS MARYED onN FABRc
vSiNG FREncH cHAk 8

 ADHESIVE DiSC . DiSC

 REMDVED AFTER MREKING

B, STRVCTURE 15

. UNLDADED &
 DEFLATED -

' MAT o & MiNnoR
| AYES ©oF
ELLIPSES A H B
ARE MEARSURED
- ANGLE ©
\MEASVRED.

&

Fia2 . spoT d arid ME?FIOD*

2, | .
GR1D MAPKED on STPUCTUPE.
ALIGNED WITH FABEIC
DIRECTIONS - STRUCTURE
IN UNLOADED UNPEESSURISED

- STATE - 8 Lengms €, é’z

MEASYEED

2. STRUCTUEE
LoADED &

Disc 1MPEESSION
M AZEED OA - DisC
13 REMovED AFTER
MARKING.

2 STRUCTURE

IS UNLOARDED
& peFLATED

L LENGTHS 2,4,
A, b, 8 ANGLE
@ ARE
MEASURED .




FiG 3 - STRAIN DATA FROM
| DOUBLE SPOT METHOD
' INITIAL TMPRESSION
(MATERIAL LOADED)

.,

~

o
:‘{ !

grgiﬁi; S

IAIT 18 L .

/
é
!
IMPRESSION h_.—?w\

(mATER AL Qm'
UNLOPDED) ‘
Fi& 3a- DATUM SPOT F16 36 - 'sTeamn spor
WITH STRUCTURPE ' wWiITH STPUCV‘UEE
EINALLY RELAYXED FINBLLY EELRXED

FI1G & . CORRECTION TO 8 DUE TO RESIDUAL

? STRAINS
c 1Y ,
‘ _.:—:. — | , FinRL
' / T PELAXRED
;E%E‘MEW OF )  STATE oF
MATERIAL IN ELEMENT
REGION OF & a,
b2 v
DATVUM SPOT
o "“""”'x
STATE OF  _——\" X,y FRBRIC
ELEMENT PRrok OAXES

TO LOADING




Joo

B GRARPK f
TENSILE TEST ON 2038
WIDE mYLON - NEOPRPENE

3INGLE PLY FABRIC

200 .
bouvBLE 3POT SPECIMEN -~ WEFET DIPECTION
| RESULTS SHOWING CORPELATION
LoAD / s BerweenN ‘owviver' &
’ibza"f;yims brvibak i@s&f&ié spoT' RESULTS
T PESULTS |
[£="41

101bf PRELOAD (5 Ibﬁ/ins)
- REFERENCE
STRAIN STATE

‘{o '20 .30
STRAIN €




300

o8k

LOAD
164/ ins

oo~

cem> 8 sPaT |
FPESwLTS

RESULTS

. \ ‘DrviDER

GRAPH &

TENSILE TEST ON 2-Owmns
WIDE NYLON- NEOPRENE
SINGLE PLY FABRIC
SPECIMEN ~- WEFT
DIRECTION - SHOWING -
COPRPELARTION BETWEEN

bivicee & ‘cep 8 spor'
PESULTS

T - - 20

sTRAaIN €

<30




FREQUENCY

50

40

30

e

o

GRAPH 3
HISTOGRAM OF
MERASURED DisSC
S/ZES
POPULATION
MERN SIZE

STANDARD
DEVIATION

T /00
T 6938 mm

T O.O0496
MM,

6-3

64

L I

S
MM,

2o

e

FREQUENCY

o
MERASURED SIZE '

GRAPH 4
HISTOGRAM OF
MERASURED CHALK
IMPRESSION SI1ZES
AFTER REMODVING
Discs

POPULATION . 100
MEAN SIZE  : 697/ A
STANDARPD

" DEVIATION
' 0-0827mmM

ey

&3

o4 e's
MEASURED SIZE

66 &7
MM




P TSI SH— o

FREQIENCY

501

40

3o

20

fo

GRAPH 3

HISTOGRAM OF
MEASURED DISC
SIZES |
POPULATION ~ 00
MEAN SIZE @ 6938 MM

DEVIATION MM

&3

64

MERASURED SIZE

-

PAY
P

Zo

L4

FREQUENCY

GRAPH 4
HISTOGRAM OF
MERSURED CHALK
IMPRESSION SIZES
AFTER REMODVING
Discs

POPULATION . 100
MEAN SIZE & 6-97/8H
STANDARD

"DEVIATION
‘ ' L 0-0827MM

&3

¥

&4

MERSURED SIZE MM

| [

&6 &7




