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HATIONAL AERORAUTICS AND SPACE ADMINISTRATION

TECHNICAL KOTE D-T55

THE STIPFNESS PROPERTIES OF STRESSED FABRICS
AS OBTAINED FROM NODEL TESTS
By George W. Zender and Jerry W. Deaton

SUMMARY

The stiffness propertiss of a nylon-neoprens fabric material sub-
Jected to uniaxial, biaxial, or shear stresses as obtained from tests
of simple nodels are presented. The stiffress properties are appli-
cable to problems involving applied loads after the fadric is in an
initial state of biaxial tension such as cccurs upon inflation. The
results demonstrate the inadequacy of uniaxial tests in obtaining the
stiffness properties to be used in the design and analysis of inflata-
ble fabric structures. In order to obtain proper stiffness values for
use in the dasign und analysis of stressed fadbric structures, tests of
ulmple models of the type presented herein, subjected to stress condi-
tions similar to those anticipated in the full-scale design, are
recommended.

INTRODUCTION

Expandible structures have recently received considerabdble atten-
tion in the design of space vehicles, principally decause of packaging
requirements and the lov loading intensities associated with space
flight. Such structures have utilized many materials such as films
and fobrics expanded by foams or gases. A particular fabric construc-
tion which has received attention is known as Airmst and wvas developed
by the Goodyear Aircraft Corporation. Contained herein are the results
or tests performed to determine the material properties of a particular
nylon-neoprene Alrmat fa..-ic (manufacturer’'s designation XA27A209) which
has been used at the lenwley Research Center in structural studies of
inflatable structures. (See ref. 1.)

TEST SPECIMENS AND METHC: OF TESTING

The Airmat fabric used for th: prescit lnvestigatior consists of
two material surfaces tind togethe: witlu "drop" yarns that provide a




2

"+ l-inch space between surfaces, vhen inflated. (See fig. 1(a).) Each

" surfuce consists of an inner ply of nylon Airmat weave, and a cover ply
of plain wveave coated with neoprene to contain the inflation gas. Other
details of the falric are given in table I. Both the iuner and cover
ply shown in figure 1(a) contain one set cf yarns with considersble
crimp while th other set of yarns is more nearly straight. (See

rig. 1(v).) The inner and cover plys are oriented at 90° to each other
80 that the crimped yarmns of one ply are alined with the more nearly
st¥aight yarns of the remaining ply. For purposes of specifying orien-
tation of the material, the directions of the yarns of the heavier inner
Ply (fig. 1(d)) are employed, that is, the direction of the warp yarns
of the imner ply is termed the warp direction of the material, vhereas
the direction transverse to the warp direction (that of the more neerly
straight yams of the inner ply) is termed the fill direction.

Three types of specimen were tested. One type was & plain strip
of the fabric; a second was constructed as a beam and the third, as a
cylinder. General details of each type are shown in figure 2. Tu:
cylinders were mads of one surface of the Airmst material obtained by
severing the 4drop yarns so that approximately 1/2 inch of length of the
drop ysrns remained vith the surface materizl. The surface material
wvas then fabricated into cylindrical form by splicing the two cpposgite
sides of the surface together as shown in figurs 2(c). The strip and
beam specimens contained an extra-heavy coating ~f neoprene as evidenced
by the coeparisons of the weight per unit surface ares srown in figure 2.
The welghts per unit surface aies are based on the total surface srea
excluding the ends of the specimens. Two specimens of each type were
tested, one with the wvarp yarns and one with the fill yams oriented in
the longitudinal direction of the specimen.

The strip specimens were subjected to tensile loads with dead-
veights (inner surfaces adjecent during test rather than with extended
drop yarns indicated in fig. 2). The beams were inflated with air and
subjected to end bending moments or longitudinal tensile loads as shown
in figures 3 and 4. The cylinders were pressurized vith air and sub-
Jected to torsion as shown in figure 5.

Strains on the strip and beam specimens were measured with
Tuckerman optical strain gages of l- or 2-inch gage length. Longitu-
dinal and transverse strains were obtained at the center of each cover
surface., One of the charscteristics of woven materials is that the
strain under load is tim.-dependent. Figure 6 demonstrates the varia-
tien of strain with time for & strip of the materisl subjected tuv a
constani uniaxial loading of 9 1b/in. in the warp direction. Also
shown in this figure is the time dependency of the strain when the
load 1s removed. It is apparent from the results of figure 6 that
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careful timing is required to obtain useful strain data from test
specimens.

Yor the strip and beam specimens, the strain measurements obtained
at each load ir 'rement were read after sufficient time had elapsed
(approximately 5 minutes) for the struin aot to be changing repidly
with time. loeds were applied progressively without unluading until
maximm load vas reached.

The twist of the head at the loaded end of the cylinders was meas-
ured by using an indicating arm attached to the head and a 1. otractor
of 15-inch redius amounted to the supporting frame. In order to prevent
large lateral displacements of thes axis of the cylinders, the loading
head contained a pin vhich extended through & loosely fitting hole in
the supporting frame shown in figure 5. Tvist measurements were
obtained by using the sawe loading and timing procedure as described
for the strips and beums. Pressures vere measured vith a standard

rasure gage and all tests were perfor.ied at room temperature
?:;proximtaly 800 ¥).

(VIR i ]

: RESULTS

Strip Tests

FPlgure 7 shows the stress-strain characteristics of the fabdbric for
uniaxial load in the wvarp or fill direction. The data shown by the
square test-point symbols pertain to strips of the spliced fabric and
are discussed in the subsequent section on beem specimens, The data
shown bty the solid curves faired through the circular symbols are the
results obtained for increasing load on the strip specimens while the
dashed curves through the circular symbols show the resuits for
unloading. Also inlicated in figure 7 is the value of Poisson's ratio,
obtained from the ratio of the trunsverse strain to longitudinal strain
at the various stress levels, for increasing losd snd for decreasing
load. The uniaxial results shown in figure 7 indicate that fcr the
stress levels included herein, the stress-strain relationship is essen-
tially linear lor increasing load or strain except for the time-
dependency effects discussed previously.

Peums Subjected to Pressure and Bending Moments or Tensile Loads

Table II shows the secticral properties usea in determining the
icad per inch of width of the beam covers, The sectional properties




were evaluated from the assumed cross section which closely approximmted
ths actual cross section as indicated by the sketch accompanying

table II. For the calculations the effective thickness of the skin in
the splice region was increesed over that in the unspliced region in
direct proportion to the increassd stiffness of the spliced region of
the actual beams over that of the unspliced region as determined from
uniaxial tension tests. The square test-point symbols on figure 7

show the results of uniaxial tension tests obtained from the spliced
portion of the beams vhich were cut from the besms after the main
progrem of tests were completed. The splice specimens were 2.%6 inches
in wvidth by 12 iaches in length and included ths deam fobric, splice
fabric, and the adhesive material. For the curves fir increasing load
(f1g. 7), the extensional stiffness in the wvarp dirwction for the
fabric-plus-splice strip is 1.24 timea that for the fadbric alome. In
the fill direction, the sane splice material contridutes moy:: substan-
tially to the extensional stiffness (fill count is less thar arp counmt)
and thuo the corresponding vaiue is 1.46. Therefore, for ‘s beams
assumed in the calculations, the effective thickneas of the edge region
vas taken as 1.24 times that of the remainder of the beam for the beam
vith the varp in the longitudinal direction, vhile the similar value for
the beam with the fill in the longitudinal direction was 1.46.

Figure 8 shows a typical set of results for the bvem specimens,
The results shown are for the inflation pressure of 15 psig and bending
or tension. The curves labeled "due to pressure” shov the longitudinal
and transverss strain obtained for valuss of the longitudinal load per
inch of width K, as the bean wvas inflated to 15 psig interpal pressure.

The pressure then wvas maintained constant and bending momert wes intro-
duced, and the resulting longitudinal strains are given by the cpen
circular symbols (darkened symbols indicave transverse strains) for the
"tension” cover o7 the besm axd by the square symbols for the "compression”
cover ("tension” end "compression” refer to the components of the strain
due tc bending).

The data shown by the triangular symbols in figure 8 were obtained
from the same beam used in the bending tests at the same pressure, btut
the beam wvas subjected to direct tensile loads as shown in figure 4.

The symbols shov the aversge of the strains measured on orposite sides

of the specimén. A comparison of the results obtained from the teneile
tesis with the tensile data from the bending tests, tends to lend con-
fidence to the method of accounting for the splice material, since the
stress distritution in the splices differs considerably for the two cases.

A significant observation spparent in the date zhown in figure 8
1s the essentially linear nature of the stress-strain relationship for
the fabric due to applied moments when the fabric is in au initis) state
of tension due to internmal pressure. Tiuch near-linearity .ndicates the
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were evaluated from the assumed cross section which closely approximated
the actual cross section as indicated by the sgketch sccompeanying

table II. For the calculations the effective thickness of the skin in
the splice region was increased over that in the unspliced region in
direct proportion to the increased stiffness of the spliced region of
the actual beeme over that of the unspliced region as deterzdned from
uniaxial teunsion tests. The square test-point symbols on figure 7

show the results of uniaxial tension tests obdtained from the spliced
portion of the beams vhich were cut from the beams after the main
progrem of tests were completed. The splice specimens were 2.3%6 inches
in wvidth by 12 iaches in length and included the beam fobric, splice
fabric, and the adhesive material. For the curves fir incressing load
(f1g. 7), the extensional stiffness in the warp dirwction for the
fabric-plus-splice strip is 1.24 times that for the fabric alone. In
the fill direction, the same splice material contributes mcs: substan~
tially to the extensional stiffness (fill count is lass tha: -wrp count)
and thuo the corresponding value is 1.46. Therefore, for tue beams
assumed in the calculations, the effective thickness of the edge region
vas taken as 1.2i times that of the remainder of the beam for the beam
vith the wvarp in the longitudinal direction, vhile the similar value for
the beam vith the fill in the longitudinal direction was 1.46.

Figure 8 shows a typical set of results for the beam specimens,
The results shown are for the inflation pressure of 15 psig and bending
or tension. The curves labeled "due to pressure” show the longitudinal
and transverse strain obtained for valuss of the longitudinal load per
inch of width K, as the beam wvas inflated to 15 paig interpal pressure.

The pressure then wvas maintained constant and bending momert was intro-
duced, and the resulting longitudinal strains are given by the cpen
circular symbols (darkened symbols indicave transverse struins) for the
"tension” cover o2 the beam and by ths square symbols for the "cumpresalon”
cover ("tension" end "compression” refer to the components of the strain
due tc hending).

The data shown by the triangular symbols in figure 8 were obtained
from the same beam used in the bending tests at the same pressure, but
the beam was subjected to direct tensile loads as shown in figure k4.

The symbols show the aversge of the strains measured on orposite sides

of the specimen. A comperison of the results obtained from the tensile
tesis with the tensile data from the dending tests, tends to lend con-
fidence to the method of accounting for the splice material, since the
stress distribution in the splices differs considerably for the two cases.

A significant observation spparent in the data shown in figure 8
is the essentially linear nature of the stress-strain relationship for
tie fabric due to applied moments when the fabric is in an initisl state
of tension due to internal pressure. Juch near-linearity .ndicates the




possibility of defining meaningful elastic constants which would be
useful in the analysis of the behavior of a fabric structure as a result
of load application after the structure has been inflated. Data similar
to that shown in figure 8§ were obtained for other pressures, and the
longitudinal stiffnesses were cbtained from the slopes of the lines
faired through .he data for the longitudinal strains for the tension
and compression sides of the beams after pressurization. The resuw..s
are shown in figure 9 for values of the transverse stress due to pres-
sure for the various pressures investigated. The average values of
Poisson's ratio corresponding to the transverse stress are also shown
in figure 9. As indicated in figure 7 and by the transverse and
longitudinal strain data of figure 8, the values of Poisson's ratio
varies somevhat with stress level. Consequently, the values shown

in figure 9 are the average of the values cbtained for increarsing

load increments at a given pressure.

Cylinders Subjerted to Pressure and Torsion

Figure 10 shows the torque-twist results obtained with the cylinders
for values of the longitudinal stress at the variocus pressure levels.
For small values of twist, the shear stiffness is approximately 100 1b/in.
for both cylinders at all values of the pressure stresses tested. (The
shear s.iffness vas evaluated from elementary torsion theory with the
effect of the splice material neglected.) The stiffness falls off as
the torque or twvist increases and, as indicated in the figure, the
shear stiffness is then dependent upon the pressure stress and the
stress ratio as evidenced by the difference in the results obtained
for the two cylinders. There was no buckling evident on the cylinders
for the range included in figure 10.

DISCUSSION

It is evident from figure § that the presence of rather spell
transverse stresses contributes significantly to the extensional stiff-
ness of the "*mmnt material over that obtaimd for uniaxial stresses.

At stresses above 2 1b/in. in the fill direction, the exteasional stiff-
ness in the warp direction is reasonably coistant., Similarly, the stiff-
ness in the fill direction does not change apprecisbly when the stress in
the varp airection is sbove 1 lb/in. The compressive stifiness in the
warp direction is considerably less than the extensional stiffness in

the warp direction, whereas the compressive stiffness in the fill direc-
tion is approximately the same as the extensional stiffness in the fill
direcliun. Buch behavior appears reasonable since the £11l yarns are
more nearly straight thaa the warp yarns and, consequently, the fill
yarns are in a more favorable position to support compressive loads.




presented. The stiffness properties are applicable to problems
involving applied loads after the fabric is in an initial state of
blaxial tension such as occurs upon inflation. The results demon-
gtrate the inadequacy of uniaxial tests in obtaining stiffness prop-
erties Lo be use’ for fabric materials subjected to biaxial stress
conditions. In order to obtain propaor stifiness values for use in
the design and analysis of stressed fabric strictures, iLests of
simple models of the type included hexeir, subjected to stress con-
ditions 3imilar to those anticipsted in the full-acale design, ere
recom.ended.

. langley Research Center,
: National Aeronautics and Space Administretion,
Iangley Field, Va., March 24, 1961.
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TABLE I.- DLTAI%S OF FABR'C MATERIAL2®

Item
Yarn material
Weuve
Weight, oz/sq yd of surface area
Warp count, ends/in.
F111 count, ends/in,
Drop-yarn count, ends/sq in.

a—s

Inner p.yb

Rylon
Alirmat
L. 23
82
b7
88

-4

Cover ply¢©

-

el(Joodyea.r Aireraft Corporation XA2TA209.

bGoudyear Alrcraft Corporation 6877.

CGoodyear Alrcraft Corporation 3511N,
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Figure 2.- Detalls of test cpecierus.
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Figure 10.- Torque plotted against twist for pressurized cylinders,

RAGA - Loagiey FioM, Vs L1266




VIWN

(‘sarmonrg ‘gg
{speot pue 83ssans ‘g
1uo[NQINSTP VSYN Tenm)

SSL-d NL VEVN "II
"M A1zap ‘voreaQ ‘I
M 331089 ‘yapuwey g

SO EY VYN WOJS AQENTFIND $2100D

‘gropow aidwie Jo 8183, WOIJ PIETIIRO

?q Aew STEIIITET J1IqE] PIEIAS I0) sansadoad
ssoupyns 1adoId  “SIIMONNS D1IqE] JIqEIEPUT JO
sis{reus pun uS1Eap oW U PIEN 3q O) sanzadoad ssan
-Jns o FUTUTEIQO uf £1$3) TeETXETUN Jo Loentapety 2N
JENELOWmap NI AL  “TOREYPUY Codn SIMIW BT
qons 0OIFULY TETXEI] JO #E}S [Ny R UY 8] DRIqE] &1
2sy7® #po* 3 9Mdde ButAtoan; swaqoad o qeandle
are sansdosd SSIURNIS o4l “PeRtaId AT SISsSIINW
sesqs 30 ‘TETXVIQ ‘TETXTTON O} PIDA(Ge PN
Jaqe; aua1dodu-votu ¢ jo sspaadoad ssaupms ML

(562~ FLON TVIINHIAL VEVN)

‘0508 ‘od 81O ALt 1961

sniny  ‘wOTEeQ ‘M Allef puw JepusZ ‘M 33100D
‘21531 TAQOK MOVJ QIANIVIEO0 SV SOAHAEVd
qISSTU LS JO FILLYTS0Hd SSANJILLS HEL
‘poRENSTUTWPY #99dg pUv SINMEUOIIV [FUOTEN
$6L-Q N1 VSVN

[

Vivs

{-sam2ang ‘gg
{spwoy pue sessans ‘15

(SORRILIST VEVN Tentul

§S¢-Q NL VSVN "'II
‘m K133p ‘vopeaq '3
‘M 333090 ‘13p8a7 I

QOIPUII e weyN Lol agra v el ) .

‘giapont aphd® o tLEal map g on

oq Avmy sTeLIsRW J1IQE) PIS 211w 10) LALLM
sssugnis Jod0ld SIIMINTS QY] QeI 0O
spsireue puw uBiSap 3N U1 PN 3q O) sanradoad ssiu
< I8 ot SUTHTRIQ0 U1 €382) rerxeiry jo Asrnbapryt 2 13
NIPVOW!IP FINEI L L], BORTPUL L0 FINIZx. N
qINS BOTEFES] TUTYRI] JO NTIS ERIT Ve i1 $1 J12qY; 3
1315% wproy paTidde TriAtOAm swafqold 0 afqearidle
are sentiadoad dSUNS WL PIWwIsaad re 83683118

0
134

ZeaYe 30 ‘TEIXEIQ ‘TEIXEWUR 0] DADIIQra reranrwm

J1Iqe} suesdoeu-voia ¥ jJo sanizadosd ssauyms L

{8S.,-Q ALON TTYIINHIIL vSVY)

‘508 N SIn "Gt 196!

wndny  VOIEN A K1I3f pue JapuaZ ‘M a313eD
*3LSAL TAAOM FOH 4 GINTVLIHO SY SOodv4
QISSTU LS 40 SILLE240Hd SSINJJLLS FHL
‘UOFEIISIUTWPY OvAS NU? $I1INTVOILY TFUOREeN
§SL-Q NL YSYN

VSVN

{*s3amonns ‘26
‘SpEUl pUe §3583NS ‘1¢
1LonnqUISTp YSYN ren)

SGL-0 NL VSYN 'IT
¢ L1337 ‘uotEaqg 'ny
‘M 221020 ‘ranuaz g

_

NTEETAL VSV T107] MIQEETERC $3500)

-stepowm 2dWIS JO £1831 WOI] PAUTEIQO
2q Lvm s[eiIaTem J1IqE] PISSIIIS 10 sansadoad
£8aLNs J3d0Id  CRINPNNS DLIE) IqeErE[n JO

" ssAreue pue ufitssp 9@ U pagn aq 03 vansadoad seau

- o JUTETNQO U1 §183) TeIXeTun Jo Loenbapew aqy
ZjRnsUoTap MMEIL 3¢L UOTTU vodn $.MI00 ST
qors UOSUI] TETXEIQ JO JNEIE Tenyul we Ul $1 JLaqe] AN
1377 gpeot posrdde Sutajoam swatqosd o arqeapdde
a1v garuadosd gsanpns YL "pIuItIsd are sIsBINS
Feaqe JO ‘TEIXEIQ ‘[EIXEIUN 03 PIIDAIQRS refayEn
s1aqe} auardoau-uolfu ¥ jo sanzadoud ssaupms agl

(¢, -Q FLON TVIINHOIL VSYN)

‘008 ‘adwd sL0 AL (1961

sndny  -uoteaq ‘M LIIaf pU® J9pUIZ M 3l roan)
‘SL3AL TICON KOUJ QANIVLIEO SY sondvd

Q3ISSTHIS 4O STLLHIJOUd FANJJLLS FHL |
‘uC e NSTNWPY 27vdS puUe $OTIMPUOIIY [YOOREN
¢SL-a Ni VSYN |

VISVN

(saamongs ‘25
{speot prre 88335 ‘1§

IuonNQLIISTP YSVN renivl)

¢S -a NL VSV "Il
s A3zap ‘uotea(] ‘I
‘M 83100D ‘33puay 1

SOINIEL Y, * YIVN WOI] IQTHIER0 SINEY)

‘$1apow IS |7 §183) WOI] PAUTPRO

aq Aew sTRILaTRW JLIQE] PISSALIS 10] s3tla3dosd
ssauppns Jadord  '$aIMINIS DLiqY] AqTIEYT jO
swireue pue uBrsIp 2|y U PpISN AQ O santadosd ssau
-Jns @ JUTUTNQO U} MSI) TererTUn o Loenbapent a3y
ATRLISUOMID KINEIL YL BoTIEUL vodn MOS0 ST
yonsg vusUI) feTXRIq JO 91E1S TETTTY Ue Ul §] Jtiqe) an
12y7¢ speot perTrdde Sutajoam gurargord o1 atqeattdde
a1v sanizadosd ssaugus oL pATIsId AIE SITSAXS
JE3qS JO ‘TRIXRIq ‘TefXewm ot paidaiqns [rursiv:
Jraqe; auasdoat -vorku ¢ Jo sanradard ssauims 2L

(362,-Q ILON TVIINHIIL VS¥N)

‘05'08 ‘2owd S1O drt CI961

snfny  -uorRaQ M £1I3[ pue JapuaZ "M 3X1od)
‘81531 TAAOK MOUd AINIVIEO SY STidEYd
aISSTU LS JO SILLYIAOHd SSAINIJLLS FHL
‘pONENSIUTAPY OIS PUZ BININEUCIIY [EVOTIN
$SL-3 N1 ¥YS¥X

e

b .




