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Summar!

A preliminary amlysis ofthc iarigue strength ofllberghss
glidcrshasbe.n carried out in lhc coLrrseofacurrent Australian

invesiigation 10 substaDtiatc an optinrunr economi. lift: and

ilwarxnlcd. carry out r lilc exten!()n progranr for fibergl3s!
gliders in Ausrralia 'lbis has led to some signifx:,nr con

cl sions relevanl k) lhc fatiguc pcrlbrmarce ol fibeqlass
glidcrs, and a bricl accoun! of thc proiecr is prcsented hcrc

lnd problem! it brs broughtoulxrc disculled wiih refereDcc

to thc main invcstiqatiot.
The nrain coDclus ioDs of thc pape r are ihrl the conventionil

liew of thc srtisfictor) iatigue perfonntnce of fibcrgl:rss

structlrcs contains $mc potential dtngers. Thc llal S N

curvcs of this marcrial which undcrlie r$ high Lrtigue per

fornrarce also conlributc to a very large varlabiliry in liic.
'l'hey also causelr largc reductr)n in fatigue life tor a ) in-
crcrsc in opera, ng stress and with thc current lack of knowl

' Jg "I rl e plfe.I\e ja( ror ,., nlrgr (
slrength rcduction faclot of conpletc libcl€hss srructures,
as distincl iio r notchcd lpecil]lens, this is a nr.!or problcm

Similarly. lhc high rctidual strerrgrh mai laincd b) libcr
glas! during the fatiguc liie until tinal tiilure is ipproacbcd.
al$ ca ies a coLrnlefucting disadvantnge in lhat il rcduccs
the ad\!nce $lrning auilable&r a safety b inspcctnn or iail
safe approach 1lr f;riguc safety. It is suggcslcd lhat the Aus
trrli{n Joint Program on hriguc of fiherglass glidcrs will
help to olcrcome ihese unccrldintie! and prolide a bcuer
undcrstanding of the laliguc bchaviour of a cornplcrc



l.IntroductioD
A joint iovesligation is bcing carried out by thc Dcpartmenr

ofAviadon (D ofA). R.M.LT. and the Gliding Fcdcrarion of
Australia (CFA) inro rhe fAiSue perfonnancc of fiberglass
gliders in Austrrlia. shich isdesigned io cstablish by analysis
dIo \uon!nr:rri1B rc.r\. rherr hr'gue . erriln Jr.on Io an oprr

munr econonric service lifa. The progrrm includes a flight
load invcstigrlion using the R. M. LT. inslrumented Janus sail
plane to dcri!e a ioad spectrum for Australixn condilions. Thi!
has al!o produced a representative Ilight load sequence for a
full scrlc filtigue lesi wh ich isto bc carried out on a fiberglass
glider wing, togelherwilh a supporling testprogram on iibcr-
glass specinens to obtrin brsic fhtigue data and infornrarion
on htigue life vrriabiliry.

ln the course ofthis program, fatigue anrllsis has been to
design the fuil scalc tilrigue test and plan for tbc analysis and
rnr<rpreLJrirn ur re\ulr\ lhr. fL\ .r, J8hl 

^ur 
.onre . en fi

cant facnrs rcliting to the fatiguc pcrlormance offiberglalt
glidch and a reporton theseaspccts is presented in this paper

2. Fatig're life estimation
A load spectrum giving liequency of exc€cdcncc ol c.g.

acceleration has bccn obtained fr)m flight load invesriga
tioo and !his is rcproduced in Figure l. Thc nominal stress
per I at various potentially criticrl locations r the ianus
fl igbt tcst !ehicle h3s been obLiincd in this irvesligation. How

ever thc objective of Glidcr Fatigue Program relatcs to
libcrghss gliders in Austrxlh generally, and a srrcss oi
100 MPa. (.13 5 k.s.i.)rtultimatedesign loadoi9ghasbeerl
uscd in the calculations. since this value is widcly used tr
cur.enl desig. prnctice.

No comprchcnsive data were availablc on lhe tatigue of
fiberglass structures or components rnd since the object of
the prescnr project was to invesligrlc the laligue sens itivity ol
thesc structures, an effeclivc stress concentration fact(r Ko
was adopted using an A M dirgrnn in non dimensional co-
ordinates (ovrA\/our o^Lr/ouu) for unnotched fiberglass
(Figure 2) deriled by C. Suc-Yek in an earlier investigation.L

For ihe life c{lculatnrn. rhe continuous spectrum in Figure I
lvas replaced by a hisogram giving a series olbad intcrvals
conraioiog a numbcr n, oiloid cycles per hour in cach inter
\"1. The g lold lor the ioterval gs is lhen transposed to the
corresponding local stress os hy thc rclalion:

d. : K^ o. rrm\ MPr

'1i) cnlcr the A M diagranr. strcss is transformed to non
dinrcnsional lbrm by diliding b) the ultimate slress of thc

FTGURE 2-A:I4!tAC!4I4j0&]t!!QIeIEq
UNIAX]AL FIBREGLASS

rnJrerr,l l:r.,n,Re. .2,llpr.Jl\ lJrurulrrrrne, r,.tr'\\r\.
strcls has bcen aken asi

U.C.S. = lio k.s.i. : 550 MPa

The iltigue life to lailure N. corre$ponding 1lr o\ having
h€cn obtained trom thc A M diagranr thc htigue danuge is

crlcLrlared froln thc Linear Cumulatile Dan)age bypolhesis:

S ir= rAN.

shown in the lamplc calculation tbr Ko:2.1in Table 1. Since
iiberglass is criticrl in compression, calcularions were car
ried out lor compressive rnean strcss. Frtigue life estjmale!
weremadc lbr a nuntber ofvalucs olKo. including Ko equal

to l.) rnd rhe resuhs are tlottcd in FigLre 3 showing lhc cal-
. Lldr(r n ern lrle \er\.r, Kd Thr'graph.h^$'h'N..n'ri..
thccalculated life is !) thc valucofKo asdilcussed in Scc.4.

3. Scatt€r factor
To irvestigarc scatler in fatigue of fibcqLass, a significanl

body of darl issued by the ANC 17 Pincl on Plastics for Air
crrld some rinreago in 1956, has bccnrnalyzed. The material
composition was t81 Nolan glass firbric and Epon 828 resin

and approximntely 60 tes! results arc givcn ibr tesls made with
loiding parallel&r the warp dircction. Ahhough nol dirccdy
compamble with the materials used in nrdcrn fibcrgiass
glider construction. fiese results have becn lound to give a
statisiically homogeneous body ofdalaand areconsidered rc
gn-€ an indicalion of faligue life varialion of fie combined
uniaxial glass flber and ghss fibric construcrion used in
liberglass glider wings.

A number oftest rcplicalions at each stress lelel were not
carried oul. but thc data present a serie! ofapp()ximalcly tcn
data points undcreachofsix groups oftestcondilions. as shown
in hblc IL

For any group ' a a linear rcgrcssi()n of the slress s,, of each

spccinen iinthegrout vcrsus thc liii N,r, S = a b.logN,
hrs been found to givc a lcry good iit tor each group ofdata,
rs showr by the corrcl.ttion coeftlcienls in Table ll. rhc datr
hivetbenbeen sk.dardizcd by dividingthe !:'llue Nr, for crch
stresi lelel in a group by lhe mean lalue N,, t{r thc slress

lelelas found iront the regression line ofthe group. Then, on
drc rssunrplior oi a logarhhmic lorml dislribulion, which
olten ipplies to fatiguc lilc. thc lrrnslbrmed varrate.
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Croup D€signation No. of
test r€sults
in gmup

t

Slandard
deviation
of tog \
"Nt

Ntean S-N curve
Regressior line for Group (r)

oi. sir€ss in K.s,i. at mean life Nir

Gmup (a) Notched specimens tesied parallel
!o the warp at 50% Relative Humidiiy and
R= 1.

i0 o.12
oiu : 40,060 3378 log N'u

Correlalion coeffi cient
r: = 0.89

Croup (b) Notched specinens testcd parallel
to wdrp at 50% Relative Humidity and
R: ]

tl 0.16
oib = 33,286 - 2852 log Nib

Correlarion coeftlcient
l:O89

Group (c) Nolched specimens lested parallel
to warp at 100% Relative Humidjty aDd

R= L

8

oi. = 36728 - 3670 log Nic
Correlation coeffi cicnt

Gro'rp (d) Unnotched specimens tesled
parallcl to warp at 100% Relative Humidity
lndR= L

l2 0.45
oid = 34652 2557 l0g Nid

Correiation coef fi cient
r, = 0.89

Group (€) Notched specimens tesr€d in
bearing fatigue at 50% Relalive Humidity
andR: L

t0 0.25
or = 34.718 4071 log N*

Correlation .ocffi cienl
r1 = 0.89

croup (0 Notched specimens tesled in
berring fatiguc 11 100% Rclalive Humidity
,ndR: l.

10 044
on = 31J59 - 3960 log N'i

Correlation coeffi cieni

TABLE II
SUMIIL{RY OF TEST DATA ON GLASS FIBRE EPOXIDE LAMINATES

I

!

COCHR{N'S TEST FOR HOMOGENEITY OF VARIANCE

Ratio of largest S: to total of the Sz values. g = S;ax

x?
= 2426

Frnm Tihlec in Rei 7 for 5% Probabilitv
=03682 l=10
=0'3568t = l1

Thereforc lhe hypothcsis of a cornmon variance is accePted at 05 level of significance

would lpproximatc a oormal disrribulion iithe six groups of
dala had a conrmon variance.

The standard devistions Sr fbr each oithe six groups have

bcen calculatcd as shown in Table II rnd tested fo. homoge

ncity by rhc Cochran Tcsr. which has supported the hvpoth-
csis of.onmon lariance. The X,r for the 6 groups of data

ha\€ thcn been pooled on lhc assumption th?t they arc a

hor.u8rnou'.ample lron J Nornul dr'r'iburion
'lhc pooling assunption has been tcsled by phtting on

Norrnal Probability plpcr in Figure 4 in comparison witb the

straight line for a Normal Distrjbution with the pooled value

ofskndard dcviation. S = 0.4 frcm all the lest points in the

6 groups: rhe group a to fas designated in 'Ihble II ro which
thDteslpoim belongs. is lisled in the same sequcnce as ihc tcn
points on the righl hand side ofFigure 4. It can be seen thrt
rhe 6l lesl poinls show rcasonable agreement wilh the

theoretical slraight line and there is no deiinite tendcncv for

46

lhe points in any group to segregale in the array.
It is. rhe.efore. assumed thar a log normal distribution with

standard deviation S = 0..1gives agood approximation tothe
data. On this basis. thc scaucr lactor S.F on frligue life for
the common assumption of 3 standard deliatioD lrom thc
meana 5 gives. 

S.F. = 10:ro l0r.
- 15.85 = 16.

This indicales a scaticr hctor of 16 wh;ch is considerahlv

greater dnn foraluminumalloy constructionJ This ir discusscd

lurther in Section 4

4. Discussion
The graph in Figure 3 givcs an estnnate ol tutigue life at a

'1 ncr'.n..r Ko lor lne -\\untelldengl fbIdTerer. t r/ n,riinrl
\re$prr g.rc 112\'lth,r8)k:i,:nJulrim3re"'mpre'
,r\c,lrenplhol lhenrdreflJ. t,. ..,r550MFbL80k';l.orlir

I
I
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rhe general case 1r sho$s rhe mean taligue lilb as a iunctbn
ol Ko mulliplied h\ the relative srress per g:viz.

Kotlh,._

H,N \ 'r. Jr ln\ tr(.enr 'rJre,,r k.rov leage rh(rr -rc. rr
a.ldiLil)n k) thc A M diagrrnr of l_igure I which itself needs
\crilicatioD. r numbcr ol unccrtainties involled in this
apprcach First. thc idcnliiicrtidr ofcritical rrea! and con
ccntration laclor Kr. For an orthotropic nraLcrial s)lutidL
hNc beenderiled tirr onlya iew sinlple stress conccntratoh.
such as r.ircular and an elliptical hoie6 but ior the colrplcx
rhrcc dimcnsn)nrl .onfiguralidrs n a compleie structure and
thc ohingcs in lord pxth il ptuduccs ii. itc element analys i! is
probably the onll solulion.

Secondlt, the iitigue sirength reduclion licLorKo docs Dot
appcar to depend on Kr to the lanre exient as in an isotropic
r.,rri.l lhd f:,:ur eJ.,,1r".heJr'r(-9.r..\pe.rme1.

shorv a rclativcl) snrall eifect of Kr on the fatigue lifb,
aithough thc strc\*\raiD. cunc ol the material indicates arr

abscncc ol cxtcnsi\c plasli. yiclding at high slress. which is

',rJi.rrr or.n.,ll.ri:.rinp IrJ...,n.ra" i,r rr .i,I,ifr.
materials Therefore. lhe latigue beha\iour at r sLrcss con
.cntrlrion in areas of major load redrslribution wilh high
strcss gndienr in o conrplete structure needs to be inlesti-
gatcd if a reliable relationship between Kr arrd Ko is to be

Tbird. thcrc is thc qucstidr r\ n) tlhether the Lirear Cumu
lative Damage Hj,pothesis is a workrblc xpproximatx)! lor
fatigue liF estrnution of fiberglass and this hirs lct to bc
deleflnined. even ibr notched specimens.

Coming t{) the derivrri{nr ofthe safe fatigue life there is also
thc qucstion of thc s.attcr fa.n, to be appl ied to the mean Iift.
Although no statisticall] honxrgcncous daLL involving a
nunrber of test replications could be lbu d in thc Iitcraturc
the investigation described in Section 3 is considercd to bc
suftjciently well based tbr a trelimirary esiinate of htigue
lilc variatn)n. colcring as il docs a variety ofloading condi
tions. Il gilcs r sc!1tcr hctor oi 16. suf'toting a widely beld
vjew of targe scaue. in htigue lifc ofconrposilcs.

From these conyderalions. it is apprrent lhc salc lifc csri
Jnaiion of liberglass srruclures tiom basic natcrial drta is
lubjec! to considerable uncenninty bur ir is clear rhar rny
cstim!1c is inordinately sen$itive to the value ofKo and with
thc.lcsign paramere( taken here a fiberglass structure could

ThLrs if a vrlue ol Ko = 2.0 is taken as rcalistic, bearing
in Dind the uncertainties in delernrini g mcan hliguc lifc
relelled to abo\€. Figure 3 rndicales a mean iitiguc lilc for
ihe Australian Spectrum of 600,000 hours ind wuh a scxrcr
firctor of 16 the sate life sould be l7.5OJ hours, which ap-

t.:r' rL.. h.'r'JJJ,I,.l. H"u rr'.d ln': dirfer< .eg.\.n!
Ko = 2.2 giles a mean liie of 90.000 bours and safe life of
5.60i) houl\. which is a dislurbing reduclion.

Fmally, there is the quesrion of danrage tolcrxncc and
detcction of fatigue damage to pro!ide saiery by'inspcction.
Whilc a considerable amount ofwork has beeD done oll c.rr'
bon fibcr compositcsas rcgrrds residual str eDgth ofdamaged
nructure.p!rticularlyduetodclalnina rn, thcrei!verf Iitde
e!idence a\ailable on lhe residral strcngth ol fibcrglass
structures during thejr fitigue lifa.

Test data on sn ll specinens indicate lhat drerc is leD
little reduction in strength until the fatigue lifi approaches lhe

lite to iinal lijlurc. While this is ialorable as lir as lrhic\ ing
nraximun satc lilc is conccrncd. it is untuvorable as fir a\
frovding saFty br'inspccLion (fail safe).

5. Australian fatigue iDrrstigation
Ihc Austtulian investigation or thc liticuc substrntiarion

ol llbcrglass gliders retlr.ed ro ea.licr is inrcndcd kr allo
nukc a contribution io basic research on lhc lrriguc ol thc
llbergliss consrru.ti(!r.

It inlohes a lrtiguc tcsr n) destruct ion of a tlbcrglass gUcic.
.i .L ,\r,JL(1r.J \r,l' d t4n.h.I,
gauge! xnd lr test prograrn oD .100 phm and notched Uber
glass spccmcns. Ih.stlain grtrgedau in coojunclion$rrha
Finite ElenrentAnal]sis oithc stmcture will provrde intorlna
lion on the slress distribulil)n in fatigue critical areas and
enable ar eftlctile Ko to bc cstin tcd by .olrlpanson with
lJr :.r. dJr: u r ' re pld ..n,1 n.r.h. J.p.. in. n.

Ihc specimen lesrjog progftrnr sill rlso providc S N d .r

lo inprorcthc A M diaSram in Figure2 and thcprognm will
be designed 11] providc drla on the i?rtigue lif! disrribulio .

6. Conclusions
L A prelinrjrary nlestigition ol fltiguc life lariation of

fibergla!! indicales: scatter factor ol 16 corrcspondinS to
3 standard delialiurs frcnr the mcin.

L Thc 1,,'C,h iL c'fir, ,re,.r ll.(rgld. {r hr .* L.iif
basic htigue data on thc rnrterial are very sensilive io thc
ettecii!e faligue slrcngth rcducti(m flctd assumed. but esti
nutes based on !'pical design paramctcrs surgelt that ihe
slfe laligue life coLrld be nnrginil.

1. J,,rigJ, r..''rg"i J l.crl<rrb.rpl: . {rng.rJ rJr.\i.
oecessary 10 inlcstigrtc the rclationshrp beiween the liliguc
sirengthoithestructurcand thrtof dre basic matetal andalso lo
n\en,crr( rh. lrrl .dlidnrJJrn.tl r' e!r.e.lsrJcreln...

4. Fatigue leslson iberglass speciorcns rrc nccdcd n) obuin
b,rsic S-N dxta rn.l inlorn tiolr on variabiljtv in laligue lilc
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