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l,INTRODUCTION

Most glldcrs op.rating in Aust alia and in many other coun
iries, have ben dcsigmd to anworthiness requir€nrents (Refs.
I and 2) which, regading fatigue life, nerely state: "dr siruc-
iuc s1ullbc drsignc.l lo avoid poinis of stress concentration
lvhere variablc strcsscs abovc thc fatigue [m]t ar. Likcly to dcrr

Sailplanes manu fachrred in Germany usins sla$ fiber renl

for.e.l construcllon (ClrltP) are requircd io satisly a strnddrd
(Rei 3)which has enablcd ihem b bc certified fda er!ice lile
of3,000hours. Ihe life has now Lreen extencled to 6,000 hours
subjectbsatisfacbry inspectionsat l,000hournrtervalsbeyond
3,000 hous. Ttris Lfe extesior has been juslified uslng daia
from fatigae tcsts onboxbclm stfuctu.s. I 1owcv.r, thish.O!)d
of jrstific.tionhasbcn open toqucstionas theco$iru.tionand
test did not.los.ly ic*mblc eilplan. .onditions.ln addition,
the use of a scatie. f.ctor of three on i.st lifc, commonly applied
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lor mctal structures. must bc vie$ed with sonre cnutio^. R.-
.cnt1y, some Eliders haverc.civcdmeitcnsion to 9,000 hous,
L,ut still requ ne inspe.ilotu cvery 1,000 hou.s .Iie! 3,000 hours.

A full scile fatigue test has bLtn rpo ed for . bFced.ll,
composite* jig (R.f . 4),but thesparcapsforthisstmcnre wde
carbon/vinylcstopultrusions.Theauihorsicpo c.t thatafter
25,(l)0 equ ivah^t flyin8 houN, the stru.tuc did not erhibi i a ny
changes. I h. p ublish.d repo.t did not expllciily state whether
ornot damage and repairs wcre evahrated nr dre icsi.

Allodrer.eportcdirstshaveskrppedaieither9,000orl6,000
hou.s. tsIell.optLa nanufacturers undoubtc.Uv have f.iigue
datn on GFRP consiru.uons snre nr.ny roiorbhdcs dd hubs
use dris compositc as d\r Imnl sbrch,ra I maieiial. I lowever, the
data a re not available.

Thc utilization of silplanes in 
^ushalia 

is high .omp&cd
rvith other.o6tries, md statistjcs show that mmv will.each
,i ,re lir- l."tor. $. rpei\-upe6.d.d.Rcr.cr.h to8l.te

d."nio.\v. "le, roFr.,l JrlonIprog'dn,dimed-t-Lb.trn
iiatnrg ihe fatipe life of CI,RP sailpt es beyond rhc creent
1 nOn h,,r.r lI'It. l r,F irr\.. :E.'ti,,n nd. ir hJll) ruJ.J t-J'e
p.i-l..p."jbp.,rp RoyJlM.lbu.r- L\titulpor lc.mol-
oty (liMIT), ,\ustralian Civil Aviition Au$oiry (CAA), dd
Clidins l,ederation ofAusbalia (GtrA). Th.  eronauiical R*
sear.h Labor.tory (ARL) has provided considcrablc tecluic.l
issista^.c at various siaSes of thc program.

2. FIBER GLASS FATICUE INVESTIGATION

Thc invcstigation was.tesigncd to establish by xElysjs dd
substantia ting tesis thc fatiE{e ce.tifica tion of fiberglass gliderc
to an opiinum economi. seNice life (Refs.6 and 7), and in
.luded dre followirrg:

(a) flight nlvestig.tions usinA the inskuentcd RMIT Ianus
glider forsilainncasurements, and a nmbcr of other t) pes
of Elide6fortloadex.€d.ncesdunng ry?i.al operatitEin

(L) siaii. dd fati8ue t6ti,rg offibdglssspecimens to prG
vide basic faiigue dat.,

(c) dcv.lopmen t of a finite.lcment h.thenatical modcl of
the lvhg to enable thc Jnu! results to be applied 10 other
types of glid.is, dd

(d) fuI scale fatiEue isting ofboth ancw and a epaired Ianus
wing, $'hich is lhe subje.t of this r.port.

3, FATIGUE TEST PIIOCRAM

3.1 Daia A.quisition

ll_r ll\l.l ir"dun,er'red .-..r\ c .,'lf.b, qJ\ U c.l ln
..1'1, ;.h.' ..r'Fl-lro.b, r.v," n J,, l-r-tior rl ll'e J,cr-I-cr,r(r
of travity nnd lvinA bendjng stranB, and also to obbnr load
kquenc dita. Thc sailplane w!sfl ownby cxperienced compe
tition pilois durlag scv.ncompetitiveevents for 16.1 hout and
by studentpilots duing bahint exerciks. Irlltht shanls were
also dctemined for aelobatic mmeuve$.

Thcshaind.ta frod ihcaii.raftwerefound to cotr.larc wfth
thec.g. a.celcration,buiwere 25% lcss than the design calcula,
ti(nrs prellicied.Thcscnrcd.picted nr Figure I beingconv.rtcd
n) sh.ss usnlg E = 35 CPa. The 5fnnrvise str.in disilibuiion
n!uced in nragdtLdc to(ards the tip nrore rcpidly llun prc'
licied,possiblyb..ause of a viriation of LiJtdisrribuft'\ rnd/o.
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cone.vatile nu^uJactuing te.hniqucs. Fatigue meter drta
obtaine.l from other gLid.$ flying in AusrraLii have been cot-
lated to dedu.c n ove.all I speclrum for Australian conditioff
(thc "Dornint SFdrum"). Thce fo. iheJanc dd 1928 g ljders,
along with the F.anzmeycr dd thieleDram lest spitra .re
shown in Figxre 2.
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FIGURE 1. Compa.ison ofslress/g in mnnr sparboonrs

FIGURE Z Compadson of glider load spc.tra.

3.3 }atiguc Test spectrum

1i was originally intended to crea te i illght-by{lightsequence
of icst loads rep.eseniing.r rvpi.al s. t ofllyhg missions, includ
ingiedin8 and tariing lnslead,asimdes krad.ante(ie. l2
loid ]tv.t block) pro6a.am, r.andom ized io rcprcsnt thc Doning
spectruDr, has been adopi..l. This io..l program .et resenis 15
fllghts totalin8 29'1hourc, and contda 29,431 tu1nr6 points,
whi.h ar. automaticillv applied. Iach flight b.gins and ends
with a +0.5gload. Mlximumloads applied auionutically arc
5.38and l.2g. The cxti.me loads of +6t and 2.49*1nchdcur
wiihafrequencyof lin6,000hoursareappliedmanuallyaithe
end ofeach 6.U00 hotrs-

Thc GliA supdied. craslldnmascd bui.errai.cd lrnus'B'
starborrd wing licorlroritn,g.ll tvpes of rcpiirs. lhe rcf.ir
shrnrcs us.! w.re lypi.al of rlorl$hop (fairi.fd ti.lll
rcpnirs." Sonre nrinor .l.rn.gc was k,ft kr be nronitcntll id
gro* th and Lrici rL.pnn .luing dre tL.st protfur.

l0

2A

r5

T

5f

7i

r+R^NTfrrri+rH tu AN- .i"
i 'OO\:N

o .\ o.l,r

i. .:': ,: ?3",

---:i:-".-'- 
-

101



The RMII puchaed a new ]eft ltnrg from the Schempp
Ilirthfaciory hGemany. This wing lvas fitied with electrical
rsistance strain gauges (ersg's) to the intetul strudure durinA
manufa.htrc. Tlre wint wasin Ot "as !emov€d from the mould"
. ondilion e.' el,t lor minnr !'imlruE .n rJr.utu No ontr.l
'ulJ.r..r' r'51, tu.iP,n horn hir8r..Jr'tiH, d loFrlherh rrrq

A ioial of 300 ersg's have been nlsbl]cd on boih wings with the
mdjonri h-in8 on rhe potl h hts. fighl k mPe,Jtute +a-r\
h err ilso embed deJ in th. stru.tue

5. Fatigle T.st Rig DesiSn

The test aiti.l€ is fastened to a .enter Fction momthg
siructue whi.h is attached to two portal fFnes. Loads ii.
appLied sym.tlica y to dr wing k't by a whiffle tree system
whidr loads each winS at eight loadn\g siaiioro a.ross the semi
spar. A single doubl.-acilnt jack, conrroncd by a clokd l@P
nydrdLlk \er vo \)5lem. ptJvrJF- L\. -.ruJI or' to .'.l 'dch..d.or$ewhnn,.reeL'r medh,rf .Jl l' . borh,,ph-,J.JnJ
downwards loads may be applie{:t. Thc weight of the rig has
been adjcled to accomi foi all except il1e manualty applied
load of -2.48. Weights havt b&'n attached to protide thc torque
.Liskibution. The wing is r.strained by a dumy ftelagc whi.h
G 6ee to rollat the mainspd,buifixed at dt rearspd. Protcction
devi.es are jncorporated in the rig to lck the jack in ih. L'vent of
a mauunction; the ja.k is tlren manually u{oadcd.

A compuierized prcedue has been employed kr estimat
the aerodlnamic load dj-stribution at various air speeds dd I]aP
angles. The wint weight djstribution has been estitutcd in
'p.aw,,e dd .}lordh,* diie. buB. A "jgle .P-r'wi € l.JJ
JFbioLLonhJ.been+oq n lo JPpro\imJleclo+l) U'cluJltiE
fo!a11therelev rtflight.onditioro-Theloading.on.sPondsto
a fljght speed of 160 km/hr with four deSres flap at m all-uP
aircraft hass of 620 kt. The load per g .oresponds to ihe
ultimaie d6ign shess of3C{l MPa. Wing toique is cotutant for all

Calibration of the iest riB showed fiat the sp stress
distribution differ€d from both fia! measued in fli8ht md
predi.ted during design. Thc desiSn calculaiioN showed the
stress in the spa.b@dls tobc.orotert for abou t40% of the spd,
w,Lltneflisht'be'{.b-:ngBm.rrlvlo$er e-feckl\ l"qd,.l
&e hp. l\e ru\'rM .trdb med-u,eJ in !} e lr I ri8 h, n

simild to thos measured in fli8ht i.e. less itE the desi8,l
values. A decision was taken to alte. the loading distribution
dd to increa* dre loads to give the dcsig strcssof300MPaai
the rdtimte load of 99, which requircd an in.rca* of 25.6% in
ihe original dcslgn test load per I. ]}ds produccs 950 mi.ro strnin
p.r I in dre rovings of the upper sPar cap.

6. THE JANUS'D' WING STRUCTURE

the wing is mid-plme mouted, havint fou dcgi..s of
dihed.al and twodegrccsof fowardsweep attheleading edgc.
The airfoil s(iion vdiesfrom a Woltln:lm FX-67-K-170 (17"/" t/
c) atther@1,10a IX67'K150(15% t/c) atthdtip.ThL'whg span
is 18.20m and the.speci r.ho is 19.95.

The wint box s}jn ed sparw.b co.sku.iion is exclusively
woven glass 6be./epoxy r.sin/fem end wich. l he wins has
no ribs. At inboad e.tiore, re spar h.s a bot ection, whilc
ouibolrd of wing station Y-5470 Ilm ihe iulr slnd wich shear
w.bschanSe toa single{ eb'l'beam.oNiru.iion. Thesparcaps
are monolithic uni di.ectionalE-glass/.Poxylovings. TheextF
nor sufa.es arc inished with a polvester 6el coat of typicll
tNckness 0.4mm. Details of materials employed in the wing
co8tru.tion are as follows:

Spar Rovings:
Gevetux E-ELass type ES l0 40 x 60 K,13.

li iersl.ss E sl.ss stllrs 921 25 c.osshvill (283 E / nr) ud 91115
uidireci ional (2 15 g / mr) lLilh vol., n or I :r50 finish

5i, ll I oi^or. ln2 resn.,n-. B-\sf LJrcmi. (l! 0,,' re .-

Conlinentat PVC rigidfoanConii.ell 60,7.9 m tlnck (53 g/nrr)
GclCoat:
If, s.nnl-W.rke rvhite polyester In.k-vorgelat and ha.dene.-

7.INSPICTION AND MONITORINC OF THE TEST AR-
TICLE

Detailed naspc.tions a.e made every 1,000 hours sinnhr b ure
Cl:A Annual Inspe.tlon. lnspections in acco.dan.e with the
manufactureis schc.lulc arc made . t the s.nre time lnsPe.tiol
tc.lniques eDrploled inclu.le rrppnrg by conl and hamntr,
fib.o{opeintehallspe.tion,vis aleriemalnBPLrtion,radlG
graphic, acoustic .Urods .nd modal analysis. Dcflc.tion
ex.eedencecomt rs ar. oronitored to ensue th! Program dir
,, pr, foming dd lo dle,I lnp op.raror lo mJjor.l.r'tP' 

'r,ll_e$;E p'^p.nic- d\"beld lEsd loAion'tirln.. orll_e$,,,F
md the strain/A from Flected gaugcs d. rcgula rly moniiored.

lhere are ituee te#o'E of thc wnrg wlnch merit special
attention dui,ag inspectio,rs. The F ing spars sp.M ing the tu s-
lage, root ribs and shearatta.luncnts.learlyconrp.i* the most
highly loaded region. The other two reA,ons coniain stru.lL,ral
di$ontinuiti.s, 

^amely 
the dive b.ale bdx assc bly ind llt'

nranr spar section .hinge. Apa.t hom existnrg lvatci b.llrst
holes dsoDrea.ldedtofa.iLit.)iehspe.iions,ihereDr.inderof
the wing sbuctu.e is rclatively simple and continuous.

8. STATUS OFFATIGUE TEST RESL-LTS

The full $ale fatjgle test is .ontinuinS, dd at ihe tjme of
wriiing, over 22,000 equivalent flylrg hours have been accumu
lated. there has been no signiJicant da nr.ge accumulated on the
new wing,althoughthere h.sbeensrLbstantial 6rowthof ninor
damage from unrcpaircd scciions and several"field rcpairs."
The unrepaired danage lvis iclained to simulaie undet.ctcd
damaae ofthe iype th.t c.urd o.cu in tlre field, for examfle,
c.acking of the imcr sufa.e of the rving skin.

Tlcre hasbeenno signifi cnnt changc in th. mcasued slr a jnl
g values tluouHhout thc duraiion of the test. S()m.100 6aug.s
havebr.om. u8erv jceable tlnough ptuLtcds issociaicd !Lilh
installation drd rcpair. As yet there ha!e been no g.ugc fatiguc
failures h dr foll grid of the tautes. Benlling and torslonal
stiJftuss have also shown no evidd.e of .hargcs for eithcr
wiig. Vibration modll a,ralysis has .evcaltd no .hdtes in
mtual {rcqucn y, damping/or mode shapc.

'l'he test is not cnvironmenially controlled, whi.h mcds tlui
the testarhclehasnotb.cn subject to the rangeof temPerahtcs,
hmidity.nd ultiaviolL't light io ivhich a sailplane isnomlilly
expokd.H.n.cdr&.hasbeennocra.kin6ord.zingolihetcl
coai. Ho$.vcr, at 19,000 hours sone sm.ll c .ls aPP.arc.l l|
the upper sufa.. of the "nerv" port'!inE.

8.1 Itepaned WnrE D.laminrtion of Uppcr Skh fror,
Un.ep.iredDina8.

Crrclingof ihennre.sLdficeof iheupperskin on thesal!'r6cd
wing lvas left unppair.d to simL ateul.letectcd damaEL. For
this iypc of sttuctue, the iem "ciacling" is used to d es.ribe a

crack in the resin, cven when the fibcrs at thc.iack are inti.i. I1lc
damage was notdctcciatrle fronr dle ertedor,.ificr visully nr
Lhe form of a dack, or as a delaminati.n c aniung fron ihc
crack deiectableby coh tappnrg on fie upper surfd.c.]t t!.s
lo.ated justoutboardof dredivebmkebor(st. D373ito3970).
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'I he crick initirtc.l.lelanrination brlwrcn tlp nnrr and oulLl
su.tuces, lnd gr.s rap ly nl ihe first 600hours. lhe iesi rvas.l pp l t ! r' pJ,r. Jl ol ) n..ur'. RefJ r' or-; r.u , l li. 

'p, .\.I'Lhpe,r'-rdJ,nJEcJ.U,'r2(, n.pnh;y.20,rm
.hordrise), and replaccm.^t rlith a nerv sknr *gm..nt. The
str.h jn rhe uppe.spai booh at d1e dam.ged secrion is deter
dr!\c.l bbc 770 microstraii/9.

82Rep.nedivnrg DchmnrhonofLowoSknrNeartheltear

A sh.ll area ofskin dclamination e\tendjrg to thc rcarspa.
r.sult.dh skinsep.rntionft on therearspa.. Thisalsoft cuned
in thc lirst 600 hoxN ned thc Llire brake box (siation 35C0 to
1970), an l was similarly iepaicd snrg in*ri pmels. It is
suspc.tod (but unconJirmed) that the.e was tenuiie mdet<ted
dimage resulting from thc .rash, which propagai.d when ihe
pr.viously mentioned failuc developed.

8.3 Repaired Wiig - Utuepated spanlvi* Del.minarion on

A n. olv sc.tion of del.nin,tion ertL'ndnrg fiom st.iion
321)0 to.1200lust lorr.d of the m:in spar {as causeLl by the
crash. lle Llefe.l { as.asily.tetc.iable by coLa i.rppnrg- Throuah
out thc test there has trccn only narginalgrowth at th. defect's
ouler spin6is..nd, indicating that thr tL.n nrn su.frce is noi
suscepiible lo dcladination.

8 4 itcpaned Win6 Deliberaie Ddma8e to Upper SparBoom

Du.i.g the crash no hajor damase was iiIl.tcd on Ur main
spa., so delibelatc dadra8e was iniroduccd to similar imprct

'rifi a sleel fcncc post, damage *hi.h .oul.t occu. durnrg
outlanllings. A slurp c.lEed steel i@l wis s.d b 8enerrle a
not.h sh.pe .iepression on drc spa. c.p. l he i mp..l\'rs prima
rily on fic upper fonvnrd cdge of dre sp...rp. At th. forsrrd
cdgr thc not.h was full dePb of the splr..p, rcducirrg to
minimrl dopth at ihe rca! cdgr. The tvpe ofdlDratc irdi.red
cn{rcd t]It a subshnti.l proporiion of ihc un-dir..tiorl
fitresin thcspa.cap we.ekvclcd. It pri$we.ecariedoutby
r.no\ nrt 3 s ed ge-shnpc.L segmeni of ma lerial on ritlrr sme of
the noich (toiil lcngth of rep.ir 1,2il0 r!n), md replacement
with n.w fibrrs an.l resnr.'lhis r.pair has bc.n.lokly nroni,
tue.i throughout thc test, and the.e has bccn no.vidence of
f. tigue damlge (.uring at the repair-

8.5 Repaned Wing - Ivlovcment ofBearing in ltoot Rib

fliEhtl.rads.re thnsoitic.l i}fouJah t]1€ wnrs center *.tion
b.i nfdkind tolsue a ranscmcnt r! hi.h is.lesi,rned to.nablc
qL!.k as*-rnbly. A +rigot on 0rcft ar fork oi thepo.t 0r.w) lving
irinsrnis sh.arha.ls toa b.lring locate.l ir the rooi rib of ihc
slrrborrd (r.prired) lvnrg.lhe shear load trdrentted nno the
rilr through Uns bc.rnrg is calcul.rt.d ro Lir 7_l kli/g.

lr'.1.'l ,J I , l' nJ ,E Ir-routn h. hlLi.1,J,,8,o.$r'e
llcttcted .i 11,138 hous. At 13,040 hours, delamimtion .k
.u[rd nr the sime regioi, and at 13,862 lrours ihc t.st was
sn,ppedand a rcpairmrdcto L\e damased rooirib. The dan
aged Dr.tedal o^ thc (Dt rib was removcd by grnrdnrg, and
.etl.ced !vith glass cloth as insiiuci.d by U\. mnnufa.hrer.

Al 15,098 hours, cr.cking rvas again deiectcd around thc
b.a.hg housing. It with.t(F.l a 5g loidi.g, tiui the.e w.s
olr! ious mo!encni bcxreen the housLrg anLl ihc rib ne.essii, t
iig IL(uu rcpiirs.l hebe.rnrg housilrg wtrs.cnNlell, ind rjb
n.iL.rial wis nnn,vrll by grindilg on t|c nurr nnd outer
{ ..cs. 1h( r.p.ir consisicd of li}crs of cknh inteFpcrsc.l
N ith (n i,rgs to irinsfcr l{).ds f, onr ihc tr.i.ing ido tl,c ril'. Ai
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18,000 hours, crackhB an.l cnzing arohd the froni b.aring
housing had !.'ach.d an advanced stage- l}le bearing was
.emov.d rd a snnil repairs.heme effect d.

8.6Rep.ir.dWing Delamimtionof InwerSkinNearAileron
|lliing

Separation of the oute. slufa.c from the foan.orc occuned a r

shftx16500itanalldo pushrods|idNvh.hisattachedrorhe
ndcr surface of llre loivLr skin. It is ; uspe.rcd Out unconfimc.l)
ihat the damase inftiarcd durins the.rash duc ro unusuat ton.ts
ir the ail.ron push rod. Thr growth of delamination nece$i-
iaied lcpairs after aboui 500 hou4. A snnple lL?iir technique of
inje.turg rcsin lvas employcd, dd no i,rther delahjmtioir has

8.7 R.paired Wing - N.w Cmck on Upper Skin

This ncw chordwiF .ra.k was detected on ihe imer surface
of th. upper skin similar io the ea.lier clack at station 2200 ar
t5T2hoursintothetest-At the time of detlction. itwas 13Orlh
in1,1,a ,.Jrd rr rv F..fr rnetz'reo 'orudt,{ it. propJg.rr:on
,Jlr. d'llpi I . 00 ho'.r . i l-r;dr^,,l"onm..-r.(.gru$d,
rate of approximatL'ly 6.6 mm per 1,000 hous, but at 22,000
hours this had slowed to aL,our 2 nnn per 1,000 hours.

8.8Repair.d lving Propagation oflxistingcel Coai Cra.ts

Cosiderable sire$-indu.e.i gel coat .rackins occu.red on
the slvagcd wing dudnt the .rash, but there has bcen no
propagation of thc* da.Ls throuShout the test-

8.9N.wWint C.acking ofthe cel Coa t on rhc Low€r Su.face

A.rack in the gcl.oaton the tension surfa.c of the sknr over
the Lorv.r spar boom *as detc.tcd .t st.tion 4650 ah.re the
strain is 714 hicrcstrain/t. Th. .racl9 deh:cted ail l,138hours,
is in thr dkrdrvise d i recijon, &rd ntr.asured 16 nu in lcngL\ (the
sp.r cap js 50Nh w e.i this polni). It d not g.ow inlength,
and ihcre ivas noevidence lhat ihccra.khad exiendedbcv;nd
d r Jrplh or rl.. t. ...,r L, ,,, i 0 I lm/ whFn ii ?.
lernovcd at 18,000 houE. the crr.k is betieved to be strcse
rclatcd rather th.n envi ronm.nt-i.ln tPn

8.10Ncwwing Inidvertentt]!mgctoUpperSparCapdd
Skin

'nre iesi js not en! ironmen t.lly .ontroll.4 which means tha t
the testarticlL'hasnotbeensubje.ttoihe rlngeof t mpcratures,
hlmi.liiy and !llraviol.tLi6hi kr wli.h a sailpl.ne is nonnaUl
erposed. A controllcd c.vnorDlenttestbox was iNirLlL'd on ir
*6mentof the neiv r!ing han dttcmpt k,.eprodL,ce rLea0rL'rirg
of dk 6el coat. shorily.rllcr nBt.rllation of Lh€ ch.nrber, ai 18,7'13
hous, tlthumidity ind tdnpc.aiuccnvirorn\entsignific.ntly
.x.c.dedspecification, carEhg abucHjn8instability olihesktr
a^d.ompressio. f.ilure ofth. upp.r spar cnp.ll]e lolve.sp.r
cap lvas Llrdamrgcd. Repair to ihe uppersparcap wd. con-
ducted accordlng to standard prdedures, invoh nrg r.moval
and repli.cmcntofa wedSe shaped sAmcnl of nui.ridl eitltr
side of Or faihue. Iailed *gmcnts of wing slin !ve.e also
rcmov.d Dd rephce<1. A load.lcllcction measu.enreni follow
hg ftpair sho$ ed tha t ihc L,rndhg an.1 bFionrl stiffnesses hi d
noialtLacd irdm fie undarnigcd sl.tc.

9,CONCLUSIONS

Oyer 22,000simul.tcd t)ing hou.s h.rebecf accunlLlated
on the full s.ilL. fr iigue tcst ticle. I hcr. h.r s b.cn so.ic growtl)
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of damige tooDrectionss Nchweredelibentelyleft un.el]ai.ed,
ud sonre mnnrrnelv damagr,but no catastrophi. maj(r faihres
ha!.o..uredineithertheneworrepairedrLint.Thefollowiig
con.lL6ions m.y tred.awn tuom tlt test toLlnte:

9.1 Cr!.knrg prece.les Llelamnri iion,

9.2 lhe propitation rate of delamnution is slow on the

9.3 A1l siandard repair tecnniques emploled to daie h.ve

9.4liel.trepaihshow grcatcrsus.cptibilityto dclamination.

9.5]l1e cunent C;FA haxihm, jnsp.ction jntlrvdl.f 1,000
hours hasbeen confimcd.

Thc ful sclle fatjgue is plaDred io coninrue u.til either !
.a tastrophic fa ilure Gcu.s, or a total of36,000 equivalen t flyint
hous have bcc^ a.(lhllatcd. Thc .urcnt rnt. of tcsting indi-
cates tlxs toalmay beachievednr 1992.
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