
ESTABLISHING THE STRUCTURAL INTEGRITY OF AGING GLIDERS

C. A. Pqichins, Ft. Worrh, Texos, U.S.A., ond
Victorio/ Ausiroliq

The task of lcnif] i.r!t the structurdl
integrili). beconcs increasingly diilieuli
n'ith increasing age of a qlider.

A nlrnber oi factors r.rhi.ch infLuenc.
the static sL]rengtlr aro brieily discusscd
together with thc possibility oi faLigu.

rif e,

Thc proceduxe oi Proof Loading as a
neans of inspection for structur,es not
prone to faiigue is describcd, This tech-
nique has Lreen adopLicd b], ihe Ctiding
F dardtion of AustraLid) dnd d nlr,.aber of
old qliders have becn permitted to con-
tinue fr],inq at rcduccd placard li iLs
follo!.riry Proof Loadinq.

ABSTRA CT

INTROI]I]CTIOII

Presented oi ihe l2ih
Aipine,

osTiv consre$, Juty 970

dndergo a sDe.rat instlctior a: d--til.C
:r:n t|c l"ianlr.l of ::andar:,r pro.€CJre; (.1_)

decidcd bl .rrr llr:i orrI]i.e:-. In:,pe.ror.

TtRl.ir O l ,O(iY

The Lcrr:i rr lir:r1t, ri i,trcDI,r;r.i,'Ll
timalc'r load i,rill be !seC irL Llri: fe:!rr,
a.o ll:ouqh the, do noi l:are u.r!u. deli
nitions, there i: !.n€):.rt a..cptance (2)
of tre Iol.l.o!.ing t.rrs:

'.."-,D
nLI load iiat tle d.:r:irer er!..r3 Lhe
qlidlr to ric subjectcd to dLrrinq.orrdl
s!r!ice. Thi:i load xLay be -.rp:r:..c--C
rLor. than onc. bt on: or rore cI th. iiD:
depcn.linJ lrDori len th i]nd severitt, ol 5-=r.
vice. CorvcrseLlJ d .l.itt ,. uec.l .Li.ter

crtio. of lirii load illould noL_ prcilr:.-p
arL_!'. failure of p.!trrnert s.t ii rl. t.i
mar), structLLrc. FL:ri-herJr.or., .:rl .listor
Lion of 5ecoidafl Etructrre :il- Lljrii Lor.t
shodld not adr--r!eLt aI:ec- rl,. I l.rin!
caprb.Lr:ti,!:i o.' t|! !ll.i.der.

]:. Pr..ol T,o.li this .d. be eittr.l.
cd:ar tr-. or]r;:=r than LiriL L'rad, but
i.. Lh! .a!c cf th. cotrptete 5rructlr: :! ij
i: irL ft):t in-qrarLc.:s tan:n rs L.rnr !q-r.Ll

IE rcad-TT,at .=lffc.r :tlucrur,. r:!!,:

Jltitrar-. Litri i.r n.st.ases is r:!lir:C
Lo lio :! f!:r.crnt of tj,iir LcdLl. IIl e

The probl.Jn r]1- ascartaininE rhetlLer
a CerLiificate of AiflJorlhin.ss sliould be
r:enelrec tor an aqir! glidcr i:i even.lralty

lLspite lhe faca i,hat the:rLrerndl appcaf
ance nay bc exceLlent at tlie ijie oI irl
spectio|, there are a nunL,er of fdclors,
5on! ljre cependena, ir|ich co|ld have re

5rrer!th. These facaors in.Ludc poorli
execut-ed repairs and Fa j-ntenan.-., ta Lij u.,
glue d:t:riofaLiior'rJ d.qradation of pla:
t:i.c5 irom ulLira-vioLclr:.d the po:is:LiL.
eifecr oi l:.a1.

This report is co.cerr,.d trai.!l ritl:
thc approach bein! adoptc.l b!/ tLe GL:i.di..i
Fe.leration of lustfnlia lor nooder !rider.:.At present, dl-l qlioer5 ar,- required to

LI



st: uctur. de.ji.lnod ior. sratic streri,j(h
o.lj., th. srre5ses lhoxLd re.rcir taiiinj
stre.5 vdllr.c at ul-tiJrare Load condition:r.

vidod adequdtr sc.Ilirig precautions are
t.rl.en to prevcr.t ;ln cxccssive i.qress of

Ll!- [4 L A:LrlfJfies
DURiBILITY

Ttre drrabilit) of a 31ider is di,'fi-
cult !o driccrtain r.Lthout actuaL.l.y operd-
Lint it ior a fdrqe nu,nber oI yerrs,

irooder iirfrares

lletat aircraft sE:uctures havc proven
thenselves ds far ils iurability 1s con-
cern.d, dlEhough in the cds€ of qli.lcr5
dentinq of thc rinq surfacos ca.not be
LoLcrdtcd becalL5e of thc adverse elfeci
of performancc. Increasing the drag bi a
Dourid or !o.1oes not usuafLy concerrL the
po!.,ered aircratt oPerator.

Pldstics

Thc durability of fibre reinforced
p]astic (FRP) seuctuLres is yet to be es-
ldblished. DLring )rarufacture a specidl
uftra-violet shiclding laycr is incorpora-
ted in order to bloch out sun rays tljat
night degrade th-c resin. Fror the exp=ri
ence of fibregldss boats therc i5 reason
to susp€c[ ihal thar,e pro]rabfy colrld be
degradation after about 10 years of scr-

L! fir ae i6 krrcrn 
'lood 

has an infi-
nile fiic ar]d ttre life of the structula

o : .:d l cl b dr l "l-. , ,e.,
thc :ll.ue. Sore years aqo, there !4cre
doubts ds to t;Le lifa of eone oI th! u):c;r
dnd plieriol forndldehy.je g.l-ues uscd in air-
crrft production. Lloucver, a:i a resull:

\. -cjvL i.rv-..tjlnt on ir
Austrdlid and lrnianr,, ii lrd:i establistLed
th.tt Lhe !tl]rcs cor:mority usca :jhol,red iittle
dcterioratio:r in periods of up !o 25 ycars.

F:.rriienrorc, tlierc is evidence (nol:
ridery spredd) iroJ) tro irLcl€Dcnocnt sLrirc-
tura] test invesi-ig.riions tlut have prc-
dllced corfifJnatior of the sdtisfactor.y
dlrrabiliLy of plrciol-type adhesives. A
.Lnber of focal,l) produced GrLrnilu gIiCe):
!rln!s ilexe tcstcd to destrLictionr by tlr-5
Acronautlcaf Resi:rrc}, InstiLute, Arger!ind,
af ljer 15 y-.are oI cluh uee dnd all taifures
occurred in the !ood,

During an investigatior into the Ia-
ti9.Le chdractefisiics of V.npire h'inge at
l\e leror.a rLictf Pc:*dr.h Lrbordto.i, ,,
l,!stralia, involvlrig testing to Idil.lrIe
oI 13 co,l_p1c!,- ltirgs, trio luseid3cs +cr-"
used !o react tlle l.oJd:j, ard tliesc s!r-
viv€d the erjtirc prolran l''ith ro si3n of
iailifc jr citlrer lh. ivood cr tla :t]ued
j oin[$ .

T?r: durab!lii:y oi,llue. uE€d in !l.id!r
construction has beei r.ported by l!:vir:.J
-nJ J-],.or. (l). l Br -- . L-ic; J
3:jsociation has afso ,iade a stuOy oI thc
Jir+ror,.'ir'-r- .rr ur;, r *r.)- r, rL; ..r. ar.
llai conclrided that niiir corroct ndinte-
ranc3 ard rcJul<ri insp.ction, thcy 5toul.d
have ar operating life of al_ Ieast 20
!.rars (4). Tlre oldest qli.der stj.ll fly,
inll in Ar)sLrarii (lha Gor.leri Ed!Ie: d.-
sioned hy lj. G. Ricl,.rrdson) !.ras coistfLrc
tcd iri ,-ij34 Lrsin! ca5ein alue. Accor.lin!l
-o ih.i Couicil Ior Scientilic dnd Indus
tfial i.esearci Orgariza'.io. (CSIR0) tllis
glu,a nas a life oI at ledst a! ycars pro-
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FATIGU;

Fatigue in i'bod Struciures

The sdfe fatiErre life of ocoder gli-
ders designed to the Bfitish Civil Aix-
orthineis reqlrireJnonts Section Il--Cloud

Flying Category--lias been estlqated by
Obee (5) to lrc L00.000 hr which, for alf
practical purposcsJ can be regarded as in-
t inite.
Fatigue in Ic[a] Structures

the problern ot fdtigue is no!, rieLl
kno\"/n ljo desiEncrs and operalors of aff
rctaf aircralt. Gfider ourers have been
spar€d this !,orry bccause of the lon de-
sign and operating stresses ln Chc struc-
tur,e and the srNaLL nLi,rber of hours flo!\,n.
Ilo\./ever, the denands oi high perfornance
hdve rcsllted in a raising of stfess
1ev-pfs and a very siqnificdnt increase ii
thc nurl)er oi lio1D5 f loltn eacli yeax,

A pre.l-ininary analysis of sorne dala
sno\'rs that si.gnificant aJnounts of latigue
danage can be received by a lnetaL glider
dLrring its effective service iife. Fr.ight
load :ncasurerenlis have indicated that the
amorJrt of ,r9i l:rcing appfied is perrraps
hiqher thai rvas expected ouring the de-
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silln !taq.. Th. desiln larLeLverir! liirit
loail lactof oI !..i |d5 been coisrdered Lo

-to. p.
Hoir.v,rr, .o!re'!" load aea5uretrertE rad.
ir Ru:Eir arLc pres-4nled ir ltei. 6liav-.
itui.ared rtLat it is esseniial for pj.lors

dcr,:. Thc ddLr i; slrnLmarized ard illu5
tldted in fi!. 1. tsy corpafirg fhe.i-.
:iJr. Lo;Ld iactors 9i.ven in R.i. T r.rilh
this LoaCintl ;pecrrun, it can be :i-pen L'ral
Lie proof Loa.l rai teing elceede{i olrc:
eveff Lfal li lnt:LL pil.L Lecllirues ii.r,:
ilfroved. In the !l hr ot later xEcon.]
i.9 t|c trillJLest 1.rve1 recor.le..l rras :1 !.
Hoi'cvcr,, t|is sarple is rrLlier 5nrall, and
iL' js pos::iirr! that thc Load l.v.ls .rolili
re 5ojrerlLat hijher in a L.o.ge. r.riod of

Pr.liminarj tatiqu-. rife e: tinar-..
j.rf ar aiurr:nir all.oy stjructure las.C on
tlLe Ru:isian ioadi.! data dn.i lilti!1.. ddri-
a:ie lL)potheii:iJ accordi.q to Pa:tn. (8),

;]:ou-d lie )rrrle ir.to ltresses o. r'h€ l€.-
sion slLridce and further load.ldta oblai.
edj ir'r order thel a nor:e accurat. cdl,c'r
latlon Jray b: nLdd e .

Fa',i!LL-- ir IRIi StrLrci,'rre!

1]rl ;iiP ,tiiaer :;txuclures de!igned i.n
G:rnan_ and Silitz--r. i.an.1 ar:. subj.ct.d to

l.:ji a: pd|t oI th. c.rrrif!.ario| pro.e
ourls. II onLy .r.. spe.iile. i! tested,
,r;ca.tc! Iactor of dt lea:t I i; rf,tiried
to tl. t.rt Li-i. rn .rder Lo oL,Li.lin LiLe
!af3 cicx:Ltio4dr ]iI. of the !lider. TLe
olierati.ona] lif. of a .lLider h.,3 ieer a;
iired lo be llCU h n'hic,r drlo.rs f.r 200
hr of tl!,i.9 dnnuall_! in a period oI 15
):an:. Il llaS i..n lLrt|er :rropo:ed LhaL
shculd lro structur. suc.e5siulL), red.L
9000 lrl Dr .cst andJ dt L|e conipl.',i.n oi
falinr:. r.:t, rithsiood an dplLicaLlon oI
uLtirar! 1.oailj th€n r:lrc opcraiiona.l .11I.
ri Ll nol he re:rixrcre.l.

Faliqir. o;Sirr.iur.s

Tl. prr.ililef !riL_h the etreci ot lalig c

]]!.r:rcfior 1n thc !tcLric ;trerL!th lintiL i'
.fac.i rpt.afs, al.thoulll! t|is d.pend5 on
trL-- 5L_ras:i t.\'!1 dlc !.ih.th.r tIc ftlLeridL
fail. ii a b:itli.r i:nr.r. Crackir! L|rL
ir .at.qori z.il .r! i:.r:r]9 .asiL.,' d.:LecLriile
rdr l-re n:na!d..1 as h.lvin! il lenlth of ai
l-.a.t .2 , ir:. (,i :rxr. ) arLd in d rilhlll;

sLres;ed ared, it catr .?en be as long a5
2 in. (5 cr). Th€ .ik.riihoo.1 of ldtigle
L-.eloninit a probL.n durlnll the scirvicc . ifc
oi d ql-idcr is delen.lent .rL Lihe sLr'ess
l-€ve.L and tlr. iurier of appricatiD.s.
Tdble L givca sonLe oi t|e reLevanl- pr.rper-
ties of matcriaLs ooimorLl) used in glider

llre:s for a lilc of l0 JniLlior crcles to
faiLure and t,rc ultiJilrte strenqt| of the

lllltiTFa!T Tl-,N Gr,Tllni lTltlnR' lil!ESS SYSTEII

The overaLl responsibil-il! fox Civil
lviari.rr. in lr5.ra1:d ):est:i rriih th. li-
r.,ir.or GerLerdl ot tte Departnent cf Civir
lvi.ition. llolrev,-r, re .as delejated tie
r.sfcl:ililitl Io|L_h-- dirnorthr:rLes s of
qLidcr: to Lh.r GLidin! Fe.l-.ratior of
lu:jlral.:La .LS il..l,ustrated in Fi9. 2. Tr.
D,-paftnent has r]etair..:.1 thc r.spon.iiili-

!rante.lJ the) becon. .he f.sponsriilit)
:o

iref5 aLL :rLider5, bui .1oe! not ha4d:l-. th.
inspecLrion !r i55,.Le of airliorthj.neEs cer
iilicaLres for lev--lopie|tri Glid.rs. R€
clnL:lyj the l:d.raL_ior. requesied that .he
llepilirLnent fiak. tlre first iisue of aiflio!
Lhir,ess cerLrii icat--s to !1ider! tha!_ are
co4ner.ialll' j.rpofte.1. In .1tcct, tl:c

.p
bilitt ;or alL glid.rrs o-lcr3ted b), iL-s
rcrbcx!. To lJrflen cnjr L|ese responsibili
tie:ij the Fe.leretion nas a .unber of ofti-
cers,r'rlth cLearry detine.r task:i as i.11us
uated in liq. 3. l1r of these ofiicc|s
a.L in a lrorLorary cdpacr:tr an.l: oI coureeJ
-lr - I - .- d -l
th.i!, s-afe t:ine. :ione of the d.tiviti.s
ar. rart of Lrlre nonrdL cluL operallons.

{
LI

I ADIJT'"I'OI\IAI ITI'iSPECITONSI FOR OT,D GT TI]E]iS

Adclitional !lr1. to be rLnd-errake drl
sing ouli oi a 20 y--ar ins!,ectiorL on a
!ride! is de.ided lJetrccn i|c aiflrorthi-
nes5 in:pe.Lor ndlin! Lhe inspe.tion aid

,rrorthincss. Thc r-cdcratror, has aLso ap,
Doi.lc.l i1 .imb.r oI sanior inspectors \rho
dne dutlror]r:zed to sr.rpervj se dn'' furtter
a.tion. The decisicn to LidLe iuLher
action:Ls base.l upon the visuaf insp€ction,

t9
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i1 k.owledg: of tlrc prcvioLrs r-iie Bucl: a:
Lihe snvifonnent ttEt tha jliri.r ls o.-.ra-
L..l rn, dn.l the tyfe ot t:l.ling ii had bee.

L.-Lec!'ior llr Frlirr E Cr,.l

ls r.nLione.l cdrlierJ th.r: is no
proLrl.r liith iatigue tdilur.s in roo.L.r!
itLlder .lr Lrclurcs. l'atilluc cr.r.kir]g doee
.J..ur in L:le :it..f r'!t.ingr .rrd the!. dr!:
iorna Lly jrerov..i and in5p.cted durins the
20 year inspe.tion. llot',tev.r, rhere r'.-

tur,r and tlrc p.1r! ca re in5p.cir:d ir 5it'r,
ilrc insp..Lior nay use lris di.creric-i
r.novir! then. ilost )rL3tal litling:_ ari:
norr:ralr,!'. ilspe.ted drrinil tho a ruaL C.r

aL inlofvnL:j pre3cribed ir tlrc haint-'rra.c.

Siru. L rr.LI Stil fne:r e

I Iur[her cic.l( olr !ihc'.|cr tier. rdg
beer arLr deqfaddrion il trlnq :tl.u.1irre5

e prjJrdr,/ r.ndj,nn lrde.

:ome trariLidcr,ur.r'3, pdr L'i.ul.ar'l) iri
Gcrriri,, r'c,:trire thaL tlLi5 ch'rd. b.: .o.
.Lrcted dur:n! each .urrtnL ir.:pectio!1. llLr

;

tu!. li..ir.J !riot.d ir lhc.rri.jlral C.rLifi
.at. ol Ai.r,rroriIine:ri.

11.!rev.!, t|i5 partic rLar .lai:dcteris

.v!lr. roo.1,rn ;lfr.rLrfcs liL-i r.a.'l :faf

caiL:1. t|e.a:ie oI .orrpo5j.. slrl.tuf.i,
i... , FIll :lider:.

l;.luatirn cI :irti c !t]lcn,l ll

Tlr. .rirrar! .(rcen! uI alr i..!.rctor
rith tl,e Cur:.rbiLiLrf of a stru.lufe i; lD
e!itrlLi5h r.rllath:f thar: 5tructurc hr5 !Lf
fcrcd a decr.dEe .i :lari. 5L'r'in.jtlr dur
i.! i.'r,rice. Tl,! dlffjculLi:5 ai!..1rLea
"ritlr nakin.l ad!luaae in!!,ection: t:i.thot L:

:ilen:rv. drsrrrilinq of th. sLrrclur.
hJv. re-".ij-,.d in thu CFl rdop!'in9 frocc
.rLr.s invclvinLt _!,roof :l,odding lo eEL:r,b1_i-:ll
5 LfirctLrr'dl int€qr iLw.

'

rlvrrq --.iri pffi.-Enl s r-'.ruj!.d
1 or .i'!dlli!hir.J :!'nLrciurd1 intc.JI.iti J

I oeriving eirpl.€ rcrro:3i-a!r,r!

2. ieedj.nE conce.;ratcc loarls !,,Licll
dre repre|lefti.g .li:.flbutcc d.ro.lynal:Li.l
ard irertia Lodds i.io tli.:tfucL:urr; ard

',. ma]llr'l 3uiaaL,Le ir.3p3cLiion5 l.-Ior.,
durin!, and a:ter L-:Le proof Loa.lirq.

F.f ecc| oi Lh-- !lid-:xs .lat rare ireen
L-esLed so faf, tl e loadii alrpLit.l idrc
repreEerted .le:i.9. :linit Loa.l co.oitiols
arLd in tlie ca:ie of ,ing!i, llro :Lirit l.oa.1
.orditicns rave be--n Lise.l iepres.itinf
mariinlLr b.r.iir'.1 and ldrirnl,rL Lcrsion .r5e5.

Pfool: L.ra.rr:r.r oI '\rinq:. 1re lofcqoiill
prociT,i! -l..rTT,e r, j.n tt .il'e
oj L-h.. !.liilrs ttat hav! r,een subj.ctcd
Lo a !r:.ol Lrild ancl ::ulisrquent rec!ftrIi
cdLrlon. TlLc ?infs hrva l.r.n retov:c f!.orr
il:c iuselagc ain.e it j.s ijl:iicJl. ro liJ!-
lor- -he fLi:4..a!.r in a riari.rr !lLi.h 1\rir,.
ioi rlrslrLt in i. r:!n! darlall]d. A 5ir! .
durlnj. iLi5elag! hds be.r cor!.tr'ucLecl t.
luFp1rl,t'Lhe !i:1.]3 in an lfvcrt.d positrci
fcr.ra:. oi ioadir:n!1. PL) ttoo.l ias been
pLac.il ovor r:|c ldbrr. .ore!:e.1 r'e:-ior5 to
erail.i 3-nd ba,t. of lc.rd i:l.i baii5 Lio lre
l..r.led Dn io tlrc titrg. D'i.ir,t :he dc.ral
Loa.irn.l J L_|. ba:s.re pLac!.] iifs-tly a'
th. rool of th. r',rrn:., th:. pr.rqre5Eil7el:'
oLilLr(rar.l i.. !r:rict accor.larc.r ,ritr trc
Ioa.lir,.l 1-abl.. CaF iri:t b!: take. ril'.ri
placir'rt lr.r ,r.r!lrt-. .'. tlr! !tinq to Qrr-
v.riL rr1t. 5hocJi roa.l:Lnll lt,ricfL coulil .-r.-
crtiidte faill.rr. l.rdir,!r c.LIr ie ;!1d. rlr
2rr per.:nt ircfe,reIrt:r: uD Lo 5a penc.rrL,
t,r,rr it j-! \ri5e Lio ?roc-'3d in 5 l,1 r..ir1
i|.fer --,rlr L'o Ljhe aa.a -,-r.-!ri l:,!'.rL.
Tlr,r delreclio. oI Lh-. !il!t i1_95 5ho:rld lE
1c.13ured aritlr rcspe.t lo the root ot -,r!

or: r|r:.r tj.ri:! tri.r tri .iarr;ir! o t _.1':

o1'rrri 'ir1!a:r in Llre :itrf,.rtu: arc] 'i1lrisuh 1n . r'eli3:1. .-::tle':-ior )Lea5ure
jciL. Tr..rin! L-i.r rl:ii.r.L-,Dr:r 5]]ouLd
b. pLo.te.1 a3:lr.: -!:ii pro.-'!i: ard 5o
.l.LciLi rn-! i.lariur.r ft'oJr li]]earity .r
ar!, rarl,.cd aifi.rcrce5 :et!r. rn :ithlr .r!.
poit or :tarloall h.llret rf th. lir.:1. 0.r
rca.hi.q ll r pr.of .lcnd, i. ru:t be r.1if -

[tcs j d Llr r:n!
{:reepirg or Llre .iruc-'ur-' rLould .rc.ur
(re5! l,l:al al.l ir. of 2.! i:tr). on ri:
ro.rrr oi th. loai. .h. :Lrr'-r.tri:. :lroul.l



L. l-.fr l.ir. a,-.riod ot at '.a5i 2J r:n
LL.r. i,:ior:'r .,h:cLiir.l Lille anoLri o: p.rn -
neni :.t. TLis i5 be.:ause oi th. vcff
sLoi rate oI re.overy of tle.lo..l rnd arl

loulo b. obtdincd |)'
L-rli ng trr. def rel]r ion rea.lin! irncdi.Lr'l!
Lrpof r.rovdl oi L-tLe 1oail.

l.oof loadiliq oi hperLnn!,.. ill,. Loa.l
inE -T tlZ*T;il pl-n: if a'r..!.r:
a 5j.rrliL.r tfol,LerL is boi-JL the:e can be
lo.:r.l:d r.rl1L. sL'iLL nLLa.lL.,d l.i !'lL: fLiri(:
la!e. ir iJctJ rt i5 no:Li de5iriirLe to
ll).La L_lre lrj-l-|i1:rr. 1r|11. atta.|.d Lo Llre
ILrs.:l.rq,. tLrf tro r:ia:.rs: -tir,.L:, it is
diflicrrrI tc .on:tNc. a du]uLi rutcLa!!:
oJ id-.f1,i..11 rli,'f ..i, ard 5!.rrL.l, iL
,rr,rl.Lr Ll: 5tr.nt.h ot llrc tu:r..rnJi :t11:.r-
r-rrr to lirr rlrlcleil d!_ iir-. 5ame tir,:.

Th-. .ri.iril rondi:r!-l ca:.' riLl rnu:L

tl -. .ii:trirut.C lordinl lrii:lr a -"ifgle
1o.ril. Tlr. L.ddinj slr'iirn nL.t b! .aFl...
of ,ritn::t.niliir! Llre slreir load nrd to
ar:jj.5l li. tdiLiLaur.: 5trr ctr!r!r. fari road
:r.,:r-.1 i-,r r!tLi.c tc . prcf iL!: ir.,ar.l
,ir:!.1 iiil_ f::li a.il .l.Lr!.rd nronrd Lre
LaiL pLere. Cn. r.rhod cLloa.lrlr!- llrlld
lie Lo -r:- r :!rir:t bal.r:rc'i loa..d !ri,:1,.1
.lrairL rtoi5t.f a ri!:l ci )rll:.,!. Tl. r.-
,: ir',1.r.i:5 f':,,lrr.iirJ .-]]. 'l! .ailir!r r..l

l.1r lo rlro:r lcr th. rirlt.

f,rraIvitr.ri: lr.nir.,t 1l!:_1. ilur r. -lr.
,r,!|]:l).1iln:t--L:-I- i; ..rLr r]J., r.:
.lt.:1ir:. an.l .!.rnL! .l:.r'.'Lrd rl.r.l, ?ilr
.1:r:isL Ll,.: irLsJe.ril. ir naliirL.j ar:.r.:;;;
irL:rLL .l Lh.: iLf-.t.-rf.. 1l (:.. ir..1r'.1.:

:trair ir: Lro,l 1.'car af.r otr.-r.1rL
si.tu.1tror. d].1 ilLiF :il.rrrr. f air: lin.,1r
! r i. Llre xairr:r]Jr L.rd r-rpLi.rd:

:. Lr.r-ri|r o-t tn..rL: !.,,1i.1 5l!LLL

:tnf i,.iLrLddf i..5. J!d, rf ,.rLi i:i re.r.:5:irr_
a. io i!lr.:tlLcr L,r.rr: : :.r:L_, riLelih.rod ol
iiL: :al:L1i Lt i).. !rf ir,l r:: 1 or.r LLLirLd L.
Loi1.:l i: r.. r;,!.i;

-i. i.,r r.rr:..i, ::r af t.:r f+rcv.il i1
cad; i,rr .rrloLi:t rI lrrJrir,rn'i ril : riru..r

:11]-' .'..r!r,l . tLr,.r.ri o, i1,:, Ll,r1l..:icr 31:

Vafrd l:t of Frooi Loadirg

Thi:r aurro..h Lo 5rren!L'L ius',iiicl-
r- io. i:) irori.ver, onlj ,.r.Lri.l for :LirLr.
lLrc:i rerula.L:u]lid iron rdLerirli hoi.
Nl t:i cr I frct,rf Lle:_ .lo noL- delerior:rle
ov.r ale lrrc.lic1..1 rar!: oI ot.ratirlt t:.r!

!!.iuce.i Lr L.lfcxatune eiI.ci:j tor .1
.1!Lf... FI(P ;Lrucrur]erj in Lfir:r1ca i .tr-jrlatri, lren a Lrrooi t.sl .1t rooJr .€DDejrd-

.i:5t .irLlr)L' !.: .101 j:ned .rs a prcof rcsi to

.!Lni,Li5l! . nar(_riir of Jai€.1, ovcr. .1 rornrL
opei,:ltir'! .onoitiD|. Coorifil or, ric:,rin(j
ot' i .o!Lril.rt. g1i.ler s-nictrLr: i lox:i |oL
pr.scnt,!ri .1j..'ii.LLtr.s to tlrc atrir.tLLraf
i.!t erL'tir..r. Conve.tr:on |--rLil.r ar1.l
.oo,i.n i:cl_rLi!.Le:, havc aCrdnc.d rapidt\t
ill r....nt i,{rars L:Lroxol: the .lev.totr-.nL
oI .,tuipn:r'rL r,.r irirerl 1or tler:tudy of
rl ,prrilL :rr,..:r€ri indu..n duxinu Lnrsier.r

J I r...- it .r Prooi Lrr.l 'r, rr.r

r r,rr.r..,:Iu:l- ur!r; Lo.r.liig L.:r.io€s

.apat,l-. o-' litrt.t:r.1i.! LLi .1.:iiqn.:d uL-
irnn:,- 1ailir.l loa.l. buL_ lroM it:r tretLavior
.lrrrrrg .on:.j.. r.rli.rL : iidi.:iio:rs of ir:
irt.!xitt, carL L.r oLtilii.rd. T1:. .1id!:r ..1
o. i re !eL!,r.s..i tor: -oirer, t,lar nofiraL

ifu dir :Ii!.dr'. il:ie !1i.rcr is th.n h€iri!
ot.1r1t.d,rr;i.ll a lrltrtn saict]' rn.Lx!:ir be!o|d

I roLirl .l :i). !lid.:r rin!3 an.l .ne
:ai ipa.Lr! h-rv,- t,!.:r. ;rc.e53tLLL; sLbj..
l..r L_o :rrooi loa.lirt ii::Ls le r:Lr t oi LrLe
i.:p.:..iorL i.r fere,idl i)t Lh,r C.rliii!Jte
of .! ix,r-rr L-lrire.i:i.

.oncrcl-:d b! crLiL, nea;r.r:r .uperrr::e.l .i
:l-: C.F.r. lie!i.rrLa1 T..r!'Lical oit'iref f.r

ir .J osr r:-1utr. .i..Itior, tr!r!. have
r.cr: ro or:!r!illiors !lri.:1 iorr,l irLdi.aL.
ar', 4:i;rioratio| ir Lhri :L'r,.rmrt,r o1 ilc
.,rr[.irf.. -il c- (r, rir.]fori, .a.li of tl .



.tr.uctures l€d bclBved as if it sti.].L
possesscd Lhe stxengch !'equi!1ed by L\e
origiraf dcsign.

-, ne -n.:d .crj d I r',jor la:r :.
an ail:ron spar faiied, ard in anoth*
case, a faihrc occurred in ;ccondary
structuc lrilich r/as ascertoincd to be a
deEign dslic'iency,

Proof loading }las not bee. confined
to old ql-idcr structures, and in iact has
be€n used to check a riing apparenrrLy Lin-
darrag:d in an accidcnt rrhich dcnolishcd
thc fu5eldge. Tle in5pactorrs findings
ecle confirncd by t|e tcst r"hich savcd
cuttinll access holes in a sandr/ich stfuc

The technique $.'as also applied to a
nce glider ',ing drich had heren construc
tcd by cLub menbers over a period of i5
yodr!. The test ltas ccnducred irL order
.o ^. r dhLiel' , orlplctc .onIid-n.. ir. .or.
of rh,- dcsiqn dssunPtions, rtld tl:e a!i1i-
ty of the constructors; it ltils not tnanda-
toxy as irrLr as ccr!ifi,ca!ion Lra5 corrcemed
(e).

ldch oI i-ie ofd gliders t=stcd had
b.:en d.signec in accord.nco ltith the
B,C.A.R. $cmi ac!,obatic catcgory ( no\,r de-
:Jignated cloLd 

"llying 
cdtegor)) alld aficr

il;e test l_ii s been do'[igrai.d to llor1lal
categcry. lfl cxcepi one are curlcntl::
Ilyinlt, ancL the1r nert ploof tesi i5 not
propo.cd unr_il thcy rlavc co)rDleted a fur
:r'cr ! ear. ,i Ilt r, J, Lnl r' dr. :r.-p4.-
Uor deciares oiheri]ise.

DISCU!SIOIi

I atigue l.x:dt':

The anroLur. oI :l_otilue uanag. accr:nu-
iated by 9].id-f 5trlrct:lrcij can bc e)ipec-
Led io rcac\ siqr:iiicali: l..ver:r in t]e

Tli:i.r ari:ies fron -.tLe lrilll!]]:^l):c55e5
ir tlie pr.i5ert genlrnLlon r)1 tliier strr.-
u-rrcs ard Ll: l.i!,le r:urrber of horrs b.i:9
il.o,i: ( i.!rs L.rrc.: o: qridrr! ll.iinq -Ll-'ar0
ir f.f yonl. rxr rrcorded) invnltinl;.litih;
nc;r ';ii: i-r:i.1 (JJ: tLe i'iiql,Li load e!1/c
lopi,

A iflror!_liin-.:i r .1 LL tior i Li i! s r:ra! b.., r.
rtr)ir.id L(J :)ldlir(i tlLe riatt.-,r cI t.lti,rLle
ijI! e:it rrricr! iilrc Jlig-.t 1or,l rred"Jri 

.,

nenrs in norc detril., if the prcsent
level of structuraf re].iilbility is --o be

fn aeroplarc Btructures, tho desigrer
attempts to ?rod!c= a Iail safe structure,
?rlicl' al,lo!.:r iatigu-= c!:acks to pro:ragrie
.o dn ir. :.r; deru.rdr l-a .".- | \"J.r
il.rc iF aijr sigrillcar! drop ir -"tdtic
Etran!Llr. Ho,reve!J rliis ie tu)u allra} s

possibteJ and ].n t|e ca:ir oi :ringle load
paths, tie str.Jcttrrai eleaenL nust bc re-
gar:dcd a:i a safe life co)rporenl iavinq a
cal-culat-od safe s.rvice .l iIe.

l.k)st qlider.trLcEurcs fall ir:to :h'is
-latter category particr).Larli in tic re-
!tion oi ile altaclllLent oi the \rj.ng to Erc)
fu:efagc.

P )o; l,oaain!

for st!Lict',lr1.s radr lrcl .1at:riali
r.sistait ao iaiilue or h]riat a ve+r loni
Lifc, !1r1 dfpij cation ol t:Le cesiqri l:LJriL
.o cd-) :cd c r';: o i -r o
loadinq the :rtrlretd.e.

?he c,Liding Fedenatlor_, cf i\lr6tr:lln
i-:c .--Y c-l . ::-l l

for cat,rb-Li.liirS tl.e !itrL:!ruraL ir..E:lri]jy
o: r,J ing ?1ideDs.

T c r: .-__ D ...-r.
loads !o.r !JLicler: ilr'!lct!I: 16 i.riL'hi:l tlre
.dL ti. ir . ^[ \:], ,c.,L=I , prrviJ,,l
s'r.)ervision by a sui.tarle .tiaiifr'.cd a:r-
.iof.l ir: i1:.r:.r ' i:. ''.b:-..

. -: Ir .o .cad: af.ro
s.r.l!e air aie..:uate ri.rlj ilr c; grfet;' .r'-'--r
:h. orig iral i.LacerC l:r:,i-., !l'u :.l id:r
c,rn only be r.r l.ca:--d l:or, 1(],.e Liril:_.

TlrerE .lcc:j not a:ricer to bc !r) r'.lt)r.
l'Jh:,. proof load:n3 canro_. lr- ap?fied f.-
p.aLed]! an.l t)le illi!.r p-_r:riLuQd.c:lr/
for a fLrr'.her. )orio.l ir: r'-l s.rcca!3i.rLl/
P.rs;eri ihc td! L.

TIre olde;r .Jiid.jr i1'.ir!.t ir ir L::.rrr. i.1
is rio,rr laj _t.nI:r .ld and sioli: '-c 

s-jn oI
a.:ar.Lora.iori in .tat:c it1'.rL!'il:. 1l -'r'Lr

r! r nllr.rr in:ac.:5 0f 2l !r:ar5 J-il.l.
beirtl r.etular,) ifo!;: ir. lr.rriL-L clL.i



11[ L- ]:Ril'lCl-q

r. :larL,rer l]1 Slandard Fro.:dur-.5 - c]i;l,r TeGFtftn-T
2. OSTIV lif,rrcjr.hirLess

Ifving, F. G. .Lrd V.r.on, C.0., ',TleDura; iliiy of GLues Used in ct i.lerl'o.. 0 O
Ilnqldrid 1965, OaiTIV l,r:blicaLion ITIL

t.

CheFov, V.V., Iliesulis of Rc...u.h
r:n thc field of !trucr-rLral !tfenilLiL
Lj.nits ior, S!orting Gl.id.fs,;r L0Lrl,
0STIV Con.lre:ii J Eng.LdrLl .1965,
Pirb i.atio!L VIII.

Sh.rstorLe. ts.S. an{l !,lilliin:on, (.C.,
rTle itorldr" Sai]:-fane3, V.rl. II,r'

Payne, A.0., '!.terninlr'ion of .he
FrtigLre lie5i 5.ancc of l,ifrrnfLr l,,rir,95
b1, Full Srrle Tesiino," l-uLl ScilLe

1
fi:l:t,-al].tl]":Lnor..T'..:5;.i;ffiil l:1.r.

Grdff, D.G., "Pro.t Loadixq otrZ.pt')-
lus' cfidin! lling,r' Tech l.icmo Sin/rlRL
lepalLrent .f lutliLti, r-\.ronaulicaL
Rcs.rarcn LJ;rrarori€:i, il.Llorrrre.

Irvinq, F.G.. ,'The lirlrortnr:.ess o1
i,"boden lir.ir.LitJr Sa plana ancl Cti-

Oi,e., K. 1l.J ,,T|. iatiqlre LiI. cf
ri;;.;;;"-i;;r : oiiiv-i"liri!irii"iir

,1.

A LOW SPEED SAILPLANE FOR RESEARCH

D. L 'oro . ., '.1o. ,irl-, e. ae. e., J. .4.

Presenied oi ihe J2th OSTIV Cohs,e$, July 1970
Alpine, Iexos, U. S. A.

li;!n ),etrr::i a.lo.re entere.l i.r,io a rc-
:.djrclr project at Vrnderbili Un.J.rcr:ity

i:\r:ral- :pc.i.3 or' !'li.li.n! bifds, ralerf
tlre !Lack V IL:ur., TrLrl(ei' \iulltuf., R.d
1.',r iLe.1 Ii.1.r1,., .1.] .

A rcrtror. .f Lii:-' flight n.as:,:.enenL
!'i. ione b., i c il.I.rir',g a iree f:l:'in! rii|d
i| a .r:ic::.rcnt Ji:Lc:Lrnere ,.ri1l: d s.lilpLan-_.
fh. aititLitr'r ar.d ,,eLr!ity of tl. liird (er-.
:Larch!.] al I!.qLrent irlerva]s bv t|e sJiL
lL.LrLe rnd r.rrt.i.o Lh:,trcdrcl r.ccrd.f
!,ia fddio. li.rLtsis oI th! dILn .oLLe.t{l
b) rnary tli,)::s trovlcl.Ll the inf.rr.Ltiorl
r:!!r:iicd L. !1.L tlre !ol.ar .ilal!.rnL oI

d

liri. ?his n.thod prov-_d tc 1,. su.cest
irLr ard !.l.iar,L., lLo!','ver it 'rr5 lil:ii-:d
by ttLe trct t|aL L-lre -"lalL:Ln.r rIi:rd of
th3 saiLplarr., nanelJ, lrl mp1, 'rr.ls 50 lrlqh
r'l:Lr onl) lrr. hrill,-speed :oftion oI Llr:

Tnc :riLpL e ,hiclr i: ilLe 5ulrj.ct l]I
!ris pilp3r !r:L:i Jesi!li.d Lio nore n!d1'. i
lat.lr L-he 5!e.d ra.ge oi L-he bird. irLiJhi
t.3t. i..late j-r..1icat. Ll'aL- tirr.::3oa-l 1a;

!hc orilt1raf, Drlnax,,, ilcsilr iDlr.lIi
.ation ior tl:e :ubjeci i:ailr. aro rr,:! .:1

!ia-.1in! sp..d oi 20 npli. Ir, a.ldi'lrlr,
.he llighr pcrror|r.lnce tda: lo n..ic Ledit
..i!.:rl L.r .lLnL .l tlre irir.l::
ir,r end r Lnac -acLDr oi I ra:r to trri rdi-.


