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HMtT_ 

«MIL 

i*0    INTROWCTIM 

Tht ddslipt •£ fajr ■«ruotar« la d*p«n4ltBt »n   »h«  IndlTidael 

• tudy  »f  a  'lead"   i hAra«t*ri«tle  «ad «   "■tr»ajfth"   pr^pvrty,   «ad 

th«  •<l»qu»«y »f  ib«  dolgn  1 e  f•»•rally ••■ar»d lyj aalntAluiBg • 

"f«»«t«r  of ■*f«»j'"   b«tT»an  jn«h  • lead aad itrangth.     Ordlaarllj 

th«ae   ihr*« «iiasatial   •Itaant«   far d««ignf   1   •.,   ih«   lead,   ill« 

utrenfth,   aad  th«  «afatj  factor,   art  ih«  re«p»n«lbl11ty  of  ••r- 

taia apaaifiaailaa «rliias bodlaa,  4ha only raapanaiblllty af 

th« daaigaar aad  atraataraa   anglaatr balng ta naai tha arltarla 

■paaiflad by aoeh graapa«     Thaa,  tha aaiaal  aafcty af  th« final 

• truotara dopaada,   flrai af  allt   on tha  «daqviaay  af   tha daalfa 

arltarla,  aad aaaaadljr,  aa tha ability af tha pradnat  ta aaat 

•paelflaatlonio 

Aa  la wall  known,  aanaldarabla affari baa baaa  axp*ndad «rar 

tha  paai half-oaaturj  taward»   lapr«Tlag oar aadarataadiag af  tha 

behariar  af ttrvataraa aad  atractarol satorlala.     Oraat pragraaa 

haa  baao  raallaad la aathada  af  atrsaa  analyalg and aara affialaat 

■atarlala hara baaa  Introduoad.    Uafartoaaialj,  bavarar,  tha  da* 

algn eritarla pbaaa  af  th« prtblaa haa baan ralatlralj  Igaarad, 

•apaaially th«  rala  af  aafatj  faotara.     Oalj raaantly haa It baan 

raallaad that, af MttU kai UUMBOÜASM i JMiJtMä UJ U* ttüMM 
^nti^i a mi ikMii ft ilia UiUtti mi ifeil mfe i UUurt        * 

■fiHIilltir n»\ an im itaiii Xtr w DüLUBAJ itiiM maiiaat* 
Tba aaa  of rathar arbitrary  aanataat aaltlpliara,  aa  faetora  af 

aafaty,   raaulta   ia a daalgn vhlah nay ba  highly anbalaaaad vlib 

raapaot  to  aafaty,   and vhiah   baa  aa «laarly dlaoarnibia  probability 

af  failar«       It  la  aaaaolaaa   to  aaplay highly  reflaad natb«da  of 

atrangth  analjrala  aalaaa  aqual   eaaaidcratlaa  ia  alaa  giraa ta  tba 

laad analyaia aad  ta  tha  aafaty nargia batvaan atrangth  aad laad 

I 

Struataral daalgn  arltarla  far aara-apaa« Tahlelaa  aad Ml ara 
praparad by  tba  oaatraatar*«  atmetoraa  graap.     Thaaa atraetnral 
daaiga  arltarla  r«parta  daflaa  laadiag «oadltioaa,   «atabliah  or 
rafaranaa  factor«   af aafaty.   Hat apprarad  apaalfiaatloac, 
aanraoa,   «ta.,   and  ara   aabaiittcd to  th«  aentraotlng agaaoy  for 
appraral „ 
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PMl I  

Vltb   th«   rtaliiAtien  that  oarrctit  dtaiga proctdartt   luck   a 

ratltnal   bail«   for   oafctj,   ••Taral   qntctlaai  aatarallj   com*   in 

■ lad:     What  raalijr   is   the   •IgnlfieaBo«   of   a   ■afatjr   factor? 

What praotiea!   honoflta  oon  bo  dorlTod  froa  alioapting   to 

• •tablloh aoro   roallatlo  k.oaaaroa  of   aafotyT    What  faotora   la- 

fluonoo   tha  probability  of   failuro?     What   probabilitj  of   failaro 

is   realiotioalIj   ocooptablo?     What   ia   tho   atatiatioal   nataro   of 

loado   and  anrironaootal   eoiditiona?   -  af   atrangth  af  aatariala 

and  bohaTlor  of  atractnroat     And  fiDtlly:     What  atapa  aaat  bo 

takon   to   provido  aora  rational   baaoa   for  doaiga  daeiaioaa? 

In   tha  paat  dogoa-ar-aa  joara   a   flourish  af  writinga  haa 

appoa^od  andaavoring  ta  anawcr   such   qaaationa,     lacroaaiag 

aaphaaia   aa   thoao   preblaaa   ia   apparant  in  bath  tho  eiril   ongiaoor- 

iag   aad   aoreaaetleal   anflnaering   fields,   aa   caa   be   aoen   froa   tho 

bibliographj   at   tho   and  of   this   report.     Of  partioalar   aignifieanee 

ia   the   field   of   oiTil   englaeeriag   ia   the   recent   orgaaiiation   of   tho 

Coaaittoo   en   Faotora   at  Safety   by   tho   Aaoriean  Society   of   Civil 

Eaglaeora   (rofo   I-37t   ^ü,   S2).     Tho   purpose  of   thla   coaaittoo   ia 

to   define   faotora   of   aafety   la   relation   to   prebabi 1 itiea   of   fail- 

ure   or  anaerTicoabi 1 i ty and   to   recoaaond   foraa  o l'  auch   faotora   for 

futare   nee.     The   practical   benefits   poaaible   through   theae   studies 

aro   quite   obrioas.      Not  only   can   tho   reliability   of   atractnrea   bo 

controlled,   bat   aariaga   in  »eight  and   cost,   aad   increased   per- 

faraanco,   can   bo   realiaed   without   sacrificing   safety. 

The   latent   of   this   report   ia   to   auaaariae   the   fnndaaental 

ooncepta   of   atrnctnral   aafaty   and   roTiev   the   progreaa   being  aado 

tevarda   anderatanding  ita   true   nataro.     The   probubility   of   failan 

ia   introduced   as   a   atruotaral   doalgn   criterion,   nod   the   role   of 

aafoty   factors   in   doaiga   ia   discussed   in   relation   to   probability 

eonoepta.     Tho   Tariable  nature   of   l«*da   and  aaterial   propertioa 

ia   only   briefly   diaenaaad   nt   it  »ill    k>«   the   subject   of   later   ro- 

porta.      Threaghont   thia   report   the   terae    ' ! osds ' , 's tr eng th " ,   aad 

"failure"   are   aaed   in   their   broadeat   aenee.      Bjr   'load'   ia   aeaat 
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nmi Azs-oot 
P«I 4__  

»ny iapotid condition of f«rc««, t»Mpar»tur«, rlbratloa, d*forn«ti«D , 

• tc, b/ "ttrtngth* la ■•aat the oapacit- of a atractart to 

roaiat «ueh "Itada"; and "fall&r«" laplioa anj andaalrabla 

condition of fracture, yl^ldlnf, woar, oroap, eto. 

» 
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■fwwT    4tA»flfll 

rot _§  

z o   MjJMMMi MfflHBill BMMMi 
In  order  t* undvrsinad   th»  problwa «f  struotaral   ■»f«tf 

It  1«   w«ll   to   firct  o«ri«ld«r  ill«   bkala  l*(lo  behind  d««l«len 

■»king  pr»a*asti.     Th«   fuaduiwntftl   diffiealiy   In  •ngln««rlnf 

la  thai  aanolnalaaa anal bt>  drawn  abant a  fntura  eltu.atl«n  tba 

asaet  natura  of which  i»  unknovn.     Tbtn,   the  raal   prablaai  ia 

an«  af  prodlatlan af fntura bahaviar and avanta  and,   aa anab, 

la oat axplieltly aalrabla*     In «aklng a daalalon abavi a raal 

altuatlaa tha anginaar ar aclantlat anai raaort to abatraatian« 

of  tha   raal   prablan and  baaa hla  aanalaslana  nn   tha   lnt«r- 

pratation   af   abatract  raaulta.     Suab  a daglalan  praaaaa   la 

ahovn  sehcaatloGlly   in Figure   1. 

REAL  SITUATION 

KIPKniuEKTAl    ABSTRACT I ON 
OP  REAL   PROBLOI 

THBORBTICAL  ABSTRACT IOK 
of REAL FR on: 

APPLICATION 
Of 

KXPKRIMKNTAI, 
METHODS 

APPLICATION 
OF 

UATHBMAT1CAL 
uirreuua 

EXPDiniCNTAL 
HBSÜLT8 

NATRBUTICAL 
H88ULT8 

STATISTICAL   INTKRPRBTATION TdKORBTICAL   INTKRPRLTATION 

CONCLUSIONS ABOUT 
THE RRAL  8ITUTATI0N 

Fi^ura  1» Sohanatjc Rayraaantatjan af ag luginaarina Paaialan Praaaaa 
(ref.   IV  -   10) 
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num. AIS-OOO 

The   flow  dlagrui  Uiu.trfcted   la  Fignrt   1  ■h*«»   that   o«#n- 

elusion«   about  •   r«*l   world  problMi m*y  bo  roachod  hj  iw«   fuu- 

doaontolly  difforoat   path«,   %ho   •■•  baood   on   oboorwattono   «f 

actual   paat «Tont«,   and t'io  otbar   on tbo   law«  of abstract 

soieooo.    Thio  la»   of «ours«,  a aijapllfiad roproaantatlaa«  a« 

•ach path usually  InTolroa soaa aaafcpta froa tho othar,   and 

oaoh   oparation  aay   Include   «any   separate   decision   praaaaaaa. 

By fel lowing bath  paths slaultanaaoaly and  aeordinatlng raaalia, 

tho  reliability  of  tho final  oaaalualana aan often be  laeraaaad. 

A.iother,   noro   eommon,  preeadmro   far Inaraaalng oenfldanaa   la  ta 

run  aoweral  analyses   la seriss,   using   tho  resulta  of  eaah  pre-* 

coding  Investigation  to obtain a  hotter  abitraot aodel   for  the 

next  analysis.     Such  a continual   rsflnsnent  preaass  ha»  bean 

the  usual   oonrae   of  eroDta   throughout  the  bistorj  of  saiacaa  and 

sngineoring. 

The   laport&at  thing ta  realiae  is   that  the salutlon  to  aa 

sngineoring probloa  is not  aa   o lear-out  as  so  would  like   t» 

think.      In  fact,   the   oiaot  aatura   of  the  prabloa  itself   la  «a- 

known  ainao «a  are  ignorant  of  fatnrs  reality.    Vo  oan  only  deal 

with  aa  abstraatioa  of  the   real   problasi,   «pply  oxperlaaatal   logic 

and/or aatheaatlcal   logis   to  the   abatraat aodely   aad nae   the 

abstraet  rosalta   as   a guide   to  deolslea aakiagt     Suah  a  preeaaa 

always   iarolTea   a  eortain  aaonat  of Judgoaaat,.    Kaithor aatha« 

aatloal   deductions aar statistical   infaroaaas  «aa prerida aa 

with  a  real  aalntloa,  bul  both  aaa boaasis  affsvti-wa  toalo  «hiah, 

If praperly used,   will  load ua   ta aore  ration*!   aaaelaaioaa. 

fCRM NC  *702 1 
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tt*»T   428-009 

mi I_ 

3c0     THE  PROBABILITY  OF  FAILURE AS  A  STRUCTURAL  DESIGN  CRITBUOW 

la ••tAbll«hi»c   crlturia  on which   to   ban*  a  «traeiaral 

d*«ign  «•   arc   raqaired   to   define   condition«   of   "load"   and 

"atrtngth"   (rtf.   pagoa   3,   4).     W«  tharaforo  anat  predict  reallstie 

loTala   af   thea«   conditions;   gonerally,   the   axtraaa   lertla   which 

anr   atrnctnra  mmy  poaeibly  enuonntar  vithiu   i ta   lifotiaa.     Sinoa 

It  la   iapaoaibla   to   pradiot  auch  eonditiona  with  oariainty,   va 

■net  abtaln rational   aatiaataa   through  tha   aa*  of   tba   logical 

daoiaian praeaaaaa   pravioaaly  discnaaadc      In  doing  thia  «« 

aecapt  a  certain  degree   of   risk  that  aur  oonolnaiona   are   In- 

aarrect  and,   oenaequeatly,   thttre  vill   alwajra   axiet  a   definite 

probability  af   failure.     It   ia   logical   that,   aa   ear   first   «tap 

in doaign,   «a  define   an  acceptable aaxiaoa ralna  for  thia  preb- 

ablllty  of  failurcc 

Tha   lerel   of   failure  probability  to  which  atrnctnral 

eoaponant  ahould  be   deaigned auat b«  deterained  by  weighing   ita 

function*!   iapertanca   and   eoenonio  talua   againat   the   conaeqnenoea 

and  eaat  of   failnre.     Aa   prawioualy aentioned,   there   are  aereral 

typea   of etruotural   failure  condltiana   to   conairt#r       Cataotrephie 

In  arder  to   eatablieh   and  define   the   critical   oonditi«s  af 
cntxtrephla   f »j lure  ef   a  atruötare,   the   different aedea  af 
oallapae  af   atraotural   raaiatanea  anat  be   eonaidared.     Callapaa 
can  be  prednead   by: 

a»     The   inatabllity  ar  fracture  of  one  or   aereral   priaary 
atruotural   elaaanta  or  cenneotiana  under  a  aingle 
application  of   ac  eieeaaiwe   lead  or   load-tanperatare 
eondiiian. 

bo     The   frxoture   of  one  er  aereral   priaary  atruetnral 
eleaente   ar  connectiena   ■•   a   result  ef  creep  or 
fatigue  under   the   auataiaed  or   interaittent appli- 
cation  af   a  rannaa  (er  pariedlo)   eequence  ef  laada 
and  taaparaturea,   the   iateaaity   and   freqaeney  of which 
ia   described   by   a   three   diaen^ional   load-weaperatara- 
tiaa   «pectiua 
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• •  wall   •■  minor     fallnrt«  mnj   reauli  froa   i ns t«bi 11 tjr,   fract«rtt 

or   fatiga«.     Onaarrloaability  will   ba  oauaad  by  aneh  oondltlona 

aa  jrlaldlng,   aiaaaaiTa  oraap  daforaation,   inaofflolant  atiffnaaa, 

wear,   and  earroalan.     It   la   apparant  that  aoaa  of   thaaa   failara 

oandltlona  ara  aara  iaportant   than  othara.     Wa  oaa  aeoapt,   far 

aiaapla,   a|raatar  failara  probability   for ylaldlnf  af  a atrnet- 

ora   ihaa  for   oataatraphle   fatlgu«       Thaa wa hara  ta   cooaidar aaah 

typo   of   failura   and  araarrieaability  ooadltioa aaparataly   mn& 

aralaata   tha   diffarant  rlaka   inrolvad  in  ordar   to   arrira   at da- 

■IgD   larala  af   failara  probability. 

Tha   probaibility  of  failora   of  alreraft or aiaaila   atraetaraa 

uay  ba  axpraaaad  ia Tarioaa   forna   (raf.   I   -  30,   39,   43,   44,   51). 

W»r  azaapla,   wa  aay axpreaa   tha   fallare  rato  of  an  aircraft 

aa   tho   axpootad   failaraa   par  aila  of   flight,   por  hoar   of  flight, 

or  par alaalan.     Typical   daaign  ralaoa  of  tolorablo   failara 

probabilltiaa   af  oiril   aircraft,   axpraaaad  la hfara   af  flight, 

wauld   ba   of  tho  ordar  of nagaitado  of  10~     for yioldiag,   10 

for   failura*   uador   ground-load   oaadiilaaa,   10        far   ia-flight 

failaraa   athar   thaa  fatigaa,   and   10       for  eataatraphio   fatigaa 

failaraa   (raf.   I   -  44).3 

Aaathor  fera  for  apaclfying   failara   probability,   aaggoatad 

by  Fraadaathal   (rafo   I    -   35),   ia   ta  dafiao   tha  aoeoptabla   rlak   af 

2o     Minar   failarta  would  roaalt   froa  aiail&r aodoa  of  collapao 
of  ono  or  aaworal  tooaadiary   atraetaral   alaaaata  ar   caanaetiaaa. 

5.     Oao  ahoald  aat  aaaoaa   that  an,   aoroea-tha-board,   ineraaat   ia 
tha   allawahla  praba&>11tioa   of  failara  for aiaailaa   ia   adriaakla; 
tha   contrary aay bo   trao,   "It  should  bo  roaoaborod   thnt   oaapa- 
nonta aaod  la gaidod aiaailaa aaat ba aara  rallahla   than  thaaa 
• f pilatad  aircraft bj ahont oat ardor of aagnltada"   (raf.   I  -  11). 
A  thoroagh   atatiatioal   iaraatigatloa  aloag  a aiaaila   lifo-alaaian 
oonoapt  approach  and  accaantlng   for  oonaidaratiana   af  aafoty 
(raf.   p.   11)   ia  raqairod   to   iotoraino  allo*ablo   probabi11tloa 
of   failara. 
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atntl   AZS»00t 

UM 1  

fallart  «rcr tkt  tatlr«   •*r»ic«   Hfatia«  «f  th#   ■imeiaro. 
-8 TaklMg  tkt   ftb*Tt  «xaaplt   «f  •■  aircraft   f»ll«r«  rat«   «f   10 

pttr  h»«r,   mod  ««ppcaiaf   thai  tkt  airplan«  1«   txpaatad   t«  har«   a 

■ »»rrlet   lift  af  20,000 hoara,   thtu  tha  ehanot  of   »a  aircraft 

rrar haTlaf an  la-flight  atraataral   failar«   io  it«   lif«tia« 

woald b«   1   la 5000»     Tala aathad «f •xpr«««ing  failar«  risk in 

valatlaa   te   tht  9T«raIl   lif«   af   tha  «tractor«  aaaac   to   prarlia 

the   «laplaat aad ao«t ratianal   «••!•   for  a daaign  «rliaria.     It 

la   axp«elall]r r«ll'»«ait«d   far alaail«  ctractur««. 

la oaQoaeticn «itb   llf«tlB«   failure  prahabi11tlaat   fr«adoaa 

ita-l   deflaaa   tha   foi lowing   two   t«ni«   (rof     I   •  38)i 

Ratara larlad -  th«  «ip«ot«d   tia« b«t«««n «eoarcno««  of «a 

aztroa«  high  l«ad -   low «traagth  coabiaation «blah,  apon  it« 

■iagl«   applicatloa,   caacoa   «traetaral   failure. 

latara  aaabtr  -  the  naabar  ef  repatitleBe  or   ejrelee  of  a 

staadard   lead pattern that will   raault  in  a «tra«taral   failar«» 

Hlnea   tha   prababllity  ehoald   b«  exireaelf  saall   that   a  etrueture 

«ill,   la   its   lifetiae,   eaeaanter   a   lead-«tr«Bgth   o«abiaati«a 

that  «aaaaa  fallare,   the   "return  period*   «f  «ueh   a  laad-atrength 

caablaatl«a  «h«ald  b«  vrj aaah   langer   than   the   design   life  ef 

the   «traatareo     In  the  proTiea«   oxaaple,   for   inetaaca,   the 

"retara  parlad"  ef  the  erltl«al   lead-atreagth  caabinatiaa  that 

•aaaaa  la-flight  «traetaral   failar«   1«  S0O0   tia««   th«   d«algB 

Ufa   «f   the   aircraft.     Siallarljr,   the   "retarn  nuaber*   of   a 

lead  pattern  aheuld  ha aada   vary  aaah  higher   tbaa  the   tatal 

nuaber  af   lead applieatiaaa   expected during  the   lifetlaa  ef 

the   atraetaros 
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4.0 TBE vmnmsi or aigm eA£i2M 
I»   «Iroraft   and  aistll«   field«   tk«   evrrtat  praotiat   is   t» 

•aplef   ill«   "Halt   l«ad*  d««lgB  ro»c«pt,   a«   opposed   i«   th«   "verkiBg 

• trt*«"  appraaek  mad in ■•okanieal   «ad  oirll  «nfin««riac   (ihtaa 

two   coBcapt«   arc   dis«a«a«d  %j G«idf,a   in  rat.   I   -  3S)o     Only  iko 

'llait  Itad"   typ«   «f  erltcria will   b«   con«ld«rtd   ia  ihU   r«p«rt 

Tk«  t«ra  "liait*   (as applied  i«   aireraft «trvotmral   dssiga 

criteria)   first  appssrsd  la Part 04  «f   th«   Ciril    Air ksgvlatisas 

«f  1938c     It was  oasd t«  «poolfy   tks  sotasl aaiiaaa Isad   fas»«*« 

«xpsotsd  ts   ks  expsrisnosd  hy aircraft  in girsn fligkt aad grsaad 

handling esaditiaas.    A« sash,   "liatt   Isad  faetsrs  rcprsasntsd 

actasl   "Halting"   ssnditieas  sf roeslsrstisa  o«1  an aircraft,   tks 

factor«   thsasslrss   bsing th«  ratis  kstvssa  lead«  In th«  aeoslsratsd 

and aBaee«lsratad   (lg)   ««nditions.     Tks   tsra "llait"  vas   alss 

adoptsd  by  tks kruy sad Nary tkrsagk   tks  sffort«  sf tks ANC Csa- 

aittss  sa Aircraft Rsqnlrcasats  (a histsry sf  th«  d«Tsl«pasnt  sf 

aircraft dssiga  eritsria is  givsa   by  Maagariaa la r«f     I   >   21) 

Current  Ciril   Air  lUgalatUas   (Parta   3  aad  4k)   define   llait  Isad 

a«   "tks  aaxiaua   Isad  aatlelpatsd  in   ssrTies".     Siallnr  dsfinlticas 

appsar   ia esrrsspsndiag Air  Psre«   and  Nary  «pvclfioatisas   fsr 

aircraft  and aissilsao     Design  eritsria  kas«d  on  th«   Halt   l«ad 

phllo«opby har«   prsrsd   t«  b«   ad«qBat«   fsr   flight «tmeturss  sf 

th«   past0     Hsv«T«r,   with   th«   advent   «f  aissll««   and  high  a^ssd 

aircraft,   and  with   th« as«  of  new aat«rlal«   at  high working  etrsssss 

csnsidsratlon aust   ko  girea,   not  Jast   to  aazlaBa  Isad   ooaditlsasj 

bat,   ts   th«  «ntlr«   l«ad-t«Bp«ratBr«-tia«  hlatsry  of   th«  rshiolSo 

"Liait   eoaditions",   defining   load  pattern,   cycle«  of  loading, 

toaporatur«,   aad   tia«  dm«tion«,   should   rsplaoo   tb«   "Halt   load" 

oenoept   in ordor   ts   sffsctlrsly  accoaat  for   aorodyuaale  hoatiag 

aad   fatigao  problsas   In  dooiga   (r«f.   I   -   38,   39)» 
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Siaci   llult   l«*d«,   or  rathtr   Halt  coodltita«,   r«pr«a»at   »ctaal 

•itaftti*Bt   llktlj   t»   b«   •Dccuot«r«dt     ccrtaiu   f»et*ra   »f   •*f*if 

•r«   required   to   onaar*   «faiaai  f*il«ra   or  aBaarrl oaakiliif  af  iht 

atraetnra  «ndar   thaaa   oondition«,     Swell  aafatj   factor«  ■••i  «eewmat 

for  all   of   tha   follovings 

1.     Tha   accuraojr   of   pradleiad   laada   and   «nvi raaaant   ' 

2o     Tha  dagra«  of  Tariakllltj  Mid   tha   aotara  af  tha   fraqaonej 
dlatrlbatloBa   of   tha  daaifn   loading   roaditleos 

3o     Tha   accuracy   aad   axtent  of   tha   atraaa   analjrala,   fatlgmo 
aoaljrtia   «ad/or   tho dagroo  of  oxporlaantotlon. 

4.     Tho  rariablllty   in  tho  roalatoaoa  of  omtorial«   aad  atraeturaa. 

So     Tha  dogroo   of   iBspootion  and   qaailty   control. 

0. Tha rarlabliltj of rosldual «traaaea or aeoautrleitloo 
ratoltiag froa tolaranoa halld-ap, aloaligaaant, at«., 
duo   to   poor dooigo,   aatarial   control   or   aaaoably 

7.     Tho dagrea   of aaiatoaaaeo   of   tho  original   atrangih  ataadard 
(aftaota   of  dotorioration duo  to   eorroaioa  or defioloit 
aalritonaaoo)   kj   tho  oporatora  during   tha   Ufa  of   tha  rahiola 

8       Tho  dogroo   of  workaaaahip,   talaraaoo   lialta  aad  aarfaeo 
ftniah  apaelfiod  for   tha  aaaafaetara   af  atruetnral   olaaoata. 

lo     Vithla   tho   oaloalatod   probability   of   thoir   aeeorraeoa 

2.     Laada   and  anriroaaont   far   launch   and   flight   condition«   for 
aara-apaoa  rohloloo   ara  aaaallj   prodletod   with  aaffloioat 
accuracy   ao   that   tho   rodueod   factor  of  aafotj   for   thoao 
rohlolea   doaa   not   account   for   any   land   ar   anwlraaaant  arrora 
or  uaeortalatloao 
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9.     Th«  ••tiaatcd  T,1U«  »f   th«   ■tr««t«r«. 

Tkt  ▼»lu«   »f  all   th«   bantflta   which   tha atractnra   can   ba 
azpactal   ta   prarlda   far   lia  iiaara,   ca»  ha  aipraaaa4  a*   a 
eapltal   ««■  which wa  alght  call   tha  aarrloa  ▼•lu«   af   tha 
atraotmra.      It  la   tha   anfinaar'a   taak   ta daaiga   tha «trootmr« 
ac   that   Ita   aarrlca  ▼al«a   azeaada,   by  aa  auch   aa   peaaihl«, 
tha   eaat  af   pradaeiag  and  aaintainlag  lt<     Thla   pradactlaa 
and aaiBtaDaaca  coat  ia aada   up   of   tha  ariglaal   eaat  af   oaa- 
atraotiaa,   tha  capltalliad   coat   of  aarwiea   and «aintaaaBca 
dariag  Ita   aarrlca   Ufa  and   tha   eaat  af   rapairing  or   racaa- 
atraoting   tha «hala   atractar«   ar   Ita  aaparata   parta   haeaaaa 
of  datariaration,   failara   ar   oallapaa.     In  tha   eaat  of  ««ah 
■iahapa  aast  ba   iacladad   tha   eaat  af  daaaga   ta  aaan«   af 
pradactlaa  athar   than tk\a  atraetara   Itaalf   (atbar   atraetaraa, 
▼ahlolaa,   ate.)   and   tha   eaata   of   Injury  ar   laaa   af   1if•, 

» 
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0    THE gffBCTi?  ON  jTHUCTUHAL QS31Q* Ot A  PSSflABIUTY  OF  fAILUBE 

FACTOB OP SAFETY  APPaOACH 

At   prastnt,    ih»   •Dfinffar   la   faoad   with   th»   Joint  affect  «f 

unoartaintiaa   In   axtarnal   laadlnga   «ad   Internal   atrength   of 

■atarlala.      The   laportanca   a?   a   corralation   of   thaae   two   randoa 

pheaenena   oanaet   be   eaphaaiied   eaeugh,   aad   a   reaaon  "hy   thla   Waa 

beea  neglected   ae   leaf   la   that   there   are   uauaily   two   entirely 

dlffereat  gronp«   of   apeclallata   who   foraalate   or   Influence   deaiga 

leada   and  alnlaua   atrength  Yaluea:      There   are   goveroaent   officials 

• r   technical   greu,)«,   en one   aide,   wbila   on   tne  other   aide   are 

aaterlal   aaaafaotarera ,   gerernaent  aaterial   apecification   writer« 

aad   epeoiallat«   In   the   technology  of  aaterlalao     (Meat   aere-apaee 

rehlole  aanafatarora   are   atteapting   to   cloae   thla  gap   in   atrnetaral 

deaiga   technology.)      Clearly,   it   la   the   atraotnrea   engineer  wh* 

atanda   between   the   two   groupa   aad  who   baa   to   bring   the   two   aoareea 

of   inforaatlon   together   by  ■»ana   of   the   atmctural   Mnalyala.      If, 

howeTor,   the   atruotarea   engineer   aaka   for   inforaatlon   froa   th« 

neighboring   brp^ohea   of  engineering   in   a  greatly  aiapllfled   fera 

(«•{•(   faraiah   c   aiagle   conatant   for   what   in  reality   la   a   whole 

diatributien   function),   the   tee   neighboring   group«   are   forced   to 

round   their   flgorea   off   aad  pat   a   certain   aafety aargia   into 

their   «peelficat 1 one   on  account  of   the   later   oreraiaplif 1 ed   treat- 

aent ,     If,   hewerer,   a   oertain  aafety   In   the   load   aaeaaptieaa   1« 

alreaiy   ineludod   in   the   for»  of   an  unlikely   or   Infrequent 

oourraaaa^  the   saae   la   done   in   the   field   of  aaterlal   technology, 

and   th«   atrnotarea   engineer   anperpoaea   hie   own   aafety   factor, 

thea  it   ia likely   In   aoae   caaea   that   the   end   reault   la  uareaf«nably 

• af«o 

lr   aa  effort,   therefore,   to   aohieve   aaziaua  ecenoay  and   at 

the   aaae   tia«   «near«   adequate   aafety,   the   etructurea   engiaeer 
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has   tc   intist  thtt  nM   iDforaatien on   the   ■tr«ngth   proptrtlt«  «f 

■ atarialk   and   tht   ftBiloip»i«d   load«   oa   tht   ■tmotort   are   glvta 

t«   him   in  a  oompimi»\y   unbla»»d   far«   aad   «c   reallailo  as  ptfaaibl«. 

How»r«r,   in mo»i  casts,   this   is   only   psasibl«   by  ■sans   of   statlstios 

Ths   straoturss   engineer   sabssqasntly  omght   to   be   in   a  positiss   is 

read   this  statistieal   inforaatisa and dtrirt   rssalts   and  osnolaslans 

thtrsfroBo 

•hen   the   »tructaree   »nglneer   has   this   statistical   infcrvatlOB 

for   leads   and  enYlrsnaont,   he   should  bo   able   to   divide   certain 

dosign   sapects   into   two   catsgoriao   and   attsck   the   "factor  ef 

safstj   -   probability  of   failure"   apprsaoho     Thia   will   raault   ta 

an   iBorsaaad  and asrs   balaacsd   IOTSI   ef   rtliahility,   redacod 

ceeio,   redaosd  weight   and  adaqaate   safety   for   oar   fatars  daalgBSo 

la  bath  of   the   follawing   categories,   adeqaate   eonsiderntisa 

■ust   be   given  to   ths   factor   of   safety   rsqnireaents   (specified 

on  p,    11),   servioeabi11ty  and  aaintainabl1ity. 

Catsgory  A.   -  Design   aspects whsrsin  a  reduction   in nltiaate 
factor   ef   safety  ahoald  not  he   copsi dere<  st 
this   tiae.      In  fact,   an  iBTOStigatien,   throagh 
a  probability ef  failure   approach,   aay  indieate 
an   inereane   In  tht   "factor   of   ssfety"   would   be 
required   ta   Attain   the   required   level   of  aafety. 

gxaaplee  in Categary A 

2o     When  operational   reqnireaents   of   a   new  vshiele   are   not  defi- 
nitely   determined,   and   design BaneuT.«ring   and   ground   loads 
and   loading  distributions   eannot  be   definitely   asatrtained 
Srlthiu   •■all   toieranoes'o 

2c.      When   positive   stspa   are   net   taken   to   prevent   exceeding   the 
spsoifisd  design   liait  aaneuTer   load   factors,   inadvertently, 
due   to   undesirable   low   stick  fore»   In   pounds   per   g   and  aadaly 
light  control   forces   in   geaeraK 

3c      When   adeqaate   experiaental   data  are   net   available   for   use   la 
design,   and   before   delivery   of   the   r»hicle 

I JBM S,    t 70J ' 



CONVAIR   U ASTRONAUTICS 

«TOUT 

rut. 

AZd.009 

18 

^«lUBpli»»   in  CuitnTf  A   (contd.) 

4. *h#n   «tructaral   tth»vior   da«   to   Atrsdjnuiic   be«tlnf   or   othor 
phonoMtn«   oannoi   b«   aecarttely   dtttrslnod. 

5. Whtn   nen-1laoarity   in  utrodyasalo  data  or   strootural   ioflsctleaa 
can   b«   «atattrophic   If   tha   llslt daaign   oondltlaaa   rra   tieaedcd 
by   only   a   saall   aaouet.      Thia   it   «•paelally  ■«rloua,   aloe« 
■any   paopl«  h»T*   thought   that   an oltlaat«   faetar   of   safaty 
of   l.S   indlcataa   that   tha   rthloia   itrength   is   good   far  an 
altlaata   laad   factor   of   90?  abar«   tht   Halt   laad   factor 

Cataiary  B  -  Daalgn  aapacts   wfaarelD  a  redaction   in  tha  ultlaata 
factor   of  aafaty     ahould   b«   <oaaldtrad   and   eaa 
bast   b«   detaraiaad   through   a   probability   of 
failure   appraaah.      (Stractara  daaigndd   in   thin 
categary  would   atill   hara   no   pareaptibl«   satt 

ar  yield,   at   or   below   ih«   Halt   laadlng   condition.) 

BKaa^iaa   in   Cataiary  g 

(in   the   folUaing   Category   B   exaaplea,   it   la   a^auaied   that   »here 
tha   tera(a)   "loftd(a)".   Mlaading(a)"   or   "loading   condltion(a)"   hare 
been  uaad,   it  ar   they   «ill   b«   baaad   upon   the   aaao   or   «paratirtg 
▼alaa,   plus   aoae   oonntant   tiaea   tha   standard   darintian   of   tha 
dlatri bution;   in  ardar   that   a   trna   Halt  ralue   «ill   be   faraed, 
harlng   a  apaoified   io«   probability   of   ocourenca.) 

lo      lo„dlng«   raaaltinr   froa   na   preaaar^. 

Theee   loadings   can  ba   dat< th   fair   accuracy   and 
it   la   not   likely   that   liait  daalgn   ...     t  »ill   ba   axcaedad 
if   tha   rahicle   otaya   within   ita   apeeified   speed   altitada, 
trajectory   and/or  orbit   llalta.      Stractures   such   aa   intake 
durta   would   be   considered   under   this   paint. 

2.     Leadings   froa  pressar1sation,   such   a«   pressurised   cabins, 
personnel   enclosures,   propallant   tanks,   etc. 

Such   leadings   are   controlled   by  a   pressure   relief   or 
control   valre   and   it   is   not   likely   that   liait   daalgn   leadings 
will   be   exceeded,   unless   aalfunctlon  occurs.      It  may   be   aare 

1,      Where,   generally,   the   ultiaate   factor  of   safety   now   Is   1.8,   a 
reduotiaa,   to   an   approxiaate   level   of   i   1   -   1.2,   »uni id   be 
possible   with   an   adequate   statiaticaily   based,   stru^   ^ral 
analyais   apprsaeh. 
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t««0OHl«4l   to   install   du»l   r»ll«f   or   conirtl   «yatma   rathar 
thaa t«  provide  •xetiair«  «trtngth   in  tht otruotur»   far  »nth 
ii*lfanotl#n».     Im any datoralaailaD  of  tht rtfioaHtadad factar 
of aafaiy far the boratlBg af praasura reaaela,  aeooant  should 
b*  iakaa of  the dlff^raaoa baMraaa raal  and apparaat 'altlaato 
faaiara af aafatj aaaaad by «atarlal  property affaaia   (prl«- 
arlly,   flirala  hardentng) 

3.    Laadloga  fraa hydranlio ayataaa whioh  bare relief  ralraa. 

i      Thruet  laadloga   froa englaoi(   iaelndlng roekott« 

Tbaaa  laadiaga arc determined with  fair aoeoraof aad  It 
1» aot  likely  that Halt doaiga  laada  will ba axeaadad« 
Ooaorally,   a  larger  poraaataga  rariat ion of  the  ratio  of 
aiaadard deviation of ihruat to «aan thmat will  ba faaad vitb 
■olid roakoiif   than that  fooad vlth  llqnld roekato* 

So     Wbaa loadlaga  are dao to  baffat boondsriaa  af aa air  ▼ehlola., 

Thi«   la  a rather  qaoatianabla   Itoa  wlthoat  flight te«t     ^ 
inforaatlon,   alaoo  It la dlffloalt  to  datoralaa  laad aagalfl- 
Oatioaa   vfaou   the   buffet  bouadariao   ere   reached   er   osooadad. 

t.     Whoa  loadings   are  duo  to prsaaara   Isvols  apprsaabiag  abadnte 
Taraaso 

7.     Whsn  loadlogo   aro  dao to  tsnsinal   voloaity. 

It  ia  not   likely  that a  Halt  tsrnlnal  rslooity will   bo 
sxooodsd.     Affoatod atraotnroo nay   Inolado  oaaoploa,   tall 
aarfae«a(   inlet  daata,   nesa  oanss,   ro*aairy vshlolos,   «to., 
dopondlng apaa  ftko  load dlatribatloaSo 

8o    Whoa loadings  are das to hlago noaoat  1iaitatianso 

Many  eantrol  aarfaooa,   eaob as 
•to,,   hsro bingo aoksat  lleltatioas 
of a  ssrro notor  or a hydranllo spsr 
the -^azlauB arailablo hiago aaaoats 
dftsraiaod  with   fair  aoournoy       If   a 
oooa eatabliahod far oontar of prass 
loeatioas,   then  the  design   laads  oaa 
■nrfaoo struotars aad  it la not  like 
la many   oaaas#   over«a 11   »ing,   tall, 
▼ahlelo load  faotors are  limited to 
ISTSIS basaaso  of  snob hinge aoaont 

flaps,  alleraas,   olsraa«, 
dne   ts  the  arailablo   farce 
sting oylladsr.    Tbaroforo, 
oa tba aarfaaos  oaa ba 
daqaata toleriasvs  hara 
ara  aad soator  of grarlty 

ba  dotoralaod oa the  aaatrol 
ly  that thoy vlll  bo  oxaaadod< 
aad  faaolaga  loads aad   total 
probability bassd  Halt 
llaitatiaaso 
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Eimple«   in   Caleiory   B   (conid.) 

9.      Wh«R   Ilait   loadinxa   reaolt   ♦"ro*  BailBUB   control    sarfaee   (or 
other   acrodjrnaal cal ly   loaded   aurface)   deflertiona» 

Soa«   danign   criteria   speoify aaxlaua   control   surface   (or 
other  aeredynaaioul17   loaded   surface)   deflection,   for   aarfaoea 
eurh   mn   npeed   brakra,   div»   brnkea,    tabe,   cowl    flaps,   etc.,   at 
•11   design   HIr   speeds   up   to   aaxiaua.      If   good   data   are   ebtsin- 
abls   froa   flight  or   »ind   tunnel   tests,   then   it   can   be   stated 
that   the  bait   loading»   should   not   be   exceeded,   within   the 
oaloulateJ   probabi1itj» 

10. When   practical   g-liait*r   or   jjust   alienator   installations   are 
arailable. 

In   such   oases,    it   is   not   likslj   that   Che   liait   loading  will 
be   esoeeded.     Uowrver,   aalfundion of  such   inst«11atiens   fkould 
be   taken   into   con»ider 111en.      Here   again   it  aav   be  aare   ecenoal- 
oal   to   install   a  dual   systeat    than   to   penalize   the   atruotaral 
weight   to   take   care   of   ■alfunctlon» 

11. When   autoantic   controle   are   installed   on   vehicles   for   ground 
or   flight   conditions   and   the   loading   conditions   will   be   restricted 
to   the   spsoified   loadings. 

This  aethod   Is   already   la  use  on aissilss   and   the   criteria 
of   an  ultiaate   factor   of   safety   less   than   1.5  has   been accepted 
practice   with  considerable   SUOCPSS.      In  order   for   sero-space 
T«hicles   of   the   future   to   aocoaplish   their  alsaions     sncesssfally, 
it  will   be   necessary   to   rely  aore   aiid  aore   on   autoaatio   control» 
rather   than  aanual   operations.      Probability   of   failure   of   auch 
autoaatlc   controls  aay   be   high,   ana   therefore,   dual   aysteas  aay 
be   requxrodu 

12. Whon   the   factor  of  safety   txaes   the   liait   loads   encountered   froa 
the    liait   gust   Telocitios   result   in  ultiaate   gust   expectanelos 
considerably   in   excess   of   the   estiaated   air   life   of   the   rehlole. 

13. When   the   factor   of   safety   tla^s   the   liait   external   loads 
encountered   in   flight   or   ground   conditions   reanlt   in   ultiaate 
external   design   loads   ronsidornbly   in   excess   of   ultiaate   external 
lands   based   on   the   factor   of   safety   tiaes   the   ilait   load   factorso 

14.      When   stresses   are   due   to   aerodynaaic   heating» 

It   is   not   likely   that   such   strssatss   will   be   exceeded,   If 
the   liait  design  speed   of   the   Tohicle   and   the   rate   of   toaperatnra 
riss   ar)>   within   ths halt   1 oad-teaperatnre-tiae   condition. 
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E«mplf   in  CataaTT  1  (contd.) 

15,     Wh«a   !o„d   llaita   hav«   been   d*t«rBln«d   by  adaquHt«   flight 
•nd/»r   ground   loads   dtnonatratiout> 

If   a   vehicle   h«a   bsao   «ubjerttd   to   an  cxtaoaiva   load« 
prograa   and   it   haa  baan   daaenatratad   that   certain   loading 
condition«   ahould   not   bt   axoaadsd,   than   it   »hould   b«   paaaibl« 
to   taka   adTaotaga   of   tbeaa   load   liait&tiona   bj   faranlatiiag 
new   probability  bnaad   liait   londa   for <kalgn  of  anj   futnra 
■odificationa   of th«   Tthlcl« 
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6.0     CONC?^J3I0WS 

Th*   oonoept   of   'probability   of  fallur«'   will   not   ■upplftnt  tb* 

conotpt  of   'factor  of   •ufety'   in   the  fotlre   »iructaral   toginttriM! 

proftfliop  for   ■one  tia«.     The   agenoiea   and    tb«   prof•saionitl 

peopl«   inrolrad  ar«  not  ready   for   ■uch  a  radical   change  In the 

engineering  approach   to   atruotural   design  and  analyaia.     Enough 

will   bv»   gained   if   they   are   gradually  reconciled   to   the   fact  that 

the   concept  of   'factor   of   eafety '   .•   oaaningleaat   unleat   it   i» 

•upplemented  by  the   apecification   of   the   probability   of  fallur« 

aeeoclated   with   it.     Therefore   any   reaeonabla,   efficient   design, 

even  the  most   eoaplcte   and   conaerTatlTe   one,   tacitly   inplite   an 

accepted  riak  of   failure.     Tho   difference  between  the   aafe  and 

onaafe   deaign   ia   in   the  degree   of   riak  considered   acceptable, 

not   in  the   deluaion  that   auch   a  rink  can  be   ooapletely  elininated. 

Structural   engineering   tfl  the aero-epaee  wehiolt  field,   however, 

je   ready  for  a  probability  of   failure  approach   to   faotora  of  aafety 

and  atructural   analyaia;   the   following  conoluaiona  apply  to   the 

development  of   that   approach: 

1»   Correlation  of  Factor  of   Safety   (or   Factor   of  Serviceability) 
with  probability   of   aurvival   and  probability   of  aervioe&bility 
for   fach   individual   atructural   element   designed   ia   impractical« 

2. It   ijt  practical   to   coneider   auch   correlation   in   framing 
deaign  rulea   and   regulationa.     In  fact,    it   ia   very deairable. 
It   ahould   be   inquired,    "What   la   the   probability  of   loaat" 

3. Statiatioal   and  probability  atudiea   are   only   guide«   (like 
mathematical   tools)   and  muat  be   supplemented   by   the  appli- 
cation   of   ooBunon   sense   and   engineering   Judgment. 

4. Work   on   safety   factors  will   be   of   little   av«il   until 
structures   engine   rs   have   acquired; 

a.   A   atatistioal   background   of   inforuation   on   the 
renistance   of   materials   and   structures,   ineludlng 
time-yield,   dynamic  and   fatigue   effects 
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b.     A  ilailar   baekgroand   for   lead   tffeotio 

o.     Coaptttoc«   In  prokaklllty  and  atatlitioal   analjriti 
(iriTolrt»   ooaaidtrabl«  •dDcatioaal   effort)., 

I 
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.0     liECOMMENDATIOWS 

Thl«   »urr*j  pointed   out   th*   nctd   far  aach   additional   inTaatl- 

gatira   and   educational   affari. 

1. Kaaaareh   and   publication   of   reaulta   ahould   ba   nnd«.rvakent 

aa   aoon   Ka   poaaibla,   in   tba   fallowing   fialdn: 

a. Tha   variabla   natura   of   tb«   raaiatanca   of   aatarialo 
and   8 true tu r» • 

b. Tba rariabla natura of laada and •arivnmtai 

2. The rducatian of atructarea angiaaara abauld ba foaterad 
ao th' t th«y m*y   acqnira: 

a.  A atatiatieal kKokgroatd ragardiag tba raaiatanca 
of aatariala and atraetnraa, including tiaa-jriald, 
dynaaie and fatigua afftota, 

bo  A aiailar background ragarding land affactvc 

o. Tba nacaaaarj coapeteaea in tba caicalna of 
probabiitty, which inclndaa tba alaaanta af 
atatiatieal anaiyal» 

3. Raaaarch laading to roeoaaandad faetara af a^fatj, and 
tba aaaociatad prababi1itiaa af failure, for ganaral 
atrootural eoaponanta af aara-apaca yahlclea1, GHB^ »ad 
GSK' akould ba atartad, na«. 

4o Additional atatiatieal data ahoald ba oallaotad aa loada 
«hieb occur vary raral/, ao, aa to aaka paaaibla, a aara 
raliabla aatiaate of tba aagaitada of atandard laada» 

Aatronautioa work, for tha proaant, would ba liaitad to ICBM, 
aatallita and ra-antrj wahicla ooapananta (anginas, angina 
aounta, wlnga, taila, control anrfaaaa, eontraK, praaaara 
▼aaaala, hydraulic or pnooaatie llnaa and fittlnga, prapallant 
tanks, paraonnal anclaanraa, ate). 

2. Coaponanta »f >inwha»ay erection booaa, trailera, etc 

3. Ceapananta of towara, propellant ataraga tanke, bleskbeuara, ate 
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ion« 

60  Th« applicntloD of optlaoa d*«ign comldtrati ona 
■ truotar«« aabjvcted to two critic»! load conditi(— 
'• • . g ■ , a aaxiaoa poaltir* load condition and a ■axlaua 
nafative lond condition) which «ffart largely difforant 
aaountn of aatarial, ao «a to eatabllah tha boat dla- 
trlbntion of tha probabi11tiaa of fallura batwean tha twa 
indiridual load condltiona and thalr affaot on atrurtaral 
veight. 

0.  Moat aechanlcal and pbyaeiai propartiaa of aatarial uaad 
in the conatrnction of aaro-apace rehlelea, GHK and GSR 
ahould be evaluated on a probability baaia for deaign 
allowable propertlea (aethoda alallar to those preaeattd 
in ref. IV - 15, ahould bo eaployed)^. 

7.  Testa for det.Twining deaign allowitblea of atrnctural 
alaaanta, critical In inatabllity, or atruetaral connect« 
iona, critical in fracture, aheer, etc., ahould be ewal- 
aated on • atatiatiaal baaia (atthoda alallar to thoaa 
preaented in ref. IV - 15, ahould be eaployad)^. 

Unlaaa tb« aelaeted probability function la garaant to the 
problta, and adaqaately rapreaenta the inherent atatiatlenl 
Tariablllty of the phenoaenoa, which reeultt fraa cartaln baaic 
aaaoaptlana concerning 1ta origin, extrapolation toward tha 
axtreaea (taila of the funotioa) will reanlt in erroneous pre- 
dlctlona »ithin thia range af ▼»rua.ion, which la juat tha 
relevant deaign rangeo 

Praliainary atady of the atatiatleal wariatlona of atruetaral 
deaign paraaetera Indicate fair correlation, a* followa: 

Typ» of Dietrlbution 

Noraal 

l*§4mmrm*X or 
fcxponentlal 

Guabel'a   or   Palaaon'a 

Stracfral   Appllcatien 

Analyaia   of  rnndoa   load»,    lasdlag 
condltiona   and   aatarial   aeohaal- 
oal   propertios. 

Analyaia   af   freqaenoy   fmnotlen   of 
gnats,   aatarial   fatigne   prapartlaa 
and   aatarial  aechanlcal   propertlea 
(e.go,   ^tu»   ^ty)   affected   by   a 
good   to   fair   level   of   qnallty 
centre 1 „ 

Analyaia   af  aatarial   wechanleal 
propartiaa   (e.g.,   Fto,   it   )   effect- 
ed   by   a   peor   lerel   af   qaa 1 1 ty oeatrai 
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HECUHMbNDVTIONS (contd.) 

Ali airuciurftl »Ivaent t««t» conductad to pr*v« atracior»! 
ndaquacy or propartia« ahould be run with • aatpla lufflriani 
in alto ao that roallatle atatlatical coaeloaloaa can b* 
drawn. 

NOTBt  AB oxiatlng fallaay, in tha pr*«tio*l appli«ntien af atatletloa, 
!■ th« ant of» Mm plun er «ina» "Thft-nimn" mlmta. i« •■«lant« 
th« ■•XIBOM or ■ialaua «xpnetod ralua.  Thin *Throa-a Ignia" prooadort 
in qulto ««aoon in tha aatlaatlon of •trueturnl donifn pnrnaotorn for 
naro apaet rohlelna. 

In th« flret plan«, ■ In noant, not T .  Signa iaplint thai tha «ntir« 
population is known; whloh, in »oat ttrnctural deelgn «aaea, la quit« 
unllkalj.  Tha «aapl« atandard devlatl«», a, ia tha boat «atlaat« of 
C, th« tra« «tandard dariatiau «f th« «niir« population. 

Th« fallacy of thia nThr««-aigaa" eook book rul« ahould ba obvloua. 
If th« Initial rariat« i« nnlinitad, th« larg«at Tain« la nnliaitad, 
too,  nd if th« «aapl« «la« ia in«r«a««df th« larg««t rain« «noount«r«d 
will likawlaa iner«aa«.  Thorofor«, for v«rY wMtll aaapl« altea, tha 
3a ("Thr«a-aigaa") srltorla» naj  giv« an maaeBSarTatira (not «xtraa«) 
•atiaat«! f«r v»ry largf aaaplo ail«« th« 3a {'Thr«a-algaa") oritariaa 
aaj  fflra a too eanaarratiT« (too «xtraa«) «atiaata.  Saa« «xaaplaa 
«f thta fallawa 

7 
11 
17 
00 

SiiiijJüM 

Uaan ♦ 3a 
Uaan ♦ 3« 
llaan ♦ 3a 
Uaan ♦ 38 
Maan ♦ 3o- 

Prabablltty   of Pr« »babilitjr af 
Exaaading  (with 99% not Bxoaadinc 

SiAXULtBftl    , ___ (HI CffBlUlAil) 
22% 78* 

9% 91% 
6% 95% 
1% 99% 

0.13* 00.87* 

A Bor« aclantifio and raaliatle aethod of «atiaating aaxiana ar 
■iniaua Taluoa would b« t« naa «xtr«B« Tain« timory and «atiaat* 
thaa« aax ar nln raluoa to a oartain 1«T«1 of probability (a.g. 
00* probability, 1* probability, etc.) of occurrano« 
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