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• residua l strength behavior of double lap boron/epoxy-to-titanium bonded joints.

The program investigated various effects of load spectrum truncation , frequency,
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perature , dry environment .
Resu lts indicate the sensitivity of fatigue l i f e to the orientation of the

plies at the bond surface. Low amplitude loads , approximately ig about the _~~
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• ‘mean, were significant and should not be arbitrarily truncated. Proof loading
• t~ 1307, of limit load significant ly reduced fatigue life even where spectrum

loads were of this same magnitude. Fully random load sequencing was found to
reduce the endurance or flight-by-flight missions to failure over a contrived
but reasonab ly random spectrum that contained blocked loading (constant ampli-
tude) of low intensity loads. The location of the scrim material on each
boron/epoxy ply played a significant role in the strength and failure mode of
the joints. The frequency of applying random loads was not significant , con-
paring 1/2 Hz and 8 Hz endurance data .
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S E CT ION

INTRODUCTiON

The j o i n i n c  of com p o s i t e  s t r u c t u r a l  e l e m e n t s  to m e t a l s  or o t h e r

c o m p o s i t e s  is one of t h e  most si g n i f i c a n t  a spec t s  of advanced  c o m p o s i t e

• i i r t r a m e  des i g n .  In t h e o r y , adhesive bonding is a most  e f f i c i e n t

approach. Although adhesive bonding eliminates many of the problems

associated with ~tress concentrations at point a t t a c h m e n t s  ( such  as

found in conventional mechanical joints), this type of joint is subject

to stress concentrations near the bond edges. Furthermore , a variety

li t i i l u r e  modes are possible in the bond and laminated adherend areas

of  a bonded composite joint. The problem of adhesive joint design is

compounded for fatigue—critical applications , especially for primary—

load—carrying structures where heavy , overdesigned composite concepts

may he employed ; or where the app lication of composites may be rejected

altogether for lack of confidence in bonded joi nt behavior.

Methods to predict composite joint reliability or life under flight

loading using constant—amplitude—coupon—fati gue data have been generally

unsatisfactory. On the other hand , multi ple full—scale structural

testing, incorporating real—time load simulation plus realistic

environmental effects , tends to be impractical due to both excessive costs

and test times. These factors are particularl y troublesome in the design

of advanced composite structures where a large backlog of flight—hardware

experience does not exist , and manufacturing methods and materials are

undergoing rapid developmental changes. One approach to providing a

rational engineering design for fatigue—critical composite joints is to

~ develop a residua l strength model. This approach is discussed in

— 
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Ref erence I .in i ‘ . E I~ i c i e nt  imp l&ni& ii t a t i o n  of  t h i s  t v [)4 of con ept

i n v o l v e s  (;i) t h e  d e v e l o p m e n t  of a d e q u a t e  do - go and  r I l l i b i  1 i t ~’ l i t

f r o m  srna l I s e t h  s t r u c t u r e s  u n d e r  time—compressed load ing , m d

suh st que n t lv (b) the adjustment of t h i s  emp i r i c a l  d i t a  b r  t h e  1 h i

of c o m p l e x i t y , s c i l e , e n v i r o n m e n t , r e a l — t i m e  load i . ig ,  o tc . I f

successful , these p r o c e d u r e s  w o u l d  then p r o v i d e  an a n a l v t  i a l  mo b I

t o r j o i n t  s i z i n g ,  des ign , and r e l i a b i l i t y  p r e d i c t i o n .  Such an ; t p p r n u li

becomes a t t r a c t  ive i f  r e l a t i o n s h i p s  can be developed b e t w e e n  t h e

st a tistica l parameters for initial static strength , residual static

strene th after various fatigue histories , and time—to—failure dis-

tributions; and ~f the sensitivity of the statistical parameters to

specimen scale and test parameters can he rea (IiI y determined or

estimated. E xperiment al efforts are  needed to verify this design

and reliability—assessment methodolog y , and to generate t h e  qualitative

and quantitative dat i necess ,lrv to implement the concepts into design

criteria and the various stages of structural des i gn and comp l iance

demonstration. Furthermore , the sensitivit y of this methodology to

t h e  d eg r e e  of sophist icat ion in such factors as environment and load log

s i m u  L~ t ion , must be determined and i n c o r p o r a t e d  i n t o  p r a c t i c a l  m e t h o d o l o g y .

This experimental program was initiated in 1971 to explore the

e t f i c t s  of load frequency, type of load sequencing, load t r u n ca t i on ,

and load magnitude on the failure characteristics of elementary

adhesively bonded composite—to—metal joints. Random , flight—b y—fl ight

tests simulating the loads on a lower—wing—cover sp lice of a fighter—

bomber were conducted , and the data were obtained on a t ime—t o—I ai lure ,

2
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res Edna 1 st rougE ii , 1° m t  over l a p  extension unde r I o ;m d , a nd t a I I t i r  e

modes .  i w o  j o i n t  d e s ign s  w e r e  eva lu ;tted . These di f i  er e d  u n i v  by t he

p l y  a r r a n g e m e n t  of the composite a d h e r i n d . T u e  j o i n t s , c l . i s ~~i f i e d  is

S l i ~~d i i I ~ ‘40 and S c h e d u l e  50 , r e s p e c t  ive l v , art ’ de s c r i b e d  i n  t h e

o l  l o w i n g  sec t  i o n .

P r o g r e s s  on t h e  p r o g r a m  was r e st  r i t ’  t t d  b y t lie i n — h o u s e  • i v . i  i i  ab  i i i  t v

of t e s t  ap p a r a t u s, w i t h  t e s t i n g  being conducted over approximate lv

three years. During this period significant work on joint des ign

( R e f e r en c e s  3 & 4) and fat igue (Reference 4) has been conducted

e l s e w h e r e  and t h e  f i n d i n g s  of t h i s  p r o g r am  w e r e  i n t e g r a t e d  i n t o  t h i ~

p l a n n i n g  of v a r i o u s  AFFDL p rograms  ( R e f e r e n c e s  5 1 6 ) .  Da ta  f r o n t

t h e  c o n t e m p o r a r y  e f f o r t s  a re  compared in  t h i s  r e p o r t  to  t h e

f i n d i n g s  of t h i s  s t u d y .  

3
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S [ ( ‘ I  I O N  1 1

Sl ’ECIME -TN DESIGN

l I i t  spe c i m e n  de s i gn f o r  t h i s  p r o g r a m  is  (letai led i n  Figure 1

l e s t  c u p o t i s  w e r e  d e s i gned to  achieve ’  a s t a t i c  t i l t  m ate l oad  o t ’

. i p p r o s i r n a t e l v  N ,000 l b  per  i nch  o t  w i d t h , based  upon  an a v e r a g

s i ’ , i r  s t r e n g t h  t o r  t h e  a d h e s i ve  of 6 , 000 ps i  over  a 1/ 2  i n c h  l a p

I e-ngt h on t Et c doub  I c  l a p  spec- imens . tin l i k e  norma l a i r  I r ime pr  :o - t i i

where t h e  j o i n t  is  d e s i g n e d  to be S t  r ong er  t h a n  t h e  j o i n e d  st  r u c t  u t o ,

f a i l u r e  I or  t h e s e  spec im ens was to  occur  in  t h e  j o i n t  . A l s o , t h e

sa f e t y  m i r p  i n s  n o r m a l l v  app l ie’d to bonde d j o i n t s  t o  a c c o u n t  f o r

s t r e n g t h  d e g r a d a t ion  w i t h  age and e n v i r o n m e n t  were o m i t t e d  f r o m

t h e  des i gn  of thes e ’  spe c imens  to assure  j o i n t  f a i  l u r e  w i t h i n  a

r i ’ , i s o i n i h l e  t e s t  t i m e .

C o m p o s i t e  m a t e r i a l  on hand  a t  t h e  b e g i n n i n g  of t he  p r o g r a m  ‘on—

- t r a i n e d  t h e  composite thickness to a p p r o x i m a t e l y  .08 inch. Two b a l a n c e d

and sv m m e - t r  i c a l  16 p l v  b o r o n — e p o x y  p a n e l s , 507 0~ , 507 ± !4 5~ , f a h r  i c i t e d

h” ( & ‘n e ’r a  I D y n a m i  c s / F o r t  W o r t h  f rom Narmc o 5505 were used . As shown i n

i pu re ’ I • one ’ pa ne l  had 0° e x t e r i o r  p i l e s , and t h e r e f o r e  a 00 p l y on

C i  hi f n v  I ng s u r f a c e ’  of the  s p e c i m e n .  These are  h e r c at ’ t er  r e f e r r e d  to as

S c h e d u l e  40 spec i m e n s .  The o t h e r  pane l  had ± 4 5 0 s u r fa c e ’  p l i e s .  Spec i me’ns

I a hr  i o ut e d  f r o m  t h t  i s  pane l a r t -  named S c h e d u l e  SO. For a l l  s p e c i m e n s , (I ’

is in  t ha ’ d i  r en t ion  of t he  app I i  ed load . The two b o ron—epoxy  pane  I s  used

i n  the p r o g r a m  were a n a l yzed by 11 2 S0 4 / 1h 2
0

2 d i g e s t i o n  t i  have ’  t i c  fo  I l o w i n g

( O f l ’-,t  i t u e n t s :
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S h l F I ) 1 h l ~ ‘4 ( 1

~g - i t  i (9 \ ‘ i t v  I . °N 1 .9 9
i o n  1 .  7, 1 ) 5 . 3

class - “ t . 7, 5 . 4  5 . 1
ge’s  i n  P gt  . 29.  8 29 . 1)
b i o n \‘ o I . 7, 58. 7 59 . 6

; I - s \‘o l .  / 5.3
b i s i n \oI . )‘ !i 6 8  - 5 5 . 7
Void \‘ol . 7, ( P 2  0 .6

i’h ’ j oint d e s i g n  was n o t  e x a c t  I ’ . b a l a n c e d  ri ’sp e ’’t ing equa l ‘ t i  f t  n i ’s s

(m o d et I n s  t imes t Fr i c kne ’s s~ be t  s c ’ n a dh i e r en d s  . Based upon a s t  i f  I ness r i  t

( 2 b
1 t, i’:~~~ ~ B / F  

) o f  I . 3d I or t h e  titanium (Ti) t o  coinposi te ( B / F ) ,

and lie’ d 1’s ign c u r v ~ ‘~~ of H a r t  — Sm i t  h r ( R e f e r e n c e  ‘3) one w ou l d  expec t  t F i a t

‘l b  o f  t ha’ maximum bond line s t r e n g t h  w o u l d  r e s u l t

i b i c ’  n s n i n a l  t e n s i l e ’  strength of the boron c o m p o s i t e  was e s t i m a t e d  i t

‘i i  Sd lb  per  inc h of width (1 10 ks i  ) , an d t l i e ’ t i t a n i u m  vi e l 1  w a s  I b , 1 1 ) 1 )  l b

o r i n ’ b i

‘Fhre specimen wa s des igned  to c o n t a  in  two d o u b l e  l a p  j o i n t s :  & ‘ n e ’ w i  t h i

a 1/ 2  m d i  l i p  and  t h i e  o t h e r w i t h  a 3/4  i n c h  h a p .  Th e s h o r t e r  joint wi s

t o  f a i l  during v i i  I c  l o a t h i n g ,  and t h i e  larger l a p  was  In c  l u de d  t o  p r o v i d e ’

an iii t i  ii ed j o i n t  a I t~~’ r t li e h’a t i g i l t ’  f - i l I L ire ’ of t hie I / 2 1 n e ’ h l ap. i ’hi i s  I /

i nc hi joi u t  wa s subsequent lv t o  be te - s t  ed I or .i re’s i d e m a  I s t  r ’e ’r 9 ’ t  Ft  ‘ m p i r  I sun

w i t  Ii t ha ’ I n i t  i . i  I s t  re’i y ’t h r ‘ I  t b i t  j o i n t  . ( I t  w , i s  su list ’qn~’ri t lv found • how~’v~’r

t h a t t b -  f i t  I g i l e ’  f a I  h u r t ’  i n  t h e  s m a l l e r  j o i n t  w , i s  n u t  , i s s i i r t ’ d.  ) \ l t b i i i r i p h i

p 
t b i t ’  ‘ ; t  r e n t ’, t I i  o t  t he I ’ r on  l a m i n a t e ’ was c I o~~i t o t i ’  • ‘s t I ri i t  ed j n  i t  i i  I

- 1  r ‘ i i p t  h ot  t I i  v i r ’g in 1/’. i ri - hi l i i i , it wi’~ ~~~‘ n eel t h a t  , i  d e p t  i t l , i  t i ‘ ‘ i i  E U

i r n - l i t  d u r i n g  f a t  i g ime ’  w i r t i l c l  to r i - t i — i  r i  • i F u a I  S t t e i i  ‘ t h i  t , r i I i i r . ’o t ’

• oc cur i n r iii j o i nt m d  i t  I lie- 1 itn i t i l t  • - ‘ i t  h o t i  h o I ni t

I
‘3
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~- ‘ ~~~~~~~ 
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[lie spe c !‘ii i i s  j m ’ l u d e d  a 1 i n t ’l1 i l u m m i n e i m  n p - t i e r  b e t w e e n  t l i e  t wo

j o i n t s  r i  i l  h w  g ripp i n g  f o r  t h e  r e s i d u a l  s t r e n g t h  t e s t  i n g  of t i r e -  3 /4

in ch j in t.—~.
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— SP tT I Ml N F - ‘iB R I t  • \ ! l ~~ ,

‘t h e ’ l o i n l i h ’  l i p  - ; p e ’c  i : i , - n ~ r f  t h i s  p r ’ p r i - r,, -r , I , i b t i i t t ’ d  i n  I r i i i r v

by  c ‘ ; r \ ’ i ’n t i o t i ; i  I • n t  i ’c l i v ,  - bon d i r ig i n  I , ‘ i i i :  s lab s or g i l t  ~, s by t h e

-- ‘ns~i n n t  ~-s~ - ‘‘‘ i n  I i ’ t ’ p on ’a t  i on  i t  l i t  on • Oh i i o .  i \ I  I & - cI’ j ’ ’- i i - n  i s  s h i s ’wi i  i n

I i  P i l l s  I w e t ’ , ’ bon r d i ’d  i n  otie i i pe r ; i t  I on .  At ’ l et ’ t r I t’i ope ’ ra t  I o t is  i t  t i e ’ i r~it

ce nt i’d ~ e ’ , w~~I c l i  r i i  R e d  I / 2 i n i b  • spe~- i ne-us ~t 0 . ‘3 a n d  1 .i) inch w i l t  S Ice di ’

n I i - - I w i t  a d i  , i i ’r ond c u t — o f f  w h i e ’ , ’l  . -5 t v p  i ca  I spec’ 1 115 11 i s  s i l l/n i : t

b - ’ i p n i r  2 .  ‘H i t ’  I c - a t  i o n s  cr1  t I re ’ 1) . 5 i n c h  s id e ’ sp ec  i i’ie ’n s  k’;,- i s ’ t 5 i l l v  _ i :

b i t -  I W 0  r ’ n i d  o I I l i e -  t r i ‘mu d shah a n d  i ti I l ie ’  - c i i i  i n . oh  t i c  p a n i c .

h i - i t  i on s  w, - r , ’ i n  , i , - c o r c h ; u i c e ’  w i t h  p l a n s  t o  i n v e n t  i p i t c  I ’c a t  i o n  c f ~ c t s .

“ i c ’  st  . -~‘ I  f i xt in r i ’s wi re ’ t : rb r i c i t e d  t i  bond a l l  p r e cu r e ’d cu’~p ’ i r5 - n t s

i n  h i d  c u e , t t b n ) i n  ‘ i n ’  o p t - r a t  i o n  • P cr  i n p i n  I l i t  p r  i ‘ ‘. r ile s, is i c c  i ’ i ’ i l ’  I I s I r  s h

i n  I I I ’ - , o i t , i - - F , i v i ’  r u n s :  bi t t  i mp  rate — ,‘ I ”/ n i i i ni , c r n r e ’ p r - - , ;si r , ’ — )0 p s i

- n- i t n ~ r — I n it ii r - i  t 1 ( 1  b” . ‘ F l i t ’  hic  id i ni~ ‘, t c u r  I ‘ I i re, ’ i t  s ~r n ic h c ’ ’ ’ ’ ’ , ‘ ‘it ~‘ r i t

-
‘ t i I- . i ig’. I cu r t h i t -  ‘ r b o ’ c  i i l I i ’ n n  n i c e - i i  ac - o r d ; i i i c i ’ c i  1 hi  1 ‘ o r ,  - I .

‘ lint- p t ’  - d i i i  1 i i  r c I i ’  i i i  l ug ,  - n u b  t r - , i t  i n  p t t i c  t i t  i n  I urn m r h c ‘rip ’s i t  -

i i  I • - ‘ , i n n ’  - l i i , !  ~‘d t l i e ’  I oh I ‘wi r i p  I or ho t  hi t l i e ’ t i t nt i urn , i  r i c h  c ‘r ip ’ - ;  i t e C ’ ’ i i j ’ ’ l i  ‘ i i i  S

- i i t  ,~~ , w i 1o  - , 1 ‘ 1) ‘ r I t o r h i  I ‘ i  I s - i n il I n i ’ ’  • pi ’ ceb I e id s r i ’ I by  l i t ’ vi pot - iFs ’ . d l  Sc ’

I S rn l o u t  ‘ -  ) - I t t  , t c h d  I t i t i n , t h e ’  I i t  an i in t l  reci ’ i c c c l  a ‘ , ‘ t  i urn h e ’ t i l :  j I i ’ , i  I

s i ’ , l j n i m I I n i o r h i h i -  ‘ ,o l u t  i o n  i t c h  ( i  tn i n i m m t ~~ ’~~~) , w i t h  , i ’ ; ’ , r c b r t c - s! r i i i l , i ’n .  ‘ i i  t e

‘c r -  u n I t - r h i i ’ r n i i ’ i h i n t i ’ I v  a f t  i t  I l l - i n  dr c ’ Hr ’ , r t  I / u  F t , ’t  I ’  n n n i n u t  ~ ‘ _

; l i - — i l l i i ’ t i ’ ;  w i - r i ’  s l i t ’ , ’ , ! on a b n r r i - — , ’ i i t , i I n i l  I I  w i t  h u n t  mciv I i i i i~ r Fi i i h u e ’ i . i t  l u l l S .

A d I - , r r i ’ , n i ’ I i i i  t i i r ~ . n - i n - c - I ( N ’ r t  o i r / 80  ‘ n  i / 6  r i c h e s  ~l i , i .’c ’ , ’ I ’ h ’ , ’ i  tria l r - r , , i ; c i

F ~l i J i l  r ii w i I h , i I ‘ ‘ -t i  i t  , i ip m o x  i i i ,  i t  i ‘ I v t r u e ’ i i i , ’ h i - i i i i  I i n n  I u ’ . hi ’ , i t  ,‘ r I F ‘ ‘ I

/
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co o l , : t  ~~~~ used . I t , s i ’ r v , ’ l t , ’ l ~ ’ r ; i t c c e ’s w e ’r e ’  -+ 0 . 7 7 ,  ‘in  w i d t h  an d  p en - r H  I v

~~~~~. 1 -  on ‘‘n i i n n . ‘I i t , ’ m t i i r , r ’ i  s h i ehe t  p u r e ’F c i s e d  f o r t ire- program s ’s  a n n i e - i l ’ ’ , !

c, AI— ~~
\,’ i l  1 ’’, ’ n ’ i t h r  t h e ’  s h e d  t h i c k n e s s  a v e ’r : i g i n r ’  0 .OSS i n c h e s .  B o t h  p r c ’ c n i r e ’ s I

ho t’ - e ’l’ ’xv sh eet s , c’ ,’ , ’ r i c , ’ , t  .08 6 i n c h e s .

N i t : ’  h c ’ n ’ i n g  ‘i spec j e s u s  was r e ’ l , t t  c i i  t o  t h e  p a r t  i , ’ i n l a r  a u t o c l a v e ’  r u n ,

• i ’ ~:t  1 * 9  and  I ’ ’ , t  i o n  i n  t ir e- f i x t u r e , i . e . ,  dO n se e ’ut  i ve  n u m b er s  i n  t i n -

I s - - t i - -:~ I T ’  S i / c ’ s  ~ce i~~ ’ u s e d , ‘ne ’  ac c o mo d at e d  tet i  sp e c i m e n s  and the othe r

I Ice - I ye’ - ,\ s l ied ’ H e -  Ili ‘rhe’ r was u n i q u e ’  to  an au t o -  I av e- r u n  (c: : ‘ ‘ep I wIrer e sor re ’

Sc ii, ‘ i n ]  u • q ar id  50 c: i t i c s  n c r  e s imu  i t  ane ’ou sl y cured ) . Spec im e n  n u m b e r  i n : on

i s in e ’  w i n  t v p i c i l h v  1 1° 12 , 21 t o  32 , 4 1 to  52 , e t c . b - d i ch  c o m p l e t e ’

: , - i : t  i i i  i t  i on  I ni 1 cid c i !  t h e ’  s c h e d u le  n u m b e r  and ‘‘ons ec U t  i ve  gang  n l i t n h R ’ r

e . g . . ‘ 3 1 — 1 , 5 t — ,’ , — — — 5 3 — 12  w o u l d  a l l  have  come f r o m  th€’ sanie gr iti p . Sue ’  ir n e r i s

5 1 — 2 1  i ’  ‘3’S— 12 w o u l d  br i e b e en  bonded on a n o t h e r  f i x t u r e , b i t t  cn nr eil in t h e  s i r - , -

- ,  i t  in  Ic .’ - riot as 5 1 — I  t o  5 3 — 1 2 .  ‘J ’h is a r r an g e ’n n e n t  a l l o w s  c o m p ar i s o n  f I ik e

S~ i i-  i t e e n s  i n  a r : ’  i n s ’ , . ‘l ’h n i  s , spec imens wI t h ci —4 (e ’ . p . , —4 , — 2 4 , — S S , — ( i S

i - t i ’ .) would i i ’  i n  t he- same r e lative positions in  t he  respe ’i - t i v e ’  i mps.

i t t  i t  ~‘ t  I n t l  i r r ~ i n  Sj’e’i irnen Temj~~~ature

b s i t  i St  y q u e s t  Ions  on w h e t h e r  t h e  c ’ u t t  ing p r i ’ c e ’ i h i i  r i  n i l  girt id c’ i r s e ’  I y

r ,Iis i ’ t I n -  c i t  I i ’ r ’ i p e ’ r a t l n r e - , the’ fcc ! lowing exper i t n i e n t  was p i ’r f u r n i i e ’c h  . ‘I wo

p i t ’ , ‘‘S ‘ ‘ I  I i  t a n i i i i : r  w e ’r e  bonded t i i g e ’ t b i , - r  w i t h  air e ’l ’ii: . : y a d h e s i v e - . f o u r

- -) t h o r ’ - - ’ o n i p  be- s w i n -  i r rn hedded w i t h i n  t h -  bond line , sp i e d  c i h i , n m t  0. 5 m ciii ’s

a p a r t  ( E l  p i n - S ) . l I c e ’  I usi’ i t I ps oh  t lie’ t l a ’r n n u n ’o i i p  I i ’s  w er e ’  h i l l s  i t  I ‘m e d

0. 1)2 5 , 0.05, 0. 1 1) u n i t  0.20 i n c h e s  I ruin the jnte-nel e’d sci w—cint I liii’ . A

‘ ‘ : , t  i n u o u s  ru ord  was  use ’il  to  m o n i t o r  tire te ’mni p e ’r atmm re ’s se’e’ii by c u l t

8
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t t i t ’ r ’ r ’oconp le  i ’  t i , ,  “ ; (i i - i ’ j~ ’ h i ’ l 1  1s t ” , e ’ u n t  w i t h  t I n ’  ci i c i m , , n d  ~‘ t , , - e ’  I .  ‘I’ l ie -  t i l t  i n , ’,

r- i t  ~ ‘ n- - i s app r ‘x i  n r c  t I v  I i i i ’ :  hr  l i e ’  r mi n ct  I c m d  i h and  h ’ I d  sq i  ‘ ‘ i - : ’ , - h i , ’ i I I

cc is i i  Sc ’ ,! t o s i n nui  I - i t  , - sIn ip ‘ , ‘ i ’ l j  n e. ‘hi i s ‘
- i i ,  I i n p c. i t  e r  f I i i n ’ ’ c , i ’~ l e s s

c t t I c ~~‘ nt I Ii i n  t brat i m p  I ,‘v~ ’ih  ot t  t I l e  l i t  eta I e ’xpe r i men t

Lie h r i ghr ’ - s t  t , - : ’ :~’, c a t u r e ’  d e n  - , t , ’d n - i s  3 ) 7  H- . ‘I’his occurred L i ’ a hiL l

i n s t  ~, i n t  ‘, , b n - n  i i ,- sums ’  p ;rsni- i! t h i c i ’ e c g l i  t h e  t u s i ’d  t i p  ‘ ‘ I  the ’  N .  I t i i e ’r r : : ’ ’ c o u p l e ’ ,

wFil , h was ,ibvI ,i cislv b i t e! l e s s  t h in  t h e  i n t e n d e d  0. 1) 25 i n s ’ F i i ’ .s I i ’ ’ t i r e

h i - i d e  p i t h .  i ) t l c c c n ’ l ’ - ,c , t i r e  t e ’ t ’ m p c ’ r : i t u n i ’ a t  t i re ’  c u t  1 i n c  i n t 5 r - ~~- t i n : ’ , t h e

I t t i e ’ r m n o i i ’ iu p l e  c o u l d  r , ’ , i d i  l v  be m a i n t a i n e d  b e l o w  17 5 ° I ” . ‘[he s , c:~:i mc in

I e ’me ~’ e r . i t i n n i - re ’co rele -c! is t h e  s i n — c u t p n ’ n : r & - s s e ’ d  11, 1st t h e  se cond t h e r m o c o u p l e ’

( i ) .U S ( t  i n c l u , ’ ’ e ) was  : i t ’ o u n t  140 °F am i d t h e  mean temperature ,mh o uc t 120 ’ F.

L ’ :” p o r : i t u r e t r a c e ’s - n r c ’  shiown i n  F i g u r e ’  5.

Tire cone  his t on  d r a w n  f r o m  th u s e x p e r i m e n t  was t h a t  the ’ b r e n t  :c ’n e ’i’ , i  t ed

i n  u i t t i n c ;  - - : b ’ u ’, ’i men s  with a d iamond st u n ’ i s  r e s t r i c t e d  to wi ’ t u i n  l e s s  than

0. 1 i n , ’h i  of t h e  c u t  edge anti is no g r e a t  e r than t l i e ’  350°F  ~‘ ure’ t i ’cmp c r a t  u n ,

, i t  t h e  :m d b i ’s ly e ’ . T h i s  h ie cr t  i n g  s h o u l d , t h e r e f o r e  , cr i e i s c ’  no e’ht ’m i i ’ai d ; rm c r g e ’

i t  t h e  bond 1 i n ,  - . T h e  i f  f e c  t s of I he rn ia  I n- id i c - n t  s a t  t h e  m a r  r~’n ~‘dc~’ t’eg i o n

(I n c r i c k  m i t  i t t  i on  m i g h t he ’ i i i  m o r e ’ s i g n i t  i can c e  t o  subsequent tat igic:’

d ;mrn ; i g i ’ growt h . B u t t  c lo y  s t u dy  t h i e ’r c o f  w o u l d  r e q u i  r , ’  f a r  gt’ e ’ i t i -r  c i g ~’t’ m i d

r i - p h l i n t  ion  oh  S l i t ’ ,  imen i s  t h a n  was p o s s i b l e ’  t i n d e r  t h i s  p r u i g l ’cl r . , \ I s i ’ , o n e ’

- , t u , i n  i d  t , r t  t -  t b r u i t  sp u ’i ’ i tne ’ n w E d t  ii ef  l e t  s wi re - icr ii ’ f Iv st u d  h e , !  in  t h i s

~~~~~~~~~~~~~~~~ 
(S e e ’  Se ’i ’ t i i ’ n i  7 )  and t h i c i t  s i ’ , - u i i f i c c i n t  e v i d e nce  i n d i c a t i n g  s t a t i c ’

or  f a t  I ‘ i i i ’  v u m r l ; m t  ion w i t  ii  wh i t hi was no t  i u l i n , ’r v e - d .
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st :r  I i i ’ s  iv

( t A l l  S b ’F - d : I IA

1 t i e ’ I i t  ig ue ’ sl’s’i t r u m  u s e d  f u r  t l r i  S p r i i g n ’ . I u r  w u m s  base d h i m  w i n g ,

t’e ’ n ,t inp u~r ’ i n i ,  n t i s  durin g maneuve r loads f o r  t l i e ’  F — I l l  t~ i u l ! u t i ’ r — h o m b c - r .

b~ b ~ re’ C Hi ~‘w~ t he e umu h u m  t i ye ’ 1 oad e ’xc e ’e ’danc c I ,u r  t lie F— I l l  spec ’ t rum

:mnd t I n ’  comp ;m r u m b l e ’  ‘-ri s c t rum f r o m  M i  I — A —  -‘1866 (May 1960)

The ’ con t i n u ou s  load e ’ x c e ’u ’ c ! u u n c c ’  c u r v e ’  was d i v i d e d  i n t o  it i s c n , ’t  e h e ’ d

I i ’ve I s  (g iven  h e - I t  , r  n a m e s ) ;  t b m  i r t e e n r  of  wh F e b  ( p lu s  tunic ’  g round  l o a d )

w e ’r e ’  u sed to  f o n n  t he  t c u t  load  h r i s t i , n i i ’ s .  Load de ’scr i p t  i ons  co r r e s p o n d  F o g

e a c h  d i  sere ’ t e’ l e v e l  are ’  pre ’se-nt e• d i n  T a b l e  I -

The t I i g h n t  loads data from wbiic h Table ’ I was c !e ’ve l ope-d  a re  s u m m a r i z e d

as f o l  l , ’w s

T i m e’ per m i s s i o m ’  = 3 h o u r s

M i s s i o n s  per  l i f e t i m e  = 1334

Bending moment at nominal cruise (Ig) = 2 .1  X io
6 

iii lb

Bending moment at limit condition = 20.8 ~ I0~ in lb

T u ’ u i c h i — a nd—Go b e n d i n g  mome n t = 0 in lb

Minim unm bending moment f o r  p r o u n d — a i r — g r o u n c h  = 0.9 X io b 
in l b

‘lest loads wer e developed in the following manner:

‘ m .  D e f i n I t i o n s :

- 6 .Y = b e n d i n g  moment (10 in  lb )

6
‘V  = Y—Y (I g) = I — 2. 1 = i t ic remt ’n t cml hend  i rig m oment  (10 In l b )

‘B ’ a l l o w a b l e  r e d u c e d  f rom s t a t i c  t e s t s  of  j o i n t  ( i b )

limit allowable ’ nn:itchecl t o  Y ( l i m i t )  = 2 / 3  
~~~ 

( l h )

PB VI’ I c - s t  load = LT O h )
20.8

P — P (ig) ~L’F~~~~ ( I b)
20.8

10



. A t t e ’  r i - t i - r m i n a  t ion m l  P
1
’ I r i  s t - i t  c ‘ u i  s ol  h o t  hi I h i ’ ’

5, ciLtile ’ , ( )  , , m c d S c h i ’ - i h i c l e ’ 50 s p e c i m e n s , I’ s u m s  s e t  “ i c i c i l t i  200 ’s’ ; ‘,,‘ , c l i i i ’

‘n u t  in  I , 2 0 , s-c s  ‘ I i  ; i i  n e d  by  r ou n d  l o g  l b S .  S ( t  i i ,  - m c l i  n - i  I v ct  I n s , ’  0)

i b i s  ‘r ’ i ! u c i ed , i  s ’ o n i d i t  i~ ’n w b m i ’ n i -  t I m , ’  c v c h  i c  test I m i t  l o a d

~~~ . l t u  i i ’ , c~ m n p u m r e e I  t o  t i n , ’ ‘ B ’ c i i  h i m c ’ ,’ , i b ! e ’  ‘ J u l i e  l i i ’ i i t  s t n i - u u , ’ t - i , Pr , , , i t

- - i ’~ ’ :  lb .  l’ r , ’ i  i t  I i ’  s! u se ’ r i  se t  e ’ q n n a  I to (W I , I l b .

5’ 1 c c  I — R . m n d o t n  Load Sje’c t r u m :

l i n e  r n ; i j o r  i ’ r t  i on  of t i me-  t e s t  p n ’ n n ’ n ’u m rrt i u u v o l y c ’ d  c m i  e’ng i i i  ‘ i n ’ ’  i i

S i - I s - c  t — k - n d i ’ m  I ’ ,~d h i s t o r y . T h i s  s i m u l u i t i ’ d  11 i g ! c t  h i s t o ry  ‘c i ’; c ’ n : n I i ’ s i - s!

a r e ’ ; - u t  in g  p a t t e r n  ‘I ’ 111 ( 1  m i u - ~u j o n s .  l i i i ’  I n s i c i  s c ’ q u n e ’ n i i ’ e’ i n  ‘ ‘ c c l i  ‘ u i s s i ’ u u

n t i s  d ,- - , icis - c! ii’  d i s t r i b u t e  t h i e  mod u ,’r , i t e ’  arid h i r ’ l i  l o ads  and  t u ’  group tine’

eo n ’ ’  t r e ’ r i u - m u t  I c r  I , u ; i d s  i n  b l o c k s  of h i g h  f r e q u e ncy  -‘ m d  i ’ i , n i u t ; r n t  t e l l ’ !  i t ueh ,’ .

h i s  - g , , ’c  t run i  s-i:; d e r i v e d ( c i )  t o  a l l o w  lo ad s  t , u  he e a s i l y  t r n m n i c u i t u ’d

( j  - • ‘ . , c - I  j r - r i o - i t  i - i ! )  w i t h  u ’ c l u c i p m e ’ n t  at  h a n d  d u r i n g  t I m e ’  t n ’ g i n n i n i g  i t  the-

n c ’ ’; , ( b )  t i  n - h u e ’  t e s t  t i n n ’ s h v  i n c r e u u s i u i g ,  t h i s ’  c p p i F i c t i o n  I m’ ’ ’ ’p .u , - n u i  V

I n ’  .‘mmp l i t r i h ’ - / h i pb i  occ u r r e n t - , ’ I t i a d s , : m n e h  ( m ’ )  t o  : m s , u m n i -  t l c . i t  c -a c - li s l i ’ , - ime ’n

‘ mw ‘- m i t  ‘ j i l t  i n - - i l  t - ~~~t u l u i ’ c t  n i , : ’ . b - i ~ ’, u c n i ’  7 s l i i i w : -, c i  t ’,’ l u i c . u h  s u ’ - ’ i i ’ , e ’ i l t  of t b ,

I — b < u i r u u ! , r in  hi  I ~; t  ‘ ‘r ’ y , md ‘I ’ :i h I~ ’ I I i i i  b e a t  ‘is t t u i  n’ , h t m l  I , i n i u b i  
~l ’ b et  \,u ’ , ’n h , ’ u m i h

I r i m l iii - ui  ‘i i n t l  c i t t u i t  I i t  c i d u ’ .

i i ’  , r r , j ’ , ’ , i i , n u  , m i i  m ‘ i - s i  l ; m r  n’ ’’ ui r r u ’ n i - i ’  u I  l I t , ’  how umnu i~~I i t m n i h i ’ I i r u i e l s.

,, _ _ . _,_ 
‘ — - - - - r , I i u ‘up I I r m m i i i ’  l i m b  - , n’ 

- n i - iS i n  p i t  I . i r I ‘~‘ I - i ’ , !  t m ’  t we- i ’  n i I hi i’ lii c i t  k e e h  I c i sc  r

- i r’ ,~~i I ‘ m c )  • I ’ ~ - ‘ ‘ I  - . I ’  ‘ h ’ , ‘ i i  ‘ m r  r u i m p,  I ‘ ‘ ‘ - ‘ t I r a n  u o n ,  c ‘ l i e ’  t ’ inn i t ; ; i e r i c  we ’ n i ’  el i s t r i l i m i t  c c i

i n ’ , ’ ‘ ‘ i i  r m ‘ I i  I i i ’ i i i i  j ‘ • ‘ i i  m i  ‘ - i - q ’ u  - i i i  i - . I o n ’ i ’ : ,  m n ip  h e ’ , , m I mi mci  , i ,  ‘ , - t i n — i. i i i  u t

- r - t i n y  c c l  i i . I i t  ‘ i  ‘ , ‘ - i i i  Wi 01 1 ml h o - b 1 l i i ’ ( ‘ m l  i t  I t i c , ‘ ; m l i i i ’  I ’ ’ ’ ’ ’ I I i c r  n i t t

‘ i i  - i c r , ’ I s , _ ° u , l i i , . . — ~~i , , m i i i l  h i l t ) . 1 1 c c ’  ‘ i i : — :  i n i m m n i u  m i t c h  I I i c c ’ , ’ 1 1 . 1) ,’

I r r ‘ i i ’  I I , ’ ‘ i - - , m c i i  w i ’ , ~, I ii - c ‘ i t  m i t - . m i i i  i - n d  c u t  n i  I ‘ c r c  i c r  r u  ‘ , ‘SI ) . 1  r i c h  h i l t ) .

~~~~~~~~~~~~~~~ — ~
, 

~~~~~~~~~~~~~ 
-— 

- 
.-. - ,.

~~~~~~~~~
... — — _ 2 ..,__ ,~~~_~_,_4_**. . “ -“ , -- - w— 

—



The’ - ,, i t s - n i ,  e of i o n  m j ’ , ’ , i i ’ n n s  w , m s  i d e - n i t  l i - - i l  I v  n~ ‘ i ” u t i ’ u I , a r i d  t h u - n ,  u n

t , ’i rs-d t i n ,  I’m-H e lu r id p . m t  1, - r i  that n ’ms h in ii m’ r , u t i l e! . h i m , c , ! ’ ~ t h a t c , ’ i c l d n o t

h o H , m u ’ c ’ eh i n  ‘ m n i - ; ’  i n  i n g  g u i l t - n m  n ’ i t i u i n  the- l I l t )  t n i i , s s i u i n r  gr ou p  n i  n e ’

, i h H t t  , i i l v  ;‘ l m c c - i t .  I n n h i v i d n t . i l  l o t , !  l~ -v ~ I s  v u - r e ’  r e ’ u i e t i l v  ‘r~i t t 5 d  r onri

I i ,  h i  Se’ I i t i e~ 5;’, - ’ 1 r i u : ’ n  m u  c i  I ;  i n  i r i -n h I u r  r ‘~ i i - ,  t n i i i ’  I r i m  ii I i , ‘ n i

I I i  l O t )  m i s s  it ’ l l  ‘ - i ’ ’’ ’ I l i n e ’  s e q i i e ’ n ’ie ’ e’ n i nt h t r i m t n ,  i t , ’ , !  n e - q e m e n c e ’ s  :-,‘ i ’ t ’ e’

on p i t a  lied r ipe r t ip e ’ cs i n ip  ‘ m  u ’on \ ’, ’ l i t  I “n r a  I I ’ l l k e - v h ’ ’ - n r i t  - The

t i m  ‘n p r ’ I  i i i - t if c - nell eve  I c  v m s  , m n t i ’ , i i  ‘ b u t  r u m p  w i t b n  ,i I l i t  t i - n i - h  h o l d

I - m I  1 e ’ , u k .  T h i s  i t u f o n m : ’ , i t  i t i t i  t o r t ’  s u m s  u u u b m r - ~e ’ q u s ~ ’ i u t l v  c - t i n ’ ; , - t ’ t , ’ e ! t i c

m i i i l op  i-H . i n i  i s  on m a nn t ’ t  h e ’ t , i ~ ’, ’ w h u i c h  t b  t h e ’  f i r r i n  shu ow ni  i n  I’ i - ‘ i i i ’ , -  7 .

The’  n u t  l u g  t . m p m ’ s  lci ’t ’ e - u s e d  t i  c o o t  n’ ’ I a 2 ( 11) K I I ’  s e t  ‘~‘ , ‘— !c v , hu , imml i c  I s - s t

sy s t e m  ( M I S ) ,  b r a v i n g  b i ’ ,’ e l r c m n i l  i s l i c ’ u ’i m e n l  g r i p s .  ~1 u : : i m u m  :mnn p l j t u c d e ’ u

us ’ s ’r e  c t d j u i s t e ’ e h  t o  c u m r r e ’ s p u r n d  t i m  t h i e ’  n s ’u ~u i r m ’d s t c i  u s  l e ’v e ’I s  t i c  I b n i ’ 1 /2

inc - h ;inc l I i n c h  w i d e ’  s p e c ’ i me ’ns.  The i n e r t  m i  of  t l s e ’  I c ot  e ’ q u i i j ’ r m c e ’ n t

t ’ ri le d to  r c iu ind  t I m e  sh a r p  u - , m r n er s  of t b r e ’  p r o g r t m t i i n m i ’d l o a d  s i  g n i c i l s , as

m e t  nu a l I ’  si ’nt-n’cl by thi s ’ specimens.

H •i  nd in ( e - n i c r c t t  i o n  l o a d  S,p,,i~c’t ruin t

,\ s e - i ’ on d ar v  l m t ; m c h  h i s  t , rv  was formed f r s r n n  c o n n n p u i l  e ’r i z e ’ d  r a n u i h n ’ i ’ m

u m ’ l m ’ m t i u u n  of the t h i r t e e n  f .l i p , l m t  l e m a d  l ev e ’l s  u i 1 ’ i ’ u m t  t h e ’  l g  , u ’ u n , l  i t  i o n , u t

a m ’on s t ;r n ’~ f r e q c n e - r i u -v f o r  , ‘ u i c h m  l oad .  T h i s  l o a t h  h i i s l c i r ’ v was r u i n  •- i t  t n - i ’

f n’ ‘ q u i t ’  a , ’ i c’s , I / 2 Hz and 8 Hz , f o r  c-ompa i’ i son w i  t hi t bic ’  Se - l i - ct — b i t s  n i ! ,  ‘H:

s p e c t r u m  on a l i m i t e d  nc imhe r  i f  Si ’ h u m u h n c l i ’  50 s p e c  m ie n s .  I ’ ’  i t i u ’ t , - , c u e

r e a l i s m , m i s s i ons  w c ’ r u ’  simulat ed by i n c l u d i n g  a p r u m u i r n h — l ~ ’u m i h  (S — h e ’ ~’e ’l 1

- i i  I c r  ‘ v i  n ’. 133d l oad ( S e - c ’  l’a b l i ’  1 ) .  A tvp it ’;i l li ii, ! tr , m u ’e is sh own i n

F i - ’ i u r ,- 8.
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- 
- ‘  - r. i n e l i  m en I t  mad  Ii i s t  ‘c ’-; n - . i , n ’ s ‘ m m ,  n - i t , - ’ !  , m i s  i n ’  i P I l l ’ — I I iii  I n i i ’  m m ;  ‘ i n  ‘

by t l m c  - ‘1 1, ms’ n r i p ,  S I c  ps

( i  ) Lor is  t r i te  I a p r  ‘ h ’  m b  i l i t  v t u b  Ii I i  - I i c e  i n  l u n c h l~ ‘u ( ‘  . p , .  - I c’ ’,” ’

0 ~‘ c ’ : ’ h i l i t v  us’as ( ) . 1,~~l 11. 97 , is ‘ !c r i c ’ , ” b  I n ’ ” b i l l I ) .

( 0 )  S tun  t i m , ’ i n d i c ’ l , ! t m : m l p r ’ h ’ u h i  l i t  i e s  m d  ‘ n ’ . u t e  - m  s u r u n : n , u t  i , ’ ~ I i h I ~-

OF i t i t e n ’ , - r ’ ; ; c - s e  Ii  ‘ ‘ m e l  i c ’~~” I i s  n n i ’ m ~’ ; i u s n ’ c i . i t ’ ’ r b  c c i t b i  - u  i n p u t ci i i ” - u t  i ’ - ; ’

ici t ’ - r , rs in t h e  t - ih !i - .

( t — ) ( ‘ i l l  on a t’;i mid om n u n n h e ’i’ ‘ i ’ : i i ’ r u m t o n ’  t o  ~u i ’ bi~ - i , i  n i u n u i - - I

I curd t h u  l , i r , ’ i - ’ - t  n u u n m t c h m c r  i n  t h e ’  i - n n c i t i i ~i u m t  i i ’n  1 m b ’  T m ’ . ~‘ T , i t c h u  t m i t  n e i m b i ’ ’r

c’ , m ’ ’ c n i r i ge  t i m h , - t  c m l i  u u ~~ t h i m ’  l o a d  l e v e l

( d )  ‘-. 1  t e ’ r ,- , c e ’ b m  r an c d o m  S e q u e n c e  of 1 1? I e a d s , a p p l y  t i n  S — l e v e l ; t n i m u n n i t !

l ad.

A l l  l’ l i g h t  load pe sks ( p o s i t i v e ’  cind n e g a t i v e )  w e ’r e  l i t  to ci 11( 1

p o i n t  h a l f — s i t u ’ s h a p e .  TIn ’  u n ’i ’ i o n g e’el g r o u n d  l u c i d  l u c i d  an 80 p o i n t  hold

- ‘  I t i , ’ S — b e V e l ~ ri add i t ion  t o  t l ie ’  120 1’ ’’ I n t  s i n e ’  shiape ’  -

h i ,  n s i n i C i m e m 1 ’ n c t  en  ucu ss  d i r e c t l y use’d to  r u n i  t i m e ’  2 01 )  K I t ’  M I ’ S  t e s t

sv s t e r m .  I - t m - I c  s p i ’ u ’ i ’ m r u ’ i i  l oad  b n i s t o r v  s t a r t _ e d  i t  the same- r ; r n i ! i m n : n  nun ihc ’r .

‘l ’ b u u u  , c i  I I s ; i e - i ’ i mens  s u h j  em ’ I t o  t l ie ’  R c m n d c m n i  G e n r e  r i t  i on I e r c i d  spec’ I ru in u - m n ’

m i  l o ad  s e q u e n c i n g  to  f a i  l i t r e ’ . A t i n n e r  w i t h i n  t I r e  c ’ i m , m i l m i c t e ’ r  n u t S

I ’ ’  c m u n t r u , I  t i - u t  f r i ’ q e i c ’ t i c v .

.
- - - ‘



S I n  - h h n  iq

l b  S!  I ’ I , \ N

~-
, h u c ’d e t l e i ( i  , ,

l i e - 5, i i , - , b i I e ’  m l  S c ’ i - c i i l e ’ i i ’ -- (+ -~ )~ s m u r t , m ,  ‘- p l v s)  n- m c i ’ t m  de - r ‘ c i ’ i n -  t l n , ~

e - i  I , i ’t S  i t t n , ’ t c r 1 lowin g c ’ c i i — i ; i b l e - s  on s r m u ’ u ’ [men  e’n d i i r u m n i c e ’  ( 1 . , ’ . ,  i ’ve ’ he ’ s  ‘n’

flU s m-c j , ’ F n m ’  I i ’  I - m  i I o r e ’ )  : hi i ph  l i n t e l  e l  m in i n a t  j u n  , l ’s’ l oad ci m i  n u m t  ion

I t  ruin - at i o n ) , R a n d o m  L’ ’ n i c ’r :r L i o n  v s .  S~’ h i - ’ ’ t — I i , s n e h u r n n i  l e r a d  i t g ,  c i n c h  l oad

I n q i i ’ n i c v .  I n  t i n , -  e l  m i i i  i t  iu cn m n  t r u u n c a t  u s c  tests , t h n e  c o m p l e - t u ’  S e ’ l u - c t —

R ; i n i d u ’ m m i  - -;p s ’ e t  r u in , i n , ’ I c i el i n ; ’ , t i l l  lo;uh l e v e l s  (, -\ t i m  I , P. 1) , R , 5 , T)  , nut s

i c u m ’ e !  ‘i s  I t i e ’  b n i s e ’ l  i n n , ’ . l i i i ’ f i t  iguc’ I IV i ’S of  Si ’hc ch n i l , ’  30 sp e ’ i ’ ime ’ns  t e s t e d

n i  t b r  ‘:.ir i s ’ n m s  I e ’ve  li - c  t r m n n i ,  - i t  e e l  n- c rc’ com pared t o  t Ii  i s  Ic ,is e ’l i n c .  ‘ l I f t ’  c i m r u p i e ’ t e ’

S e l e c t  ‘ P . i r r c h t r m  spe i ’ t rum w cus  ci I so  us c -e l  f o r  e ’ u i m p m r i s o n  t i m  t h i , ’  h l ; r n n h , m i r  ( ; e ’n e ’ r c u t  i on

SI c, t r u m , sc h i e - h a l u , i  , ‘ ,c r i t , m j n e - e I  a l l  lo cid l i v e - l u .  l i , ’u i e l u c r l t e S t s  em t I r e ’  3 / - u

i n u ’ b u  ~, ‘ i : m I  s n c - r e ’ c u b  ;~u i i ’ u a i , h u u t ’ t c’ e I  u s i n s ~ t h e  Sch e d u l e  50 spe ’i ’ i nnle ’ n lS .

,S e l m , ’ i h u n  l~ - 41 )  I , ” t~ , :

T h e -  t e - s t  p l a n  I or  t i m e -  Sm ’ h i e c l i u  I~ - ‘~( )  sp e - e ’ i T ” u ’ns  v - i s  o r i g i n a l l v  c’o ni ’ , - i v e ’eh

I m u  i ’o m ; r , i r e ’  t I r e -  e ’t i d i i r n i n i - i ’ c i t  t h m , ’ue ’ spe- c h n lnen i s , () 0 f i b e r s  ‘n t i r e ’ lc on l i h ee h

su rf ,’m , - ,’s , t o  t i t a n , of  t I n s ’ Sc ’Ii eoh mite’ ‘3 )) spe c ’ i m e n i s .  I h u , ’ S, ’T ip d u m l e ’ 51) t e s t s

we r e - i i m n e l n c i - t e e l  p r i i r r  l u  tIme’ Si ’ , s , - i h i i l e ’  40 t e s t s .  The f i r s t  S c h e d u l e  u I )

i ’ ’ - 1 pi n ni t d ‘n ru mmns t r a t  i d  . i n i  e x t  i - n c iv c - ’ ’ n i c h m m a n c s ’  . ( b rn i pc i  r c m h l  v I s u n g

m ’ t i e h r m r ; m n i ’ c ’s ’,,’ ’ ’ n ’  , , i  I r a n  i c b i r c c ’ r v m - c h  i n  t h e  u n  t G i l  t e s t s  i ’ u i n i c h ~u c t e ’ c h  ‘v t I r e ’

Im i i v e - r s  i t  v of  l ) ; i ’ .’ to n  Re ’ ’ - a  n t - h I n n r ; t i t  t n t  e ’ t i m i d  u l t  i nn  t e ’ I v r ep er r t e c l  i n

‘ l i - I  - r ’ ’ n m ’ c-  u . ‘flit- : i v cm I Icihi I it v m t  t i - s t  e q i m i p m i - n t  h i t ’ s - i ’ h e i e h e’d i ’ c’r n t  m i r e d

i n s ’ , c i t  t lie ’ I m i t t , I l i v , ’  I s ‘f t b m ~ - c m  i -n c ’  1 inc Se 1,’ ’ ’ 1 — Rane ltinti I ocid s p e c t r u m .

To c - I  l u - i t cm pn ’ - i ’  t i u - c m l  t e s t .  ; i r — u m i ’ r u m u m i , .1 tH an v m s  e le -vc ’ h c p e ’ e h  t o  ( c i )  i n u ’ r m - u i s e ’

t O t’ t i - s t  - 1  c m - ’ ; ’ l m ’v e ’ls to v - I d m - om gmr’ u i h li ’ e’nid u nr cmn m ’ e - s Ic ’ t Ir e ’ Se - hie - dule ’ 31)
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‘c l i e - e i i f l e i i t c , ( 0 )  i n i v , ’ s t i p . m t e ’  l i i , ’ c m - n  - i t  i v i t v  m O f m t i g u m i ’ I j t e  m c  , - n d m i r . m n i

t m  t i n ’  s t c - - s c c i i  - ci n c h  ( c )  di ’ t , ’ r m i c i c ’  t u e  e l I  e e l ’ ;  ‘ I  p r u i u u f  t m - u t  i n i g u r n

c ’ n d u r , m n m e ’ . For  s u i t  s e r i e s  oI ’ t i n ’ ’- - e- t i - u t ’ -; , c u l l  t I m e -  I m n i d  ‘ ‘ v - I s  i n  t I m , -

t i n s e l  i n c  s , ’ l c ’ c n — P - i n i n l , i u r :  s i t  r i u m  si r e -  m e t l n  u p !  i ’ d  l iv  - m  c m i m m , n n  t , u e t m m r

I u i h c  l~ ’ 7 )  i . m ’ . • t I c e  .- i v e r r m c ’, e st  n’ ,’s~ c ’ ove r t l i e  h u m i d  i i m u ’ ’  v u - r e -  i n c r , ’ ; i - n , ’ , h

‘n  i ’ : ’ , ’ n ’ I i , m l l _ m  1 l v .

t i c  r .  i I b r  ‘ , ‘ , ! nr s - s  :

Sl u t  i c  t o t s  w e r e -  c e r f i ’ n ’ m u  n i  cn n  up ,’ , i e , - n i ’ , ,nf e - u m c h  c r m u n p  ( S c h e ’ e h u u l e _’s

, 0 cinch ‘t O )  t o  ‘ i - - I d - n t - m i n e  I m m i i  l u i . u d s . h a t  cl i  ‘ ‘ I  f - i t s , c inch  t o  a s s e s s  any

c h u m ’ s- i n c  - c t  n u ’ i m - g t h i  w i t h  t i p , ’  i n  c m c i i r — u ’ o n d i t  i o n - h  m - n v i r ’ ’ n u m ’ n m ’ n t  ( 7 2  f 1° !- ’

‘3 ’S~’ i r e m r r u i n c i l n h - i t  l y e -  h i u n m i d i t ’ ,’) .  ‘l i i i ’  ‘ I  t e ’ e ’ t u  r I s l m , ’ i it ne n  w i d t h  Se- i ’ ,’

a l s ; ’  d e ’ t c - c i m : i n i e - c I  n m m  s t a t i c  t i ’ s t s  on t I r e ’  1 i n - h i  S i, !e  c inch  1/ 2  m m c i i  s i d e ’

spe ’ m ’ i :’u ’i ’,

I ’ n ’ i o r  t o  f - m t  i g i s i ’  t e s t i n g ,  s a s h  S c h e d u l e ’  51) spe’e- i u ’ n i ’ n u  n’ , i s ‘ - n t , i t  i , ’ ,- i l I v

p r ’ - ’ t t e s t -i . ! m t  . i t ’ S  i n c h e s ‘o r  m i n u t e  ( 1 p m )  t o  /u p m ’m O  l h , t i r e ’ l i m i t

c l  h - r w , m b l e  (I’
~~T

) .  I t  s b u i m u u l d  he n r t n t e ’ d  t h n ; m t  t i n ’  I l e ’ v i ’ i  h i t c h  of -S ‘20 l b

i s  i ’ n .  m i t  t h i s -  r i ’ m o f  l u c i d . S c ’ b u e ’ c h i n l u ’  ‘+ 1 )  sh l e , ’i me .t i s w e ’r e ’ s c m i  I - s i ’ I v  p r o o l e d

t u m  ‘, i S , I I  l b . u ’ : :  ‘ p t  ;m s  n u n t , ’ u h  m i  t i n e ’ p r o e r f — t i ’ s t — s - I l m -c t s  I m ’ ; - n l s

iS c l c t n n n p  was p l u r e - i ’ ’ h  u m c ’ , ’r  t I n ’  m l  u m i n u n n i t  ‘ c p u - e r  c r 1 ’ t i m e -  Scb i e ,’el t m h e ’  ) ) t  c m r u r p s ) t i s

t m - c kee-p t i m e ’  I ci i l i t r e ’  in c  t i n ,  - 1 / 2 i o n - I n  I crp I n n  ii m u Ii ~0l) , i p u t t  I n p  t m 
~, lie’ I / ‘m i n c h

j o i n t  ( by  i m ’ q m i n  I ’ ; , ’  m r  ci pn’ -.’ i n g  m i t  i o n  — a p r m h n l e ’ m  c h t - t m ’ m n n i n i e ’ il  I u ’ , m i : n  p r c ’ l i n n n —

i n i c i r ’,’ t e s t s ) .  I b i n ’  I c i t  i p , i m e — h r e n k e - n  spe c i n lic ’nu 1 ,- c c -  s u n b s e ’ q u e ’ n i t  l y  s t  c i t  i e u i l  i v

t i ’ s t e ’ i h  I ’  I - u i  l i t r e ’  ( u t  .05 i p nu n i ’ n ’ m ’ , ’ , b s i ’ , i u i spec-cl ) t i  d e t e r m i n e ’  t u e  i’, ’’ - ; i e h t u a l

- r t - i m ; ’  t h u  c l  t l i t -  u n )  , i I I c ’ , !  ‘ii ‘u i m i t - h r  j o i n t

-c
~.
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r i m s ’ m-,’ t ’ , ‘ ‘ I ’ ’ ’ ii e ’ l u i ’ n l i  ‘,,‘ , s -u : u , m i - ’ , ’ u i  t e n  u ’ i ’ v s - n I i t s ’ 1 / - ’ i t i t - l u  j , i n m t u ! m m u i m u . ’ t im ,-

Sc H’, h s h e ’ ‘~P l u  ( e t m m n c l n u  t i - i l  a t  t a r  t i n , ’ S, i u , ’ u h u n l e -  u l )  I s I s ) .  ‘Ib i s  W u i S  di ii ’ -

a i nn s t n~ , i n n  t mc - I u t  5 ~~u i e  t a i h e n c e ’ t i m  t I c , ’  I / 2 i n n  ch  I up  - i t  t c m  i t  v m s  mm ’ ‘ t  e e l

i i i  Ri t e’ n , - tu e 3 t b i t s  t I - i i  1 c m  r - u ’  se - m t  t , - r i rr c ’n d n u  c i  m i c e ’  cm r i ch  t me c I m m ’- . i p c - p m ’  ‘n t  In

c h u , m r , i c t e n i s t  ics ,, ‘n u h d p n ” l u u ce l i t  i - n i , ’ f ; i i l u u r , -s  i nc t O m ’  ) , / .5 i n c h  j t i i n l t

c,’ i t i m  p c i - c i t  I i , ’i t ’ i e ’ n i u ’V~ t I n t - n -b y , ‘H I s ’ c t i c ’ , ’ l v  . i b m o m t  j o g  m t i - s t .  l h u u c - s , t I n ,

5, ; n c , b i c l e ’ ‘. 1) 1 - I s  eN d  n o t  I n c  lue l e r e ’ - i c l u a l t i - s t  i i m  i d  t I n -  b / u  m d c

in t ’nmi ’ - i - r  u i f  t i n s ’  j o i n t  ‘ h r .

-~~~~~~~~~ 
— ~~~~ - - - ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Sl I t 1 I i i~ I \‘ I

< [ S I l l S

S t a t i c  c u t s :

I s i n : ’ : . - i t  /, s ’n ci I I t m t  i i ’ I e n s i i ,  I ‘ - I , i ‘ : n u h i  s ’  I ‘ c t  i i i  l u t e ’

; n u c g n ~ u nn m . I n c i h i v i e ! s c ; m h  b . i t a  p o i ’ u l s  c u r , -  c u m n t t l m i  I c - e l  i n  b c i l u h i -  b .  It

i m f  t I r e ’  t e s t s  c u m n c h m u c t  - i l  i n  S ic  t , i h , ’r  I ‘J72 I ’ m h u r t  I t  Scu m-u i ’ s  I - _ 
~ ‘ m i m I  u i)

a S i t ’ s -  u s e d  L u ’  ‘ I ’  t c - m I ’ -  i n m e -  t I n  ‘ n , ’ , i m n n I t in n  I ,  st  i in - t Ii  - i n u t

c c ’ c h u i ’ c ’u ! i l  I ‘s u S I e  f i n  s i n  I i e  o h  i t - n t , ’  ( B — c i  I I ‘n ub ’ I , - I . ‘I ne  5 5

S c h u c - c l n  I e ’ ‘ul I i ’ - I s  ( 3 ’-’ ‘1 i i’s ‘ ‘i i  L i  i c  t u t u  i n n n ~ st i r  I - u e- ) h i ~ m i i i ” ’ - t i

s I n i  ‘op t  I i  i n )  ii  ~ u - 7  1 - , sI  u i i  ii s u m s  I p r  - i t  e r t t a r n  t i m , -  P I n ’  ~lu u I e 5 ) 5  ‘n , ’  i n

s t n e u n p t i m  ‘ t  ‘‘ ‘i-s ) lb. b -i u i t b i  y, r , i u i h e s  n i l  c l a i m  S i n e-n e! ci ccr e ’ f I i i i ’  m t  u i t

‘; i r i u u t  i s m n r  o t  ‘ 
. H i , ’  t’ u m r - i mi v a l i s e  or  u I  I s - I ’ , ’ ’ u J i c ’ d ) i ’ m e ’ u i s  v m s

u , 0 7 ’  l b . w h i c h  n , ’ c l n u e e c l  t u m  ci B — a l  l ’ i w u m l u l c ’ m l  I ) , i . = OI [ i 9  l b .  Ti n s

v a i n , -  w ;u s  un -u n ! is l i i i ’  b un s  is  I ir  p r n i u t  a n d  t a  t i - u n , ’  l c i , i c l  p e m u ’ - r u  t i ’ s .

[ m l  i - u t of Sp e c i m en  t~ i d t i u

l i m e  s p m ’e i n n e ’n  w i d t  I n  was  n o t  n i p ’ m n n ’ i s ’ - : I v  i t v i ’ s t i ’ : ; m t , - ’ l i n  t h i s  ‘ r i ’ g r .

P - ’ . - n I  lie I e’ss , I r u m ni S l i e  Se t - t i n  h e  3( 1 ds -i t a  ,s i u i ’ s ’ m n  I n  ‘l’ ;r b l c ’  2 , 1 nc’ st  r i m - c s

c - u p m c i  ty  , m f  1 /2  i n c - h i  w i d i ’  spe c in c u r -u u h im , - :-c n i c n t  i p p m - i r  t m  ha ’.’ , ’ ‘i - em

dc c’ r . t I c - e l  I ron  m i l  - i f  f ’ ’  - - u , ,‘ cmi r u l mc s r ’ ’u l t 0 t h i ’  I i ne in W i i ’ - s i n e  L i  m i s

- I i - i  ‘‘ I - I’ n i l ,  m u , !  u m n c l  1 c - n m - I  c m - , ’ I m m i j  i i  se-

— p
Pt at i u ’ t m ’t i ~

, i I i  - I c - s t  s W e ’r e -  i ‘u m nd m u ’ I c-el i n n  Se- j ,  ‘, , ‘ ; ‘ -, I ‘ m  - r I ‘I 7 1 ciii I unit r

u- ,’ i m , i  h e ’  spu t I mens , w i t  Ii fci i I t i r e -  i i i  t h e -  I / I  iui ’ ’h u Isp l’ s ’ I l ’s, - , ! by ci t e s t

- , t o  i~’ - r i l u r ’ - i n  l i t ’ ’  ‘1/4 such lap ( I’c m ) m h u ’  1). lii , ’ s 1 n m ’ e i  i ’ ; - ’.i , n’, - r  s ’ h , u : i ~ ’ c ’ i b

i t v m - r  t i n -  c m l  n u m i n i m i n i  s p u m e - n to p r e - v e - m i t p r i m s ’ ;  1 c m  i l i t r e  I n i n a  pi’ m m l u . u ’ i n  i n ’~
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I n  u .  t i n ,  - I / 2 n m n  u h i  I cup  i n  t ‘ m t i i  - 1/ -
‘ i n c  0 I i ; ’ . 1 h i  - i v , -  r . u ’ ’ ’ n i - c i t  a i n

sI  r c ’ i m ’ , ’ t h u i n n  tb5 l , u r m ’, e n ’ h u g  ‘ I  I i i , ’’ ,, sI i ~ ’ d i m r m m ’ n m ’ c  ‘ i i ) , i I  I I ’  was  c u r l ’ , -  2~

‘s e n  t h a n  t I n e -  , i V e ’ c c ,, ’ ’  f u m r  I h u e  t m u i r  s in c e  i i’ s-n i; t h t c u  I Se ne  ne i l u n - ’. i n ,  l v

a o l ,  Si t , ‘ i a i l dire’ in n t i n e  I n sia n I 1, -n  j i i  i n n  t ( w i t s - m e  t Ir e ’ , i  V i ’ t a p e  c t  ni - i i - . ’ t hr

n- is ~ ,‘0i ) l b  i n n  t h e s e ’  3 /- u i n c h j u n i n t s )  . T i t u s , e - v i e h c - t i u - m ’  I ron H u e - s e ’

st  i t  i i ’ t s ’s t s cIum e ’~ n u t  hid I i t t  t s ’ t h i c i  I a u ’ u i n t  ci i n c - c l  r u p t u i r i - i n  t l ie ’  I / 2

j n i s ’ h n  I m p  s i g n i f i u - u n t  I v  w e ’ cmk e - n e-eI t u e  3/1, inc -lu l ap .  ( l i i i -  s l n e n u l d  n o t e ’ .

i c u ’ w m ’’ , ’ s ’r , t O u t  t i n e’ s i g n i f  i u ’ c u n n c ’ e’ ‘‘I t Ine ’  r e - s i d u m a l  s t r e n g t h  umf these-

- ‘ 1  sI d e - c ’ i t ’ ; ,  - n ’u  s- , u s  r e - e l u e e - c h  by t l i r e - c -  f c i  I l u r e ’s i n t he h c n r u i n — c ’ p e i x v

i ’ m - m d .  u i m u c .  m i g h t c i l s m n  u ’ c n i i e’ h r rd , - t h t u m t  l o a d i n g  t h e s e -  bu cnd c ’d  j m i i n t s

tu ) - i ’ i ’ u t t  / t m n  t ~ i t ’ n i t  insc m t e’ St  r e a p  t h w i l l  n n u m t  g r e ’ u m  L i v  a 1 1cc t t he ’ i m

eul I m i t , ’ .t r~ - I m . ’ t h ‘n i . m s e i b r s m ’ q i t e ’ n t  l o c u d  t o  f a l  h i r e ’ . ‘fI t s-se ’ c ’ e u n u lu s  i on s

c m ,  - i r’ cm t i n , ’ j ot , n , m u  - i ’ s  , ‘ 0 , -  s I r -  m m  f rcsn the ’  re ’s I du ct  I st  r ’e ’ n s p  t O  t m - s t  s

m l  ( l i i  s b m r ’ or r , m n m i .

[I I c - c t  m i f  S e :

rat’., I , m h l e ’  2 , d t i t ; m  cnn  I i n c h w i d e -  s p e ’ m ’  i nc us  tested in Se ’T r t e ’n nbe ’r -

I 07 3 un met  N u m v ’  ‘ m mii- , ’ m 197  5 i m i d i cc ~~,- on I v  cm s I i  p I t t  e h r c n p  ( I  t u r  ~~
‘ )  i n

s t n ’ ’ ’ m u : . ’ I h )  w i t h  c i -  i n n  h o t i m  Sm ’ hre’el u l c - ‘u ) i u m n i d  ‘31) sh n e- u ’ j me-ns . Tests on 1 / 2

i n t r O  n i c h e’ ‘.p e’i i me-nu  “ e l u u i W e ’ d I  n t r  u h m - , ’ r e ’ n r s e ’ i n  s t re m g t h u  w i t  hi  age ’ f r m m l~~74

I 97i,~ T h u s , it c i p p i - i r r u  that t h u e ’  spe ’ - imens we’re ’ no t s i gni Ii s ’ , u n i t l v

i-.’ ’’ ,i ’r :vimm’ cb w i t  hi m c - - - . i t c ’ u  1 I i ’  r m nc nrm t e - m p e r ;m t t i r e ’  t e s t  liv t i p ,  ing 1 c m  u r i n e  i cr  L v i i

‘.‘ - - , m r - - ; in ( b i t -  . m i r conich it i m i n e ’ s 1  r u i n - u  ~ b ic ‘ rc - t lie- v we r (-  ored at  roc r p n

S t e - r n j i i - r m t  t i r e  ,incl .uppr cnxi n r;r t e-I v ‘i ’m ’ r~ I - m t  l\ ’ m’ l i i m m i eh i t c- .

~1
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R , - ’ , i s l u c , m  I P t  n , ’ n n  It i,” , ts-’ 1/. In n - It . J u i j  n i t  s :

h i m - 1/4 m d i  l i p  j o i n s ’ - ot t i n ’ ’  S c lm e nhtml e ‘-i S )  r-c i u e ’ e i r i i - t i s  w i - n c  p i t h I i !  t m

( c m  I I c i ’ , u t  t e l  10 i t  i t h  fat i - - u i ,  - in thus- I / 2 i n c - I n  I , m l m r - u ‘ I  t h u e -  j cii 01 . I’ u m p u m  I c u r  i

t ’i e ’ , t t i S  IX) .m e! ‘ i  I f i m — i u ’ n t s ‘ I  v c i u ’ i :i t  h i s  ( v c m n i c m m l i ’ i ’  ~ m m c m i i ) u m r c ’  .s i u u , c ; t t  i n n  l a b ’ b u

- - , ‘n this’ ‘ n i m u m i m s  u n f  c l , i t , m  l n u m i u n t m - . i b m ’ ’  r u ’ s i i h s - t I  st  r u e ’  t i m  m u i r  - - p m -- i r - u c ’ u i  u 2 — ,S

u , ,  i s  c~ ‘m c s u i t ,  - h s l i c e ,  - t In I s f:m i It s ri I c inc h  s’ i s  1, - s m - ,  t h .n mu I i n , -  s i n , ’, - t n i  m n  i i  ‘- t u b s  t i n

lii - us-l ici  I - a i n i t  j m u s t  i ’~ t c r e- t i m !  i t  I . u I I n n ’ ’ ’ . h ’h i e u s  , t him’ 1 .11, i n  Ii  j ci i ‘ i t  s m i s s

i i ’ , ’ , b ’ c ’ e ’0 ‘ue ’, ’ e ’r e ’ i ’ , ’  c l c c i t i c i r ’ ,’d by this’ f c u i  m u , ’ ‘f  t h i s ’ 1 / 2  i m n m - b n  j u m i u n t  . l ’ u , s ~ - . i b I v ,

t i n ,  e ’ 1 c m m p used ‘‘a I. l i e -  s p u  ‘ u ’ i  n m ne - n v m s  j m l n r o p u  - r 1 v t u m rq t ic’ e h • m u  r t i n ’  I ’ m , t u ’ t n  crc-

i rim~m ut Is, ’ n il ‘‘lit n’ it  in Iwcm vs be’ 1 , m u ’c m I i ze ,- eh b u y  a e’ I u nti e, . 1 ii , - nc- ’ ’ i t  l i i ’ n - h u m ’ , ’,’

mc ’s ideu ci l S t  re’trgt hi spe - t ’ i n r se - ns , ‘5’3— (, I crn i ch 32—10 , m mciv ci Is ’ Ir e ’ sit ups - u t  n i  th u

L i i i  i n  st  r e - r i p s  Ii r e-due ’ t i o n  be- i t i p  cc re m se ’d  p n i r i l u r r i  Iv bc t he’ 1/2 I tic -I t lu mp

I r c u u ’ I u umm ’ , ctnd n u t  tire ’ e ’umu 1 cm t i ye ch , i ma , e’c’ of t i n e ’ t e s t  I ocrel s . I I u , ’ ’ - u ,  - t w i t

i s r a e l _ s wi n e’ n c n t  , ‘ e ’n so r e ’d . H c i w c ’v u ’ r , f o r  c o m p c i r i s u m u n , s l u t  i - c l , i u ’s i re ’

shiu m n’s u m i  i’c ihnlm- ‘4 f i n’ u i : n I cI w h mi i’ h umimm i t s  t h te Sd i spe ’e ’t  hc ; r eh n-s . ~P ’ t ’ - t O u t

this,’ d jtu i i un sl c , i t u ’  ~~~~~ i u ’le’n t s ot’ vcm n i c m t i r m n  u n t ’ SI- ’ en r I m t -c s , . m i r t h  t b n , m t

‘ m i t t  m I ’ , ti me’ twit s n u ’ ~c m ’ i - u ’ t hi i , m ihr- ’. m,’m i il t~ni ns t h m i r-; c -h rc u r , i i I s - r H -c t Ic’ . ,\ I s u t ,

time- m i t  l c m l ‘r a t  I ’ rm tre ’ncg t h r clci t , u 1 m m  th e, ’ r - s p e ’ m - i m e - n s  ( ‘l ’ c i h n h u ’ m - ;  I sun , ! 2 )

sl r en w i , ‘ i m n j m u t r a h l t -  c - m e ’ ) f l u ’ i e-nts ‘ ‘ I  v c u n i u m t  iunn i .

Tim e- i’m - si d nra I st re-nt p this W i ’  re e’ompa re el t u r t h it - Lv,’ I’’. r i t  n j ’ s  e n S

i n i i l  i c u l I c i t  h r —u t n i ’ i m  ‘ n h _ s fu r  tlmi - I/-S inc - li j o i n t s . Thi s s’mnu in l ), t u i s c n n r

scm ’, c it t i - n ’ limi t h t ui ‘- 5 ’ s’ m ’t rein I ‘ ‘ ‘ t I n ip  mm m d i ’otl _ sI unit c m i nn p I it m u ! , I, i t s

(i cm ) , l ’ - ‘u ). ‘Il uc - r u ’ s i d u u u m l s t n u - n i s i  us we-re- lowe r t l u , m nr t ime - l o l L  h a l

51 r c ’ t i g t  Irs , wi t ii tie, me ’cmn i st re’m rgt h i I m r  tire ’ n ’ m - c i h u  ‘ t u t  ~‘, r u n m u p (cons I c l i n t

_ i i i ’ j ,  I I uu u l m’ / I’ 21 , 1 , 1 5  l i t )  i ’ u ’  i ri p, ~tc ’7 I i  ‘‘us l m c m n  t I i i ’  , vu ’ n . m  ~
, ‘ oh ’ t i m , - i nn i t  i i  Im ax

Sn m m  I c  s t  rengt his (91 21) hO ).
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i l l s ’ , I s  c i t  P u t i t , t , i ’ P l y  m ) r i , - ; c t , s t  i ’ ’ u u :

I I , , - i ’ u m u h m n n  - i i i  c r I  t i n e  j i m s n t s  ‘~- i t l m  5 ’ . 
~n 1 h i ’’ , ‘n tIre ’ . I s - - l o g  , i m r h ,  i ’ e ~ ,

S , h m e ’ , !u ml e- ‘u ( S )  vcc - I c m nnn n e l I ‘ he’ sn im st cmmn t, i c r  I I ‘ , ‘ ‘. m ’ m -  u t  c m ’  t Iu ~in  t b - j ’  l o t

e s i t  - ~~~~ l n l  I i ’s - ‘ mm t i r &- ’ u utt’t , u , ’ e- (Si - l u e ’eh i t i , ’  ‘(H. ‘I’I u i s  i _ s ;b iumwn I ’ r  tb ’

h .u~.s h a,’ ‘mi’ m - c ’t tg mrnn (P
1 

— ‘ 4 2 2 1 )  10 )  I ‘ n ’  Sn ’Iic-e! n b e ’  3(1 ci n ch t ci- i-u i ogle dunt -

j o i n t (
‘
i 5— ’ 5 )  t i n ’  Sc ’br s ’d i n l , ’ -‘ I I , w h i c h  lu cid , i i ’ u m i i t  S tinne ’s t h e’ h i t ’ ’  I’’

f, i i l m u r e ’ . -S I sen I lie- ib m I ci f n’’m ~,;mc ’e i nns-ti ‘u ,l— 2 ’ ) ( ‘u . 21) Ii I et H-re s) l ue’ I p -  t o

s i m i ’ ’ , t a t ’ r t i u t t e  t h i s  m m b ’ - .u ’m v c r t i o n .  ,‘es f e nr ti u c ’r shmowni inn P i c gti ’~’ ‘- H the’

S i b us ’ ,hui h i ’ m I )  s l u i ’ e  I nuc ’n s c a n  u m e c e m n n m c m d u m t  e 3tH ’  g r m - u u t e ’ r  s t r e s s  l e v e l s  t t u r n

t I m e ’ Su ’ b t e ’ d t i h e ’  51) sj ’e i j me ’ns a n d  u m i ’ l i l e ’ ’ , ’e ’ c i i i  e ’n sl t u r u u i m u ’ m ’  h i ’ I t - i - u ‘ ‘ t i m ’ m o d

t w n u  I i  f , - t  i m e -i -c .

S ‘t’n ~’, i n ’is ” um “I i i a t c u  I ; ’  I ’ n i v e r s i t v  o t  I)cuvt ~~~~Rrsi- ci r u-hm I n s t i t u t e  1, - a d

l i m i t s ’ s’ ‘5 u n l s u c  p r m ’ ’ c u - i i t s  c u r v e - s  u i b n t t i f n c - c l  f r e n m  P i ’ I m - r c ’ t r e’ m t n  1 6

p I~ ’ s l u i - i ’ in a e ’n s  w i t h  I c m ~’u t p s  v i r t ’ u u m h  I v  s ’ q m n i v ; t h e -n t  I i ’  t I n e -  Sc ’h e d u l e ’  u i i

‘ gu i - c  i n c - i r s . ‘l’ite ’ spec [men_ s it R e f e ’r e ’ m m e u ’ 5 we ’re-  I 0 / + . ’u 5 / I )  , / + - ‘~S / 0 ] ~~ i s

‘ : ‘ m -j ’ . u n e - d t cc  t i m e ’  [0/-4 ’ - ’u S / 0 j . ~~ dc-s i gn in  S c ’I r e e l u l s , -  - S I ) .  ‘l ’I ie ’  l u r ~,’ m o du ilu m s

, i , t i i i - ’ . i ve’ use d i n  R e I e ’ r~’ u n , ’ m ’  ‘3 , b h v ’ c o l  b - ,,\~~060l , d i f f c - r s  f r u it ’ . i ,\— ’ i i  h’s’

c u i n g t e r r e - e l  a t  230F (IA’ )51 is e’unre ’ el u i t 5301-’). ,\ I t I u u ’ i m m ’ , b n r u t  I t

, u , b i tu -sive-m-e w e - r u ’  _ s u i l n p t u s e ’ m h  t i n  h i . ’ stnp j runrte ’s h t’ i Ins , sc ’ct nni ni g c ’ lc’ u ’ t ru in

m u ,  n i ’ s , - , m u m ’  c u s i , u l y s h c c  i m l  t h e  S m ’ I i s ’ c h m i l c’ - ‘ml ) (conch Si ’h uc’ d u u lc ’ SI)) u n in i t s dish

no t iu’ v , ’; mI , m t i b ret ums s utp jn unrt t i n  tIme ’ c m d l m e ’ s i v e  t jim . ‘I’hm mm— ., ti re’ I .‘u— ~
--

r i sc-uI Ii ’, tire- ‘cpu ’ ’ ime- n f c m h r i c - , m t o r ’  m u m _ s t  h i c i v e ’  li c e -n  t’ e ’c u ’ i v e ’ e i  i i i  i t s

m m nst m pp inrte r d t i mr nmi . A l _ scm , rcns m n mi Le- mn tl r e rcm tr mr ’ u - stt’ c’n ui t hi u t ’ t h u  . ,\— - u ‘ I  is

p r - - i t s -n t in u rn tI ne - b A — ’ i5,I m I (7_ !’3O Ic _ si vs. 5 1 (11 ) p _ sm , m c ’ ’ e j r i ’u ’t I t ’ c ’ l \ 1 I ’ m

, ui m n p u u ni 1 i -unsj I~ ’ sIts- c ur ,,‘,‘m ’ r 1/~’ Inch l i i’ , c r_ s Inc -n m n u ; r n u i f , t m ’ t n m r e ’r ’ s

‘e p i c  if i , t  I j i c t i s  5 3 — 2  1 ) 5  m i n I - ‘43— 2 1-3) .
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l i e  i n n  i t  Hi I u r r  s t - i t  i i ’ st  r - mm , ’, I his I u u r “ ‘I I, ii ’ Sc I i l  i t  1 e i ’ - i n c h

Su l ic  , b u s l . -  50 ‘ C j n ~’ c ’ i m ’ .u s ’ m m s  i n c  1)i l t i : ~ i t m ’ r  t h u - i n n  t i c c  l o i n  i , m h  S t  m u  ‘ n - 1 1 m m - n  l u i r  t i m e

‘- g e ’  i n ’ .mm ’ m m ’ e  m u m Il ’ Ie’ eI s i t u  [, ‘ — i u , O l  i n n  P H i - r e n t - i ’  5. I . n m h i u m u m n n u - s ’ u - m u r ’ : i ’ s  s i m i  l u t r l ’ .-

‘ - m v  I n  _ s p u ’c inui’ ns w i t h  (I ” p I i e - ’ ~ ‘ ‘ i t  t I n e ’  l i v i n g  ~‘ c  i I u i u s - S  ( b ’ i ’ u n e ’  5).

i i  t b mc ’ r m~’ I it i ‘n_ s .m n ’~- i h ise uus ’-; s ’u! n ti me - I t i r t  h ucomi n i- . ’. p c tn.u . ’, n . i i u i m -  -

tu f t s ’s - i s  c i i  St nm- ss ii ’ u ’ ,’l ‘mn I m u n l u u r , m n e e ’  c msm ub 1 , . j d n n , m I  Sn ‘ ‘ m i ’

Iti Re m I ‘ - re -t n ’ ‘ - 5 it S i  5 n o t , - ‘I n h u t  t t hue ’ el r’i r l n cmi m m m i i i  i n’ - i n u e ’  Ic e- u ’ ’ mc ’ ; ,  -

- - r - rc - m p id ut _ s tin , hu i - . cns c’’ I Iu ici eh i f  t i d e ’ m l c -I u c r . u l  t e s t  st ni ’_ss is i nm e r ,

, i b c , m ’ ,’ t ’  ~~~~ m i t  t I re’ s t c m r. I , - n. ml t jm cr t i - s t n ’ - mu ; ’ tln ; t h u u t  is , ‘.i n i -n’ ,’ I ’ m , - - n c mt ’ ni j tm u e hi ’

01 e ’u u i ’ir s’’~’~ t m n i r’~ load i- m uh t i p li i -d by ,u u ’ u n n _ st uin t (K). T i n , ’ k n e e  i i i  the

Sc l i e - d i m  1 -  ‘.1) , i s n y c ’ irs Fl -. ‘i cn c ‘5 i s’~~~’ b n m  ‘ n m  KP 
I 

i _ s cml so a jim ’ i i ’ S  d t’ , .  i t  e’ I’, SI)

ur  I t i n ’ -  - t a t  i e  t e n s  I Is’ s t  m i m i c S  h. TIu ! c aps i r , ’s r ’ . u s ,  ‘ m c m i ’  Iv w i t  hi t mc ’ du u t

‘r  A— ’ u u - , I ) l  . c n l s c m  sb ui m w n m I ni P j ‘‘n c m c ‘1~

I ;e ’ -,’ c r  t ics  t t i r e ’ i i  I c m f c c  t i .~~i 5 c  t c- St I_ s  t I i i  t l u m  i I s u r e ’  c m , e i  i n - - ; w i s e  ii t i m e ’

n - ;  I d m i u m i  s t n i ’ m n ’ . ’. t h r  i’ - c h u ’ c ’ m - m d s - c I  h c i a ~~ t h e  I - u I  i n mn l 1 ,r c m d. Emicl ur cm nce - emumvs - s

us pn , -si ’ n t u ’ iI in h ’ i c’msre- ‘~ r u i n  m e  , - u i n m s i , h , ’ r u ’ , t  as ci _ s c’ r i c ” e  u c l l I n ’ u ! t c ’i h

r , - ’- , i c h u c , c I  S t  n u ’ n s m ’ t h  t , ’ ’ , t s t h u c u t m m , -  e h l s , m t n t j n i m c - d m t  thus’ mc ’ . mk hc n tm e l s f m - i

‘u i 0 c’,’e Ic. ~!, ‘c t  ‘ p u ’ ’ i mnm i - ti s  I i h I m - e l  d i m  log oti e’ elf I l ie ’ In” Ii I ‘ h , _ s t  h e m P

c yc l e-s in thus’ l m m ; i , I  i -gr m ’ e’ t m m mii ( I . u - v c ’ i s  II - m d  I , l’cibi l e-s ‘m ci n ch m m ) .  ‘th u s ,

inn, ’ nil n’ImI u i ’ i m ’ -,ic l e ’ r time’ i - n n u i n u r , m i m , - , ’ u s u r y  u - ’ , um s cm h a n d  c i t  m u ’ m c i d u m ; r l st i’ i - i l m l t  I i

• 
poin ts wi tim cm vert ic c ml  -c h i r e ’ cm e l be tween P

1 
arid I’

d
. The ’ c ’t u t ’ v s ’S u ’ l I - i p i m i ’ i ’ ‘5

t m - n i h t i i  ‘ u ‘ mime’ lieu r i z inc La I pu ‘ l i t ’ ’ , t ’ i n ’cm r d _ s  I (us ’ Ii - I t . TIm is i ru! i c u t  I i  - m- I h cr t

‘l r c ’jn in r ’ - s i i h i u . i l  stn ’ ’in’ .~th t i  80—0 (1/ m i t  t h e  i n i t i c n l s tre- i mm l th ‘ u s  c i i ’s

.1 .‘ .i rl y i n  I I n c  I , - - . I  m i t  inn . ’,’ . - b It i _ s is in tire’ r e p  ion s lie r,’ enid muran ice is

i i  rw I 1 i I m l  i i .- - m it c h It i gh m I v m a - mm _ s ii i vi - t u m  e l i -ni’ n ’ m I st n m  ‘ss ls ’~’ i ’ I s . ‘l ine’

‘ ~~~~~~~~~~~~~ — ,, .. - -~~~~~ , .. - ~~~~~ , - -‘ “ “
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r. u;’ i d ,i n mgi i n  n i _ s  I d  u i _ n  I st  n m - n p  I hr I s n ‘h i m h i I v d i i , -  t i i  i l  cum i m, pc’ c~ i t  u s c  ‘P I m ’ - ,-

I c  p m  . i Is I , ’ , e l m -- c  n . m  I - e n  I t ; mn c i  i n n s  I u t  I ‘ ‘ u c i  - m i m I ,  ti l e I n m m m  the’ Ii ‘u , ’ e - n H ’’, ’ , ’

— I e’jcIs . S c t ; m ~ m i m  n t  I s i r  t i n  i s  u c i i i , - I t i m - u  i ‘ i n n  i t o  Ice m n h l  , u  I m u c h  I r u m t l i i ’  s f  I c’s ’ t s

m c  f n h u e -  ‘ i  ci, ’ ) i - s t  , x j ’~ r i c ’c ,  S i  t s i i i  I h ue m u ’  ‘St  - - i ~ - t I r i m

I t  l e - cts of  ‘ t , m m ’ i  t c ’ st  cifl I , n n e h m u r , u m m i  c , i u m u l  P t , m t  i c  Ptrs ’n t lIh i

S i t - c l , i ’ s i  i ‘ l i e ’  t i c l u  S i d l e -  u m i n d  i-c i t-: I / 2 I m i - tn s - i c 1  c ’  ‘9C c i me-n _ s  I m i n t  t I ie

S e bme - u !m c Ii - ‘~ () p u c p i n  I , u  t I ‘n I u m r m m i i ’i i um u b , m  t , m  i n s _ s e ’  f o r  i’s t incia t I n i p  I u ,  c - f l  c c  t s ‘f

i n ’ , m l ’ l i me!  situ sj i e ’ i ’ i men  p e ’ r ) c i m m c r i i ’ i ’ . i i i , ’  5 m i ’ u m d r l  I c - s t  ,,‘u m s c o n d u c t s - c l  p n m u m r

to I s t  ~ - ‘ . s 5 e ’ t e s t  i n5  i n n  t h e’ s . s m ’ i e -  i ’ . I m n m n e ’r u s  t h . i t  , ‘ u i n s e ! u c t e ’ s j  c l u n r j u m ’ , ’, t h u s ’

Sel te ’cl m c l c  ‘c i) ‘u i n ’t u r n  ‘‘1 t h is pr’um ’ g’;i s mi . This i nven lveel cm m ’cin stcrnt c-ross—

bn s ’ ,u e h n - I s - ci I 0. 1(3 i pm t u ’ on c e ’  ‘ ‘ I  t I r e -  5, n ’mici I l u ’ t e l  s , 1, 1) 110 10 , 5500 l b  • !m hPi i I

l b . ‘n :‘erui [tin I i u~ ‘ ‘nrc in ch ~s I t h e ’  ‘eI’e’e ll ’ue ’ncs . l Ime’ ‘ e m ’ t  ccf 1/2 inrhi viP ,’

sjcm - e I c ’ c i - m l s  5,ts p s i ’ ’  lee ! tm - n 21)31) l h c or zero i n  a _ sir ,mi l m n  mariner. TIre’ l enc n e h _s

n i - i - I h i ’ v i - u l  i t  0. O’u 1p m .

The’ ‘I I ‘ i  I s  u t  i- j ce ’ u ’ t r t u m  i n i t m ’ s m m -e i t v  and  p r s n m c f I s c c m s h  snn e ’ - n i d u m a n n c e  c m r e ’

‘- nc cmnl ’ ’, t r I z, -d i n  Tsih Ic’ 7. F u r l  h e r  t c m h u m  I c u t  H - t i n  c i  I t i r e  p r s n s n f  loc id  d c t t c n  a n d

t h u s -  - I  N - c t ’ , i t  ‘ i i i -  h u l l  l i v e d  s p e ’c i m e’n on me-c m t e s t  d , m t c m  c u c e ’  _ s i r o ’,~’n i n

‘l’ c i h l e ’  8. ‘ I ’ b n i _ s  b r i g ht e- n d e n r c n n e - e’ po i n t  ( sp e c im en  .‘u h — 2 ’ I )  i s  c -on s ide ’ r e’e] tc i

lie r e ’pr e ’-  ‘ i - m i t  c u t  l y e  c n f  t i m e -  1 ow I n r e m h c c n b i  l i t ’ s ’  ‘ Nt i i  ‘ cii th is ’ d i i-u t r ib u i t  ion

c t u m ’v m -  l i t ’ i t s  r i - - c p u - u t lye- d a t a  p r m n m m h c  i - s i f l c- e-  it c ’ x u ’ e ’e ’ eh s cul l  chan t , eve n

f um r he-s _ s s i - y e n -  proot’ loads , c m n d  t i r i . s e -n s h m t r , u m i c ’e i s  s i gn i  t H--ant Iv

I n c i t e - n  t h i n  t h at b r  a l l  t h i r t y  S ch mec in m l c - 40 te’ s t t c where KI’
1 

i s

p r e m I e r  t h a n  3 11( 111 l b  ( T c r b n l e  I i ) .  ‘h h t i m _ s , i t  i _ s  u i u ’ t  r e - p r e _ s e- n t c i t ~Ve ci t

t i m m i - m i n t  r , m I  t en u l  r i m ’ s ’  iii i t  m c e l c i t , i  ( l r u n m m p .

- 
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h i t , ’ ~ t ’ ” ’ ) I c ‘ I  u ! , u  I - m i _ s  p l c m t  t i  i n n  F i n - u s  ms - t O  f u r  I I n ’ ’  I I m c i i  w i t ’

s b m , ’c ’ i i t i e ’ t i ’ e .  b - n m t i n c  n u ’ ’ , u u l t s  t i m  l I r e  ‘ n i . - i u c e h i  W t d e ’ ” j i i ’e l m ’ n i ’ u c s  t h e r e ’  i s

e’\’ i s ! ,  m m ,  i - I i t u m  t - m  ‘ n ’ ’ ’ ’  n , - I c m l  ‘m i u i ) )  l b  c r  ( 1 ’  c i )  I I i ’ ’ u’ - m l i i i ’ , - , !  in 1 t j i l t , ,

r c ’ n g t i m  c m l  I u ’ n ’ , m h c l e ’  n i  11 P , n t n , u m ’s ’ t i n ’ ’  j o i n t s  ( d o  e ’ m c c h m u r , u n c e c  r , - i ! u c i  I i r n i  N n

s u l  t h~ ’ is m l’ n - i ’ I i ’s) “ i i - - in d i  I , u ) . ,-~u I su r tire- d c i  I - n i im ci hr I m - 7 1 ‘ 1 1

t w u m  I / I , ’ l in e - l i  w i c l u - u r i t i t s  t m _ s l i t  c i t  F I i ’
1

2 7 ’n I (  l b . s h i r e ’  i ’ n ’u n c t f  t i - _ s t

S m  I c  t ’ ’  I i .’ ’ scf t hue -  ~m I t  i mm mc i I s c u b  I m c i ) -  h e , i n c h  i i  u e ’ ui s I m c l i  i l l  e c u n i t

t ’ e ’ u h m m ’  t i in  i n n  e n e h u m r a n u ’ s ’ I m ’  h I . ” cc l  t h e ’  u u n p r n ’ o t  c-cl  j c i  l o t  s.

Tbnncs , i t n i u i u ’ i r ’~ t hr c n t p r m n i f  I u - ’ - - t i n m ’  u n  t h e s e ’ ~,n i m u t s  m t  - r  m c ’  n ’

t h e - i n  _ s t , m t  j e  1 i n u i t  ‘ ; t n u ’ m i m - ’ t h i w i l l  r u b s  m ’  e ’ n u h n n r , u n i - . ’ — , “,‘ c - i s  f u r  ci

I I  j u t  l , i , n n l  s 1 i u ’ u -~~n u i s m c  h i c i v i n n g i - i m r ’ m j c u m r i h l m ’  u c n  h m i ~ ’. l u c ’ r  l c n a d m - u  i n  i t .

Tin s wattle! inclh m’ , u t u -  t l m c u t t I n e ’  s l u s h y  cr pp l ic -cl  ( . O s  i hcrc ) h i ~c, lu i n n i t i m u l

l u c i d  p r i m - n  I - ’  t i m , -  . m pp l i - u I  i c n m n  c m 1  ounnnc - r ’’ uc s 1 m w  a mplitude “w o r k i n g  i n n ”

l c i , m e l s  nmm u m ~’ ti e’ s l g s c i t ’ I uc nmt lv rnor~- dc m it ucmp i m i g t l n c t o  cm l u c i d  en ) ci m m ’i ~i ur cnl c Ie’ or

e v e n  ) m i , ’ i i u - r  m m c i i i t c m d e  i - n c ’oe u t n i ‘r e d I c i t e r  in t h e  t e s t  b u st  t i n y .  As an n

u m n ’t - - i  of  I n i n e u m u -  s t u dy , (b um’ m t  H i t s  m i  um p r o o f  l u ’ u i d  re c u r  S t~ 1 t I i ’ l i m i t

‘ 9 s u ’ i u l d  h c  d u ’ t c - m n i s i n u m - , l  f i n  ~u i i t n t s  t i - s t e e l  c u t  a h , m c R h  s l i e - c t m n u m m - u  e b u ’ ’ ; i m - ’ m i s ’ u I

I m r  h ’ ’ n l ’  h i t s ’ ;  l i i i ’  c t-a i m i n g  h e ’  ~n t t l m s -  F l a s m ’ l  I n s -  Sp e c ’ t m ’m m m ’ i  c i t  t h i s  I i ’ i m ’ m c m n t

( w l u i t ’ ? m ,-,‘ m ’ m n l d  n i t  be’ m m u i t  ~~) h 1 c ’ d l liv f c m , ’ t u m  K t i m  ; i c - h u i t ’ v , ’ s h u m ’ r t s - n’ t e s t

I i  ‘ i~~s )

At  cm p r e m o  I I ’ m - c t  c cl 5300 lb (I ‘ ll n ’ e ’ c i  t m r  I m c m i t m c ’  mmmci x I ti ci tt ni l u s t  i ‘. i i i ’

l u i u m i b , Fl’
1
) 1 1 m m ’  u ! . u t c t  ( c - S i  l u u i i l r n g  sI)~ m ’imt- nn ‘u 5 — 2 ’ S )  i m n d i m ’ c m l , -  t h a t a

m i i i  ‘ ‘ 1  cit S p I l l  lb ,-c it is m ’s c i  r c - e h r m e u ’ d  e n d u m r c m m i c u -  m c I ‘44% u’f s imu ’ e n i s s a n _ s
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n u t  pru i ur I t c _ s t  i ’ m ! .  ‘~ h i~~ p n u ’ u m t  — hum i d i s  9 g m -  cm l time ’ ri-chim e-el (13 cm I I i  ‘s i b  I

c m l  t I nnn~t t e- - c t  rs ’ n m  g I l t .  I n n  Re’ fe-n -n c ’ , ’ 5 - t s ’m cnmnpcm r c m h c  Ii- in it i i  I I cncmei  u n f  867,

— s i l t  I!’ m , i t s - p n ’ o u h u n u ’ e ’ e! ‘ i n n  enn c h u r c r n n i ’ e ’ t h u c m t  wc m s  537 c i t  t l u c ’  n o n p n u u u m t  c - c ) d r r t m .

Sc c e d e d is 
- 

u 1 I  i n i d u n c e - — B s e h i n n c - S, p e ’ c t r u mnc :

i i ’ n c - s u i t s  ~‘f Su ’ I r e ’ c h e m l e  30 f c m t  i u l u c s ’ t e s t s  a r e -  l i s l e - el in ‘l’ u i h h e’ ‘. cm nd

s m  ir ’~’ - i i  u’ s’d i n  ‘ h u h ’  3 . - “ u s c - I  l i c e ’  e l c m t c u  m d  i u ’ c m t e ’  ci r e - s h u n s - i’d e’mc el s t r a n i e ’ i ’  i nn

n c  s
~ 

‘ c- c m ”  , - m u ~ I m c m i 13cr t e l l  52 , c u r m p c m  red tsr 13cr I c l i  53. Ib ui s’ u ’ v u  - r , cm v i ’ c m k m c s ’ s s

sur d i t  I e ’t ’ i ’Oc ’C in c im c lem rc ins ’e was m n o t  m p p a r e - t m t hm e ’ t we ’c ’m i tIme- ts’um h a t  c hi c’s in

bce ‘s ir i m i s s  t n u u n c u ’at  i ‘ ‘ m m t e s t _ s .  I n  t i c ’ I • t h i s ’  s i te-c ’ i nns-ni _ s I resin Bet t i - l i  32

t e l l , 1  ti ’ i ’ ,~~- i , m m m e ’  p re m I e r  t’m c s h n u r u u i n c - e ’ t l u c r o  t i r e ’  B c m t e l r  53 slne ’c ’in m u e ’ns in hcm nthi

S I m m ’  t r u i m i  m l  i m c n  c in ch c - m n s i s t c l r r t amp l i t  n i c h e ’  t e s t s .  Th us , t I n e  d c m t c m  I s u r  t h i s ’

h m; m ~c - l  l O t ’  i ’ m n e h u r u m s n e - c’ tnt s p e ’u - i i m mi ’ n _ s 5 2 — 3 ,  3 2 — 8 , 5 2 — 2 3 , and 5 2 — 2 8  ( w h i i i ’iu

v m s  t i k e -n d u n  i m g  I lne ’  _ s t  u r r t  up  p h a s e ’  i t t ’ t u e  1 c m  t i g m u c  S e - s t  l o g )  m m i v  he

- c i t - _ l i e - c

Sc - b e d i m  1 e ’ 51) b ’ I n d i i r  t m i c s ’ — R ci nc lc i m ,~~p e.mc tru mi t :

1 1 c m -  c i v e ’ r u n ’ p s ’  spe’ c ’ m u o n  e m n d u r u m n m ’ e’s t i n d e r  r a n c h o n m l V c m p p l H-md I s n u m m i s  c m l

i ’ u n - - c t ; m o t  t n c - q u l e ’nc ’ i i ’s  arc- i n d i c a t e - el in  T a b l e ’  3• S i n c e ’ e ’ u m , ’h m u  t I r e

e i t ’  i i  I c p m  c nns ’ns wum s f r o m  Pat c’h 53 , t I ne ’  i ’n n e l m m r n n n c e s  cm re  m ’ onnj n a reel t i m  I Inc

sc I I ne e- m iduran e- e ’ of I . 21, 1 i for i n i n e -s .  The random c ’ n ic lu m r u n  c ’s-s are 50

m d  58.’ of t h e  e - n d u r a r n - c -  f u i r  t ime ’  h e m _ s e - h i  n i t -  t e - s t s , 1 m m t i r e ’  I / 2 h l ’  , i r n d

8 lix • r i - _s p c - u t I ye I v .  One-  slrc cu Id not e thor I the r c m n i g s -  m r  I I r e ’ quIe -r i  c v  in

I t  i - ’ ~ m ’  I c C  I i-c i s  c ’ I em c ee’ to t lie ’ m cm x i mum crud minimum I r equ s ’nc - I s ’ s  of  t i re ’

h i ,  i _ s c ’ l I m i t -  spec ’ t i- nm (10 Hz and I / 4 i lz  , re- _ spec ’ t lye Iv) . TIr e ’ 4 re -c lue - I  i i r i t

in I i i e - t  i ntro ‘mt 1/2 t ic ’, c ’mumnp e mre- d t o  t h a t  m t  8 iiz n i u c m ’ s ’  he’ . t t t r i h e n t e - d  t u ’

c r c - c - I s  m - f l m ’ e t _ s , hm i t is probabl y more ’ rel ate ch t i n  c x l i c ’n i t t i s - n t , i I  si , u t  t e ’r .
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I m u - . ’ i i  - i n  , m  si n - c t i t em I I l i e ’ n . s u b  rn ‘ ‘ m i l l  r i g  i s  I l i u m  n i  - l u  i i i .  m - - ‘, i n  p t h u - i n n

) m l c ’ c ’k m ’ i t  c n n ’ q m t . m s i — h t ’ m ’ l’; u ’ e h I m ’ m u i i n i g .  , \ l s i m , t l c e  v , i l  i s h j t ’ ,’ m u t t h i s  c ’ e u m p e u n i i — c c u u n

i s  -‘ urc p~r c n n ’ t esl by th e ’  I i  I t O u t  I , ’ , m n i : ’  i n n  ‘ ‘ t n  ‘-c u ’ - , ’ t t ’ , m  I n  t i c ’ -  p r ’  ‘ a nti s t , m r t , - m )

I r sn m  1 ; ,  sc ltl n s ’ , ‘ u m n u d  i t  I r n  1 1 p. ) — I l i u m  t i s , t b n -  I ‘cud rain :,’ - . n - n ’ ’ ’ t i c , -  s - s lim e’

In n  I h i c ~ u s e ’  m l  h - m n n c h  t i n e ’ nn ~u m r  0 lur king, v m s  W~~i In t I C -  I u m ~-J ;n mp I i n  t i d e I ‘ ‘ s u b s

s i s l u s ’ t i n , ’  h i g l c e ’ r  n m p h i t m u d e  i ,r u r ehs u-c r c ’ c i p p h i n - c !  i’ , : c t s , m s i , i b l v  d i s p e r se-cl

( F  i c c  re  7 )  . .~‘,c t ns cr I I ‘,‘ , h i m , mc! S c r 1 ’  m u m  ‘ i i i  I i t c h e s  A c i n c h  t i  cm i c , . ser c ‘. 1  e t ’iI P

c i~ I -tm ‘ c u r  i n  s i n s m r t  h l u u u ’ks , e V e n i n ’  s’ , m m n c h u m m t m  s c i e ’ et  i o n m , l i c e  t i n  t h t m ’ i r  I , u s ’ , ,

1Cc ’ ‘her  ei 1’ o ccu rc e ’ c ’u ce s  r ’  len t Ly e  to  t h , ’ other di, - - u c r e - L e - 1’s - n t i s  ( F  I ~c u n ’e ‘~ 
) -

‘ i i  I n n  t i m _ u - - i t  i t ’ l l :

I n~u unnu I - m I m i c -  ‘S t i n e ’  c - I  f e ’ u ’ t _ s  c i t  lou-i and h igh  mm isign it  c u d -  l s n : m e )  ‘ 1  i n t m i n u , u t  j u n

m r  t r u n t ’ ci t i en n  - a n i  r e - c u d  11’,’ Sm’ c u p p r e ’ e ’ i c m t e ’ d .  ‘l ’he - low h , i , m c l ’ c  - u i ’ s ’ u ’ f t  s o

c:-: I m u d m ’ c h  i n  I c i t i m ’ , m u u ’  t e s t i n g  of i t m , ’ t c i l  _ s I r u c - t u u r e - s I ’ m  c i i  I n t l  t c ’s t  e ’ e m ’ u i u ’ c ’ i i c s .

b c i m ’ i ; r m , t , ’ s i i t u u c l c l u m u m e l s  may h i s ’  s ’ : - c m ’ h i i e l e ’ d  I ’ m  e l  i m i n u t t e ’  t h e- e m it i h tle’t- ,l t i e’s ‘ ‘I

s i t t ’ m c l c i t  I s i ~ t h c  c b c c m n c e -  c c c c u s n ’ r , ’ n n c ’ s’ u m t  y e - m v  r e - n u i c n t c ’ l v  u m e i ’ u t m n ’ i ni g l s n c m d s .

1. ’ iw !_ oad ‘b ’ r n u n c ’ a  I i o n :

A I g  i n c ’ r e - m e ’ n l c i l  h c e - n e h i n n g m t m u u r i u , ’ n u r  c u l m i m u s t  tire Ig ~‘re m I s s ’ c ’ cr um e b i I i’ ’n

i s  t v p i c c u l  I v  n , m k c ’ n  u t s  t h e ’  e m i t — m u f f  or H -nw er  I r n n n m ’ c i t i c m n  1 c m  m e - t s m l f , i i i g u u e ’

~‘sr  s. 1-1 t I n  a I g h o , n d  c u t ’ 420  l b  I n ’ t lr i s  s t n s e h v  ( T , m b m l  c ’ I ) ,  t h e  A I e v e ’ I

ei-u t l u - m e l  Is I ..‘ig c m h_ iovc -  t I n s ’  i g  c r u i s e - . ‘ l ’hu i s  l m ’\’ c I v m s  t n u u n c ’ c m l e’eI , as

v’ Ci - m i t  in t b i t -  A em o d Ii h i  ‘v i ’  I s ( ‘p i t h i e r .  Ac I d  i t  I o n n c m  1 I ri_ ir s , t t j o u r  ii I lu m ,md
—

h e - ’ .’ ’ ’ 1-4 ‘,~‘ ‘ ‘ ~ i I d i - v u  r u t  t m _ i  I l v  I i - n i h  tcn tine’ Iii g In i ’n d e n  r c u t l e - e- I lint i t  m d  i t t  en] i n n

i i  t ; r u n u ’  I I , w I t - n ’ ’ -  t i i , ’  ‘ - m ’ r i - , t c r m i t m in i I t s m c l s ’  e u m ’u si t nn en u ’m e’ e- m l  l e c l c h  I s ’v e ’l I n ’ m ’ m i l d

he - m : ’ : ’ r ’  ‘ x i  ‘- . i , - e - l v h u h  I j I m - I  l iii , ’’ - , l i t - cl inn  r e - v i m — c e - c l  u ’ u n n n s t a m n t anu np l I tuuel e,’
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u l  L i i ri sh ~~~ i i  l u - I  i m m m e - s  ‘ u n  u u m m : i — n ’ , ’y e ’ r s e - c l  l m n c i e h i s c - m .  l ’ i u s ” c e - - . m m’n , - ’ ,. ’ h c , i t

i c  m u l e  n i l e ’ I i n’n it r-s ’,~’ , - n u - chi t’ i ‘ s m - s i  S m ’ , - el l ’s’ i e l i  ng t h u s ’  ‘ ‘ - ‘ c l i - c ,  I s m  I c m i  I m i r e ’  I ‘ ‘ - cc l

I c ‘ u - I I ( - ‘  2 , ’ m )  l b  ) , f m m u mn id  i n n  I ‘ ‘ u s  n’ s’ I __‘ , Sn ’ s ’ J ( u .  ,~ , n ’ Im I I n  i s  I i n ’ ’  tcun clmc - r

s e c i t n  5 1 

~ 1 
p~ n I i I et late’ . Si  m i i  c u r l ’ s - , ye  n e  aelsh I t  I m m m i I I ‘ m d

i’l l i t’d t e n  t i m e -  I c ’ n ’ i ’ r  c-n d ‘ ‘ I  t i n e  t e s t  s 5 m i ’ m - t r n s m m  ( e . g . ,  t i c ’ P

l~ ’ v e ’ l  mt h ’ u i h c l c - 1 ) , ‘ ‘ muu- w i m t u l c h s - m- : p s - c ’ t  t h i s ’  e t i sh e u r u u i r  c ’ s - n  ‘ s i r ’ ’,’ ,’ I ‘ -  t r u  I m u t t

t e n  _s’ ‘:‘ - s ‘ i’ - ’ r c m ’ , - I i t ’  - 1  l ace’ l ie ’ I t r ue’ t I r e -  1 . 20 I I Ic’ I i n t i s - s  f c r s n n d  I c ’  r I l i e ’

1 1 m m ,  l u c i d  s p i - c ’ t  r i m : ’ ; .

I b u e ’  s l ’ ~’ , -  ‘‘ I t I m e’ ‘ d c c ’ s ’ s ’ i’s n r  t i u c  Sc ’  c ! , m t c i  i n  F i g u r e -  11 i u m d i i - , u n , - ’ c

(Ir a t m u s t  i i i  m l  t i - m i t  i c m n i  t in e - c l ice- g i v e n  t c m  t i r e ’  se’ h c i t  I ‘ s m c m l  ci I i ’s’~’r

I n ’ s - ct i u c n m  l i s ’ t u i t  i n n  a give-n ts’st precgram. ‘I ’h ue + ig l e v e l c m h c e n u t

t i u c ’  i n c h ’ . - , m m n c s h i t i s n n  s lkm u u l eh m i c i t  c i r h i t n c i r i l v  I ce ’ used as m l crs ’ e ’r

I n  m i l l - i t , I c o n  ,‘‘,‘s ’’ c  t h u s i i m g l u  I t  m i m i ’ s ’  i ’ s n r r esjcond t e n  o n l y  2(Y ccl ’ t h i s ’ s l u c  m l  r u m

l i m i t  I c ca d .

i n  -Ii’I m ’ t ’ ’’ i l m e ’ In c t d e l i t  i e -n n a l l c n w  en i mn p l i t u e I e -  l o a d s  i m c ’t s ’ , ’ e ’ u c 5 11 c i n c h  3 ) 1

i t  t O . -  i I i ’ S  l c ’, ii I in t l t load were- ccdel e’d ti n t I r e  base I I r i s ’ slns ’s ’t n_ nil - u m c) t i e

sn  r u t ’ , .  A it n. i rke’ch dc -s - re - cu _ sc ’ i n  e - n d u r u m s n c - e’ (7’],’) v- mm. f c n u n e i . A l  I b t m m u i u . ’ i i  I me ss’

c1 , i t c i  onn b m m ’ n c h e ’ u t  _ s t s ’ p — l a p  j o i n t s  do t iot d i r e _ -c t  ly s u p por t  , i n t i e ’ l m m s j e n n r s  i n

l I c e  I n r e ’ s e ’ n m t  s t ’~i d v , t h e y  do f u r t h e r  i m n d i i ’ui t €’ t h a t 1 m w  l e v e l t m ’ m u n c c ’ , m t i c m n n ,

in v . m r i c r c u _ s  f e i n ts , is of p r e c u t  s i g m i i f i m ’;r nn u ’ e ’ . On t i l e -  s i t l r c ’ r I n c m n n d , d c u t , m

f r um R i l e - r i  n m , ’, - 5 m d  I c - a t  eel lit t Ic dec m c c i se i n n  e - rn d c i  rum tic ’s’ whi t ’ rc’ ic -C ’ s’ I s  A

su nd B we’re t ru o , ’ a Ic-c l . An _ i c ’xp 1 cm na  t j u n o  for t l i e ’s. - d i  v e r g s n e ’ i ‘s cn I re ’s m m  1 I s

I ’ . riot apparent. On e- m i g h t  e x p l a i n  t i r e ’ d c m t c u  m ’i cn f I I c ’t c n r c n i m n d  t l u c ’ I u t

I h a t  1 5 m m -  ~o i I s t i m - c t e e l  In  tO i s  hat t s-i - re-Is-re-os - c-  ws re ’ n n u ’ t  e c n m p c u r c u b n  I c ’  to
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t I m e ’ Sm l c c c i u u l c ’  3( 1 j , i  m i t  s . I S m  i n  i s , t m c  u n  I n i t  S ri F- m u - ) ,  r ’  c~ - , S m mcl ()~‘

~‘l  
i c- s m m ’  t i c s ’  f u i v i u c : , su n r l c u c e s , m l  ~~m ’r 5’ p l u s .  1)0 n b c  l i i i  r h u , m n t d ,

t h i s ’  st  e-p — I c i p  c l - s  I ‘ m u ’  ‘ ‘ I  ,, I s n - u -ni ’s- Sm ir crd ) ) 0 
in I c ‘ - o m n I u :  I t r i m  i c r  t m ’  u - ‘

m mmcl t b t e ’’,’ ’ . u - i ’  i ‘ r’ i - ‘ut Iv - u I i - u I , ‘~h li v I m i _ s - m m ~ ’ I I I m n , !  - I m u u n , !  5

iii ‘li i m S i u l  I . l c  -‘i i ri m I i ’ m m

m m  - u _ b , m - - i 1 s n -u-- m v , - m l I n u ‘iii I i : -  i m - 
, , m - i i i i ,  s i ’ ’ - l n— tu r i n  c u r  I i c c ’  I n  i g m

I c c c m u i  t ’ I i m m - i  t n , it u r n  d i  d m i n t  I ne’ I ’ i n ’ I i ,  r’ c , “c i  1 m u t i n ’ -  ‘ n t  : , I nu c n um 1 m u m m e l  ( I  I -m -  c I

H -c u ’ -, , i n  c i t e - c t , t h u e ’ s c  t c - ’  I s  l n i v u i i v u ’ I  , u  I m u m - - i  r m ’ m - c i d t u c m l s t n , ’ m i m ’ . t l m  t u ’ s t

‘- v i  rv  m l )  m i s s  i u cn _ i s

h i t s -  u’ , t r - ‘ ‘ i t  I n c  u’  ream. ‘ i n  m - rutS is n’ mmi i  m ‘ u. i t  h t h c i  i n i l  ncc  t i i  no m l  I i  I c ’ , i n I e u c mc l  s

p H-ct t e d  i m i F I ,, ‘ u c t ’ c ’ I I  . \ci l m t icei t t O , -  c l i  in t l n n c m t u - c l  I u n , m , I s  ( F , P — e m n n d  i i )

c i ’  hi ci , , i c r  i i  - ‘-a-. t hcmnn m u n e  t I ‘ce ‘s r nil  s_ s  I m m n  ( ‘ 13mb 1 c I ) , , m  m d  I i : . i I  t l i e ’  P — I i ’ve  1

b i d  i s S ’,~ m i t  t i n ’ -  u ! i ’ sj c n  I i n mmit h u m u S .

- m m  I i i  u .“u n c ~ m l i t  t i d e  , I , i  I i  i~,b m e ’ — S ’ I i c ’ u l u i  I e ’~ c c :

t i i n u ’. t f l f l t  emm p l i t n u c t u ’  d c n t : i  m m - m m , ’  , m I c I , u i n u ’ , !  m mml  t h i s -  Sm i m , ’ m l m m l m ’  ‘c i )  s ;m s ’ c ’j l ’ i s ’ m u s ;

b u n t  it n m ‘ t r a m p e r  n m  - c m li ’ s ’  u ‘ I t , - i s ot t  t lie- tim m m ) ’ c m l  I a I l i i i ’, - t c i  1’ int el tur n  I m m ; i  ml  1 m t  i n ’ , s i c ’

. i ~ n m I  L i  i t s ’ s ’ ’ s t i  g c n t  u ‘ l i i i ’  s u m  I I;ih I l i t  y cr ) t i r i s  t\’pi’ of c h u m  t - i  t i  I u I l i m i t , ’ I i  is-

p m - i  I C t H- or . , \nu  l i n e  I us  I ye ‘ ‘ m i m i _ s t  ; m n u t  — I I I , ‘  ci i . i ; ’ n ’ t mmi , ma; n p i n n ’  us S — N  e ’ n n d ! m n m , m r i , ’ c

I o n  n’, m l r m ’ u - - - , c r 1  in t o  i m im i I ‘‘ t e l  ( I ’  - 
) i n c h  mci ’: i ns u lIn I ‘ n u t  ( I ’  ) n i ’ ’ F m , ’’ . m m m c l

m m  l v i ’-;

t h u s ’  si ’ i n
~ u m ’  cmo h m u t e - n t  m i t  t h i s  p i ’ i i c ’ , r u m l t m . A h _ s u i , n m i t u i e - n ’ m u t u m’c ’- , l i o N s ’ s  ( e . g . ,

5-i d - - r i - o e m ’ s  I ar id 5) I~~~s- s b i c n w n n  t I n c u t  cm ~1 i s u . - r ’ s I l i u m ’  u n i t i v i - c i s  ‘‘ I

_ s i m r ’ , u l c m t  ‘ ‘ u S — I l  i m ’ , b u t  m r  r cin c t t m in n l u m c m i h i n g  w i l l  h t m l  t u n  s rve - r m m l i t  m c i _ s t  I i ’ t ’ e ’ ’ -c i t l l ’ .

I n  ;r  ‘ I i  a I l i m b ’ . t i m . ’  e - m n e h n n  r d m n c ’ c , ~ c m l  i cu n m n e l c - c I  i ’ e )nT i p (ns  I t s ’  j m u  i o n  -. . TI m u ’  t ’ s ’  I i n n ~ u - , I I t s ’

m m _ s  i _ s  c i i  t h i s  p 1 m m - m s . ’  m l  t h u . ’  m u )  s m u h y  n’, m s  t u m  ( - m  ) t m i r t c m i o  ci u ’ u i n i u t c m t i t  c i l l u 5 ’ I  I t u ids ’
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5 5 — ’, )  , c m v ,  ‘s i  t I n  i u ‘-, - i  - e m !  l a i d c t ’  . ( I ’ )  ‘ m u m i n n  . m  ( ‘ ‘ m u ’ -. l u m n n — t  i ’m_ i s i u ’ n r

‘ m n _ s t  I mm’ ip I i t  mu s Ic -  , ‘ n n  n v , ’ l u _ i  . n  ci c m p c ’ n n  - i nu n 1 m m  i m m m c i  i i  m m d  ( I ’  - 
) t - , H n cm s

an i n c

ni - I g t 1 c t i n , u u ’nn d I t 1c m  ( I m h n  I s ’  I ) 
• u t n i d !  (c i c ’emn ms pc r u’ - I ci I 1 s i c ’ mcvii’s cmos!

c ’ S t  H - i - i t s ’  e t n u l m c r , t n l ,  • ems c n m g  ( I t s ’ - ’’ t v ’ ’  ,‘ ur’s’n ’s .

e l  I m a ’ t h e ’  r u - v e ’r  . 1  I ’ m 5  m c c c l  t I m e ’ t , ’ n n ’, n , ’ i m — t s - n n s i m r n m  I i  -~ t s  - i r e ’

s t e e l  i s c  I ;n!u l c c u t _ i d  el i m. 1 u l cmv s ’ ,i in I I c ’, u cn ’ e 12 .  ( l i m e ,’ e le m i c u  t u t u  l i n t

S ~Iv ’ ’ ’ I i i i  m u ‘ S I  — Ic I y , m m .  c e ’ n n m - c ’ ’r c ’ sl i t s  e d e u l c m n n c  i r r m - : , m u i  i c r  r p r m r u ’  I’ I s’s I r I i ‘ r m - . , m c  e

t s , t t ,  i n d i c ’ c m t s  - , I ,  , ‘ , n r t  i , i l  i . i i l u n r c -  s h m u r ’ i nn n . z t h e ’  ic i’ i m u ~ t - l i m e ’  n ’ s ’ ’,’ i ’ m ’ — ’ n - ,j  I c m , i e i

t e s t s - c l ’ , ’ c u r i c i t m , m r i l v  , ‘ m ’ m n c ! n u c t e ’ c !  m l  n ’ b n : i t  ‘,.‘ , t s  i’ t ’ n u m . I c l e ’ n ’ i - , l  to l i e  ‘ t  ‘, c v c rc

,i m c ’ t u m c l  ‘ ‘ I  ‘ ‘ m ’ , : ’ n ’ c s s i oO m m ’ m ’ m ~
m i n ’ , 2 t o  ( b u t t  ~‘ s u u - m ’ i c m m t , ’ n - e ’d i n n  t h i s ’  mu it -eej in s’

~ ge - c t  n i  cm’u . ‘lI nui t i s , t h t e ’  t n ..,’ ,- u ‘ t i e l  i t  i i n n  S t ’ ’ ’- , t  i ’d I m ’s 9 = — I I . 2 Imu r el mmi i i i i  ‘cu in

! ‘ ‘ , m d s  ‘ ‘ I  — 8 1 2  l b  a n d  — 5 , ’ . lb . i’ m - s l i m  m l I m ,’ c I v .  l ’I i e s e _ ’  e m s ’ n l m u n m e  t e l  t i m e ’ (5.’, ’

I - - s , -s~ L u ’  m m i i - , in  (Ii , m u ’ ; , ’ h i s , - s pe ’s ’ t n n c n m c , ‘~ leS O hi _ i ‘m ind — “ 9 1 )  10 , ts’ h i j ~~ h i u ’~t b u ’

~u 5’(~ J~ t ’s s’ j u ’ m -  m m d  I d  I l i t re ’s , t n - m I n e - i t I vs 1’s’ , p e r  m O e ’  I n m u n n d i’ m - I m m - i  ‘-c’, lu’fli4

,\ H - c , n , t Ime r u t  i ’  u s  u ’ u i n i u p r ’ s ’ .ss i ve ’ l i _ i s i s , , n ~, i l m m um e l  s’n ’ u i s s i n u ’ ’ s  t u ’  ~~~~~~~~~~

I m ’, m u t s  (~~ic ’ m k s  coccI vei l F n - ’ - , -  i s ‘ ‘ m n h ’ s ’  l m . c I S 8  in  I h r c ’  i ’ , m s s ’ l  i n c  5 l r s ’ c t r m c ~ m .

A-s e-s ; ’, -c  .~-d • h o ,  , I  r e ’; c - t m. , i 1 ci , - , - mu ’ , u m . c c l  spec  I mmss- o I I I  n - I r , ’ m’m t i n s ’ m I I —

1’ e m .  I c m i  I s is s. in , - ru - i ’ s  t i cnn - I p = Si l im b I 1 h was  ten (_ i / ,,. u i  I I S m ,  , m 1 1 —
mcm x

I s  m t 5 l u ’ n i  , - n r s h u m r ; m n c e ’ , m m d  m t  p I I I . lb t i n ’ - ri ’:, 15 c c !  - t r e ss e ’ n e h s s r a s m e

w c u s  c n n i y 2 2 Z  n t  t l m c n t 1 m m  the’ t e n s i u , t n — t m ’ n n s i s u u )  , ‘ v u ’ l e ’ s .

-- i t i e  r ’_s R i m  h e -  A c n , t  I’m - s I _ s — Ss ’ i t s ’ e l m u  I s ’  ‘n i l :

‘H u e ’  ‘ ‘ s i - I  m l c m n m u c i m ’ , i n m g u - m cfl i-c I m u l l  i r ’lp l i L u s t s ’  “ — N  , ‘ u m m ’ ’s’ , ’ m l  i c  m u i r ’s ’ l _ ~

u u m . , ’ u l  t u ’  o I ’ t , m i n m  i m i n i - n cu t i t , m m ’ i l i l  I t m m c l s -  e-’s’eI. ’ ’. ’ - t m ’— f , m I  h u m 5 - ( N . ) m t  c ’ , t , ic u n t

t F m m ’  m m m c !  I i - ’ , ’ , ’  Is ( i —m \ I ’ m  I , I ne  l e n s  iv.’) . ‘ l ’ I r e - m ; u ’  v i  I t i c ’s, , i m c! t ins ’ nium nu hns ’  r

__________________________ 
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em ‘c i  k_ s I cm 5 ’ , m . ’) m I c’ , ~I I i v , ’  I ,m cc m nr I op m e n u  I I I i - I  1 : - c ’ -  i l l  t I c s ’  I c rutc h m . l m,-e I n ’ : mm

ra in I , ’ I ) ‘,‘:, m i ’ c m m n m t u  i sic ’s! I m~ ‘ F t  c u l t _ i  I I rn ‘ u n  elcir m u , m~’, m’ es I m mmcm n i ’ ’ . I ’ m P I m -  ‘)

in.! I - u t  s-s t h u  r e - s u t  I t s  I ’ ’  r l i i i -  e l m s - -. I - u I N (n /N ) t O  ~‘i i n c r ’ s ‘ I i  m r s .

l i m e  r I - - m i n t  b u . t u m m !  cc ,  I m u iri n i s ‘ h i m _sm I lie- m ! , t n m ; m - m m e ’  c i t  I a I I n c r , ’  I ’ m  t h u ~ y e m r  i t c e u s

S ” h r s ’ e l u u l c  “nO “ u l u e ’ c ’ t  n - i  tests ’el . As _ s e ’ u ’ i i , t i m e  u ’ n n r u i i l ; m t  c ’ ;u’ n S c n n m n , i ~ ’i ’  b y g l n e m ’ _s

R~~ I e -  I ’ m  t h u s ’ b i , m s s ’ h j n c  59c m ’ t mui nm i u n t i l ’s’ ml tem I n_ is ’d P . ‘S In c m l  t a i h , s m u ’  ( u ’ m n m 1 u , i m c ’d

Ii i t l ie  100 - r ‘ i ~ , u j  m l  by M i m i c - n )  . S f m - u  I i  ml r I v , n! : sm l c,m i m s’ c’s I H-na ( ‘‘-c I ’ m  r t i m e

t r i m n c c m t e ’ d  ‘c ;’ s -~ ’ t r u m  wo cm l cl h ive’ lne ’e’ fl I_ i I g ! u l v  u u n c c u m u n s s ’ m v , i t  ~ ‘s’c ’ v 5 - r , ’  F ’ i i u u c r ’ _s

R u m le s m m . u ’ m h .  ‘ l i m e  i s u c m p p r o p r i c i t u u s ’ s s  ‘f I i n e ’ u m r  c 1 c umml c i ~l m ’  c’ st  i l t i c m t  ion i m e ’ , ’ m n i t i c --;

u - v u - s m  r , . o  i’m ‘,.‘H c r c  mm un e ’ random l u ’ c i d  s i r n u i l a t  i o n  Is u n s e ’ CI , and w i r e - r e ’  t : m m ’ r c

r i ’ ’ r ’ u c s  c ’ m ’ t i s t - c l t  cm mp l i t u d s ’  d c _ i t t s h i f t  t l v -  S — N  i u r v u ’  t i m  ( I s , :  r i g h t

( i ’ i - t s r ”  1 2 ) .

.5 m ’ c , ’ t i u e i d  I i ’  use M i n e r ’ s R u m l s ’  c- m r  h im m e a r  denn u ic ig e ’ : m n : u I ’ ’ s i s  I ’  d i ’’s’ e ’1 m n ~ n

an eunde ,’ r s t u n n e i i n g  of t im e , ’  s I l e n t _ s  mind intc’r :mc ’t ion of e - c m c h  m i t  t i c s ’  h m i , m n l

l e v e l s  i s  n u t  r u - u n t i l ’ s ’  c m p p c m r e - n t .  F t u r t l n e ’r I c - s t i n g ,  w I n e - r e i n  t i m e -  s u u c c e ’s s iv e

tr u c suu - , m t i n c  m l  l oads is pe ’rformuuc - d m iglut v i e - I d  1 d a l i l u c u s s ’  w h i c h  c ’ m n u c l e l

i n c - r n  . u  .e -  c u r  m u n d s ’r s t a s _ i d i n g ,  of t h e  i n m u p m r r t c m n i c ’ s ’ n O the ’ i n t e r m i t j u n n i s  c m !

t i m e ’  h i m - in  l t u a c l s mcm i I l ie d am e _ i g u ’  c ma um s s ’ d  hi ’s ’ n h ,  l m n w e r  h , u , m c l s . N i ’ i i s ’ t h i s ’ I e ’ss ,

I n n e r , ’ m - m p p e e u m ’ ;  t o  h i . . - s i c ’  s u b s t i t m u t  1 m m  f m c r  1’, c n m , i h  f l i g h t — S m ’ s — f l  H - m i t t

s i m u b c i t m ’ c t  t m - s t  i n g  i n  t h u s . ’ s t r t u c ’ t u r ; m I d s ’ m s I g n i  ;m riel y e -n t t~ ’ c u t i m r r n  p im ‘ m ’ i ’’-’s .
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- c m  m m m l i ) b c _ s  , ‘ r ’  i t  i r i s

I ’ m’ l u l l s ’ s I  _s~’ m : m ’ I i ’ ; u ’ u u s  S r i ’  m u l c t L m ’ c n , ’ m F  lu ’s ’ t e s t  t \’1us ’ (s, ” ., s l u m !  I c ,

I it , Fu i rti m , t t  H - m i n e , s ’ u ’ n u s t c m m n t  t i tn i r l i t t _ i d e  l i t  igsu s ’) , l i i  l i t r e ’  pat t e m n r , ‘ l I t r e -

m ’.u .u I m ’ . i n I  tpp n’ i ’ m ’ : i r t i m l i -  ‘r i - m I  t i m e ’ r m - ’ ’ f  , i m , m r  t h i n ’ l r c t , - t u j n , ’  p l c t m c u ’ . emnd t I n e

I’s’l - t  I u m ni _ shm i p cml i ci i l i t r e ’  t ci t hu e’ I ,‘cu m I iu”nc c_ if scr I ‘c t’ c ; m I s r  1 c m I . I-’ I go r e  I 3

- I n - _ s cribe’ - t I c  c’ s - su e -m en t :m I l u r m -  n umm c lm ’s a o l)  pa tterns cm ln se ’m ’s ’e’u l . ‘ S m ’  - t munc I e-s

,- mi ’ nl,I i ce- cl i I l  s ’ r s ’n t  i ; n t c ’ iS - Iiecws-v e’ r , 11cc’ eh is ’ inc t i,cnn h e n  ‘, - : m - m m  u h u i ’ s I v m ’

l i i  I r e  m. ’ i t h u i n  I l - m e ’  c m u l h n n ’c-c I ’ s ’ s ’ . i n c h  , m m h b r e ’ s l v e , -  i’en i Iurc ’ cut c m : u d l m e n u ’ t c - ’ n m - u s

sic’ s -I H - tim- s c m h s c u c n s - . _ s ’ h u ’ ’ i  e ’  c i \‘ c ’ n y  t h i n  I i  h i n  m c i ’ ci c l h u i ’s i ’ s ’ e- imm i 1 ’ I u t  r c ’ n ’ c c n i n  c ’ m n

t h r , -  :icl h i , ’ n ’ s ’ n m , I . ‘ i c - c r c  I ’ m s i t e _ s ’s t h e ’ m n u l u t m m n e ’ l s e c r l , t c m ’s u m t  a t v p i c s i l

5, Iu ,  ‘ I n n  I c- i l l  1 c m  t I ‘,‘ m i s - — I cm i h e - S s l u c ’c in n s-n  • 
5 , 1— (5 . I w u m  nu nc n de ’ s ’  m m  I I a i i  t i r e ’

‘ ‘mc oat i n_ ia I i ’  v I ,’m . , I ’ Si ’  F e  B s ins -a r  em i n n g  t he- h u m Ic ’  l m , , r u n o  I j h e , ’r s  m n n c l  I he-

‘rn ( ( u - m i _ s i  Ic I i i  l m ’m I )  r u ’ s j u u s i s i n _ i  t b t e ’  4~5 5
0 

p 1 vs  u t  L Ip s ’  T ( M o l e  i ) ~ -

A scu m _ inc ~~i _ i u ’ s  , ‘l  m m  t r’’mn m i s ’ i ’ m m s e ’ t n l c e ’  ( 55 ’ ’s 5  ) was eiss ~c I t e n  sI n i c ! v  I I nc

t . m i l n r s -  s u m r t , m c m ’ s  c inch  , _ i h s u - n ’ v e ’  I r , m m  11 m m , ’ pat len i n_ s . Fi gm mrs - I S inc H - s i c- _ s

t o u r p h I s N ’ ’ -. ccl  l ; n i l i u i m  c u r - u i _ s  u ’o the ’ t i t , m n l i i i m c  n - t t r c n i _ i  c i i  cm i u u t igu i - c I

spm - i I i i  (51— h I )  t uik , ’ n m  sit i ” nOX . I—’j pu u t . u ’ I ‘mA i s mm l c c m s m n d e n n ’ v S n , ’ t _ s ’ c ’ u ’ t n

u n IS— n ‘‘g ‘ ‘ l e t  I h u m  ne- mum ‘ ml,’ a m c c l  ;m c ’ u b n m  ‘s i v . -  I , m I l i t  r i  ( M m m l , - (1) . l i i i ’ Icu nns! 1 s ’

m m )  I i c u u  f i b s - m s  I ; -  ci Vu ut’ l i  u t  _ s c n i n l n  ( I l l - u  s n y l m ’  gl~i ss tai cr u , - , I

3 1)
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F L ’ c c n  e- I ‘K ts’- i m .  t , i l m -uu i n n  t l t c ’  c s - n i t - c  c m l  ,m S i r e ’ , - m r s - c u  m l  c i i h u ’sj’su-

i i  un  I c  1 m m  t l i e  m l  h i i ’ s I ’ s ’c ( M  “ h e  0 )  . F i , m  t i r e  I ‘u ( m s l i m _s ’ s -‘in um r -  i w I t s -  n ’  I h i s ’

m m !  I n ’  - m c  i ve -  I , m 1 1 , - i l  ‘n t h e  I It : m n j  t i m  _ s u c r  I m m  , - (l’l mm ’ l s ’ iS ) - 
‘I m u t him’ m i m - ik e’! I’v e’

I Ii I _s , m  i s ’ s  h s c i c h  ‘ m do  I I , m p ine -a  rcm n_i , -  c m n d  i t  c - s t_ s  sic .s~ui i t s’cl n ha I i I h i  n

1CI \’ s - i  - ‘ I : m . h h u , ’ s l v u ’  m n n i n t l t l  h c m v , ’  r e - m a i n s-sI ‘tn t I m . ’  s i s n f ; t i - m ’ . A s h i n ’ s ’  m r s - u

v i m - r e - t i n e’ n I t c u m i i u u m  wet s s c ’ r c m p e d  w h e n  p r y i n g  t i m e ’  _ s p e- n’tn i iu’ mu ip em rt n m _ s

u - :-: i t m m i n n s ’ d  t u r  ‘ ‘ i n n i p u m n i ’ w i t h  F i p u m r u ’  ISC . Thi ,~ i s  shm i wn i n  F H - m t s r e ’  1 “i i i

n ’ h u , ’ n ’ s- I i i , ’ i s ’ i i i m i  l o g  p u t t  c - r n _ i  from the’ pr e’hmm nd sn cr l e i u ’ e- I r s ’ c t n  : t i m ’ l i t  i _ s

c I , ’ c s r l ’ s ’  _ s h r n ’ w n . P 1 , - t o r u s of m c i - h  ‘1 t i_ ic _ sc ’  m m n ’i ’c n s  t m - i k e - m i  c i t  I -

~~~ a m

sb ‘c, ”,l i s m Fi , u r c  1,6

Fi m m m c, ’ 17 shuiw - a I ‘S,~ v i  i’s ~ a I ‘ ‘ n t e ~ Er h g u ’ T m n f  t he ’  i ‘l i t n - i  1 m m !  h i r e - m i m I

S 
- ‘ t  Si’ s” l i m i t  5~ — fl whe re i’m - in c l n m n r m m n  filam ent s (M m cli’ H) rm nu ’u ’ t +55 ”

I i l , n m - i m ’ r i t s  (Mi _ id . ’  I ) ) .  N i m n e  t I n e ’  0 / 9 5.) c l e ’ g r e ’i ’ s n n j e n t e - d  wcivi- n m-s m ’ n i n n n , “ t o i l

t r i : m r u c ’ m u l a r  per t u - lu i f  u ’ um h i , sj’s’s- fai I nure- in_ i tIme- e n i l l c , - s i v , ’  ( li ’c ’,’i ’ n ’ 1, - I t

b m , m m c u h  u - c n n _ i c r ) . F i g u m r e  18 sh ccws a t y p i i ’ m n I a n e c - r a t  I 5X , 7 5X , annd I “II’:.

I n , - I u — m t  in Icm w nnm eug nn j f hi ’en t lm ’m nc the ’ hctr c burr o _ i f 1 lc im ennt s em ic lci ’m c r m ’’ ’ r um -c n v , ’ ,

v- h i r e - a s  a t  h i g h e r  s m i c m g n i f i c c r t  i on  the ’  a, ’ I u ue t i s m u r f c i m ’ i ’ f c - a t m u r u - _ s  ecf t O . ’

h u n ’  n a r m -  i - c m - i - r n . A s c - r i m  I i  I sun ce ’n n t  u l p p e u c c r s  i n n  t i m e ’  u - c - n i t  u - n  n t  t I ne ’  I SOX

p ic- t sm , - . The- a d h e ’ sj v t ’  i s  _ s. ’e’sc to o m i t  h u m - , ’  a wove -n_ i m ’c m r r i m - r , c i n c h

s c c u t l ’  r u m !  m ’ l t m t n _ i k~~ m u f  I c m n m u i n u u t , ’  r c ’ s f rn  c n n ’ S e ’ s - n c  on t h u  h o r m m n  f i  h e m n u m ’ n n t s .

5,

- i  k
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S n u m t m m m i i n ’ ’_ - ‘ ‘ I  1 , i  l i i i  n ’ , I ’ I u ’ u I n _ ’ t -u :

O n e ’  c~ t n ’  c ’I r c m r c u e ’ t s ’ r j s t  i s ’ f c i I h u m s - _ s  s’c i s ’ u ’ i m ’ -,’ , ’ n ’s’ s ’ m I  ‘ m r  u - cm hi t u ’ m ’ I

c m l i  F m-~~
m , ’ ’ i ’ m , ’ ’, i n vpi ’ . 1cm 0 I , ’  I 0 s n  m t nmtn ,  i r j ,mu ‘s I I i , ’  I ‘s- lu l i e u  I i j l , c  r - m mii m m l i ’ s  Is,’

‘u n ’ s-n t c i n c h  1 m , i t  t i - i n n  u ’ ’s ’ , ’ u ’  I l l s ’ bon ’u ’ n r e’ ;m mmx v ml  h u n -  s n m n f — m c - , - s .  In  s t u u l v i n g

t h . - t i l l s  i t  ,eh m u u m l e l  be ns’ u ’ em l h i - i l  t h rcm t t brs ’ nm m ns i - n im’: s i u r l u i c  , ‘ m l  t I n e ’  m ’ , ’n n i ’ - ul

. m u l m ’ u -n ’ s ’ od d i s l  m m - I  c v , -  , i  l _ i : m l e n m n m - , ’ sm n ’ i mtm p 1’ . i’ v e - n  I b i s ’ c _ i t u t s i c l e  or  s t i n t  m i s ’

p l y  ‘ ‘ I  ! u u ’ r u ’ n n . u\ l s m ’ , t ire- I n s t  c u n i n u m t u m u  its - finns ’s t I n s ’  c u l t u r e  p m - r t t m ’r . ’ i n n

I l s ~ ’ s c u r ” , c e ’ e’ con_ is jel e-m ’e’ it t o  l e t  i i  f i r s t .  Sch i-mc ut h-_ s c m l  Ib m , ’ s;n ~~’ u I m m m c ’ , c

s m - c m — s i r s -  sh i c ’wnn  i n n  F i g t i t ’ i’ 1 0 . icc u u n c h i ’ n s t u m n c !  t h i s ’  Iu ’ n’ it c .uI n I ‘c i h l m -  h O

c ’ c ,u n n s i c h c ’ r  t h i s ’  Sm ’ I n e ’ c l u u l s ’  ‘.0 I c u t  i gn i e ’  I e ’ s t S .  ‘r wem 110_ m I s ’ s  W e r e -  i ’ h ar a c t e ’r 1s t  i m ,’ :

( c i  ) S i x  t v — I  lvi’ pc-n c - cot m r f  t lie ’ spi-e ’ I r iu e’n_ is benc h - u p r e - m I  m ‘ mmc i m u m  n i t  I v i’ m - u I t i m

‘ 0 — ,? t m - u i i  l u r e , - cit _ i I h e ’ S e n  i r i s isl e’ when,’ the II ‘m u ’  H 1 c m  1 1 um i’ c -  ‘ s c m  n l i - i !  I s ’- ‘ mc 50

t u n  1-1 0 pi-re-e mlI emf the arc-e l . ‘I ’he ’ r i :v s n s i  s i d e ’ shu ,w e ,- ch , m  s i d e  r i m s ’ s ’ n i l

fcu i i U t c  w i t h  t in e ’  a n m u n u m n t  c i f  h e n r i ’  0
0 

1 i l c r m e n t  r a m c g i s m ~1 f n ’ i m i : m  10 I t ’  90 pe ’r ’ en t .

,- \re ’cis n h a t  v-cr,’ m m m l  Mu ’, ! , ’  II ( t i n  b o t h  fm - m i I i ’,! _s mu r f u m , - e’s ) Sc’L ’ l ’ e ’ pm ’u’elom i umcin n t I v

‘ ‘ I m s ’ m -c i v m -  I c r1 1  u c n ’u ’ s  ( M m n c ! ~~ C).

0> c \ncm I Iner g r c c m m p  ‘ i f  spe ’ e ’ in me ’n _ s  • ( ‘S ~‘~ ‘~‘c s - nc t of I Si c ’ I c ’  1 m m  1 . [‘ ci ii mm I

on this , Sc mint s id i’ cm l on g  t h s  m _ iu t en a c t_ i_ st 00 
lo u r ’n p lv inn M m i i  e- ‘.0— I T .

wi t 0 80 ~~ 9i~ p u n , ’ I I I  m n ti n s- cm r e m  sln m ’uw i np  Mi le ’ R _  ‘I ll s’ s ( . ‘s t i l l  I mc ’

s e - m i  ‘oehi r f l y  h m u n u h  In e,- t _ s ’ s ’ s-o 60 ci mi d 90 l i e’ r u ’ s’nt l i i  ‘cl i ’ B ten 1 1 c m  n e s  u t m ’ s i  r’ t lie ’

I r’u u m ’ t u i r c  si u r l : m m ’ e .  ‘ l I m e -  r e ’rnu a i n n i n g  t nc i e - t u m i ’ e ’s u l l I tm ’ s -  s um r l c m u ’ e’_ s we’re

a l _ s u n  p n u - - l o m i n c m u n t ly u ’ u ’ h u u ’ _ s I ’ s ’u ’  i n  t h e  c r c h h i - s i v s ’ .

I’
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.\ p p , i  n m - n t S 1 d m ’  I ’ m  I i  r a t  I” c i i l u i  r i / H a s i s  I ’ m  Sc l i i  I i c n m n ;

‘ ‘s t c u p l m , m i ’ n l t m _ s  s t u l t c i l _ i l i ’ t i n  m ! , ’ I s ’ c t i t t i ’ , t h i s ’  s l c u ’ i i m ’ c e ’ n  S i c h i ’  c n n  I . u V j t i , ’

s n s r t , t ,  e ’ ‘ I  t he- ceo ’ nei l u ’ lh uc r i ’n el to I i m ’ c I  r i~’l u n e -  wet s nno t m l e - ’,’ i ’ I u i i i m ’ n !  m r

e ’iti p I ,  ‘ ‘_ ‘~~- cI inn  t h I s p r o c  r e i n s  — ‘l O t u s , t, Ire ’ u ’ m te l I c ’ o ’  ‘ ‘ I  b u m  I a i n  ‘l i i i  I c -  1 0 t O m i t

su m t - m r t , m t ’ I s e ’ c ’r  s t a t e  t i m e  m r e - u l m i m m , - j m _ i , u n t  s id e  f o r  f i r s t  t ; m j l n m r c -  u n -  s’’ c” m i - n ) t - i t

_ s m c u m H - ’ , ’ I  ly e ’  in  o e n t u i r e .  Tins’ s c ’ I m ,’c t j m r t _ i  ‘ ‘ I  l i re ’ a h c l m , m r e - m u t s m c r t m m n  ci ( ‘ n  f i r s t

I - i l  h e n r i ’  i n _ i  t h e  i h u i t u h l e  l a p  H - m i n t s  w c ms  51 r u i n g l v  he i st -sI up e c n  t h  lcd i - _ s i r e ’

r u t  i c u n , m l e ’ d c - c l  io g w i l l _ i  t ’ s ’ p m ’  01 f m m i l n , m n e  e u n d  m - u n nm o utm c t m l  I u i i u r , ’ :

( c i ) A u u n i f m u n m  f a i l u r e  ot  Mcc cli- B c n v e ’r  a l e m m a , ’  c i r c a  ‘ ‘I m ’ m ~s’ s O l e  ‘ ‘ I

hu e’ h u n r u m n  e idhe ’ i’imt _ ic I  m c d  m m - m I s - c l  I i r s t  f u u  i l u r e ’ , _ s ’Iie ’r s -  t he ’ m e a n s , ’  s u r f  m m

he rd ci p m m ’ t  i a l  e ’ u n h s ’ s I ’ s ’e ’ f e m i l u r s u , a t m m r n  or m i t - t e c h  r , m m n m l e  p ai n ’ c r c m n u ’ ’ , ‘n a

h~ ’s s e ’r  a m o u n t  c nf  B I’m - u  I f u m e.

(b ) Ths ’ s, ’ i ’ m m f l c !  s u r f u u i ’ e ’  t o  f a i l  Fre t s i c e - s - i l  11cr _ s u m  m u t e r  s i t u - - l i - ’ — l , n p —

t y p e -  u . s  I c inch i n m u p n m i  Se ’ I m u a d s .  I t , t h c i - r e -- I c u r e -  w i l l  I c ruel ( i t  l i i ’ s’ s ‘ ‘ , l s ’ ’ ’, t  e n ’

c ’ I c v u t i ’ e- - m i n d  ‘mu m , -  n o n n m n i f c r m m  f a i  l u re , ‘ mI t e - u  psn et ren t f I l m - ’ l i n t ’ ’  the I m u m m m ’r

‘ i i  i i ’s.

( c  ) A m et ~cnr m u - s- cr u r l  erdhes I ye f cn  1 1 1 1 m m ’  (A m r  A
1

) inn s l  I ’  m l  e m t

a s i b ’  f , n r  f i r s t  I m m r t  ‘ i n . - .

l o c h  t O’ t i n e s , -  i s s u i m ’ i p t  i o n s  can be p e u r t  i , m  l i v  s m m p p o r t s ’d by s l e e h ’ , u ’ t  ( o t i s

r e - l ; m I  l i e : tnit’ ,be’ s cut f c m i l u u r e  I i ’  i n t e m m n e n l St i ’ s- ss€’S. A l _ s o , ci I i ’ n m i c ’ , u l
--

; u n m , m  I y s i s  n. ’ l , m t  l og  t I n ,- v ;r r i c~ s ’ ;  t e s t s , spe c - l a n e - n i l s ’ s j , t n m s .  c m n n e !  I n ’ s ’ I n c u t  b m s ’_si7 i- ci

t i i h u m r ’ - s  wu i s  s ’ n n s l u c t m ’ u l  i n n  t h i s  s t u d y  L u ’  c m _ s _ s t i r s ’  m l  I I , i i l u u , ’  h v p c m t h n u ’ s e - n’u

c- eu -n’ ,- c- con si st -nu t  w ith m a i n - l u  m I t t s - n .  D i s i t u s s l i u n t  ‘f s m m e ’ Ii i i i ’  i n m ’ lu d e d  i n n

- i i
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s s i b s e ’c l d i c ’ l _i t 1 m e i r m . ’ r . t p h r s .  t O i l , re - , ’ , e r u l l s’ss “I  i t s  m m m t ’ c b m l m ’ I e  y en ] i s h l t ’  • I

n - m t  O ’ u i , i h e ’  ; ‘ m i - s e ’n t s  , u s ’ m ’s is i s t , ’ n i t  s I  n t  c r i t u ’ n i , t  f u m r  c’ u u n u n p u t m i n n g  (c u i l i c n u ’

t e n  t h e  c - ; c m j m ’ , cu r t n m ’ m l s c n i f l m  sh I e s  u n l ’ t I n e ’  sb m d ’ m I m ’ c , ’ m s s .  ! i t i s u m ’ m t , - b t , i r i s u u m m  w i _ s

cc se j u t ]  i n s  dcl s-m I ni i n n  i o e m  wi ne - I hi~-r  t h u t -  cnpp I I - a t I ‘ni ‘‘ I sm - r i at i s  an  l i i i  ri m m c m

t , u e ’Ie t’ inn ~s i j t1 t m l u ’ s i g m _ i  - m m d  s ’ m m , h u n . n m u ’ - u ’ .

~ I m i ss i n n  I , ’ m n m s  I

l” n e n n m Rm ,’ l e ’ r e ’ r m u - e’s I c inch  ‘u I b m ’  s I r e - _ s _ s  i n i e ’ I u m r n ’cc t m i t’ the_se’ j o i n _ i l _ s  in

t e n n s i o n ’m ‘se’ i ’ u i l e l  h u e ’  i s  s b n u n w n n  i n  F i g u m n e , - 0 . SSs5 ’ , m r  S t n ’s’sse ’s i n  I li e ’

e nd his ’s i ‘ s -c ’ u m n i e l  m i-n i t m ’ , m l  , i u i  l i e ’  n C o d  i n s -  : t n ’ , i t  s i ’  i n n  t lie ,’ n ’ -
~~ 

i n  ‘mc n m s ’ e u  r I lie ’ cmi ~ I

m m f  t h e  t j t , u n d u c t ’ m  s t r c u l _ i s I I  l u ’ , -  I i c m i-  m ’ m m ’ t c p c m s ’ c ’ u l  t u ’  n u c ’ u m t ’  l i m e ’  cost c m  t he ’

c ’e ’ m _ i t r , i h  , t m m F ’ ’ c ’ u ’ m m i l  ( l l i l g e ’ I ” )  S i t u ’,’ t he’ S t i l t  ne ss c ml l in e  o u t  -r a d h u c ’ r u ’ m m - E

i s  p r - n E c - n- t b n a t r  t h c e m t t c m r  t Ire ’ lim ~r i ui, ’s l cmm :~,\’ . Ai s m ’ , t h e ’  ‘~~
“ ‘

~~ 
st  ‘ c m - c s ,  s

s ’ s . u u ’Ii c i  p s i  t i v e ’  1 m e ’ c i k  ci t Ibi I_ s s - t m ’ , , - s-sh ,~e’ . I h u m u s , d u n e -  woo Ii ,l s ’ t ’C ( i c ’ m I

t l r c u t ,  t h ~ ’ n’, m m n , S c ’  u m r  nu d e -_ s u m I  1 c m 1 l u r m ’  ‘ c l - h I  m c m ’ r s m n u i (  lv or I , ’, l i _ i e n t e ’  i n _ i  t i n , ’

c u u l  him’s i y e  m m n  i n n  t Ine ’ b c n r c ’ n m  I u r n  i n c i t e ’  n _ i c ’.i  n t l c u ’  e ’ u t n l e ’  u m  I I lie’ I i t  cu r l  1 m m m i  id t ’ , i~’

A t  Is -n ‘ ‘ i n s ’  si di - i t t  t h , -  s i n , ’ ’ l s mme ’n f a i l s , t h i ’  Spi ’u ’ i n u m e m _ i  I m e h i , m ’ s ’ , ’s  e ms  , u s i l l ’ Ic ’”

u ; ’  cm i n n  w i t b u  ‘ s e - n ’ .’ ‘ u j m ’ i t  p . ’ . ’ l  c i n c h  slr cei r sn  c s ’ s _ s m ’s  c i t  I c e m l h  e’cl i s ’ _ s  ‘1  t h is ’

h m ud c -c l  i n ’ , ’ ,

ft _ i ‘ ‘ 0 -  r ,  i r - ’’ ,, S I M  ‘ I i  t i n t ’ s - s  w ere ’  t i i c , - u m  I c ’  e ’s t , i t ’ I I s l i  l I m s ’  c I j I  t s ’n ’ u ’ i m m ’ e ’

I n ,, um c m p i e  I m m cl _ s h m u’ , m n t i n ,  m u l e m u l  I , m I I li t ’ s’ a l enu _ i g c m i  u ’Xh uc rSs ’ui Inu’ m i  i ‘ s’pcnxv

P l Y .  A i sm ’ . hi u m h i  mi c , m i ’ i i l t  jc ,mt ion  wa s  s’Th p l u ’ ’ s ’u ’ i S I i ’  m d b m s s ’ m ’ s ’ e ’  t hu. - n ’ u ’ s i n n  c ’ r , i , ks

- - I t l s’ t I m e ” n t i m ’ - e l m , ’ - t i n s  ‘ ‘ I  p r i n c ’ i p , m l  Su s i e _ s c ’s.
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n t m , , - n c  m i s s  m a e  nyei  t i u r n s  - u  l i i i :  I l i e ’  ‘- 1 ’  I ,  II I , u  I h e  n i -  s l u r  I ‘ m ’ s  m i n i  - m c ’

h o r c m u n / c ’ ; m c m ” m - ’s- e m s l h e r u - i n m s s , ~‘ I r u . h c t’ e .s s ’ t t t - m t  c v ’ - 
~~~~

‘
~~

- ‘ l m m c m ’ t i e  I n ’ ’’ - m , - h n  ‘ I

t e s t  u ’ n i ’ u m p s  , u ~~m l  su - i t e - u h m u h u ’ : , _s’m ’ i c  t , m k , ’ n m .  I ’ j m ’ t  n m  ‘ -i-i _s’ , ’ i c  i i  mm ~‘ - - n

I . ~t ‘ s ’ s I ot is ]  F ue m icb cit t I n , ’ m i S — I m p .  I n n  m l  I m - , us , ’i-s ’~:Si ’ - n m -  , ,  ‘-
~~- - c ’ I t

m u m  m ’  c t-c I st  c m l  • sbus -em r I r u e  l i t r e ’ s  5 m m ’ mu F ’  5 c r _ s  u ’  I I i  I I re -  i’s i n  c m n , ‘ i s

‘ i t  _s’ei ’i i  t h e ’ h e r n m mn _ i t’ j I e m n t e ’ n t  i—i . h i  ‘ m i n i  20, ,t ks ’n  ‘i  n ’ l n c ’ s n u l  I i  ‘ m l  m r  t , ‘ t n

p 1 v p l cnn  ( c i  mini , she uws t n ,  i i i  n i _ n - i  i I , u s t n , ’ u r  I I s - m i s  i 1 s’ s ’s r I cut ’ s ,t  I m ’ ti ~’ p h - i n n - _ s

m i -  1 I u m , ’ m c  t i n  t hi s ’ e l i  n m -  I ‘Ii 01 1 o i l  . - i Sue s i  i m p , ’  ‘ ‘ I  t I n .  ‘Sc s c  i i  I s i t  r I m - i ’ s _ s

w i t h  respi- i ’t  t u r  t h i s -  s ; n n ’ m i m s ’rn t m - i l _ i  ‘r l u u e u c b  m h l r , ’ u ’ I  f inn s’ , nn n I m u ’  !, , t t e l ’  s u ’ e ’ n

0’,’ m n b c _ s e - n ’ v i n g  t h e ’  n s ’ s i m l n c s ’  ‘in the t i t a n m i n u m ’ c ‘c t rc n p  t i e - m t  _ s h s . ’ , m t ’s n u r m m n  lb s

S m u ’ r s m o / c ’ pu m : ’ e y c n d h n i ’ r i , t e ’ l . Fi gu re- 2 1  p r u - s c ’ n t s  a n n  e l s i e ’  h e  y i , -w  m l  I h u e ’  l - - . i e n —

I i lm - t rm c cimit r ’ ’g i m ’r r . F i gu r e ’  22 sh ows t J ~e’ v i m , ’ n m f  t I m ’ ’ J m - j  - - e m , ’  r j  i r e - ,

t u u k e ’ o  p s ’r p e n d i u ~’ i c 1 e u r  I i ,  the s u u n ’ f e nm’ e- . Ti cs _ s c ’  s e n w t i i m i t h m c ’ , i  u ’ s - i ’  k_ s i-e l t i i c i l s l

Ice- p c - r i _ i s - n e l l i i i  I ; m n I i ’  t h e  d ire-u - I i  ot t  c m f  p r  in ’ ’ i pet I SI r , - m - e s , cu t i sh  i nc h I - m I s ’

tha t ci s t c u t  i c  l i i  I o n , ’  m m m ’c u i r r s ’ c h . The a n g i e ’  i s  S c ’ m ’ l i  t i m  hue  30~ ur n I u - s

arnel m e ]  I s ’ c i t e ’ s  t h e i t  b e n t  h s i m s - c n n  cinch p e e ’ 1 fm ‘ n m ’ s-s c u r s -  i i ; ’ , ’  n m - mt l y e- . S l m m ;  j h e i r

m , i t t e - n n s  w i - r e -  m u h s e r v s ’ u !  on ( c m l  i g e m e c i  si~s -~ j m e ’ns .  ‘ I ’ i u c i t  i s , ‘
~~~‘~~

i I m m m l

u - r a u ” k p a t  t e n n i s , i n d i i ’ m - u t  j o g  r m ’ v e ’ n ’ se ’u l  s t  r e - s _ s m ’ s  d i m m i n g  i - n - i r k  - r e n t  lm .

w i - r e -  omi t ,mhss’rve- mI . ‘I’his w ;ns m o n t  r u m r y  t o  , ! c m l , u  i n n  Ri- I m - F c ’ O m ’ s’ ‘m _ s ’ I t , ’ r c ’

I m t  j g u m ’  I’ n i i  m i r e ’  m u n c i e - n  r e - v e r s e - c l  I u i c u c l  l i m t ’  w cm s s i n e cwn n tu n m n  u - u i  s’ i n  I I t s ’
—p

l , m m m ,  i n _ i a t  f n g  r e - _ s i n  ( N ’ ’ m h e  B) l-v~’ t u ’ , ’ t  m o th p m -n t t i - rum w l m s - r s ’  i mu u l In _ s h I e s  e m l

t ime ’ t umm nth we ’re,’ s l u m l c m - m S , i n d i c a t i n g  p r i n s ’  i ; u u I  _ s t  r , ’~e5 m’ , - ’,’ e ’ r s c u l

U n i c h i r u - c t i o n ; m i t i n  s t a t i c  sh e - c u r  I r . m c t m u r e ’  l m c i t  t i - c n n _ s  f r , ’ r c  t h i s  n n ’ I , ’ n u ’ c u , - c

haul senwt m m o t h o - 1  l i - u t  t m - u  s c _ s  i ’mon up ; m rem 01 s- ( i i  F I m u m  I ’ m -  ~‘

~
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F ,n I I  - i s a  “ I ’ - u c  f , i r  St  m l i i  h e m - c  t s /  Sm t c , ’ m h i u I s ’  ‘. 5 )

~\ p ‘n’ ’’, l u .  i t ,  - I v co i n  I t I l e ’ I i n n ’  - Ii  w i t , ’ s i n s ’ u ’ ( t i m - i t s  m e ! I _ss ‘ ‘ m l  t h u s ’  t h i n ’ ’’-

I / i  I ne In v i e ] , ’ _ s ; m c ’i j u t cn - c n m - c  I i l l s - i l  v i  t i n  t his ’ su n ’ ji m , s i d e ’ mcm ’ s ’  hip l i t  I s - m n  ‘m O — I j

I t ,  ‘I’ imich i c - n  I ’ ’ - ’  I m i t  t h is’ b u ’ s ’ u s m  s I m s - n  r 1 c m  1 l i i  n - C ’ b u t t  I s ’ ’ !  r j i ’ , h i t  i m p  I ’ ’  EcJ ’. t , ’  - i

( I - i  - c i i  c -  2 b \ ) .  0 m m , ’ ‘i n n s ’  s Ins-u 1 m m - n e s s  I , u i l i ’ c I  w i t h  t h u s p e u t t 5 ’ r n n  c m i  t I n e  n m n n s c ’ r i m

s l i t ’ . Is’ ’ ‘ ‘ n u t  m m t  t b -is’ m I n i s ’  1 i n n s ’I m _ s ’ I e I e ’  s i n c e ’ I nn s - m i s  I m u le- cl w i t h i  SUm -  P cm iii

, i l n n n c , _ s t  11)0 A , n’ e s ; c s e . t i y e l  y ,  c i i i  l i i i’  s e n  1 m m _ s j c ! e ’ . ‘l Ine r e ’ r r t e u i o i n ~’, Sims- ,- l t t i , - i i 5

t , m j  h e ’d in  M o O s ’  40— 2 on l I re -  s c n i m  s i d e ’ , w i t h  less t 1m m - n o 2 0 -  M i m I c ’  Ft ‘in

i s i s s n i m ! , t m ’ e ’ ( !“ i m ’ , u t m m -  23 11).

I I n ~ - r s ’ v s - r s c ’ s i d e ’  (n ccnsc -r  i rn ) f c m r  t i n s’s,’ su, c m l  i c  spe’ i i t m c s - u n s  n m - u s  f l u t i s t  l v  c m

mm - c l - c c ’ s !  c u m , t e  m l  B , C , in s t  A
1~ ( I ’ m - i t t  e’rn i  ,0 — 3 )  n-i t h tbr s ’ M e u ! s -  (‘ e e’nm m ’n ’ci l i v  m e - c - e u  n - c  i n n .

c u l o m _ i g f~~i n ’ m ’  1 , m - in d w i t h  nea r b ’ i t e t e ’  F l Y l e - i s i s -  2 1 0 ) .  i s ~j~~’s , m s ~ e sp e c  i i ’m i :m e cu ~~

I I h e 12 t u - s t  s - n h  m end em rupt mine e lmn wn n I c r  t ine ’  ne x t  1 i n _ s c m  ~0 
p 1 v , e m _id m ’t_ i l v  ‘ ‘s i c ’

lin e! c m  n _ i e m  r n ‘W St  r i p ( 2 0 ” )  c m - f  M u n c i e  B ci I m m m _ i 5 .’, Eeh ctc ’ F .

Frcnm t h e  t , i f  lure ’ i ’r j t e ni ut pr~- v i c m m u s l  v o u t  l i t _ i s - c l . t i r e ’  inmost  l c r o h m - i b ] s -  I i r s t

s e i r f t u ’ m ’  t i m  l i i i  was t i c , ’  su ’ r i n m u  side’, fc m n t i n e  s~ue ’u ’ i u t m c ’ u m s  heiv I n _ i n ’. l ’ , u t t c ’ m m i  .0—1 ’! ’ .

a t s s’ - n n  be twt ’s - n t i c s -  0° li nen  ennd its seri al occurr ed i i i  t h i s ’ mos t  s tc ’ , ’ m - u .~e’d , m r e - m

( s i u , . m r  - inch  h ue - s i ) .  as i n  F j ns um - m - 19 mi nd see-ms to he- t I m , - I j k m ’ I v  (c m i  l i m e ’

j o l t  i c n t o r .  I b i s ’  ‘ m i n i ’  r c m g g s - s h  inc t e ’ n i u I ’ ,’ I r - m u m - t u r e -  w,.’ns ‘ m t _ i  Ibis ’  t i i ’ t i _ s u  n I h  S i d e ’ m l

s i m s ’ ’ t i t ; u ’ n i  l u - m v in g  i - m t  t i - m n  40— 2 m m m c  i t s  sc ’ r in i  s id e’ . A l _se’ , t I m e ’  I’ 5 ’ t m u ’ m  i n i n g

p m - i t  I c - r u n s  m i n t  t b i t-  n _ i m u r r s s ’ r l n m m  s l i t , ’ I m r  these _ s l nm ’u ’ i tlt e’n,S _s’, ’ t ’ e ’ c u t t i i p u m n ’ u t l u i 1’ t m m  f lue’

nicn s c n l m  i - m i m i c ’ s  t nt the ’  P a t t i - m n  40— I ’m’ s p e ’u ’ i n r r e - n _ s .  ‘ I b i s  t e ’ n n c l s I i ’  j u r c h j c ’; i t e

1mm - u t I l i e ’ s , ’ sp ec I ms ’ns em I SO t e n  I led on t Ic . ’ SC n i l - i  s i de ’ . Iie nw e’ys’ r , t i r e  smcn 11

, m m t , n i m t n m (  of  Mod e- B ;u n u l  i t  s l i ’ m m - m t  l o in  -‘m w e m ’,’ I n ’ , n uti b :~! ’ ,~ - ‘I’ an eik e ’s i t  I I ks’ l v t i_ im - m t

t I t t ’  r u i p t  n i t ,  hi I t  l i t  c m l  w i t  i_ i l  n I he - , i m l  h e - _ s i  ye’.
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Im- . i i l t i n c .  O n I s I ’ m  F . i l j , i m e  s ’ s t s / S e h u c ’ m i i c l c ’ 4 0 ;

m ) I  t h e ’  m i m e ’  j n n s ’ hr w i d e  s i m s -u ’ I t c n m ’ s n s , (Yt, l i i  h , i  w i l h n  ( ‘ c u l l s - m m “0—2

o n t  t i m ,  Si t’ l l t t s l u l c - , w i n e - i s ’  I Ins ’ m i m i  1 Ii a r e - i n - u s  t ‘s ’p i ’ ~u I l y 1, 11 . ‘ I  t O m ’

t - t  c i i  1, 1 ’ , ’  ~t _ i ’F’, , m n s ’ , m , eun i sj n i l  I s - t n  n s ’ - u u  his -cl l , i !gs ’  I I i -  I ‘ ‘ c t ’ , ’ , ‘m, \  ) . ‘l ine-

I ’m’ . ,  i f l h s i n t  _s~ ’c ’u m m - c e - t n _ s  t , t i l e ’ s h  in l’ c i l t s ’ n ’ ni 4 0 — I T  m i n n  t h u s ’  si r i m  _ s I t & ’ .

‘mc - , I Ins ’ B , s  n’ s - i  e m s  C m _ s u m - i  I l v  80 t i m  00 o( t h i s ’  l i t  l u u  I , n i  t i m  sm ’e m I ti-reel

h m r , ’k e’n 0
0 

f i  l a m e - n _ i t s  ( I m - i it , s t n c -  2~~B ) .  ‘I ’he n e u n s c r i m  s i d e ’  I ’ m  t i re-  I i n n ’  in

s~’e ’ ’ l i n u s - m i s  g ene -r u I I  y I a i l  i’d i n  en nun jxe ch en mid rem tin e- n r c u e ’ , i ’, e ’ n I  m m i i  m i l e ’  n i l  in

‘~0 s i n c n w f s i ~’, i m n t m ’ n p l y ( - t i l m u m s ’  t ec  l owe r p l i e s  ( F j s ’ u u r m ,’ 2 4 0 ) .  ‘l ’ h i m t v

‘ c i r c e - n t  m l  t i n e ’  s m u m n n s e ’ r i nu s s i u r f c u c s ’ _ s  we’re ’ m r f  I’ m - n t I s - n o  4 0— I ( I m - i e ’, i c n , ’  2 4 ! ) ) ,

s i m s -  a l u m - i ’ m _ s t  1007 B I u m i l u r e .  M a ny  t c m i l u r e ’  s u r f e u s ’ e ’ s ha d 10 to 207

~iu ’nIc C failure ’ along Ed ge T; cinc h ge n_ is - r~i 1  l y a n a r r ow c i m b s c ’ sj v e /

c u u l h i e ’ _ s j ’ s ’c- z ’ ’n e ’  c u t  [dpc’ F , s - y i n  w h e r e  in most  of t h e ’  f a i l u r e -  s e t n f c m c ’ e’ was

M mm cl , ’ II .

}“ i , ’ i t r c ’  25  s h m u ’ w s  l m - t  Un_ ire surface ’s of the s u n s ’  I’m- n t  i g u t e ’ t e s t i c i r

S c h i - c l m i l , -  40 t i n e i t was c y c l e - e l  p c i _ s t  7 l i f e - t i m e s  cnnd  f c u i l e d  i n n  i t s  1 /4

I n m c  lu I c i ; u . The p u t t  t c -no  01 t u s ’  l ar g e r  ~ap sim ecws ci h i g h  pc rs ’en t age  mm I

M m  I I s . l i t  i s  i n c h  i c u t  l u ’ s  I mc ci I (a I i  gu e  da m nu a gs -  o c c u r r e d , cm con_ic lus ion_ i

s m i p p u n r l  m u !  l u _ s  t l u e  l i n e r  f r e n c i  I c m n i  o f  M m _ i de  B c’ o m i n c u r s ’ m i  t c n  _ s t c u t  is ’ l e s t_ s .

i i i ’ -  I / 2 inc - h w i u h e -  f m - u t  i ;‘.ui e sps ’u ’ ims~os u s s e r s t  I v I’c u ii i’d with P m - i t t  s’rn

~0—l I m u nn t i ne ’  s e r i n n u  s i d e - , whs ’n s ’  the ’  hI c u r e - cu r c m n i 5 ’. s ’cl 1 ncntnm 80 to c)~~” cnf

t h i s -  I m v  f i n e ’  set r i m , ’  u- . ‘h i n t ’  r c ’ v m ’ n  Sc stir t u t u ’ e hcieh Ssintu c. an j xs ’d men d s’s , b u tt

— , w i n  S~ ~u0 sh u i m w i n i g  ‘ m t  t , ‘ n ’ n -‘m o — I .  ‘l ’ i n s ’ ss ’  l a t t e r  sp e ’u - inn t s ’n s t v p i u ’ c u l  I v  h i m - mel

n a n _ s t  of t i m  ‘‘ ‘ m i t - _ s  I v , -  ( C )  l e m i i o n ’ a Ionic’ , I -e !j ’ ,s ’ ‘I’ .
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V

i ’ ;-c . m s m m j n u , u t  ( ‘ ‘ i n  u ’ I  liii’ I , u i l e ’ et B su m r t , i u  ,‘  _ s h s m ’_ s’ n~~ c . m  s - m w — t m ’ m ’ t l m u - ’ l

• ;-‘_ i t t  c - r i m i n s  I he ’ 1 tm _ i i n n , m t  I n c  n’ s _ s  i n  a I t i n - n p t i m e -  B t m - u  I Iii r5 - p l iii ’ ’ i F l e u m  r~ 20

‘Ib i s  m i t  t c cii  I m i d i ‘ ‘e n I s -el c n n  it! i - cc ’ t i c ’ m i u I s i n - - m r  it I , u  I l u m n s ’  n i t  ii nun

i t c i  I s - c r t I ‘n c m (  e ’ vc I I c  m I m - i m e i c ’ s ’  ~m r e n t  Ii .  1 l i i  I i s , I I i . ’  p a t  t u n  n w i  s _s h i  1 - m r

I , ’  t O - u t  t i m  t h u s ’  s l u t  i~ ’ .s !m i ’ u l m - c ’f l S .  , \ t m  m - i t t , ’ m m e h m t  t u m  l m ’ t m ’ c t  s I r s ’ s_ s

r c -’s ’ s - ’n s’ . t l  a m nc t I’ m- m t  1 c ’ m i e ’ n ’ , n u ’ w t l _ i  W , i 5 ’, ’ i m - i u i s ’  lcv m m b s , - r ’ s - i n m m  f l u e  v,’ul  l i ’ s ’s c_ in t ins-

m t m m - n t ’ - I r j n _ i c - side -s I m u I b i s ’  j i m - u n 5 ’ l c u ’ n c n n i  I i h s’r s  m l  t I r e  c- s - n I n a  I c m u l h e r e - n d

s’ . , h i _ s  ‘ m m m ii I t  v i  t i c ’ , t h i s ’  she ’eu r s u n  t a m - e s  cctn t I n , ’ I I t e r s i  m m c i  51 r c n ~cs

‘-Ii ’ ‘ p u m p  t i - t n t ‘ c r m - m e k  pa I t  i - rn  was nc _ i t s -e l

i l l _ s  i u _ s s  l e n _i , m (  Ss ’ h t ’ i h u i l s  40 Re-sum I t s

,\ u ’ ,m m t m p u r  I secn wen s sin m - i c h c’ u n t ’ t ire s t a t i c  f c u j  lu ,mre surfaces to the’

I - i t  l e n s , -  t m - n  i litre ’s for Sc he - slim I c ‘.0 sin s-c ime ’ns . The following d I f  f e r s ’nc s’s

wi- u ’ , -  uu ’t  s’d :

( c m )  F a t  l i m e - u i  c i p i ’ m ’ i men s  hav e’ a g r e - c u t s - n ,-m n n n c c u n _ i t of Moul t ’  B inn t h s ’

_ sc n I “-  s i  i t , - , l c m m t  hr I on I’ a t tern 40— 2 ansI 40— I . A I so t he. ’ nom i sm ’ r ir e  s i d e

I ‘i n  t i n , ’  I - ‘i t i ’, m u u ~ - m I  _ s p e ’ ’ - imens hu e! m e n r e  M i m I c ’  B s u m n f a s ’i’ ‘ ir e - i .  Thi ns ,

c i t  i c _ n i , ’  m mi i  s _ s t  l i e -  Ws ’e i ken  i ng the shea r be twee ’n i the - 0
0 

1 (h e r s  a n_ ic! t h e

hcmn’m n i n nc n t in g r i -sin. This we akening is p r e s s -n t  I e r r  ho tl r tine- 1/2 in c hn

1’’ in t s m - m i_id t ine.’ ti~ i n e -h  1 m m  l i n t t e s t e d  . ‘I’he el eu nm m -’rge enppcn rent lv _s’s ’ui k s ’nn s

- 
p

In i - I / ‘, I n (’ ii joint at a rem p Id rem t e’ , I h i t s  ci re - c i t i n g  I Ice sit m m c m l  i on win s ’ rs’

many ‘1/’. in cl n joints we -ri- t m - u  h u m , ’, h e - f o r e ’  th~’ 1 /2 i n c h  j o i n t  (ems in

II ’ ) i ’ m  , ‘~ t m ’ c ’  5 ) .
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t h u  lu, l i t  i p m m e -u h s~m , ,  (‘‘u - c u _ s  bu tch . m , ‘. u ,’ , u t , - n t i - n s h s—ns ’’,’ I i ’ i n _ i l u ’ n p h v

s I n c  m . -  I i  ‘n u n ‘‘ I n  ,- ‘ e - t 0’’ 
~ I ‘- ‘ m n  t him- nu ns _ s c r m mmi s j ilt’ , m-’,’i t I h i s

!n ’.’ ; n u u t ! i u . s i ~~ e ’ c l  u _ s  t I m e  s s ’ i ’ c n t _ i d  _s i s h i ’  t m n  I , m  1 1 .

( i - I P u t u , - n n  . 0 — 2  I i i I n  n ’ , ’ tm u. m ’ s ’  h ’’  , mmccc , - !  I I n s t  by m ’ u m l i s ’s !V , ’

m i  h u m  n ’ s’ i n  t h i s ’  u n n h  i t s _ s 1  ‘s’s in t m u  n ‘ I’ ‘n i l  t hi’ in i p it ‘-c l i ,  n i n n , !  i i i ’ s _ h

‘ u - s  inch  _ s i u i u ’ _ s ) .  f u n l  1 , _ s i - m I h i ’,’ _ s h m c ’ . m r  . n l m ’ n m c ’ I l i e -  hi m - mm I i l . m m m c u - u c m  ‘-m .

S m i p ~c u m ~ I t u m r  t h i s  u - m u m _i ’s I n  m u m ’ , t ine ’ S b - T M h i t  I m o  i t  - u  u m n i u l i n ’ ’’ . t i m n m - m . m  I

I . u i l _ s i ’ -  s u n s - S _s . m l m m i s , m  t h i s  0’ l u _ s u n .  h i m w , ” s ’ s’r , ‘ m v a t  Id m c m l  I u u n n , ’ i l~~

- . 1 n 1 . ,  im n i sm , - the ’ ‘r, - a t , - r sum - ‘ s’ p l i I c I l  f t _ s  f u r  ‘ ‘ h u e ’ s  j v 5 -  I - i l  I n u r e  i n n  t i n e

. s , i b r , ’r , ’ u u m l  c m t i n ’ - su ’ n i m  S h I m ’ is n_ m t en~u p c mm ’ u-nuI  ‘ m i n n i e ’ s _ s  i ’ m - n m ’  c s _ s i  ‘ m m - - c

h t m l t h i s ’  -~~i ’ t e - u !  t i n j e ’ k u u s - ’ - m s c m l  1 m w  n n c m e h m t l s - s  sn - n - f m  cut _ i c !  m . ’_ s i n  - m l  low _ s m- l ie ’

te l  lu -s i ‘; , ‘ I , ‘ _ s t  re_ i i n  n m - nc ’  m e ’ .

( u - l u  ‘ - m t  t e r n  ‘.0— h w i t h  M e e he ’  hI c m l m r n n p ,  E m I ge I- ’ was no t  c d i s m ’r ’ , ’ n ’ u l

‘l I n i s  m m d i  , m t , ’ S  t h a t  ( , u l i , m m u m  d; u n m c m m ’ u ’  di d n ot  s l e u r t  c u t  t h i s ’ h t n r o n

iot i- n I c u r s ’ S  inn t i m , ’  m i m I c  s i i m ’ , m n  a re- er  etch je_ iceot tm _ i  E d c m u -  F and s m m h s e ’ q m c s - n t  l v

(‘ i t t _ s e ’ I n n ,  t n m n u -  tin mm m i v,’ i n w a r d , n m n t i  1 t h s ’  she-e m s u i t  j nnm e’nts ’ t n t  l i ii ’

l’ c -t ’ ’ - t i f l j m uc ’ bond ,m r i ’ ;m m,.’as ?‘m’ ,m , ’b c m ’ i b.

(s’ I lit , ’  t m - it i mutt ’ si, ’, - inum ins 1 m m i i ed i n  I’ d I t , -u ’ n !m 0 — 2  c u t  t nm- 1, - u ’  t his’

I ri -qum ene _i’ m m  ‘ ‘ c e u r m e - s i ce ’ us  I ii’ Lii i ’ t m - n t Ic sp e c  j nme ,’n’u, S ( f o r  t I n  I in-n i I

m n emmm u p i ’ -s I c - s t - i ! ) .  ‘ I b i s , em h u n g ,  w i t h _ i  t h e ’  l a r g e r  p e r u ’ s - m i t  i ’ I ’
~~~ 1 i ’ u  I i ’  II in

th e - i m m  ma I r ’ - c ’ i o n  m u t h e -  I i i  l e m r m ’  1 cm - ill s- m n m;my inch i c ’e i IC I lneu t t ine ’

s’ ‘/ m  I I i - m u h l u e ’ s  i ’s ’ .- (1 1m m - c u p , ’  ~c ’  m u n w l  in w;m s n m - s t r I c t  t ’mI t m u  c - i  cisc-n t n  I he’

s i n - u -  1m m - n _ i  ‘ ‘ I n ’ s - _ s  an _ i d s i t , ’ ” ,, em ne l I h ucmt i t  p r o g n s - _ s s e ’u l  c u t  ssn nn s ’wh en t ~t t ’ m ’ , t t  ‘ n

n m - m t . ’  I m m - m n  t i m ’ -  ‘I m m i p e -  :, ‘u ’ i mw in in _ i t in .’ I e m n i n j nn sn t i m p ’ , r s ’ s i n / h o r m n n n  i n t e - r t ’ c n u - s-

u lon g 1 . 1 c m ’  ‘I.

I
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I t  ) ‘Fbi- t u i  l i t r e ’s s m f  h o t  ii tins ’ stat h- antI I - m l  i p u e , - I s - s t s w I_ is -n e ’

‘ i l I u m I i  0—1 m ’ C L s i m c ’ e-d si n_ i l i i i ’  S c - m i n u s  m ; I c l s ’  dire’ i i y p m n t h e s l z e ’c I  t i m  j o l t  I - n t . -

e m S t ine s c m ( m m c  _ s l j e  cn l c ’t sp  Ed~’, e ’ 1’ he t w s ’e’n t i n e  0 /90~’ se-rim m-nnd the c m u t s ’ r

(I ’ p 1 ( ~ - s . l i r e  Med , B typi c-a 11 y prognesse’ml t cm ni-a r Edge ’ F whe’rm ’

fal I mi n e ’  c ’hi , i nii ~e ’ ml t i m  ,‘ um h _ ie sivs ’ (M uncI e’ C) ennd a d h e s i v e  ( M m m c l e  A
11

) .  O f t e ’ n i

t I n ’ - ~‘Ii ’ he’ C I c u i l u m n m ’  a t  Edge ’ F w e t s  cm n a r r o w  t r a m n s v e r s m -  s t r i p ,  i n  l i t  l c ’ , ’ s e ’ .

i t  i s  t _ s  i I n u r e  t y p e  occurc’~ ’eI i n  5 07 muf the’ stun t ie t i -_ st fe _ i  l i o n s ’ s , c- c - c s- p t

t h u e n t l im e - _ si’ he_ i d a g r e - c u t e r  c n n n o n l n t  c m f  cc ch e,’si ve f u m i l u n e ’  ( F ’ i g u r s -  2 ’bA

‘s’s .  F I e m ’ c r c ’  24B) .  The nons c n i m  s i d e  of the ’ f a t  i g n u e ’  speu ’ j tnl s’o m i t t e n _ i

b c c m u h  13 f m - m i  l u r e  I m e n u _ i  ,jeusl ins i d e  Edge F Is_ i nea r 1- Tuig e ‘I’ , wIn e-re  ccc l i i ’s  k’s’

f m  i i u m n e  c,m c c u m r ,  ml ~ ‘I l_ ic n o i_ i s cn i nnm s u r f a ce ’s (roam t h e  s t a t i c  t e s t s  were

most  Iv P a t t e r n  4 0 — 3 .

(p) The t endency for em s h a r p  f a i l u r e-c a l o n g  l - ” c , e T m m n  t h e  ( I n s t

s t m m l , m n - s ’  t m ’ fc nll is predicten lcle s I u e e ’  t h i s  circa has both hi g h _ i sh e’c.u r

;mnd norma l (peel) strs’sses. The frequentl y observed Patt e rn_ i “.0— b

f u n  t i n e . ’  see-ond f a l  lu re s u r f a c m e ( n o n s c r i m )  whe re  cohes ive  fc m i l u r e

, m c e u j m _ s  a l m n n g  Edge. ’ T (c_ i s opposed to tire ’ s ha rp  t y p e  B f a i  l i t r e  c ’mi the ’

first su mn feuc e ’ to fm - i i i )  mm--n y m d  i c e_ i t o the s - I  f s ’ m ’ t of g r e - c u t e r  pc’s- I as

t his -  j o i n t  c -h e n n g e s  t i m  u single ’ l a p .

(in ) A p o s s i b l e ’  sc m - n a n  li_ i 1c m these. ’  f a i l t m r e s  - - c n n  he h y p o t h s ’_ s i - c s ’c h

w i t h  the aid of Figure ’ ‘0 . First failure i _ s  assunree l  to  i m _ i i t i c m t e’

- ‘lon g l- . m } g e  ‘1’ ( P o i n t  1)  w i t h  a t rac-tune m it ’ the sc-rim and semrroun shing

r.’sIn . Next stat ic sh e-em r prop ;ng~’n t s - _ s  e m )  ong the 0
0 bo nm m n cm i i tine

_ s p m ’ e  im ei n  r u e - k s  e ’no ungh tun cause peel in the a d h e s iv e  ( P o i n t  2 ) .  H i g h

per I ‘en t h e  noose r i m  s isle cc_ u ses some c o h e s i ve -  fe n  II t i r e  in tins’ c n m h h e s i v i ’

4 1) 
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mm c d i , m m m , I m e . t l  i n - _ i n c  t’e ’ m C ~~Ii ( l ’ i ’ i m u t  I ) ,  l i m i t  mc ’’ ’ 1 l u i l m u r , ’ I ’ ’ “ T ’ ’d , - 0 . F i n _ i c m l l v ,

en s t r e s s  p i c t s u m u - s i a r i l e u r  t i n P u n _ i t 2 ‘ce - c m _ s  u t  P o i n t  4 .  l I c e -  I n u ’ m i u m s ’ u s m - - ,’

m i t  t i _ i l _ s  I , u i l u j t’ u se ’q cm en c ’ e on t h  , - ‘ -e s ’ , ‘ n um _ id s i u l e ’ te n l e i l l  ( s h u n — c m ri ta s i d , - )

we_is s l iminis hnc-cI h’s I i i , ’ g n u - c i t  c i ’ t u ’ n i c i e ’ s i c ’ ’ s ’  I c r  p i v si_ i l i t t  lung m -nnd un l :-~,’d

mende ’ f a i i u m n e  i_ in t h u i s  s d ’ s - c r ,  l v  e t  r u ’ ’ , ss-d _s~~d hs ’ .

p
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I i I c m ’ , ’ M u _ s~~n ’ I~~~’ t ~‘l  u I  I i c ’ s )  s / 
~~c 1 m m ’ !  i i  h e ’ cm

S I -. c m i i  t m ’ !  c I r e ’  e n - b i t  1 / 2 in c  l u wj s i s ’  ~ i~’” 1 1 mm ,  ‘ u _ s  ( , m  i i  ‘ - e l ‘ s m - i t  h th nu c cisci m 1 mm

s i , , - e m s  - e m - n i l  lv slcu ’s’ i nmec , m l c c m u u t  5 1 1 — P O T  , c d h i ’ s l ’ ; e I a i I n u r e ’ ‘ m u ,  t he ’  h m u n ’ m - m c / s - i m m ’ - ‘

s m c n ’ I , msm c ’ I ~!i~ i t e  A
1 

) . 01 t i m e ’  u m t h n e ,’n tws u S I _ i c - c  ( l u c i u s  mimic ’  l e t  l I d - cl  w i t  hi SO A ,

‘n I I c e  s r  I -  s nu  m c  u - u ’  c m _ i d t i me m t in s- n wi lls 50 0/40 ,\ . I lie s i ’ . s i ’  l i e - n m

s l i ce i m ’ m e ’ m n s  , r I  I h u m i d  I r , i c ( n n m , ’ i  m~5
o) 

il , m e m u , ’ni ts inn . n  s ! e , m r ~c h i m _ i , ’ e n l u ’ u i g  b - P lc ’ , , ’ I

is’ i t  l i e u _ s m ’  i t  I I n ’  - I m mm c i ne _ i t I C c ’ r e - _ s i n  p u I I c-cl m u  ( 1 . ,\ I so , 1 m m cc sm’ - n  1 1 ‘ m m  s m _ s h i e s ’

( , )  ‘I  sp i - u - I m’ - e m - i s , c ’ l u u s t m ’m s m c I ’ s h n m u r t  , ! i e m c - , n n , m I  I i l c c ’r s  tic-cn n t h i n  S h i e s  u t

l i c e ’  I p u l l  s I  m u t t  , c ’,imimsi og p e n r t  m m 1  t b u ~ - sc ’ccnnd ( .
~ 5

cc
) in I 

~~~
. F I t  t V ‘i - i ’ , ’ ’ ‘ m l

c m )  t h u s ’  i n c - I n  s i d e ’  s j m e ’ c f m _ i ’ m _s s b m u m w s ’ u i t h i s  s , r m m c e ’ umn s mc l e ’ ( . \ )  c i i  f m - n i l u r e . ’

( i ’ i c c n i r e -  2 7 ,\), is’ i t i i ’l _ i  i s  t i c - s i - n ibs-cl e m _ s  l’ , m t  1 c m _ i  5 0 — 2 .  ‘,u’ j t Ii h _ u t ‘n c ’ s ”:u ’ u ’pl 1c m ,

h i s  t m  1 1 c m , - 1 m m - i  ( l u - r n  wets o s _ i l _ s  b u n _ id  no t lie’ m _ i o nse ’ n in n s n l r ( u m , c - . ‘Fl _ i s ’  - ‘ I  l i e n

I i n _ i ’ ’ in w is! c’ s i m s - u  i nns -n _ s  I m l ]  eel w i t  In P~u t t c i ’ t_ i 50— I , i n i l  ‘ ‘ ‘ i n  u u ~~’/ ‘1. m d i i -  B c ’fl

t h i n  o m i t _ i _ s c m  i m  s u m  m l  .‘uc~ ’ . ‘l I n u s, ’ hash  s i r e - n i t  Ins h i - l u _s  t i n e  c ’ , i - m u m - , ’ I ‘ m r

Sc I i , - ’ !  i s  h e  m O . P u mmmc , ’ r u  m u s s  sc m t  t s ’ m m  ‘ c i  s~i ;i u s’s e i 
~~e m I I c c i  e m u c  t P u ’  r n  i b u n _ s  we c ie

u ’ !ms , -m ’ s - , - m !  (me-n - i l l  I h i m’ Mu nci e ’ II ( 0
0

) s n c r f c n c e - s .

M i m I  ~i ’ i n t s  j u i s t  , l , ’ s c - r i h m e ’ e h  f m - _ i l ls’ e eec ~~n c  n , ’ s , ’r S e ’ ‘ m u t t ’ ) m u ’ , ’  s u n t t t e _ s~ ’

j i m _ s t  m l , ’ ’ , , r i he ’d s i  t i m  c m u _ s m _ s I ’, ‘ml c m n n d  ni l  xe-cl t i i m m e hs ’  m I , n m , m m - u t i n  I I r e ’ 1 1 r _ s  ( u~ p 1  v

( O f  go n~ 2 7 1 1 > . ‘[‘h e.-’ ii m m ctc 1) f m - u  I I m m m i -  Pm - n e!  e l-: tm i -n i _ s  i ’s ’s- ‘- cli, ‘ .u  r “ s i t ’  i c  - 5 m m - si c !

u - e - ’ m ’ m ’ ’ - ; s ’ s h  4 ’, ’’ p l y . and Mc ’cl s -  B I c u i l u n r e ’  s u m - c  , m l n , ’ u u t  (p 1 ’ m u l  t h e ’ ,n ’s ’u ’ n l , up u n - i ,

‘l e st  I c ’  2 1) ’ c\
j
/ 1 I - i l  h u m s ’ _s’ , t _ s  m i t t -mi e l u m s t , ’ n ’ u ’c l n n , ’ . m r  - m l ” , ’ T cm li t i n  i _ s  n - i - v u - n - e s ’s!

-~ i m n I , m i

( i t  t I n , ’  two 1 / u  i mne l n  h e m p  j e m u _ i t s  I ’ n , m t  u, ’’ ’i’ u ’ s l i t  1 , _ s i l l _ s  I ~i I e ’ d  w i t t e c ’ i i l

I I m ’ - c t l i i i  ing ti_ ic ’ 1/2 i n c - l u  1 c n p  S i s I s’ ( a n s I  d i d  r un t  I m n ’ , ’ , u k  i n n  h i m  m ’ c ’ nn t t’ , u i

~~~~~~~~~~ -~~~~~~
- =“-1~~—— ——-’-—  “~~~~ 

t-c— ’ -- ~~~~ 1~ - ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-. ‘

~~~~~~~~~~~~~~~
“ —



n u H u , ’ m ~ ’ t _ i u I  , u u c n - c j e h e -  l i m e ’  l o i n _ i t ) ,  m m i i , ’  t m - m i  1 , ’ , !  : m s  ‘ m l  (c- nt _ i 5 i n -  ‘ m n ~~ t h c ~ ’ mi en, , t i m ’ .

s i c~~ ’ , I in , ’ u n  nu - n f m - _ i  I I e d  us ’ I t  I i  I i )  A
13 

m m i i  I l i e ’  ‘- m e n  i n’n -c i i i ’  - I i ’  I h m ,  “ s u r e r

‘,u m r t , i c s ’ s  _ s i ’ m m -  i ’ , m  t h u - n un 5 0 — ]  , _s’ i t h u 7(1—MO . ~b u ’ u m ’  0 .

h i , - l e u i l n c r , ’  p u t t - n u n s  i n n _ i  t b _ i ’  1 / u  i u t u h l : m p  s i ! ,  ‘ m l  t i n ’ , ’ j u u i e c ’ s t h_i :u m

f i n _ s t  _ s t , t t h m ’ u l l v  f a i l , ’ u t  i n _ i  t b _ i c  1/ 2  i m _ i c h  le _ i p e m - s - n i ’  c ’ h s e - n v e - I .  A l  I s b m ’ ’w n ’J

I ju ’st e m i h ucu’ ,- un Il_ is’ nnm u u n sm - n ’ i mn u sid e’ s i t  hi ‘ i  r e b i m r p  u s ’ ’ c O  , i l s u n _ i ’, ’ I l c i g i ’  I ’ i n

I s , ’ ‘u 5 ~ p 1 i , ’s , f c m l l m n we’cl b_ s i n _ i I , ’ m l , m u m n i m i c m r  she-er r ~~h m ’ ~ h u -  B )  eu l m u s m , ’ ~ 5 c i m c n I

0,5 (if thi s’ u ’ v s ’n h a p  e r r s - _ i .  ‘l In e ’ r u ’ s _ s r _ s i ’  s P I ~ (ss’ n im s l u t ’) _ s b m m ~- ,’ n ’ n l  cm _ s h e u r p

h rsm - en k i n  t hi ’ f i r s t  ( s t u n  ( i c c ’ )  5
u n  

pl y , w i t h  20 ‘ u n I  n h ’ r e c m c r c i  4 5 0 ~ N

m u - m e m u i n i n g  u s  h e n r i -  h u n r o n  I’ i l e n r n _ i e - n c t s .

Tin s ’  i t  i i  t i re . ’  per L I e - n o  I ‘n t im e.m 1/ 5  l u n c h  j o i n t s  t hum - m t d i m e ’  ey e  [Cs! a n m l

s l i t  i i l l  t s ’m ~e’5s ’ul n t t s ’ r  l:i fl e m n m ’  i n _ i  t i _ i c ’  1 / 2  i n c -- h  l a p  c m l  t h e ’  c ’ m m n m p o n , c - c - i s

l i n t  lu -c u 1 t m n  t h e ’  1 / 2  i n _ i m ’h lap p eutt s’ r t _ i . ‘l Ime-se - j u m i n l s  f i n ’sl l c m l i s ’ ei i ’ m _ i

t I c s ’  sc-rim s I ‘ I , - , c - m i t _ i l m m  r ’s’ t o  t ire’ path ~‘rns u _ i f  t he -c Sm ’ h e c h i m I s ’ 50 ‘-e t  c u t  ii ’

l u s t s .  ‘i’h nn s , ti_ is’ n m _ s m u t  ion i l l ’ t h e ’ 0/ 90 ’
~ s c n i m  1 cm i - _ s d  I i ’ I i u , m h  I n c . b u m s

s i - ,’u _ i l t  i i  i m u t  I y , m f 1 u ’m ’ t m , ’ i I t h e  j m m i n t  t ’ : m i h , u n ’ , ’  mod e ’ ,

E x m ’ m - l m t i n g  t I n ’ ’ 1/4 i nc- h le t i c  j m ’ i , n t _ s  l u _ s t  d i — e m ’ i u s s s ’ u! , th i s ’  r u _ s m u t s  c m l

b u m - - m i  - t m - s t  s i n sl hi u t ’  1 1 m m - n t I l ie-  p r e ’ c l . n u u n  I m _ i e m n _ i  I fir _ st fc m ii n u n s ’  w i  s ‘ ml  I Its ’

s u n _ s i - mini s isis’ .u nil h’s’ Pc _ i tt c - r u n  5 0 — 2 .  I I c e ’  _ s b t , m  n - i_ i f m - n i  I tire’ c i i m m c c , ’ I I c ,  - ‘I’

m m c m v  b u n ’  c h i m e -  I ’ ’  h i ’ ’  t in h i  ph  p e e l  ci t_ id I s m _ i s  i o u _ i  i n _ i  I I r i s  p ly  Si n _ i ’  - , ‘ I 1 1, e i’’ ’ , - m c I  S

~‘ —
.--

we-ri’ sc’l,lmn m sln , - e u r,’, I n u t  - Ibm - r d tire’ , t m hiis ’_ s Ive I _ i o n _ i l  h i s ’ s - n  -- c t  r u n n _ i g , -r , t i m —n e ’

him - ut t m - u i l m ’ u I  ‘is u It c-nun 50— ,’ p n mul mc m in Iv wo im I d  m m - n y c’ m ’ , nn  t I n _ i ti e ’cI to I ‘ - m m  t s m r s ’

t h n m i m c g h  tin,- tw m u s m u n l e r e m ’  45’’ plies enne l e m I t  i n n m - n t e l v  t , m f l e ” l  u s  I’m - i l l s - m i  ‘nf l— I

w ith ~ F m m ’ , m r . m lo ng the. - I i n _ s t  C) i _ i l  v ;  j . s ’ . , c u _ s  d i d  50- ” m u f  t Ins ’  I m i d _i S ’ i u I s ’

s~H - c  imt ’n S .
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I n n  n ’ u - , m s ’i n I s ip  I In i S  m c m i i i ’ 1 u s  i o n _ i  ‘n I i t - s t  I u i i  s i n _
u - , l i i i ’  t u u  1 I ( u W  i ‘e e l  We’ s

c m  ‘ m u  s I c I e n ,  il

I i ) i ’ h m ’ p r m - u l u m m m - i i n n c u n t  t m - i l l u r e ’  on t I m e ’  } c \ ’ l i u u b  I t s ’ s  l~~ e’d I h r _ s t  s m u n t  ‘ m u  e I ’ m

I u i  I s - n m — c  nm ’c ’ n l e m n  ennd orc ls ’c ’ lv, wi th t in s ’ v i d m ’ m m ’ ’ c ’ ‘ 1 p t m ’ v i m n u ’  m u m ’  l n i n m l _ i  ; n u ’ i - l

Fu m r s e-c - , m m n l m  l~ - , this ’ Ir e_ ic t dire’ cm l  cm ni g I d  pc I wm - m s e’ 1 cm - m u_ i , v s - n _ s ’ s  m’ , I lie- r iggs-c !

m m c m ’  t m c m ’ s ’ enfl this’ ns’’s’u ’r s s’ s i de .

( h >  ‘ h i ss ’ p m e - c h c _ i m _ i n i n i c t n _ it m m - n i lure p e _ i t t e - r n _ i  on t l s , -  b n ’ s ’ p u m t h m e ’ _ s i z e ’ c l  S i c ’h e ’ I m r

Sc’’ m u d I’ m - _ i  l i i  m c ’ wm - ms  m e n i :-:ecl a n _ i d  naggc-d

c ) ‘h In t - Sc ’ ’ ’ m e l  side’ to f e _ i l l  h a d  cut _ i  m - n j _ i p s
,, ’c n r a n c ’  ci c ’ms m n l m c m  n e _ i l _ i l e’ t i m  t Ins ’

a s s u m e d  _s i e l c ’  I c_ i r ss- c cnne !  f m - n i I n u r e ’  c n n  t i t s ’  f a t  igtmec l  spec i m e n _ i s  of t h i s  t c ’ s t

sch e d u l e - . A l _ s u m , t i_ i c  c i  em -m n h r s ’ c u k  a i c ing  Edge ‘F m u (  ti _ is _ s u c m f e _ im ’ s’ -“ 5 ° p1 ’s ’

weus  i - h i m - i n c u s ’  1 c m - n i  S l i m ’ c’m f  the.- I i r s  t stir I C _ i d ’ s’ I c ’  f c u  11 on_ i t h i s ’  t e n t i g u m s ’ sl spec ’ lee  s n _ s  -

l u  1 , 1 u m n s ’  M e s h ,  I n i r l 1 i t i c j n u s ’  ‘lu - s t  s/ S i ’hed u i e ’  50:

TI_ ic p r u  u _ s i n i  i m _ i a o l  f m c u c  t o  mc ’ on t i n s ’  sc r i m  s i d e  fm _ i n ne-ve ’r se ’d — i s n e r d

Ic - m t i c ’ s , ’ c - cc s Pattern 50— i , wi l l_ i 80—9 (1- B i’ai lt m n ’s’ . No eviclene ’ c’ c m l  r s ’v er ss ’ el

St m s’s_s n _ s i n  c- reid )-’ I t in ~ was  f o u n d  a l o n g  t i r e  II t’ r , u u ’ t u n - e’ p l uu _ ie ’ . ‘I’ ln e. ’ M u n d c ’  I)

t m - m i l n m n u ’  i n  I h i m ’  +4 5
0 

su i r f e n c e  p 1 i s - s  wet s q u i l t s ’  sheinp  t b _ i m o t m g l _ i  t h u s ’  i_ i l  is ’s , m - t n _ i c h

s m _ s  p -npe - ndi c ’ u l c r r 1 m m  the b e_i d dir e - ct ic_ in. A she-cur Icui l ure ’ m i t  i m - mtecl itt

the’ l c u s n  i n c i t e.’ n m _ s i n  between tins ’ first 0° be-i nn _ inn fj lm - unue’n _ iI m-_ i ne l the ss’r ins len

t h i s  I ,u y e ’r ( m i n l s ’n t e - d  0/90 dc ’grs ’c ’s ) .  T h i s  l , c i l m m m c ’  w s_ is , t h u e ,- r s - ( ’ m n s ’ , c n n _ i t i _ i s ’
- - - - p

sc m-’ h c , n  s m e l t ’  , u f  I l _ i c ’  c s ’ n t r , m l  m - n d h e - r e n d  sm nshs ’r  t I _ i c  , m n m l e . ’ r + -~S° p i l e ’s. ‘l’hie ’

t’on_sc’ri rmt s i l t ’  showod cm sina i i m - _ i r fm - n ([ tire.- w i t h _ i  Ina n e- b u u m m n n  I i  I eum e ’ t_ i t s , m u t t

w i t  ii .m I c ’ ’, e r r  am o u n t  ( ‘ u S — 7 0 , ’ ) of ti_ is’ B fm - nil t u n e ’ . Fi gu mrs - 27 ( 1  sinows a

t v l m i u  - m l  l u  I h ums- . P i n  e ’vlule ’n es’ m c f  ps - c- c l a t  or ne -cnn Edge F was i n c i t e d  f n s m n n m

‘4 ‘4
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m c c i d ’ n m u s c u ’pi c 5 ’> , - u n m u h s , , m t  i~ ’ nn u m l  s i t  I i i ’ s  t i c s ’  I m c i c t m u r c - d  ri-s i n _ i  I I  w i - - m n  t h i n ’

hu ’  u c u n _ i  I i 1, t e e m - u  - m t  s , ‘n  c m i i  I he’ u n u i t  c t ~ su c ‘ I  u c-s c i i  ci’ ( m u  ‘ m u  ‘ m u  b I I c  ni s. ‘l b_ i s -

l i t  1 s t  s- e n s ’ s’: ’ c t n s i n c ’ u l I u c m n m c  t h i s ’  f u ’ - t c t n m u ’  n u - s i s ! u s c ’  i n n _ i  t i n , ’  I i t m n n i m i n e  s t n c t g .

t i m-c m t ’ e m t ~~~’, ’ i c-  l e S t _ s  t O m - mt w i n - i ’ m ’ s n , h tu’ t, u t _ s ’ I t l u i e m c t  n ’ ’ - ’ . n - _ si- mi h u b  I nc -

( c ’ c n s t , u n i t  . c i m m h i l j  I n t l _ s  t etnsim ’ ii — b u - n m _ s i n_i lu m:t m I j umm ~) sle w,’! em sinn i mu 1 , 4 1  h u n ’ ,

I m u  th n ,- tm , u s s ’l (:ue u t _ i d  r e v e r s e , !  1 m m - m d  I t e u t s  ( m u t t ~~ ’ o u _ i m p m i ’ s s  i nn ) e u m n n s t : m u _ i t

mm - em - p l i i  i i , ! , ’  tests. F1, we’vc’n , o n _ i c ’  c d ’ s - p t  i e ’ m r  w i _ s  t I n - i t  ( u /  ‘ ‘ I  t b ’  t m ’ m m s l u n n u —

c e s i u m _ i  t e s t _ s  inc _ i d i n s t  f c m i l m m n ’ , ’ i n n  I l u -  flo uts ’ I’)’ - _ s j c h m ’ . I n s  t h i s  m~’ ’  m u ’ ,

I b c s ’ ’ s ’  t u e ’ Is - i V e ’u i m i tt ’ r n  1 I k e ’  I Inc  5 t u t  ii ’ t c _ s t  S l u - in  t I i i  s Sm’ h e’ d u s  1 , - .

I ) l s u ’ u _ s s ( u ’ m - i  u t  Se Ic u ’ m ! : i l n ’ ‘0) R e s u l t s :

(a) i l _ i s ’  m - , ” s ’ s ’n s 5 ’ d — l o a e! I ’ m - u t  ( ‘ ‘ m c d ’  u , ’ _ s u s  p n i m m n u n i l v  t i l l s - c l  w i t h  e ’ e - : t e n n , s iy s ’

M u _ s m - c- B d i rmm - c m m ’ s ’ tin h u ut i m feuy isc ’p _ s n m - i’ l , i c ’ s’S. Ilm i s  s’u m m ’ - c m : t t ’  , - - c _ sl t P  I e u I l u m n s ’  n f l

t its m c m m r _ i _ s c’ m i m  s i d e ,- t e n ’  S t : u t j c  i n t l  t s - n _ i s i m u u i ’ — t s - t _ i s l m n n n  t a t  i p u s e ’  t e _ s t _ s  ( ‘ I m P ] ’ -  ( 1 ) ,

e m - c , !  wi th t i m e ’  p m s ’ i i m u m m u i n ; _ i n i t l ’ s ’  - n e l h e ’ s j v u -  m l  l i i i ’ s ’ m i t  b in s’ S t e _ i t h e ’ S l ) n ’ m ’ i m - ’uu ’nS.

I ncus , ( I  is hmyp i nt b _ ie’ _ size m l t h u - m t  time’ fe_ i t i gu m i - n t ’ ’’ ’ ’ c ’ S _ s  We ’ , i ) - m , ’n e ’ i !  l ime ’ i n n b , ‘ n’ c m u ’ c’

h u m ’ t w e . ’ s - o  t h e ’  0’’ b c m r m i u m  i n n _ i  t I c c ’  t h  I r d p 1 ‘s’ m l  I h i m ’  s, r Ic’ : s Ide moth i t s  o f  ~m p

c , n i , - m i t m ’ i l  si ’r i m ’ n  l u _ s i - n ’ . ‘I’ !_ii_s I s’sl t o  c m s i n e m - i n  f c m i i c m r c ’  w l n i c ’ h u  c ! u c e ’ c i m m ’m I  m l  I

I ’ m  I m ’ m u c m m  cm i ’  I i  t m - m t _ i  i d m n n  e m d l n i ’ r e - o d  l u _ i t o  t h i s ’  t w i n  l u m p  +7,5 ’ p1 lu’ s. ‘b i n s - _ s e ’

i m m m e ’ , i ’ m l I , m u ,  i v  n ’ i i ~ e u o r e — d  i n  t , ’ m i m — e ( u m u u .  i l i u ’ se ’ , ’ u m n m u l  s m m r l , m u ’ e - I i ’  I , m i l  In c _ is !  ci

g r u - m t m ’ r  p c-nm ’e’o lenp s ’ m u !  ~‘ h u u , i u -  B t h a n  t h i s ’  s t c m t i s ’  n m - s t _ s  s i n _ i c - c i t  l u ’ ’  ds’m - i _ s

_ — .
w,’, m ~~u’ m i u ’ c t  i n  I h i ’ ’  f m - u t  I t ’ u c , ’  P~~’ m ’ _sS.

( l u )  I- ’ e n j  I t u n ’ ,- I _ i , ’  ( n u t ’  Pt’ imar I I v  mm t i n -  si - n  i nuu s h i m ’  m m ? ’ t I m , ’  Se ’ l u u - m i m m i s -  4 (1

I ‘ c - n m — , I ‘ ‘ p I I c - _ s  I l i - u t  se’ r h u t  ‘ i n  ( i - c t i i i  m b  1) /pu t m n  t i n s -  I s n a u l  s l i m e - i ’ I I ‘ ‘ u _ i  i s

mm r ’ - tm - unmet ) ’ I op in n ,“,‘ u - u ’ ,, - I I m t I glu e- hum - mum serf nit i ’ m  i t - n _ i l s-e1 ~i 1 4 5~~. b I t  I _ s
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I n - , i s’ ‘nu s d I n - n m ’  I , m  ) t O n  ‘ cm i I m c i ’ , ’ c i ,  ‘ ‘, n ot  , u , - cnu r mc i_ i I I n , ’  n_ i ‘ m m - , m i n n  s i d e’

c, m mm ’ n ,  ‘ -~~~~ _ sm i’ t t t i nm cr t s ’ _ s s I t I t  tine ’ t i n — _ st 0
0 t u ne’ - , ’ n u t s , c n n _id!  ( ! m )  o m - i l h i c r e ’

ml  mcc i  I ‘ ‘‘ ‘ u - n u n ’ ,‘ m u I l i t ’ _s - n’ i n _ it _s i c lu  - b _ i t t c-,, ‘ n t _ i  l b  1 1 / ’  i t  s—u , ’ r’ i u_ i_ i em i n ch  I l i t  - i n n  i n s -  r

‘ ‘ 1  t i i ,  s s - c ’ ’ s u c i  ‘5 ° p h _ s .  if , ‘w ’- ’, ’ r , I l i e  m I j I I c ’ r u ’ r n ’ c ’ i n n  t I n ’ ’  m u t e  ‘ ‘ I

- n ’ ’ p , m -  i t  m m m i  I s n m ’  t p m , - , n I , c u e ;  cv I m l u  ‘nl cu - c! In ’s’ t b _ i ,  r i I m t  i’s’,’ i ’m- e l i _ i t  s

u _ s t u s ’c u r  t i c _ i n _ i c 1 1 m m  m u - c ’ ’ 0” ‘ ‘ m m mi h i m-m n_i ’s

I ’ ! , ’  s I I ‘,~I c I I ’ s - n s -Ci t i ’ m  _ s t  c u t  I c  sI  r c - n _ i p t  I i  ‘ I  t m u ’  Sc i i ,  - d u n  I s ’  ‘n i )

_ s ; m m ’c i e c mm ’m - n _ s cs um n n p curc ’d 1~~’ t i n ’ ’  Sc ’ nu m b h e “P1 sp e c  m um - m m - u s mm - n ’ s ’  i_ is- I n _ i d i c ’ , u t I _ s e  c m i

11 cc- e m , ’ , c~~c i t  I c i i Ion ’ ,’ . ‘i bi d is , j r _ i  t i m e’ Si ’ h u s ’ c l s u l i ’ 5 1) sb ce ’ c ’ime ’n ’; ti c , ’ l ’ . uml

l i n i n g  t lue m i ii  i’n ’msis I m) 0 j c h - m u ’  - i n m - m s  it ’ s- u n nc-clime c m i  liv e l i ,  m u ’  1 c m : ’  1 1 m m  ‘ m m , -, i i  I I n ’ ’

t w u m  s u i r l i ’ ~ m i l e s .  ‘I l_ i _ s  e ’- e t u l a i n _ s  t b c c ’  g r e a t  m n u m ) u i ’ m i _ s h t v  ‘n l , m h l : n r e -  i n

r m u ’ -Ie A _s , u h c n m i ~~ t i m , -  ‘ ‘- e l - n  H u n  - ‘ I  t I n s ’  c e - u i t n , m l  , u c l i u i ’ n i -n e l l u _ i  t i n t ’ s’’  5 ) i e ’ d I ” m - ’ n i _s.

( m l  ) ‘I i , ,  s u n  hu nt s i d e -  m t  time m u u m ’u m mn / c -ji ,~ e:v , m u l h u e n m ’ n i m i  m m m c m i ’  m r _ s  t c n  l ie ’

_ sm r m u n ’e - , ’ , r I i u , m u _ i  t f m e ’ n _ i i ’ m r c - e d n i m ’ e  s i !  ‘ ‘ ‘ ‘ s m u t  s ’!um’n e ’ I l i e  I m l  iure ”c ’’ ,t , ’ I’; , i , hbm s ’ ’, l ’ , ,

I I  i _ s  ‘ ‘ t i _ i  I n c  c ’ e - e j i  l u  l i n e - e l  h _ s  m u m _ s i n u s  I m u g  I m i t  m r _i  t h i ~ ‘ 5c r  h uts s I m l e  t i n ’ ’  0 ° ‘-c c n

I i  I , u e ’ _ s - n i t ,s si  m m cm l n i - m t  t I m , ’ ‘,5 ° s m u m t ’ , u c e ’ p h _ s  u _ s u n ’ t h u s ’  ‘ t i t e r  p 1_ s ‘ e n  t I m e

n _ i , ’ n _ i _ s s’ n i nl - n  s l u t , ’ . ‘ ii u l — c  I - u t  t i n  n ] ’,’ l u l l s  m - m h c n m m m ~ h l s h g , ’ I ’ w l n m ’ u ’ , ’ t e ’ m t ’ c i l u  b u d s

‘ m m ’  -, - n’ e - cu t,i ’- -ct. ‘l ’ l mi s l s m m ’ c ul i’m - mi Icum ’ ,’ mm-n v he p m e n i h u _ i m I , : m n _ i d !  m m - n ’ s- s in _ m i d _s

i m m _ s  l’ s’ n ’ s h s u - e m  r i t n t  m m  t l i e  t e x t  ~, ‘u ° p l v  (wit I elm is c l  I )  I ’  - u n u - u l  I n _ s  t l ie  t I i i  rd

( 1 1 ° ) p1 ’s ’ ) u n t i l  s u r !’, m  m u ’  s i m m ’  c u r  u ’m ’ : m e ’ h m s ’ s  t i n e  I i n n h t  c m )  I hue ’ m - n s l l n s ’ _ s i ’ s ’c - .

I’ , i ’ ,s i h l v , t I n ’ ’  f n ’ , u e - n  u n ’ , ’  c m 1 c m _ i l l  l I mb ,- T m um - u ’ s’ In, ’ _ s t u e h d s ’ u i , I i c e - r u -h_ s m m s - c u t  I s n e ~

- m c i  I r t np mm I e n -  _ s t  u - - c c ,  t bum - nt ‘ -xi ’ ’ ’ ’ ’  u I _ s  t h u  ‘ e m s l b u s s I ye I i nut i t

,,_~ , __ _ m-,~~~~~~~~~~’~.J’ 
- 

- 
. 
~~~~~ ~

— -! ‘e~~~ ‘_ - ‘ ~~~~~~~~~~~~~~~~ -
~~~~ 

“---,. ‘~~~
, - - -‘~~‘-~~~-‘- -

~ 
‘
~~ -- ‘nu ~~~r “—~~~~~~~~~~



( , ‘ I f h m c ’  m , m  i b _ s m , -  pen I t  , ‘n : ;  m l  t f i m ’ c_ s cm ‘ I un _ i I :m muup  i n m c ~ Ic’ , m c i i : ;  m u m  m -’ I ‘ m u _ s  1 m m

: ‘ s _ s m — m m c m v  ‘u - mm mli i  i - u t  mv - m ’ - ’ ’ m m u - m ’ : u l  i t  ‘ l i t - c,-,’e- , n k u , ’ s n ( m n u ’  cii ’ u _ O n ’ ’  r c ’ s i u i  - m i m i n g

t O m ’ ’ 0
0 t I ]  m n m u u - m _ i t s  ‘ I  L ee  t h i r d  p b ;  ‘ m c  1 , u u t l n  s i u , b u - ’ c  m m )  t h e  - - ‘ i t  n u b  , u d ! u - m ’ ’ -

u i _ i  m c n n ,,’nt b y, I’m - mt L u_ cm (em h u n  n - n I  t i e ’  u u u f t ’ - u ’ ,~~,0 I _ i l  Is ’S c - u , m ’ .- I c -  i i  u ‘irr i ne

I i m c u ,_ s , - m l  I i , m , : m  t ~ tm - u II mmm c - mm c m ’ ,’ O i  t, s ’ n m  I I n s t  N_ i i t  [ c u t e  i n _ i  t i s , ’  s t u n t  i i - -~ ~~
‘ ‘  p b y ,

c m _ s  j i m  I l _ i s,’ _ s t e t t~~e I u - , -e t s .  W e r m ’  c m ‘ e m I l  ‘ c c ’ -  m ’ - , ’ i n  u _ i l _ s m ’ - , , ‘ , n i m n h i m - m n i h l u ’  t e n  tIme’

m , m m _ i , ! u u n ’ t I - u t ( c m i , ’ le s t _ s . I l _ i s ’  p m ( m - e n m r y  u ’ c _ i u c sc- c m l  d ! , , e m ’ : c e i , ’ gm - _ se th ( i l i u m ’ t I_ ic ’

O~ p l v )  , ‘‘ tm _ it’ _ sIuo u m beh snis u m e “ I  e m , ‘ m u - - i t  m m - m m c e u ’ c n n u  t 01 ‘i ’ d , ’  11 I m l  i ’ m - r e ’  ‘to  t h i s ’

Sm r i m - c e  S id e’ 1 1 m m - t n  s c m _ s  a c t  s m  I l y f m _ u t_ id

p ~_ s u ’ i t  55 [0mm u t ’ ~ cj t j, ‘-c e -  Li I inu r e,- M m _ i d  u ’ s , ! Sm ’ i m e’ c ! I i  I u ‘ ‘d o ’ v_ s .  ‘P

( - m l Ant nu ’p on ’ts - u l hem- r u m - in , Scbm c ’, i e m i c ’  ‘O I - ‘~‘em—n i’ u ! — u  c u t l e t _ s i -  : m p f u - m n s  t O

e u n - u p m m ’ i t c -  ‘ m m m c ’  r e ’ ,, ! I l y  on t i c , ’  sm - n  ( i n  sish i - - 1 , -I we-em_i t hi c ’ t ’ h r _ s I 0
ci 

p l y  a i m - ’ !

i t s  0 /9!) ’ or i e n t s - u I s c r i m  I i ’ ,’ e n .  ‘[‘h e’ Sc i _ i c ’ c l t i u e  - ‘H) t : m t  h e - i , ’  m l , m c ’ m , m _ s s - i l _ s u n

f m - n _ s o n s  t i m , ’  s - r i m - m m  s ic1 ’ ’ , m - u n s , l  c i s i e n i h e i r i n n i c ’ u u t e m l i o n  ‘1 cc - n - l u ’ , - u - e l 0’ p 1 - c

occur_ s ml o t_ sp ti ns’ m c m l  b u m s ’ ,’ p b _ s m - m i’ s (ss’s’ t i , -  se ’u ’ t I , _ i n _ i  h ] m ’ ’ s ’,’ mi ps m r  F l _ s u m - c  1’’ m .

m m - , ,_ s . , ‘- ;c  -r , n Ins-  t m - u  h i  c u r e , —  m l  I he Sm ’ m u  ‘ ‘ l i i i  e’ .0 spec: I ‘:, ‘ c u s  m i t _ i d l e r  f m - u  I I o n u s - n m ’ ’ .

O 
‘ - 1  I s - f l  ‘u i - c u r  s i  t i _ i  li ce c m d l s e ’ _ s h ’ s ’e e m s  t Ime ‘,-e , ’ , m k  I ( n _ i k  ( i . e m - . ,  I bis ’ 0’ l _ i u ’~~m ’ m m

ml s’r I , m ,  u ‘ i s  n o ?  c-,’e ’ , i k c ’n c’d e m s  m c m i ’ b n m m ;  I t  I —c i n_ i  I I i , -  t i , - bus h mu I c  50 I - - t  s

h e-c ’’ , t n m  1u m ,  - t i  I c’ 5)) I~ -cc i p m n  1 m m - m s  an  t-’ou !ul  n - i c c ’ ’ , -  u m f  m u ’ u c : ’  i t ]  v P1 ) - i t  I c e

Se - m n ’ ’ ’ t i l e -  ‘- I )  I t y n m p .  I f  n I l , ’  I m - _ ’ p ’ ’ l I m s ’ _ s h : ’ c m ’”c t b u c m t  t i n ’ ’ n ’ u m l h i m ’u g ci I l i t _ i  ‘ i

b u s -  “b )  ‘ _se n I mmm n Inn ’ ’ , m i s  m (~ ‘, I u t  I u m m ! m m c  s ’ s - c u r l  y le n t  i o u _ c m ’  c m l  I ) , s ’ as ! ) : _ i ,  s’ni

I n  ut _ i t i m e f i n ’ ’- m- 1 ‘ 1 p 1  l u - u; i n _ i Sm’ hu e - dim Is - 51) [ e m  I I _ s i m s ’  , I I t s _ s t  t hi m - m m - , -
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i n _ i  t I m e  n ’ n , - c ’mH c i t  u _- u _ m c i , - 0 m i e e n u u , u n , Lu  sl u t  h e  t m - c c  w ets m m hu ’ - , ‘ i ’ m - i - u ! , h m u t

s l u t  I ’  n u t  i n u m n ’ ’ i ’ e ’r  ‘‘1 spu’ , I n n _ is —u _ i ’ ; a b s , ci h d j ms ’um ’ e- d I  I , ’  i n _ i t  l e u l lv 1 u l  I

inn l i m e  - u , l ! u e ’-c l ’s ’c’ ( u _ i ’ m ! , ’ ( ‘ I .  ,~ u ’ u c m  j o n  c b ( f t e ’ r m ’ n u  , i c - I _ s i t u  11 m m ,’ S cu n m ’ u l u m l e

‘P m - , u u , l  H i  cl ’” i g n n _ s  i _ s  I i_ ia t I l i i ’ Sc b m c ’d nu I i  -P 1  I , m  I l u c r e  s i m m  ci ,  m ’ - m m c m l  i t

i i - ” ” i ’ ’ 
s c m  im I _ s  c u c s l n  I m m m l  i n _ i  t I m , ’ I m m - , ’ m m m d i i  l i m e ,  , i m l l u i ’ ’ -c i _ s c - . I t  , t b m u ’ n u ’ f ’  n

“ .5 ‘ O c t  1;, i c ’ S _ s  c b u m - ’ u , m l ’ c ’d Ii ’s ’ t i m e  s c r ip ’s m n , , ’ :  , - e , - u _ i t  c ’ sm m’ m icn u ’ m ~t rm - m j m ’ r . ‘ l i m i t , , ,

I bm ’ ’ i ’ m ‘ci; c c c i  let cm is _ ic i t c’ s Im - i u _ i w _ i  c u_ s  m - m n n e l  l u ’ s _ i  c ’ s ’ r e - n d t m  r~ m i s ’  c - u ’ m ’ s  i s )  m - t I b u m ’ ,e’ Il_ is’

m t  I - m i s ’ u ,l u c ’ n ’ m- m d e m l i i u m m  m u f  t i n , -  : m n l h i s ’ s j ’ s ’ , ’  I ’ ’  t m s , m , t u u , e ,  n m - m u m , ’  s 1 0 u _ n i i f h c m - n r _ i t .

( h I  H i , ’ I ’ m - m t  l u t e  t m - i l  I o n ’ ’ I ’ m  ‘ ‘ I O n  Su ’ l , , ’ c l u j l c -  m i )  c m i i , !  S c u i e ’ d c m l e  ‘m l )  c m e m ’ sc n _ s

p nu -c !m unm - m ( m i - m m ’  t I em I u mnum u _  this’ i n s t sr st un fm - mm ’s’ i f  I h u e  i n _ s t I ) ~~ bi , m rm , n _ i p h  i s ’s . ‘I c u e

‘ ‘ ‘ m u u _ ’ m - n - t m i e s ’  0 t h i s -  S c l m s ’ e h m m l ’ ’ ‘el I  s l m c ’ c u u’n u , m m e c  i s  _ s d u h m - e t m -,_i m _ i t  i m I  l v  I s ’ — ” , 1 1 m w that

I c i ’ t b _ is ’  S m  c - n i n t h ’  m O )  s p e c i m e n _ i _ s .  Yet , t i n e ’ cc ) m s ’ c m n  ‘ . 1  ri ’s_s c m l m n n _ i p  t O t ’ ’ I ) ’

I , e  11 c m ’ , -  p 1 _ s  I n  Ss ’i n e d c m b u ’  50 s h o u l d  he ’ I c ’ s _ s  t hm - nn _ i t b n m - u t  ‘ m n  t h i s ’  Sc ’ h i e ’ d c , i ] c ”  40

n i ’ s ’ , d e c ,  t o  s I n s - m m  l m - i u _ , u _  t c m w e u u ’ m ! ’ e  l i m e  ci  t s r  of t i m e ’ “ ‘r u ms , b mu n e e v  , t u l l m m ’ r , ’ n i e l .

‘‘ n _ s _ s  i l _ i l _ s  • t b _ i c r em t I m i t n e r  I s -  n u _ (  v s-n i t _ i  t I m e  p i ’ m ’ u ’ m ’ e l  i n _ i g  b ’ t r m g r ’ t p In i - u )  s m - m t _ i

.‘xb u l a i r_ i t ! u u  l m ’ s n ’ s ’ n  e ’m _ i di mr m - m n t u ’ s - ‘ I  t h i s ’  ,Su ’ I m i ’ n i t i l u ’  ‘ml) “i~ m m ’ m immm - - m n s .  h u m - i t  i s ,

- m  I t  b m m i e m c u _ ( u  I l i e -  - b u m ’ , ,  r s I  n ,  - s _ s  i _ s  _s I N - I t t  I _s I ,- ‘s , I h u e  mc , ‘ n e  h r  i t  t I s ’  u r e m  I s i r s -  , u  I

u i , , - n m m m c t m u u _ i e I i r _ ip I a m i n _ i m - m t m -  n m ’ ’ ~ i u n  c ’ m - m , u _ s ,’5 g n m ’ m t s ’ n  n m m i c l ’ u n — s t  m m ’s _ s cm-c  cu l c _ in_ i g  t I n ; ’

h u u l ’ ’uni’- l u ’ ’ - - , n i t m e  l i e u  m ’ n t , m c , ’  i n  b i t , ’  S c f n u ’ c l n i h c ’  S I )  m - p u u ’ m ’ l i n , - u n s .
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S h I m  ‘F b e  n u _ .  V I I I

( , u - u _ m l l , I ’ S h , m u _ g7 : : g m  Fi I - I u u _ C i u _ - u _ u _ ’ I

1 . II i e u _ h i  , u ,  u i n  n n ,  m u ,  - ci 1 m m , ,  s Ic - c m m - m v  i n n  ,-, c m , u e t n n  i t  m m ’ ! , ’ ~ - n _ i -c _ i n 1 ’ ’  m u m  m l  t I m u ’

“ cs- m m _ i  c r u u i ” , , ’ ‘ ‘ i _ i d  I I  i n n  h i m ’ s ’ , ’  , u  _ s m u l u _ s t , u i u l  ( c u b  ‘ ‘ I  l u - u t c i i i  t u n u -  u ’ uu d n n m  m u l e m m t

‘ m u  ‘ m m  / c ’ n s i x ’ ,’ — t o — I i I n e c  h i  m e n  ( 0 /  I P b i ) I n ,  m m ml ci,] ‘ ‘ [ t n t s m m - i l -e c u m i n  I ml m m ’  - I

m - i m ! _ i i t r , i r i l _ s  ! u ~~ fl , - u _ t ] u , ’ i ’ t c ’ e h  s i m p l e  t u ’  i - ’ ’ u m n h c ’ n n ” e , -  n m - s t  I i r e ’ s  m - u m n i l  u ’ u i s t _ s

A d d i  l i m n u _ i ; n l _s’, m u ’ k i s ne - qu l me-sb L u  I u _ i v c ’ ” ,t  i _ s i t u ’ t i n e  e f f e c t s  ‘ ‘ s _ i  u _ s c ]  h e

I i I e ’ u ’ t ’ I e m - ms  i i i ’  em m u d  c ’ m i u u i p n e ’ s _ s  l v , ’  I m u m - m c I _s i n  I h i ’  I g  z s m m n , ’ ‘ u P  m i n t  I bm s ’ u’u , ’  - i n n .

P .  ‘ I ’ I m s ’  u _ i m i s _ s l o n  of h i g h ,  h o t e l s , cm - seumm ’ I m _ i , ’ I s ’ s _ s  t ime - i n  ‘‘ m u m ’ , ’

m i s s  ‘ c _ i  l n t ’ m’ i ’ , m m- cs ’ c l  ., - n i c b c m r e m n c s ’ h ’S’ ‘30() m ‘ ‘ - l u ’ s ’  t m _ i t  ou_ i t I m e ’  j u m i n t s  w i  t b _ i  + m  i

me nu c ’ p h I s ”-, tin t i n e  f e r ’,’ j ng s u r f a u ’ , ’s  t i l  t h e ’  m : c un m m l ui m c i t , ’  - m c l h i c’rc-n cb . ‘I h u

n - s ’ t  -
‘ m u f  b n h g lm h u m - i l I n _ s n _ s m - c _ i l h u m ’ s  c _ in _ i  j o i n n t s  n i p t i n i m h z c ’ u h  ‘ i n n  c ’ n _ i d m m m ’m- m n _ i i ’ e ’

(H mis- c u _ ru’ , ; ,s i cr fm - ui e’ p 1 Ic’s) s l im mu Id h _ i, ’ ml u : I c- runt i n _ i ’d .

3 . B o u n d e d  s I c _ m O l e ’ I , m p  B / l u _ p — l i  l o i n _ i t s . i l , - ” e i ’ , ’ s u m ’ c l  u ,0’ j  t i _ i + ‘m 5  eh , ’ ot n , ’ i ’

m u m- n- n u- u _ i t b _ i c,- f m - u ’ s ’ i n g  u c m r f a c c ’ s  ( w i n _ s r i ’  zi nc ” n I , ’ n u ’ i ’ ’ ~ i _ s  t i , ,  mm -n i n  c y u ’l i c

l u m e u c l  c h u m -  u t  I u m n )  bu m - md  s i n _ i i ’s’ 20 p s ’ r m ’ s ’ u _ i t c _ i t ’ I I i i ’ e ’m i s l s i r e t u _ i  m i t  i i i  m i t _ s

‘ ! u - - , i m - ’ n i ’ i h  n - s I l t  t O n ’ ’  “ c m - m u t t , ’  nun _ thi n cmuneb omit -fi lm - u t h u n_ is ‘ m l  p 1 1 s ~_s h ut w i l l _ i

1) d ’gu ’m ’ t ’ p h ’ s  si n_i ti m ’ ’ ‘-c ur tm - i  ‘ i’ m- . !)c itli o h u n t  I ‘s ’p, ’s s u n ’ , ’  m m e ’ ’ m r i v  s ’ m u _ m c m l

i n  St  m t  Ic st n i - m u _ t I m . ‘l’brs ’ j o in _ its w i t h  (I u l u ’ m ’ , i’ , ’c ’ s i m m - I ’ m - t i ’ , ’  pI I c -c - c c ’ m m u u l i l  ‘c ’

m i - ’ ’— ’ !  3 1) ,  h m i ~ u_ h m ,’r cm nd ‘ 1  i l l  e m m ’ h h m - v i ’  m ’ o n m p e u r c u b ; l m ’  i i f m , - t  I ut i s ’_ s t u m  t I m e ’  + 5 5

‘ f m - e r ’ ’ ’ - — ’  ~u u n f ; m c ’ , ’ j m u i e i l s  1 m m  l O u ’  1 t o  P 1 i ! s ’ t i m e -  I’ , m u u : u _ c ’ ,\Is,d , ~m i I t _ i t _ s

c l s ’ ’ , h e ’ m m u ’ , b  w i n  ii  - u  I )  ‘ I n _ s - n m - u - p l y on t i m , -  I , i v l u _ i u _ u _  s u n l , u c ’ m ’  e u ’,’ s ’x t u, ’ u ’ l , - u i  to

- m ‘ s - u I  ‘u I 1 1 , 1  i ‘cu - _ s  , u j m n s l e ’  r cm I I I g l u t  — I _ i ’ s ’— I I i m th ml I c c ;  I s i u m  ‘ i - b  n_sm t b r e n t

m c i  I c i ’, m m -  e ‘ - m l  I ‘s” i m m , mu )  ci e n us) i ci b _ i c ,  ‘ - c m - m b  t m p s n t n  mm - i t m - l u  i n n ’ ’  B ’  m I I ‘wet  0 Is-

_ s t  - i t  i _ s  , I n m u m _ s t  l i m e m u m  I I I~ u _im I I I nit i t  I m -  m m l ~ ; . I - u _ u I  1) j u n  I n i t  I ‘ s ’ 1 n , ’ s  s ’ X 1 m u ’ F  I s ’ t t m ’ u - c b
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- m r e - P u c e -I  i ‘‘ m m i m r  I m’ s’ m _ i g t  In b i t - I  ;- ,‘ ‘‘ c ’ m - l  c ’ m ‘ - , e n , l  ‘ i i - , ’ I i I c i t  m en , ’ . l -)en t m - u  s i i m m c m  I P bus-

c le , ’\ ’ s’ 1 i n 1~i ’ ,l c _ s _ i  I I t s ’ , I ’  u i’ m I s-u ’ i _ s c  h s ’_s ‘ ‘I ( h u m , ’’ ;, m ’  c m l  s I ‘ t s’,’ - u _ i 0 m m _ i d  diem , ’

I i t  c - I  l ’ s . - ‘c l _ s c m , c It ’s i - n m  I m m )  ‘ n m - e n , , I i ’ m - s  - u - u  ‘ I  u i u _ m m n c t  s - n m  [ r i m - c m I den t , u  u - u i , i u m c  I d

b c e -  - u l m e m n  P l u r e ’ ’r  I ’ m  c-s I s _ i u m m - ’, h n c m - m u_ i i i , ’  l ” e ’ c u s i — - ‘ n r c - m u , ’ p h i c ’ s  I o n  i_i i , u e - : l e m l

_ s t  n’ - - ‘ - c o nch I h , n m _ i s  - ‘ n _ i d m s ir  hi ’s’ ’ - m m c i  m l i ’ s  1 g m _ i _ s .

- - ‘N c _ s  ‘ic ic l e  m t  m l  m i n e  I m i r b i sm n _ i ds ’d R / ) , i n — T i  j m n i n l _ s  i s  u i c -~u u ’ m c u ! m  cu _ I

m ’ m n  I b u s  - - ‘ - e h ‘ un _ i i n I It t ’ sc r I n c  1 - n  - ‘ m I - i n ’ ‘ e c u - I _ i  p 1  ~- . ‘r ln is 1 , u ‘ s e  n c c c i ’s-

am ~‘ m ’ , c m - I  I ‘ u ,  S i  i t  I s ’ S I i o u _ u _ i  m c m m )  _ s u ’p ts tm cb s’s c _ins , Omit tm -nd _ s to  u_~’ s ’ i k m ’n

l i i  in , ~m , m ’ u r , u u _ i m ’ c H e  s i g n n s  i t  i n ’ , , c t  s , !  c u _ i  t i _ i s’ n ’m - , I - - r i t ’ r  m i t  m - _ in m- m d i u i ’ m m - n d .

l’h sm- m ’ n u ’i f u ’  s , ‘t  - u i  l i i i ’, , , uuu! r e - i c _ i t I ’ , ’ , s I t ’ u - s _ i c , u _ I ! i ’ ’ mn _ id  e n d s_ i r e _ i n c ’ s _ s  i i !  j o N _ i t s

d c_ s i - i n n ’ ,! w i t h  1 d . - g m s - e ’  or  ‘ ‘u - P  ‘ n - - c ’ p h i ’ ’ -~ i ’ m _ i  ih i ’  t m - i _ s N _ i _ s  su r f a c e - s  e m r s ’

u - u - I  - I semI h um m ’ ~~’ n t  i ’ m  t m , - s c ’n ’ i u ’ m I ’ m ’ m l  i ’n .  h - h i  i ’ m - u  m m m i  i s _ i , ’, - , u  c_ i t i i ’ ‘u’ I - m t  1 :_ s c , ’

, l - m t e m  t i n  l u _ m n - - u - - ’  I ! . : c’ e n er , i l  I m u i ) i u u ! , i t  ‘ ‘ m e  I ,’n ‘ , t , m t  i s t i ’ ’ , m h s [ e u _ u u i ) ’ l ce m m u c c ’ .

l u -  ‘i  t’ , u j  h u m , ’ - , i m , u m u ( d  i_ is ’ c ’ m m n m ’ - c c i l ’ - m ’ u ’ cl e m _ s  ( I  n ’ m , ’ l m - u t , ’_ s t o  sd ’ n j m

b u t  i n n .  \ ‘c  an ,m ns ’ u t  I m n l n u n s ’  c i t  L i e ! ’ , ’ , t m ’ c ’ i u u n c q u m n ’ m - c t m i  s_ r u n t  tb _ ic ’

5 c m  i n ut 4 - i  u , i c ’ c m ’u ’ s ’ s  1’’ 1 1 m m -  I_i~n n  ‘ ‘ m m  fi bs - rn --’ ‘ men ’ s ’  p n ’m u s ’ e ’ . m e i ’ s ’ , m m m t m - m m u _ c ’ m u u c c c  I , ’

c e cil m r m u . ‘ cu t _ i c] ‘ ‘‘ mm si i ’ ’  t s - c i t  m - m I I _s h i s ’ m - n c c s ’e mnnn l m I i , h i s - c !  ci  t in ,  u ds m r I n _ i m u _  I l i _ s

c m s , t m _ i m u f , m c t u t t ’ i e n t  I m e ’  ) n n ’ s-~ m u ’ u - g  m m r  u0 ’ I u u ’ u u  m - nds l  i n _ i :,u_ , m  I r ; m l , m u u c - s ’ - ;, ‘ m ’  inn I i ’  t I n s ’

u ’ u nnl l m u u _ s ( t e  l a r i H i  I c - . ,\ I s , u , 1 - m m ’ c ( u u i t s ’ c i s ’ _ s i ’ u _ m u s ’ m ’ ~ c m i m n b cb u r n ’ l u n gs ’ ~~l V

Sb  m i n n , ,  “ci i ,  t 1_ im - u t t I m , ’ s, n’ inn s l c n m - ’ c  u m u m t  : m p l m s’ , u  n’ c u l t  t I m , ’ c ’ - , I ‘ ‘u — s ‘ u ’ . I ’ In ~’

elI. ’ , t n -  ‘ m l  s e r h m  cit l u l l , - c m _ i d  i’ m - n t I - i c c  _ s t n ’ m ’ n t - u _ I l n  - ‘ m  f u ’ s ’ b m r m c t  , ‘ u u r m 1 u , n _ s I t s ’ _ s

( u  ‘ u - m n , g m - m u _ m I n t ’  , g l . m - ” ; , ’u ’ ; ’ m m m - c v I m - u ) m , m m m l s b  I_ is ’ , ‘ e- e l i l m u n ’ e ’ m b .  \ i N n _ s _ s  ‘ I  u _ s l ’ n i s l

f l i n t ? ’  n i , m I  m i _ s l u t  I n , ’  i m i  f , n r ’ , ’ , h I i ’ s  m um— u i m n u u _  v , m t ’ I u m u m m ,  te’ c ’,,t’ u ‘ ;  iri sh t n r I s ’ u n t , m t  1 m m - u
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