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~~ and !~n r m r ’,r !s measure d at the tace of (lie te s t  sUI t . rL l ’ s and als~ at points
/ ,1h ri! ri beh ind the sot laces 1w rneails it p i t t e n t i o r r i e t e rs  connected

to t r i ck anchors Ias t cr rc d iii the iris ! ru rireir ta i j i r i r  hole .
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~ie r r a n d pie srr renlrc ter t es t s  pen t i i rn i re d in a 3—i r r ..d iarire t e r l i re \ Icnard ptesst i rer uete r te s ts  (11 1151St li,rs rc , r l I s  it
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The ironi/ I1I.rl ta kmrri i  apparatus , ( i n l s t r r f t t e ( I  at  ‘.‘~ i S . ss~rs lo;r rier l i i  W I S  h~ t ire (‘omis truct ion I r rgmr r e e r i r r g
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1 . ‘5 / i ’~~ii or , t f uu/u,/, t n’ 11114 / 1, 1 1 1,  ‘n’ i i! ’ ,)!

, S i s i r ’ni ’~ I ui/il ri!, ri

I m t  r c ~ c n r t  ‘,e , r r s , ‘ ‘ spel l f l i r t ’  i’ii~id Ir is tItle i ’

tt ’ I ~ii u/t i1 .15 I irlI . I i i  ‘ tn u s  t u I I’ l l  1 . 1 , 1  ‘ ~t I

It I ru  ‘ i l  I tnt Fu r l  t~ if  .r S u.• t tm, :  Ic ~j ut t ’ iI ni 1 ’ i’ u i u  uut  is ~I r ~

t i n ’  , rsc n . re r ’ s1~ee( f t h u r  rr,’s r n l t s  ss int ’ mr l i re . t r . i i t ’i i t ’ I i t i ’ ’
d is i , ru ce ~i i uA cet r  55 i t s  IS Ii~ u~lu ’ 11 I’~ i i ~’ r t r ~~’ t cu j r u t r s ’d
t i p  ci t f i r u n im u i n n e j i I i I I l t  t I  t Ilt it in et , r n tU5 j l c ~ 1 1 5 1 ’ t Ire
li t j u l  p,ut hr a kerr h~ I tie i’ll ~h I Ire nrr , r ~ muir iii spec t ra t

a ve in rele (.ini .11 t , u i nn  m r .u . ‘ r s c r u  t e t r . u m r i  I’ , u l Ic ~ t d ‘ ‘S

ni r i m i r lue n r i nd ~h iar, u~ let iii tine ter r ,u r i  i l c t e nrer i ~— . r t rt 1r1~r

luV i ,’il, ( p u p ,’ p u t  i t  prete r.nhlc _ ,r.on d . T s ’ u r i n n t r  1ie t i ,’ r r e r i i s  nnr5 lud~
su i t n soil ’,, sIp ups’s , i’~’e t r i ll inn . uh.i il_ i t ’S m s  cr i t i c  sul r ri I ’  f l s .

rough t et l u  iii , e t c

I s p~’~ iet~ c has shn~~ nn t h a n  h u e  ‘ ‘ I the N 1 , 1  si i t i f  ~ .in i!

snngle tea tu res  mn r i l r ren nc mn i g .r sehun cle s ~j up, ’cd is t ir.i t it ride
i r , r i r r l ,  s, t inat is . th e S i i ’ r  ,ui~ I n S ,i~ IS I t S  i t  .1 vehi5 Ic ~~—

t’~ tc n r. ni u to nn g ht n n e s s . S it uie 511111  Ic s i l r n . i t n u u l i  t s  t u nsn uulle

lu ,’. 2, Ti’p u-a/ p re’xsur e-disp lau ’u ’run ’urr Huri i’. c uim nnp utmi e m nt it overa ll seh miche t t tuih&li t ~~, it t I t l i s t he IICSLII 1IC’ i
hrurj:u,pual j ac king Ii ’s!

i tt 1 ~t i , r l I ’ I r i t p l r 5 5  ,r i~I ss ,ui l i re lIes p, r l l rt roir  5,rt i I T r e t r  ‘c p,’.is i , ’,
- — -  ruse d nn i t ~ u ’ ss nm r m ~ t j i  as isci t ,ns to , i l u / T I I i ’ I I i  t Ire cs ,r lu i . r l ru in ts

r u t ot her cuumn p u in clit s p i t  nn iirh i lm t ~ iu~ iu u n r t p r e i i c r i s r s e

,,/~ 7’ J i u u u h m l i t  tnt  du els

/“ V I I to r ts  t in q u a n i t r t s  se l u ic le  v nh ra t nuur i  amid its c t t c l _ i s

/ s t t rp k’\ i ts u t  the priublem. h u e  s th t . u i r , i n  e n t s m n u u n i m n t e t i t  is

II / t ine result i t  the r r r t e i j u t . r s  ut h e l I u m  % e F r n J c . i c i r , u l t i - n t i , rt

/
,
~~~

7 1 1 pra c t i c a l l y  and ex ped ient l y nave tres ’ n n t t i n s i m . r r e f h~ he

// / a t t r i b u t e s  th at include the Inch l r , umi r ~a I s tm u i c t n imue  i ii h ut ’

II / ve h icle , s pec! i i i  co i tner r i  and titi ngh niless u t  thu.’ te l j ill . speed
/‘ ,,/ of t r r s i n s  ii amid t ine s t u n  n t iuum i t Ii r . immss i t t  h i s , in

~ I’Ili ’ \ Iuu I i rh r t ~ a n t i I mts i m u u r r r i i e mn t a t  Ss st eul is I .n h uu t .r n rs
/ IC ~. lu’pn( ’al prc ’ssurc.rolunit’ i’mr r i u ’ , .Sh’nayuj ‘ S A t mt i ~ 1 nrc r r r ec r  \~ at e rssas  s I’’spennmn t e n n m S t , r i r i t t . Ii. us

p rc.ssure nzef rr ti ’S!’u d~vclop~d a rnnti t lnod for predictit ig e l u d e  sml u u  .r u n  (h i T
t inesu ul.n ta in is poxsnhle to cal c n nf a t e tine delnninat ion consid ers tine nr lne rac t murn  i f  t h ese  t . r c t uu t s  inn
m o du lu s for v a t r u r n s  io ad n, ng amid u i i lut ad i tn g cycle s . s l t a l g hn t f o l 5 5  r id  ~~~ and prese n ts  t u e  res u l ts  m i  ant

line mn iod uh i values det er n n imi n c d fr otn the t es t i ng eas y- (uu —unsS ’ gi uphic f i n  mum The niet lnod tak es •n~ls .u l ice ‘ It

‘ 
pr ogranu will he uscd is nnpu t t om p redi ct ing the hehav inir the t a ct t h at u ’ t t - t u i a d  terrain n u i n r g h r t i c ss  cant  hue l assr t j ~d
of a u i n r n i i l es  so i l — structure n t r t e r a c t n o n  pr ui blen ni . Inn t i ne case i n t o ,n re l a n i se is  t ess  c 1 nt i ’e uirnes based t int s 1ueh t n , n l  u i t l t i ’ l I t ,

iii s t ir i ~ !uiFe ~ inmnded no or u r n  mu s K . inn s i t u  te s t i t r u r  ns W it i n m t i  each • n t cgu i t v . m e t  nA i l I uIrI ’ I i nn e s s ea rn b~’ u, l , nssi fie d
esp e cm ; n lI~ use hil s i t rc c  I ah i uu i a t uun ~ t u ’St n nu i ’  is o f t u ’ m n null nit t c t r l l s  iii tuit it nn us ’ ill t s quare IRMS) e i e s a t r u ’ r i s  ‘5 ch icle
a de qn n a te niuc t in  ti n e i t imnnfatnons it snnn i p lc sn/i ’ .i~ d s am i m p limig p n ipe rt ies a le chnar acteni ,ed k hlel d ’vah dat ed mi1 . nn l r e I r r . rT r ~ ,uI
u inst i n rh ~incc. models wit h sp i t ri i i t t e ,mt!oii given to nr o i n hinic a r s t u  ui in tl

_ _ _ _ _ _ _ _



elc n nie m r t ’ , I i n r rnn , i r r  It t i n s  ,ur e nnu ~ hiud p,’t l un l u ’ r  I t s  of ,rhs iit bet h e . I se t his ’ pruu f i l e — tmr i i e  hu i s t u i r ~ ni a fuu rc m n uu , t ’unc t i u i t n
l , 5 5 ~ ’ l -  j  r i r c . is rure iii t ine s ih ia tn uu na l  u ’ r l h ’l I ’S ih’uuui h~d hu~ 

t uu gem ter a te se h um ele amid ius ctn pa nt respuunse .t ime
h m ns t uu r ie s  u u t  in ter e st . 1 st’ these time inistorie s to

— . O n u t  i tn as m m n utm t n i  ac iej it ihle nt,  c l e t , i t m i u n i s  tire ‘d e t e r m t j n r n e  s f a tns t n ca i  desc riptors nut  interest , suc h
t nnc t hut id u r n t l u ni t s  a ‘ ‘ r u p l u ~Ic i it p, tu t u ’ . t n t  a u/mte t n it ’ bnk It’ arid us RMS acc et er n l iu ul l  a t  t i re ulr nv c r ’s seat ,

‘ r u l au l  t ie t m. in t r  I s  ‘c . me s p ium use HMS ,uccelem ~nt niun is  aui d uhi s t rn hu nt m on uu f acce lerznt i uum r nnup lnt udes , and

‘s. ’ ‘cd li SS ’ i us  a t u n n u e t u o t i  II t e t r . r I i I  nou n g lutm ess inni d , i u ~~~~ tt r u s s e t .

it I I. Fe S i l t I S li re ~rap hi . w intcht ns re fe r red  tu i us .i i ~~ 
f . Repeat steps c t uu e w i t i t  dtf ’Icrenut scie tnu uns ti t

t em r am n u n u nu u z i i t ress and se l t ic ie speed . ant i phi i f  t u e
t u r i n  ie Iu ~s Lt  s ; uu ’t ’d I ‘n .rp hi . is e,usds usc d nmu seluiehi ’ ik’ sm n’ n r com puted s n a n m s t u c ’.ng1n imts t  t i r e  speed . t h r n m s

~i , I uh I u ’~ , nt id nu , u i e r l ’ . tr ~ ,u h nuu u u d t ’Is if uis - c n; ih f s e I r r ~ Ii’ nrio h nhin u, def ’innnn ut a finmik nh p , r i r ’ ,es separated hi th me
I lie s te ps  ( T h u h u t 1  in deut ’hi u 1 t utni ’  smic li a ‘ r , nj i i i  n l u n u  u r~ ’lr el r u n  tu i un c hrn u i ’ss parameter . I hits is tine I VS

in,u lu ir . alt e’sa i uu ple iii ’ w im ichi s s i r n iw n n ru Iii . 2.
~. I s  tu5 ’ j h I r I c ,u I I s  n I t ’ cii cii het iuss ( see t r u e  I

t I , u t ,ut t en t /c  hue h u r t  u u I’ t ’ ui r t l e t t  S 11 thus ’ te r ra in i it Sunc it u!r1np lns c i ur i t p letelv r t e t n n iu ,’ t h e  ride dynan urcs
f i l e r e s i  is s pecnts r IP :,’ liii ’ slope i t t  t inc Iuuuwe r lu , nt ~u c t c r r s t n p , s  f or a sue h inc le uu i ue n 1 i t t tuC itt .i e mve n u terr a in

s j ’ u ’~ t u . u b t e nus i t s  f J ’S l ) )  p h uulmi ’ rb m i  I iu c ’ hui ~ . -
Is iii’ I I r s  m ire rice establis h ed ce r fa t m n v ihn a tn u iu r  se v e r nt s

s ril tn ua tes , I hits ih i u h ui .’ is ul i,’ mem n u i m tn u , ’i,i f iu umn u .u i’a st -

lii , u t  time iI,n t , i I nr l m tf s nit l et us u t  tine r nm in x iruu un i tuule rah ki .ihsorhed power

Ii . ( i i i  t emnie t h e  re luij e iii i n i t t t p , ’st hi , us s& ’ f t i -  o i R’5IS acce he ratn o n . t i re  I VS gra pin sa Il he used to
lu lure a I In I I Ipc u t - i u .rm , n tlut ’ ien ttt1rss .s~u :mnug .d asi rpu t t  c i u t l s t r u c t  .1 r id c . hmmii i t m r n g .s pe e d graph (fi g. 3 ) .  w h ich de ptc ts
: I I , i t I u e I I u , r t r ~ r i i r n u i d el  nc l le c t nml u !  t i re n iu i n ul i m rear

Fi , u rn i  s I tine scbnu ~ Ic ‘‘

~~

““  ‘
~~~

.— — — ‘ ‘ —  — ‘ ‘ ‘

u,. Se I ’ ~ I j  sur l , i .,u ’ r u i n i e h r u u e s s  m u  t em t iu s  u u t  m u u u u t  riCan .~~, ,.
~~~~~~~

. ,,~~~~
, - .

s l l u u . u n c  R\ lSn elcs , r t i u u t n  , si- le t I .u se inn ~ ie speed . - I I I
u t I se t h ue I’S() slips’ .un~I R\ l S c I c s , r t n ii t u u  g e m n e r a t e  ,, 

. — — - — — 
‘ 

- - — — . .— — - . -~~~~~ -———

n j n 1h i u rm t  ‘i f l i p ,’ us e tine %s ’ hnt i IC sliced t i  t u r u s e r t

Inu ~ pn uu flle m n ut ~ .u n n m nne I n ’  t in S I INMs o h  ‘-a ‘ .4

4--’ ’ ’I)
i’ .; S. , u’t

u , ’’ ’ ,’ S

I I l ug. 2. TI ’S graph .5/l owing il r um’ t ’r ahsu,rbt ’t/ power
u -u ’r.cu ’, .spt’ed for the %1~~,12 2-I , / 2-,~ un irue k

- M I~ A ,’ I ‘ .‘

L~~~~~~~~~~~~~~ L~ ~ I ”ig. 3, Ride limit speed graph obiaj ,,ed f r om TI ’S i~ra~’h
Fig, I.  Determination of TVS graphs hu ’ plotting s’j ’ u ’u ’u/ at ( walls u’ i ’rSU i terrain roughness

.3



t u e  nuaxi n nu nt speet ts pei nmi t hted h~ t i t le t nmml s us a t innc t iui n each st ’h niile. F lue resm n l ts ,rte ,usi p,’ s su ’ ut t ’ ru nm n n tIne vu ’hn n c l e
id ic tt, u u n b  n u n u n ghti tes s , I best ’ I ‘5’S and mnd i’ .tu t t t i t  d r u m s  cr umn ld c ;n t ,u lu i l ’  t i les upon proper cu tnnnnand t i m  t i me cumn ui p u nter arid
lus t as well he u l t u s t l i l t  ted In iun mi ,ictiLni time ld test ut~nt ,i urn repi mn t e d tiu tins ’ c u m mu u pne h n em n s iv e  niniu d et i t t  tint ’ t i t i t n n u f I VS

t u m . ntr r ie r  s i m tum t, nt t i t thn j t  iist ’t l ti n this ’ ~n mn ~n hi, t nm, ’a l ul ese l um h u m m ne ni t , ~u nrr l nrde—I inmmi t  t .n i ub n s , Su,’ e u m i n I , 1me v i ntl  t ie tried nt IIesi~’m n
I trese cIt _ n u ns m isc t h ree ~u nnmu in pni  inst ’s . I n t s t . m i  t; i tu st m n ni u i ’s s s l u c t u ’ t his’ . h u t s  of ’ tuu m m t h u o muem nt mnt uu d i t i c ; i tnu m trs . stn e in

lip,’ use d nn ciumn u p r ehien sn v e i t i i u u l e l s  u u t  c m um nn ni t t  i t l mu hih i t i  ss t u e m e is s u s pen us nium u .n I Ie t ~i t i uu l ns . redis t r ih ut  i l l  ii i t un is . me t e,, arc
rus fe ‘ Is n , r t mimt s is hm nn lilt ’ c u i n t m u h ’ m n n t i i r  . i  the uu h up, ’ , , i t n u t ns l I s I mI . u i  I’ l l u u l n  .n suingl e d t _ ip h l cm u s e t u t m s i  broad r , r ng es t nt

c u ts  u t u m t l n b u e t l t  iu l  th e v eh t n c lc . Sn ui,’ hu i~llu I ur t ’ i ue rn  ~ive t t t t m dels ne mui ru g i nt ie ss , u minl  s1reed I’ h r im ~i. li nu s e n rp l nu ~ sc i te nu te ~m s i n e s
quite e la h imra t e .ntn u l ss u i i n ht l  hu~ ser i um u us li, e nm u ,’ unn rm hs’re d hi tine n t n l lmt ,ir~ Pl~nniner wt t bt .u t m ne ~n tt s t u u m  , ; n t m n n r e  schtick’ s . p utt
I I ,msr i l le  t in cope dm r cet I ~ wit hu t h e  s t a t i s t i ca l  ut~~~css it l c  ,n s tan i da rut u u l i m j u e t l l i s e  ‘ isis of t ide , us t u u  ii rem r c~npahilit i,
tneee ss .in\ to  t’s ,u hur, u te t he mi le d~ m t, i t i t n cs  ~uint m n h u n t i m m n i , I t in s t im n e g ot u, rle t uu ss ’ u i n m n r t t i  ne r ra tn i s  at s’ .nu nu uu us  s peeds .

u i t l s .sir)i ’, t incr et iur t ’. is dummie se iu , ut , n t e hi m m d  ‘ .ut~ihuuge d or

RI P0k t S  RI LI \ f t  ‘m t t t ’ t 3 I  15 th  t i  Ifl 551 S II’u ’uij ui it ’i / ‘ I J u u  ti l,u,/mm n’g,rfuiru’

Init luetus ’s’ u u t tI ,ut~, l i f t  I’nuu p s ’ rtn s’s in t tt t’ ( u u lI.iluse ml Pipm.’s tuiutleri / tin u it Inn / t ’~ 1 i ! Utm ’Y w! /I~ t u i j i’, / , Dyn ~u tnuic I u u ,muf s u s J . I t ) r ,u ke un it ( . I . Ji ij c t immii , I ett t timt. i I
I ‘ ,~s u! ’ i I u ! t  “,h t i it u’ i  hl~~i b, , i ,  I ’ uic S~ s t t ’t uis t i n  t ) rt ’dn’c Otut’m , i t i u i t t s , Kt’Iuui rt N7  ‘u S  l i nt  I
‘i V. u . I ns -d t ’ n ru , u t ~ ,mnd Si ‘51 Rt ’isu tt utr ,ini , u , ’ t u i , u  I Kt ’nu ui ri

I m ‘ 1 . l ut  I I ‘ lU/,u,Pua!uu Data /‘r, u u l ouuui,’ ( ‘u n/i ’)’

A (‘iuln r punn e r t1 r , ’,t , i u t  hun t I lk  (‘ u lv em u I r , u u h u t ’ \ i u , i I ~ Us . Ii) I’ . K ,(.Ini n~ fi I dS, il’iit,ifm Ss’ ntter m ind I . t t r .u t ~ . \ l rs t ’ i’ lt. i nut - i u u i s Pal mer K i .5 i n n  I
StIhI ’ l . i  S l . u I  ( r , • ’ i l  m u u , l t u i .r ’ T m e  bum . I I \ Ic I ) , i t t . i t i t . ‘5I is u, ’ t ’ t t ,unuu,’ u ’ ui s
Pm I’mme r I ~‘‘(u \1.ii I p 1 5 , 1: s , u/u uiu l  ,‘ I i ilai ip u ur !/ ‘c m ’aru’!i / ,J i l i r I t l u m ’ u

\ t u l n t , t r s  t th I ’ n t u t ’ u’ rn t r i l  \ l m t m t i i , 1 1 l , 1 l s il I (‘ uuinu r nim ,,ru,n,ul I s ;u l ~~s ui ~ ’ ,. ‘Pilllli Irunrliu ’s l,al ,umratii ru’ i n im r i m utu c tn uimi , ll~ t Ilii u ’ u ’s . I t ’ t l l t u u  il Rcp u u rt  I 7 ~~~~ \t, ui, 1 1 1 7 1 .
.5tu j mI~ ‘i Ht’aeh mu n,i ’ r iu r t1 ’ In  tint’ Pcrt’iretl fte,uc?u I ‘i I l t p , u ’ç i l . S.icnta
‘5 l i untui , .m I3a~ , (‘ j j n t m m mnma,  Il~~tn .iu t uu , %liitts’ I inum.t ’stn ~e ,.unuini , ti~ ( • I
( ‘ t l , , t t n , i t r u . Jr ., I) 1 t ) av n t fs m , n . and K. V. .  W tu ,ut nn . t i ’ 1 l u rrut, i l  K~’ pimm t
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