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F~.~ R ’I ’11QUA KF ~ EFFECTS ON AR Ch DAMS , Bot h physical models and three - d im ens iona l  u n i t e
hr  J. P. Ba/sara , Weapons Effects Laboratory element methods are being used by 1. S. At i i i ~ I

Waterways Experiment Station (W ES engine er s  to st uds

~~~~~ The response of concrete arch dams subjected to the response of the North  Fork Dam to v ibi  a t o r S  and
ear th quake forces is ext r em ely comp lex. The comp lex ities simulated seismic-type motions . The pro to t y pe  dam is

arise due to the na tu re  of the random excitation , the located on the North Fork of Ute Ar tic r ican Ri se r , ab out

~~~~~~ complex structural  geometries , and the interaction of the 5 miles east of Auburn , (‘al ifornia. I t is a c o n s t a n t - a n g ie

structure with the reservoir and foundation. In order to arch structure with a maximum heig ht of I t  and a

~~~~~ develop better design procedures , the total behavior of the crest length of 620 ft . The central 200 ft of the cr est  acts
structure under its loading environment must be considered, as an overflow spiliway (fig. 1).
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SCA LE-\ IOI)E L \ ‘ EhlICI ~ES, hr  C’, 1. Green , invest igat ions  a t e  being conducted with  selt -prope ll es l

,t!t ihj/jt t’ and Eni ’irnin,nt ’niul .Si ’ste,ns I.ahnt ratt tr i ’ sc a le - n nin i de l  ve h icles ,

At prese nit , the  scalc~n ni o del  veh icle flee t I I lg • I

l e n r : t u n i  t ’e : i t uu r s ’s nts ’cur in i u t a u i v  s i / s ’s . sliap es , aii d C t t u i s l s hs ol’ i l u s ’ t rackes l  veh ic l e  ( t h e M(d) t a n k )  and h ires ’
s~ as’ i s , p r o ducing  i t t n u u i u e r a b l s ’ p iss ihls’ cn i i i i b i i t a t i o t i s  ot wheeled v ehu inde s ( h u e  \156l , I — I  - 4 t o i i . (t \(t , cat t n t  ciii 1s t

s u r h a s ’e c o n f i g u r a t i o n .  ‘the i r  s’ t t s ’s ’h s  oh ss ’ I i is ’ls ’ p c r t n u r u i i a n c e  t h e  M.~~A , 2. 1 / 2 — t o n . t x t t , cargo  t r u c k :  and t h e  an t i c u l a t e d

a l i c e  l’r su i t i  a s i tnp le  reduct ion iii specs! necessitat ed by \15201 - I , ~-lo n . 4x4 , cargo car r ie r ) ,  The tracked vs’h t c l s ’

‘,s’li ic Ic sib ra lion or ma neu ve ii i  ig to s’otn u p lc t e is to a scale n il ’ I 20 and t h u e wheeled ve In id es au s’ u t t a

m i  m obi l i / a t  ion caused ~~ obstac l e—veIn i d e  iii t e r t ’er enue e , scale of I :  I 5, The M6() tan k and the  M3 5 A2 h r t i ck Ii ass ’

Be In  i t s ’ s e l l i t , ’ Ic per t orn i a  nec can he eva ! ua ted wit  Ii a been SI a nd a r d e qu i p n n i e n  i t  i i i  t h e  Art i  iv sy s leu th  for ut i i i ’ n

reas onable ds’ciee of acs’ i u u a c \  - a n ie at i s  of ’ ch i u r a c te r i t i i ig  \ e a r s . wh ereas t h e  M~~2 ( l l . I and the  M5 (i l are re la t ive l y

th e s’ l ’ t ’s’~~is ot ’ surface csu t l t l gu ra t i o n  lut i s t  be deve l snp e d.  nuew to hu e sVs te tuu  and ate  cnt n si d cred hug ! i — n i n n t h i l u t v

P r c s t t i u5 i i i s e s l i c a u i t t u u s  wi t h  p r o t o t y p e  vehicles and v e l l i e l s ’s . The veh i cle  c l t a t a c h e r u s t u s ’s i t t ’ t h e  models are scaled

cons t ru c ted  obstacles h a s  e inv o lved n iuc hu work and Ii igli I r o l l i  t h e ir p r oto type  s’O hihi  t ni q)~ir I s ,  T h e  ni t  n sl e ls are

C n n S t ,  r : id in t — c ont r o ! led  (f i g, 2 )  a nnd  canu t u r n  in e i ther  d i r e c t i t i u i ,

Au t he U . S. A r n u i v  hn g i t ice r  \V ate rwav s  Lxp er i t i i e n t  back up or cul  I n i n w a r d , speed up  or slow down , and change

~ l , i l j s t i i  (‘~ 
I - S I  t h ere is a new “ min d—look ’’ w i t l u  regard to cear s ,

u u u e t l i o d s  Inir prc d i c t i i i g  per h ’or t n a t ice  01’ s- e h i t s - ies  as related ‘ t h e r e  are  tn an v  suuod e va r i ab l e s  or combina t ions  of

h i t  s i l l  h i  se geo it ch rv or to t lie geotne t n c  ir r egi l Ian t ies ot ’ s- a r i a  Ii es t h at iii igln t cause a s-e li u s - he  to bes’n it u e i u n i  n u t  tb !h iied

the  t e r r a in  s u u I : i s -e . such as lot s , boulders , su ee p banks . such as lack 1) 1 ’ u r a c t i o u l . at id site , shape . at id  s p i c i u t e  sit

n l i t e h n e s .  e tc .  In a s t u i d v  t inder way at WE S these obstacles . Sonut e ex at u p les if I u i i n u l t t b i l i / a u i t l t l s  t h a t  n i ght
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h a d  been used. J ’u t i i r e  t es t s  are expected t t i  yield t t t or e
in l’n i r t n i a t  in in on nit l ie n p in iblen u (such as iii au eti vera hi l i t

- 
- — IIt’drau!ks j .aI,oratori’:

Wave D an n p in mz t , fl ’eeis nit t - u t inn iu s  Ss’rs’eni . Iii C. II .  Keu le g an .
Re seurch R ep ou t  U- 72 -2 , Ss’p i97 2, 

t im i pis ins Si sten o , Nest
Bankhead Lock , Blas’k %tn ’arri or River ,  A l a t t a i n n a , tt ~ N, R , ()sss j t i

J. II. Able s , J r .. and 1. I , M u r p t u y .  ‘res’Iin icat Report lI-72 ’6 ,
Sep 1972.

Mobil/lu’ and L’,ni’iro,inuc’,itaI Su’~tc,ns I,ahn,rapitnu’:

(;rs uund Trut h Rs’qu i r enus ’nts t or  Renut it e Sens o r t ) an a  As’ q u n s n n i t t t u
Fig. 2. Typical scale-model i,, i,nobilizations and Analysis , by L I , L ink . Jr ., \lisix l hineou ’, t ’ j i ier M.7 2-ti .

Nov 19 72 .

occur are shown in 11g. 2. The Moo tank and M520 E I cargo Soils and Pa n’c’mn ’i ni ’, Labo raf or t”
carrier are shown immobilized due to lack of traction; the • -Movement ot Var uab tn i - D cn sn t i  Inc lus ions  in Wet Sand t inde r lIlasn
M35A2 cargo t ruck  and M561 cargo carrier are shown Loading . t iv E, It , Perr y . Mi ’ncelt auie ou s Paper S.72-37 . Sep t~~7 2 ,

immobilized due to interference between the vehicle and Ground Stunts -k Calculation l’a r z uunns ’ t er Study; t - t ’t s c l s  tn \ t n ’ u s

the surface whil e a t t empt ing  to negot iate a Ito uto m Boundary (‘ -in t i l u t nis , liv C. ‘u ’ , Baladi , l’ech nic al
Report S.7l -4. Report 2 , N t ’. 1972 ,

t r iangular-shaped ditch and dike , respectively. The main
advantage of the scal e~model study is tha t  it provides an Wn’a~n onnr EJj’c’cts !,a/i n) rat ori ’ ,’

economical means for establis h ing the combinat ions of L xptosuo n ’Gener ai ed \~ j ’ . t ,- l - t t s ’cts in Inland \~ an e rwa y s , t ’i 3,  R .
I l ou sh n in  and I), R. Bus’s’i , Miscellaneous Pap er N- fl -hi . Sep I Y ’ 2 .

vehicles , obstacles , and traction that  will  produce vehtel e
Shock Wave Propa gation in Sh allow Wat er . hi L. Mill er and 3. N ,

immobi liz ations, Strange , Technical ’ R epi t r i  N-7 2-9 . Sep 1972 ,
To date , the scale-model vehicles have been used to

determine with a h i g h degree of accu racy (a)  the maximum
size and sha pe of concave (ditch) and convex (dike )
obstacles the vehicles can negotiate wi thout  interference
on various tractive surfaces , (b)  effect s of spacing of several
types (if obstacles on obstacle negotiabil i ty,  I c )  e ffects of Ep nginen ’ring ~~nd Scin’p nt ific Research at t iES is puh l ishe d by
surface tract ion on obstacle negotiabil i ty,  and (d ) t ine  th e Wu ierw ays  Experiment Station tWt SI ,  Vis’k st iur s , Miss iss i ppI .

maxi t n un i  long slope (a t  least  two times the length of the to acquaint  U. S. Gover nm ent agencies and t in s ’ ress ’urch ci t m rmnu n in}
i n general wi th  the many -tac eted typ es itt eniin nee runle and s t i e n t n h  t t

v e h u i c l e )  t h e  vehicles can negot ia te  for various tract ion activities cur re ni t  b eing condu s’ls ’d at WI  S. I nqu i r n e s  w i n i n  regard
cn ind i t  it ins to any of the  reported spent uc su t t les -ns  wi l l  Ix’ ~ eteii nned . and

sho uld he addressed to r esps’t - n t s s ’ a u t h o r s , t , S . A r nu i i  I uien n s’er
These dete r t n in a t i t o i s  were made al a f ra ct ion of the 

~~IIe r 55’a V 5 E sp er i u n u ent  S l i I I i ’ m t , I’ 0, Bits ~ 3 I - V t , k s l ’ t i r ”
c i us t  tha t  would have been inv o lved if prototype vehicles M iss i ss ipp i  39 18 11 .
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