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DISCLAIMR

The findings in this report are not to be construed as an official

Department of' the A4rm position unless so designated by other author-

ized documents.

The use of trade name(s) and/or manufacture(.) does not consti-

tute an official indorsement or approval.

DISPOSITION

Destroy this report when it is no longer needed. Do not return it

to the originator.
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T!he di L i ir eqLit tori tf I u Ile r- Bie ruii 1iiL h ei-m Lij ec toed to a mov taog f r c

t- Av - K
t P4

wher ''r) delt:' Li. horim do;! Itt jrl Ii I wt OI of thle s pat iII

i t .- . I ), r i , t t. The lot t'r-- IF , I -. 1 Anote klI'st. i

')1 - . '~d Ilo 'wit ft Cie . -1 ' 1 i 1.1. ri .ioj Liet ara Ltse] f V

L, iUrii I Ltv (f t hIe h- ,. L. i1 .- Iy V X 1) i rac do ICt

forc i on i Jezioteti by.1 x X (L ) is the 1or';iLi.oui of the force P. T deitt-

; , Ii I - I ie ot f~oet A~s Il'oi.iI, ; prisne (' ) denotes differeuiti .it 100

W i t I r, ; ), c Lo k) XAid A lt ) , diftereniti ItLiii WWt1 respect to t.

'r-th hooovi.ior v 0 diii are wrttten i ;

- k 3 y'( ,) -

L .,t + ky ( , t i .

wherz- k~ t I, 1~ , i,! irt, the spii os t whichl model the sliipOl t

hrlhirct r i-s I", t I O)i~t

'( t) y Ix

Equiat ions ( I) through (3) witL he written in linenisio'deos3 form for thle si1ke

of ofeier.0 ite :ind s-;jnp 1,i tv. *ri-s i,; :icconpil l; e1) te tintroduction ot

d~jijt!isttoss-; pr iotor-,i In the. fo I -wI,) 1 rr-)w ( )will he read ais

rep tires;



y x t

y - , x - , t -
T

kI X3 k2

k . , k2
El El

k 3 3 k 4 k

k 3 + k4 +--

SEl

git ! th-*,s , aew 4imenstotless parameters, Eqs. (1) throiih (3) he,'w,.

y.. + y2 y = P6(x-x) , (i'
0 1't

y"'(O,t) + kly(O,t) = 0

y"(O,t) - k2Y'(O,t) = 0
0 t 1 (2')

y"'(I,t) - k3Y(l,t) = 0

y"(1,t) + k4 Y(l,t) = 0

y(x,0) = Y() O x 3

y(X,O) = yl(K)

wlher- Lit Eq. (1'), we have

Y

T

which is dimensionless, with (A)1/2

C . ....-- (5b)
El

which has the dimension of the physical tine.

Hence then, we shall obtain solutions for the problem defited by Eqs.

(1') through (3') for various values of ki, i - 1, 2, 3, and 4.
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-I"' t. i -i F Thu ")"COi.' thle t t e r, irod for the far-ce

'I he li ") rIe oit~ e I V %l ,Irios franl ' to 1,

1auir I~i unItmL ti list ),1, t i c ii si ta.' a ide reJ

an I Fh r ii 1 c I Lie i I -Ilb lem th -cl he 1ee~ u ui'v a ult ip Ii"';lt il

;IrI1 i - 1il )l i I.; ) one-, I, pi i: L I ,t o ht- Ip fu L it

h,1 -vi r.,i;I t , i r2,! ereic4 :-, c ;ert Y iu,: Wi It l wi th Ohe 6- 1 '

ChIla C.ter i it ics. W4e shal L selert the v(eloctr of the F irst nTode of vihr it io

stali I:T .~waves) of a cantijLteVk rkd hO;Vcn It; this re fe reik vceloe i t v and cail 1t,

1wu , 1 .. . , vibrat ions o I Beal.I Ile r Il aw' I,.).I -;i 1) ve VI Ftite Elemnen t
For:itil.ir ion ();nrs~t1 I Itit I I ITIn' Tink (>:1erJi'-lit es Thle 51st Shock and
Vibrat ion Bulletin, Part 3; AnalyLi Cal Methods, Dynamicis, and Vehicle
Systems, pp. t111-139 (l8 ).S
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Heui*. the nrlii ed .br VL t it dett 'i '

-V

'S v~ L i i it 1

.N{,4, "Je -~. ii "' t' I , s; V u' L;I tfle," ;) r , ,-tr iU A E, 1.. i i~

r pi-t. It - . .. I ti ay L- I.- .)ii 'tir i .. , .

r r, ! uie e , t r i llttivr.d o'a', _ht' t i-. I L.;

r -r i I Fr r , :,t.'

r r1 4 a 1,. 1 1 . A, ,

r,- pec t v e Iv

-. 1.79 (in stmId-; ) (16)
fl

v 1  . ... 24fl = 1.12 - (17)
Ti

aald
h/T

v . - 0.895 - = '.8v (18
vI 1.12 4/c T

acre " c/iT, as d_ef id ia iq. ( Sb)

For the r,.'qi -t coui tel i 1 th ,i report , i, ; 'e to . Itence v

8 . o )r v is A ,),lt li t L;e v . A tis load ', -.i v, ti e dvia lic effect

,)f the moving f rce ,n the bea;ji vibratton is quit. e _ideaL as shown in Figure

I through 5 . This ts atso approximately a typic-al spei tr which a project io

3 Fryba, L. Vibration of Solids and Structures Under McvinT. ).ads, Noordhoft

International, r;rontngeii, 1971, p. ql.



,10 10CLti.,' C1''i for a ~ ,oin 41 tiiI i,<el-l i i: r i i11 "', rb r I

, I I i aiHi 1V 'ire it thle miio nt' Wlwi-! 11 j i[ 1 1! , , I , 1~~ '4 f

I . ' I i r be ' ' ii ,I ! 1"-: .,I w Ii ,i

.- . otr, )f t rkee- roo s i ir ts t i l1 i 11e( f rCh Lee ol~tS

f Llit. :)r i w -ii -; ot Ii t s ii1 
- fi d ( 5b) art, as

1 t ir i!,id iippor L tLit i -s taki-i Lo be 1 ; for 110 y.

iiiI s i s ;s~ j ''1t,3 .1i ri . The va 1 it, of 'Ki ii Eq. 5b ) is a lso ass i -ie, I

~- pesnt I :1i'c rebae on1 1i ~rj b of 5x~8 eletient-

Iit I )1t11. ho f.0 rLv died :I Ii s previousiv iil eOferenJCe I

Vibr 0)11 iil Let in, Part 3; Anallyt ical \ethods ,DynIIam ic, an Vehicle------
Sytes pp. iI -1 hler (w 1981
:YbaVibrat ion of SoLids x0i Stru' tores Under 4oe i:k Loads, Noordliot

i,11t orna iit otnaI- , Gronfnyger , 1971, p. I .
.. , -Vibrat ions of a Beiri 'Inder 'beving Lnails by a Finite Ele~tit

FrililoiConsIstenlt in S;pait Ii I i-id Tine Corlintes, The 51st Shock wt

Viraio BlltiPart -3; -Analvt ical _Methods, lDynamlIcs,_ and Vehicle.
Systems, pp. Ibf (181).
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rigure 2.Beam deflecrionm; mder a rnvl nc I ,u for fixed-
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Figure 3. Beam deflections under a mving; load for fixed-free
supports (y = 1(.0).
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Figure 4. Beam deflections under a moving load for free-free

end conditions (y 1 10.0).
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Figure 5. Beam deflections under a moving load for a free-

fixed supports (y = 10,0).
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