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THE iMTEKAGTrON OF BURIS» STR»JCTUR_KS,^1I>Í 

I. INTRODUCTION 

can bä n£i5t The purpose eB thit app^^Ux it io preeent a theory «hichl 

ta estii iate the torce» acting or a buried structure '*h«n she striture i« !>ub’ 

iisct to a ground shock wave. 
a'discussion of the tree-field variables is given together with *.». 

ideal in at:, en oí thtí stress wavs forms of interest. Cu« as íoLoaco >y 2 

cunsion. c£ the nature of the forces acting on a buried it.rut ture. -• •« 

section deals with the response cí the buried structur : and ir.clu b« »• 

her of calculations to iiluatrat« the effect of c.ersani ii " ‘ l'"îl. 

weil i»s structure parameters on the resalting ruction ci: the ntr : :lur«. 

analysis of isolation, systems id also included in this ueetton. 

H FREE-FISLD VAR3AB 

The free-field variables are necessary inputs lor the su J1, .-. to,, 

interaction cf ground shocks, witli buried structure», it i* the patpaBO of 

tMa sec1ion to delineai..« these variables ami to elaborate, somewhat, on ‘h- 

*ssumption« which must be made to make the problem tractable. 

in general, interest lies iu ground shock disturbances «hose «truss 

level* are in the range c~‘ humiröda oí pounds per »'t-d ‘e io'',u 'il'" 

ci earth media of interest is essentially unlimited: thus, at the tvn] 3l: 

».rets cf interest, we axe de a 11«« with media which behave Phy,ii,..Uu .n 

vastly ¿¡liferent ways, that is, tH.i behavior of the various medic, ccnoe .c- 

scribeù a« uLwtlc. plasü«: üuid, eUilicplastic, viaco-e'.ast! 

Attempt tu formulate a simple dsscript:on of the behavior of tb< tr^.- 

variables must be tempered by the physical behavior of the media of 1...1.0 - 

,*t. 1-. general, this spscifk .«port will d,.al with « medium ihich is es¬ 

sentially ulaetic in ito gross behavies. 
The type of ground shock of interest in this * sperrt is 1- strict.-: :o 

plane waves which do not ttteauaie «ignificHUïly m d» stances ¢. th. of- 
, ¡ i .-,--. -o boundarv effect 1 of th«- mediem the sir.« of atructui ä of mle rcB ., í-.-f o, -o 

;ire comùtlered •[*. e., tins medium in Infinite in elite:B). i -al: 'i-mlur *ni-i. s 

on cir iai-. freut •* » «‘.h »re is :.ru.ntoui (ste^ palnei ï a«« 
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ambient dem.ity of the earth a'.edia 

3er si i: íreas levci trv; n • -ii;, at tt c 

" ü-rm td VP.}ocif:y 

s partida velocity of the tnedii at the e,tre ns leve 

Lt üheath: he pointed out that the disw rbano-r ; ,¾ a rraßtüro .'r.xch 

s 3-;: real and at. a aero liiatecf stress, ms, î v stress ;;ue t > jrtavi j 
overburden/ .is neclocted when compared to the ir 

X3C 
it.ijtia.tion. (B-b) pitnljE. a. relationship for ‘.i directly. 

CT 

/' o o 

By using tt 

medium, 

e }ua .ions for the prop sgatior. of a d: s tur banc : in an elastic 

(B-3! 

wa obtain 

(r c 
■“Mr“"” lí# (B -91 

where E is the n.iodulus of el&sticity for he nedium. In. any event, the 

particle velocity is proportional to the stresu where the constant of prupot- 

tionality in a ínneÁor. oí the properties of the medium, The ambient density 

of trie mecium. /■■ rt> ;^n,J the sound velocity, c are rendit y cbtainab’c ¡mtl 

shot Id be known to s. reasonab le degrst ci «vc.uracy» 

The veiocity-tioica variation cannot be It lived; the: .-fore, it ;ia 

c.&s..,nE:o t ■. t bo 11 s i u n ’. n. c o - i i i p.i r ■ i c 1 ( v * : o c i i y ¿ g mlatoc. to the insfatitsr.cou 

stress by Sq {33 - 7} cur (3 -9). 

..lis absolute displacement of a panicle ci the medium its given by 

s: ~ X. = i ti dt 
« I 

{B-IC} 

where >. i ; the j 15 the onginuu positi'on. For the case correspc «ding to Sq {I.-l) 

B -4-.1 
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8y making ase oí isa principle oí saperfositio-*.. i. in possible to de¬ 

lire magnitude oí the wave force en lhe frcnl: t t.ce of the stracluri 

|,c,ii rofitíe ti su e hi b: • n relieve . The Urn. "vaof force** hurt 

o those forces ■vHi.c.h <. r o Cue ru le í .t ri fi r: r motron of tN-.ï surroniHÎrn^ 

and the subsequent scale of »tresn in lbt; ground shock wave as differ” 

ki fi-om o3> forces arising ftoir hc u. cal déle rniiition or d¡spiare~ 

f the structure relative to the uurrouncing media. Thus, the magai- 

chi mav: force on the fror.! fairs , f the stri.ctive a.fter the local re¬ 

ís 1 ".ve been r .i:.t d : s equal to hat fort <, wfaiefe would ertist i cn* 
i 

ire**s¿il interface were displaced so that the isu.trounding medium was 

rorbod bi' f.hc prsiscnc^! of the stmeturt'■ Mtie ma_initu.de of the v.aye 

* ill ¡hen be equal to the product o! the 'ron', face are* ar.d the instan- 

L :3-.-663 Ur Î in the boU cue cci 'he ground shock -,¾/c, 

For the case of a step pulse* ¿hit .urbance as defined by Eq (B-l), the 

î red on the front face, F f , has va initial value cf 2 -r -3 /4 a,-. 
IW 'll ** 

cays down to a value equal to <T. 0/4, 'Co formulate the pro->lem 

«illy, it 11 necessary 

l.imo of the roflected w 

S -«I i 

) make seme specific assumpti'Ot.e as to the 

tve. We, there "ore, assume that the roFef 

.■ill be charactnrir.ed by a tine equal to fZ <: úbere °C is a con- 

i'hich should bti of the order of one. We will un« a va bee of l\ : <1 or 

. cal purposes. Thus, tae wave (• res on front l&co correspondir.g to 

ip «¡isturbance can be written as 

;-r --- <r 7fr/i‘4 fa -i 
fw c l 

- i c (B -. ;() 

t - 0 w-feen the disturbance reach s si.o front of tin.' structuTe '.''e : 

j,-.-.a;, It: should b t t: nphciiictd h> re. :b.*t :e vsve for-:e is on/; 

in ni time; that is, the response < f tas sin.euere hself does not i. feet 

rrc i. 

I'lis refl-a:tion of an acoustic disturbance of fruit-.- riaae-tinae .'Eq, (B 

iyid bounda ry ci infinit«: ex teñí: mi be appjoxi.inat:« d quite well fe} me. 

the inaiasd aneo us undisturbed ¡tres:: .:.t the boundary by 3. lac* or of 

i»; refl.ee tic a fac to rí. Thus, Ihr ^ave force oo. the front lace coirc- 

.ng to thi.3 case car-. -'>e exprr-aoad is 

E-* 













K <' am: ire tr-í t orr .'spandir g vaiiablt-fí for lh hick {¡ice ( ih«> 

structure, ther for the back iaco 

i*, ' 7Td2/4 C y'}n oa i ' 0 < t ‘t I.i/c lb --1: 

an 1 

ba r'u‘’/4 c. 
il L/t •26' 
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soil, o 
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there 

we hai 

F at 
s 

ity of 

expiet 

îd teil th it s' = C during the time interval t < uh 

ooeaimg s< or 

.¾ sie ax- (orce b : l ween the side of the structure ' the Burn: 

n «iti e>. sf, rh.s force cd 11 resist any relative inotiori bet'wi: 

d .ue structure. If-there is no sliding between the e ruct re -¡ 

ne would be incli ied to assume that the shearing force was at 

proport.onal ro the relativa displacement, Icowevet1, itappei 

•.fill be some rolaive motion at the soil structure interface th 

e assumed, fc r t u purport« of this program, that the shear f 

-.tr.g on the sioi of the a t rue tur ä is proportional to the relativ- 

he soil (ir. the absence of -he ß iructure) and the structure, Vi 

s lliis force anal-vCScall'ij a-j 

¡jncnng 

: s the 

ad the 

.: roxi» 

r s that 

.: rofo re 

rce, 

valcd" 

- cao 

i - C. /if D t J !u - y) -{ 7TD fL -• t r ) y ’ 0 < i; < I,/,-- t 
o O - ¡i — — o ‘ -27) 

wm'«: 

F. sCi f 'Dl-1« - ?! j 

Y is the nbtiolute velocity cif tlis 

0., is the coefficient of friction 

L/t: < t 

tiuctu.* s 

1-26: 

E -1 : 



Ta>¡ valuó oí lK« í’r¡c:ion coei'fic eat is :»t well kno’A-n» However, by 

properîy t: catia^ .he surfac« or, the side of -.ho structure, one s houlc be able 

io« mini rail e tbo Crict.c-n effect such tkix both •Jf and F ler.d to ztu-ö. Th.i.si 

force is of oecondary importance in. its influence on the etrehíag phenumeaou 

but do-'* influence to some degree the response o' buried structure». In 

conducting «imple nxpexinr-entB oie nhonld attempt» at least initially, tic 

minimi:?« the «fleet oí the shearing fort.«. For the purpose of the au.>sequent 

analysis, •>;& will asume that * 0 and the shear force will be omitted. 

IV, ]U: >FOHi»H; OF 3 imiED &TKU(;TUR.KS 

The previous sections have delineated the free-field variablen and 

the subáeq rent forcer which are intiumcd to arc on the baried a Tucture. The 

re-aponee c-f the buried structure will be treated in this section, for the special 

ca,aas cf a. rigid structure buried In an oJaut c medium. 

The term "jigid ntructur«” io used here to 'designate 'he treatment 

of the response c-f the structure $.a a single degree of freedom system. Thus, 

the absolute defbïctior. of the- structure as a. whole (aad ths absolute ceflection 

of both she front and back surfaces} r,an be citaratteriaed by a single variable, 

Ÿ- The t:• atmee.l: of a structura consisting of twe rigid masses connsctted by 

.m elastic linear} spring will also tie formulated and discus and. 

Tb equa lion of motion of the rigid iUrcxtv.re buried ir the earth 

media cm be weitten in differeatxa.1 form an 

Ivi 7 * F, + F.. - F, . F, o' fvi fa bw ba {3 -29) 

'»here M is. the mass of the e truc tu re and > is the acce le raton on the 

struefure. 

¡it ristfict the solution of 

ast: noil medium, Soluti: 

by a lack oi knowledge of the pioperUea :>f earth 

of tha abo , « d:ff•:ren~i.il equa. 

üons bave bean cb-.ailed to 

vAr .ou is free-frété and structural or geometric 

h® magnitude cf the force « ar.,d dnflectioti which 

imm, 

Sint equation cf - notion shua realices for dw 
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The equations foe Case b 'were evaluated for 8- 0. 1 {and f - i»} and 

the equations for Case c were evaluated for t -- 1 (aid b -■ O'l* These values 

ttn'-idered a? Ve.ii^ |Í||||pfc 'tiré p| 

response of the ourb'd structure 'or the ;<á two casts is tenured w-.th 

Case a (á;- O. Y-- co, A^' = ci. »ud t s 4) and .s pres« i ed n> i ■ il ZZ 
"thfowgii iPhlll* ; 

¡The amplitude, A, of the osciliacion of tlie deflection, ï, about its 

mean i:i| only nieatiingful T :he stress is cutistanl for a period õf time which 

1* long compared to the period of o*ciUat:on oí the buried structure. The 

amplitude t j th'a tied.from tht coefficients of the sin ; T) and cos ir T} 

tferrns ,u:d it ,jivtn ivi i yenera! for n ft* 

A - A 'f. f, ,5 , c\‘ j i "ye* * C{ (0 <*3) 

! |5.(i!Í|rÍ!f^a Bftátfii# tffftftt!# 0W¡ 4*s(s |j|ir'«iö| '¡¡ 
|i|||iijre i.nd does not make any allowance fur conrecÚRg tunnel or access-way*,, 

This section deals with the special case where the back face of the structure 

¡fl* shielded ¡rom the ground shock disturbance, that is, the soil or rock in 

the neighborhood of the back face has buen re moved. The slructu re could ;tfe 

located at the end of a tunnel auch that |¡h» front surface ¢1 the structure is , :, 

¡;|¡1| letiirpltp# thp .sfeutf tur .: woulc ht Iren tc move badk 

£.w,.y m ihr «in-in medium. There i:-, of courss a t or;i]>letfe ä p<c Ir Uife of: 

i|i|:||:Íl)||y|||ki¡f|||||¡y i|||i!|jl||l Pmú tip bpllfljll. : Ti#! j|||l||fl| 

i:|| hnvtir¿ case ami svill b<- m -iri. led || il.e fire ¡h M ase of -he step ¡ivlfe 

fc.llowt c; U> a '.litorm su rsii. and Vlocitt lieM. 

1144411 il tlkift p':afe.i4:l0Íf!pl4^Í^I,¡'^*it,:'i4t |ll 

pWí C ai.J u ||i as 

ï - -'T ^ry/y2e-T »-Ml 

The initial conditions are 
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ÿi-e Bohi.ion to .£-} (B- i* 

pcaaticti Î^||4|ï fik • I ||L '‘H-üI j1 for ; 
o<' = 1 wan nafjdj, ¡rtWif* m4$M tirés ml ¡|w IflíLiikwiIfllwíil#' 
r.t/f 1,2. s. ,o, ^ ! 

|4p,|k|f[h. ^|| -MÍI||i|| 

¡Í|Wp|i#r!!<|I !!l|fi»|yítti|i i FrtièÂtt* i^!;|Â»|||é®Íí||f| lljki :^m|||4!|: 
i»|i: aitó¡*:o|«t¡B t|ii*jillii«fTMwé,, f, |¡;| ¡| |! 

i!' Til«: c-quiii.or of lé 

ffa'k> <ß-66» 

tsr sf vte dct.ii« 

i ■ Ä 
Ÿ 4 2 ï Vß1 \ßZ e"T (3.68) 

Tt.c folutitm to E-ï (B-68) correapotuhng to the same initia condition imposed 

on the solution of Ea (3-64) is 
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ThuÉ', Scor/eijjonciü U, the sol üot giver, i. v ?c tü -i»-!;. U % - i ’ .e r-elu- | 

tien corresponds to K<3 (B-3E). A snore practical value of ? would be 0.1. 

£«, (3-6«) was evaluated for this value of •''and the results are presented m 

Fig. B-ZSfor/i2 - 5. 

I* Itolaüow and Sliock Absorbí fiSjÄ*« 

3.1 is d«-ri rabie U redact bo¡ the lea dt «c ing on a buried structure 

aad the acceleratiO'fi!» of l'cmponeuts bjused »‘it, a the s:.ruc1:ure wlien t ie 

structure i s str uct>. by a gr tmne shoe k wave- ' lheee reductions may be ac~ 

L.mplished by (»dating iba strut lure ftom the surrouodmg *o)i (or ruck). 

%¿i!¡j| «Wh: W# iflitMyihis !|d!|^^l|io|>i||ffc!iis flit1 lift IÄ# ;»* 
)*/lU li=nst our treatment to con*¡delations of ibe iront and back faces sn the 

struct ire. TbJs section d. sous ses three classes of isolation or ibock ab¬ 

sorbing j.ystetne. 

: The first system cousists of surrounding the structure iront .nul back 

It et) with a crushable ms-fi-rial. This syitein could ha-e two principaJ charac 

it#|¡|wi¡icii,n ¡PiíiflÉt, !É|||^|||#i|||pp IwntiPNf: sfte 

acceleration u« ur* or Ibc »1 ructure, and secondly, it could, by effectively 

changing the length of the structure, retace the subsequent or filna! co »pres- 

» (V In load. The specific proper ties of the cruehable material will, of course, 

influence the ,;ííec u vein-1 of tini. í||j|| dl 5' » -en). 

i| Hl y||[oiÍ|| '.stem to sii.’s o< ;,i c , duig a voi d a-c end lhe t:u ned 

« ;||¿8¡¡jjA nU |n Kite |rjiljirWWI' ^ ¡i M 
Ul|||| lllll ||pe llurlllijllll! I||| n|||| ai||l|||P|||il#||jp||1 I» ||||||w 
has the disadvantage Shat the soil (or rock) may spall and cause local im¬ 

pact loads. Also, •? --3 -vet be able to maintain the free surface under 

static conditions. 

The third system consists of surrounding the buried structure with 

an elastic buffer. The materia) should have a. modulus of elasticity which 

is smaller than the modulus of the earth medium which surrounds the struc¬ 

ture. This system has the same general characteristice as a^ove. How¬ 

ever, the possibility of impacts, which could occur with the other two Sys¬ 

tems, does not «tint. 

There are some materials which have the property of being able to 

dissipate a great deal of energy when a shock wave uaverse« ’.he material. 



thus causing the pressura or stress level to drop sharply. This property is 

usually reslrieted to a specific stress range for a given material. Thus, 

it is possible to lower the stress level of an advancing wave, at least locally, 

and for a short period ot time. However, the volume which must be filled 

with this special material to accomplish any significant results must be at 

leas! the order of iragnitude of the volume of the structure. The isolation 

system» discussed herein are restricted to the case where the depth of the 

isolating material (or void) is smaller than the characteristic dimension of 

the structure (in the present case the diameter D). 

TÎ e initial interaction lor the three systems w ill be discussed here 

prior to treating the elastic buffer case in detail. We uúll limit the discus¬ 

sion of the initial interaction to the case of a step pulse wave. 

For the purpose of this discussion, the proper tits of the crushaMc 

material can be idealized by the stress-strain curve given in Fig. B-29 (c). 

When the stress reaches the cru shin g level, , the material change« . 

volume corresponding to the strain £ _ , and thereafter Is «ijonaîiifrMl > Miliíi 

!^||i|4ÍN #Íi#Ifi <i>ípié i»'*: wifíiiciWtlf'prttte 
:;te support any static loads which are imposed upon it by the structure or tft 

sur rounding soil. : The wave diagram (a) of Fig. B-29 illustrates the jtníiNr- 

ifttion of the mcidert shock (step stress pulse} with the crushable material 

:»nd 'tic craourt;. WIk-t Am shock strikes the crtishrbl»/(¡fliftterftli, |t|ft | 

•rati rial |ç||||mI|| and & stresn w.ivc ||||ja|ft4l fo-ward jif|l||f|sÍ|t |3',! ■ 

given by: 

U*u'1/ít (B-70) 

w'n« re 

:,rhei ¡ÂMÉilli life! ,he ,brc.U|i"ihe raa,"i*1 *• ;or.. Fhe condition a 
the interface between the soil and the crus hable material requires that the 

particle velocity and the stress be continuous across the interface; that is, 

o'. - cr, = 'T 
1 1 c 
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!|||fj^er(r .J-, j-' ( are th.* 6:;:eisc s ,n the so:l and cnir.hable materia Î, 
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This relation is illustrated in F:g. B«-W (1.). Using Eq (B-71) and (B-72) 

we obtain ' ' ; ■ 

, ill 10-hP): 

a-id ilieieíore Eq (B-7C) c*n |i#'ttwrlilteft *.* 

“L r ' ¡«i \ 

et ' [ ö;p J 
(B.7'4) 

it should he noted th.-t o . < 1<J t- order lur this analysis to be valid. 
C "Wl“ 1 

j|||¡i|tt||ip||:!«réJ| wave whs «h (i pir'0|»||!#ti*|¡; t1WPm||h'thite «iruitlftlUlet 

material strikes the rigid s¡!fc|||¡«li4re jiiiirieOfl^p;# w||4j fe '|íftíKi¡|j:!iNr#!4 |*l 

||j|p|^|||| fWle||Í|É flW 

infinite velocity. Thus., the* toil is H4í|éÍN-l 

j||||k«:É|||j|||||4iÉ|p|¿ áJ|wt|||||lè|^ie |ä|»||4S||on of a reílecwlJl^MhjilIlflm í 

! ||i|» th*' ]||m| lílfll stjjrlhs |lí;||Í|||: l|eh|U t||| ky|| IrfiielbifrlS!: !mkt*!1i 

||||i||i||||j||í« ifU ||||*i®.'tilie Ifi jj-ir tan. ar :a art.nf. on the 

itructure; is 111 vA||4 pk||l|j|'!|;Hfliil# 

lj||| o¡4 |||i|H|||||i>4 y|j44e||4||j||||44||lo.ft |tpi|UipW |i||4||l+i \4dt4a@|rj 

|U a||}i|||||j|!yti|P|!lMsl:]Bjd||Í|| hjincts jlüii'jlpl^IktllIHpiil S4 : 

(1||44h|||| |b|44 [nMyctcd. 

llllhlljlkkii): b«S| 1 toe d fforjrct b( tween lh« ti n\»î oí the s u-( 

ipi :fyi||; uki'ii tu t||ytryi|||y¡4 (fer 1¾ »|f¡4P: ^^14( 
tem without the crushable material. This time difference is given as 

iimfe 
leiii /|*ïf I 11 iiwiTj'M 

iliil 
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The crushable material Jotated at the bark of the sti ire may or 

may not crush depending upon the values of <r and or . In any event, il it 
o c 

possible lor this tyre of system to impose la.rge impact loads whenever the 

BtjhWitt e mm ¡M«!* Ipm (ot V. i-.r.r 'hen <l..r; || h? 

motion of both the soil and the slim:ture, regains corna it. 

For the isolat -jp. system which utilizms a void space around tlie, struc¬ 

ture , Ip¡il Itiif'#*»' i#:iij¡)¡;:Ü* í|¡lit|ít!eHÍ tlhS; fell: irtfeil; ¡ 

face oí the soil au a tens on aave ï ig. B -JO {h)V The free surface move* 

forward vdlh a velocity equal to ¿i-f. It the acnl does cot fail locally cue to 

th|| tension wave, so that, spallation will not occur, nothing will happen to 

ft.: structure until the free surface of the =0..1 has traversed the void space* | 

(End effects nave been neglected). At the time ll-.ai the free surface impacts 

With the npid structure, the soil :s brought tc res*. The stress increases 

ftîîta marmously from zero tc 1 ai. i ft stress wavi: -nows hack iuto til* 

soil. The .r-ipact load per anr area on th< structure is again equal to 2 Qq; ¡I 

htence, no real benefits are derived from this system. Also, impact loads 

ape quite probable. The impact loads to which this sysiem and the System 

which utilises a crushable material are susceptible tend to disqualify these 

systems as suitable isolation systems. 

The elastic buffer system is illustrated in Fig. 3-30 (a). In this 

system the incident stress wave is transmitted through .he buffer and propa¬ 

gates at the seismic (sound) velocity of the buffer material. Depending upon 

the acoustic impedance of the soil and buffer materia.::, a wave will be re¬ 

flected from the soil-bc ffer interface. Generally, both the density and the 

seismic velocity of the buffer material will be less than the corresponding 

property of the soil so that the signât mot bi u-.j ... .:,. figure) reflected from 

the interface will be a tension wave, although perhaps qrite weak.. The stress 

wave propagating through the buffer will reflect from th* rigid structure in¬ 

to nearly Z 0^. The stress wave reflected from the 

i ibut mm tri si ii ant i|||||||||!w| «he ||||.p || the soil. In 

|||| |||4|¡II||||| |||||| :'.|j|||p||i|||:|| Ita■ ftflÍN11| ¡fe 

j |ip|||¡ : 4 JB ||j|||.||y ||||¡|||||||i||!; y|¡||¡|||||Lnce 
]|Í||Í <<ría ¿ W. Ti*- iAll li ¡I! p|Í Hl i lyatem 

rreasing the 
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For the cane of an eiantic buffer, the arching force is modified in 

that smaller forces are required for a g.ven reia ive deflection, A layer of 

material, characterized by an elastic modulus, and a thickness, ,1 , is 

placed as both ends of the structure. In general, /« D, so that the edge 

effects are not predominant. Corresponding to the load deflection relation¬ 

ship assumed previously, we assumed that for the soil 

t :i 

cr?'»: ' * 
fj'-o1/! 

I* W a'1 

where s' is the relative deflection of the soil-bafter interface, and for the 

buffer 

« := aL 

i 

where ¿/is the change in thickness of the buffer. If z is the relative de- 

flection of the.structure (face) and the soil, then 

Z s Z1 t CÎ /• 

or using Eq (8-76) and (B-7 ’5 yields 

(«1.41), 

ii nt„ . rj: 
Tirt ii i "ßi 

ii 
¡Iteiraf 

Or, in a dimensionless fern-, 

i 

where 

I Irf 
I Jff íll 

41 -l- 

HI ||| ca ie I si jp |||| «-s- | |je «quatioiis || |||<j||ifei l!0< 
and (8-37) become 

m 
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A comparison o( the response of a rigid (structure was made for 

V = 0,5 ar.d 'J = J. 0, These resuJcs are presented in Tig. B - 31 through 

B-34. The amplitude of the oscillation of the displacement for this cari: U 

given !>y the geneial equal ior, Kq ÍB-f<3). F he vclot W iocs not d:.rfer 

i||k|||^ & ring the ¡i.iít portion of ||e :nte i act.Q.;, Fox thi tKAt-tpU- given 

:|ilere (after T - r) the magnitude of the y s< illation of the velocity for the 

IjhufUT {¡tee \s considerably empiler, ñow< ver. this Î» for the moni part 

foci-.uIova. AMI- he o.cep! u. .f,the l.niial |||||# the- ||t ¡í|i||i Í|| 'c; e:c:;¡- 

tior. is somewhat smaller for the elastic buffer t a*e. Kowevei.. as was. 

jujriHioned proviouoly, this type of isolation «ystem will not be very «fío«- 

IS tive in reducing the initial impact of li! stet p freu ted (step pulst;- wave. As is 

^pdent from the argument of the harmonic terms, the period of oscillation 

||; lj s orm what larger lor the buffer cafe. I he ,r. h¡i«g |tid net forces on 

i^oth the front and bach face* are leduced conaiderablii jr this t xanipl*. 

th. ifllill fer ce or beth lhe .f^otu pm b¡i>.h fa;-s is reduted ||| '¿-borl,, 

;|||: («llllîl MU; 11! . f : '1 / 

'fa 
lil |l||' 

l&Wpi 

Il i¡|U|lI .ff lifM |o|'«|!i¡| |l|| tfe* fritet |tt|| !¡i ¡i# .'f11 
the structure is equsil to‘l + P' j~T. 

5. Other Structurnl Parameters 

The previous sections have treated a variety of special rase* cover¬ 

ing the effects of both structural and free-field parameters. The basic 

loading or interaction theory presented at the beginning oí this appendix 

could be applied to a variety of complex itructural. arrangements It in the 

purpose of this last section to explore briefly two rather importvn: structur¬ 

al parameter*, both dealing with the flexibility of the buried structure. 

The first problem concerns the shortening of the structure due to 

the compressive loads which exist during the interaction. The second prob¬ 

lem deals with a special case of a structure which consists of two manses 

connected together by a linear spring. 

mW 

! 











In treadr8 thc first P'obUm. it should be pointed out that it ia de- 

,,Írab:C t0 U8e 4 Sin«le to determine the poeition of the etruoture. 

In thm analysis, the coordinate, y, U used to specify the absolute displace. 

™n< °f îhe Center (the of the structure. It will be further as¬ 

sumed that the structure will be shortened uniformly and proportional to the 

force applied to the structure; that, in, 

L’ = L - K!r'f + Fb) 
<B-86) 

Whe i6 îhe l,ingth of the ^ructure corresponding to the compressive 

load sFf + Fb) and K ia a flexibility parameter of ihe structure. It is poa- 

euhle to use a more equitable form for Eq (B-06}, such as one which allowe 

the two naives of the structure to be compressed to different iengthe. The 

change in length being proportional to the load acting on the respective half 

would complicate the analysis con.idsoabiy and may not improve the results 

appreciably. It is thought that the uae of Eq (B-86) will yield a good first 
order solution. 

The absolute deflection or displacement of the front and back faces 

ffl||fj| If FpHfrtí ! ■ r; ;; 

if- - L<> 

|#l 
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I 80 tKat tht’ »«hin« iorcss are given 

Ffa " '“ï“* ’ TD* Lx * y ■ 1/2 (L - L"]s ™r* ‘Sr [x - y - K/2 {ffw y F{* 

f Fbw ^ *W] - t 
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Expanding both Eq (B-87) 

f/l 
ta 4 

|n<! solving, lor F-a and Fj}^ yield« 
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where * 
K 

I 'T 1 

^ ^ fw + ^ bv.^ 
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larly, by expanding Kq (B-ÍI7) und (ß -39) we obtain 
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Ji* * az * Xi2 ^TTTT^T A” “ “H4^71^ '7 iT í#", 

I it ahouJ;rl t Í totee that the wave force«, -J ^ ar,d 4^^ are unaffected by the 

! flexibUity of the structure. It vfill be of interest to compute the net arching 

force ./ f4 - *$ ba: 

fu- ^“X/2-ï- »<I<4 

.. 

•4-4"x Y 

pi 111 

J T< T 

tfl etruclure, Eq |B-29), in dimenaionleaa for|n |ill< 

A* ii evident from Eq (B.-92), this equation is independent of the parameter 

X. Therefore, the motion of the mase center y£tj is identical to that; 

presented previously in tide appendix; however, the arching forces acting 

on the structure are reduced and may even he negative up to the value of 

the wave force. For the step pulse case the solution for the displací ment, 

Y, is given by Eq <B -38} and (B-43). The mean force acting on each face of 

tic flexible structure for the step pulse case is 



■when* the t«rm aftity is due to the iree-fieJd ntrcaj and last two terms ai-bi 

mmHhfp lipMfNitfee soil and atr0¿||||||¡i|:|| 

]!| jl'lfcl ¡^¡141111 I|4ë|jèlp,:!i wb|4li!'ft t»!«*ie!Ö: ¡WlfeHl ilntibrnií the motion oí 

a »trocture which consisti: oi two masses connected together by a. linear 

Nli# I ^4 ;s ft b4;|||4f|fl4p^ÍÍt 
smaller thaï the second ma s», which could be called the base structure. 

For simplicity, the noi3 will be removed from the back of the base structure 

§4 that the ;orce aciinj; c^c th-: hack of thi-, sliu:Ure W #|4¿|* 

Th« two mau systems could be applied to an actual structure for pur¬ 

pose of shock isolation, , , ; 

T'he indepeedent variables y and: 1», 4|f||» ft# aíjéAle: dfíipftíe^: ; 

men;: || the frant mas» ami base sti-.icUre, respectively. Than :¼ 

of motion for the two oasaes can be writtea as 

n! ill f '11 I r « i 11 n ! li f If i| jl i r| p ' I P ! S1 ! Í! Pi I ill I ililmifl Ü I !|:!!lii!:|i |l[!!!l 1m;!‘il:l sfl ill ! I iil I 

! ¡1 If Í11 * ;rf!W 11¾ f m| - m ! ! i, , : ,, , !| jíjfíi 
11|!| i;! I If il Nil ; I ; 111 lililí pin! i I III j|| 11 i ! ['I l| ' I ;j I; I |i « j j |: 1; j|;|ih|'1| | ¡J ¡|.||j hl! I i! |!r !| |: I I ¡ |.|!¡;; IIP 1 :¡'!¡ 

iyjl = k(y 

where rn and Mo are the masses of the front mass and base structure, 

respectively, and k is the spring constant. Using the same notation which 

was employed previously, we can rewrite Eq (B-9S) in a dimensionless form 
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