
I crG, ;ill gzl_pY .rX'i A^S.^ {;^l"
o\;6 a'.1+ l*,,li; ge ;r^-$

*fr$tJl JL{3j

C,-,*.rJUJl 6lso

;r$ttl s:tfu;q
efi}..lt eJo i,+*. cr9t-l .4.fl.i

furtiEs.tlt i'l.;^ll

r*#lc.ll,rs:r*s .)-ue .r.l

{t--+o*ll ttgrrl ;"taa .r.l

gra--+dl J*ljJ.rt+. .t.l

*l.rrrgll "toro 6r'ro p4le.r.l

ff--All {rt+ rr+,.r.1

.r,r--*rntl pts lA ! * rr<.r.i

{+SrLtll $r-ao .;et-a .r.l

ir.-:tLrll,clr l-3 l+y.l

Sul+, Jlfor l-r*j.lro.i

,a-rlljl alll r4< ral.r.p.i

i-riill illrtll

{rl5 rt=ll ol+n

2009 | ,* / e/Ell .r.rrll- g.Ui J+ill - 4#l'.ll e\5 1".511+"

J--:tJ;fill ,"t-;a

{:e.--lli,ll piil-+ g ;< r-g .^r.i

$A r---+slt tl +-l j .pla, .^r.l

sr--rsl +ll gur---le prat r.p.i

,rr9l-tcrll ij.-.o. .rrl-a .r....1

gr.rlrorl I JllJlt+. p.n r4llr-;r.r.,o.l

.nAr--cs'oll g,Ja rcao ft+f.r.o.l

##o i*o1 roei.r.p.l

sr ltL-aj I alal-A =nt-r .r.a.l

rl dlUra gr-3^i.r

*-llLll db+.'lr *L.r.r

t,+E osr-r l-:fj.r

,$& r"Itl4 ,l1,nll
"rl={i 

pgtg gFi+



I

sP 4#lrill sls.Jl-i;\il Lt'ltis
&.1+;eib^

uhYtJoLi+
LJ.L A,-b 7 i';lr.lt i.++lt .1,.* 5-

Common Carp ,g.rtrJl u. -,1l5Jl dlL*"i Jii.^a 4+irij qp rUJl o...te cr$ plri'rul
.^- o atlS -rtc

clt**,,I i.ri;:

h)liJf qF (vinca rosea ) OJ-hJl iill> c,!': ,rJ+J
sAll il"+lf 6lt-i cl+.t"i. 3sll 6rlrl dJ+S kifri.l*lJ fltdtuTl .,le ijis.all LJdJf L*9ti"ttt

+P q*."- $ ...e Ul+S- g3'u'" eLlil .p.p C+."-ll r+" yE ++_., ..e. _*t+
eJHl 4+lS- rl.ri.r ir-t; r1i-Fll i;IS - e--:;S i,-'r+ ejHf .JS _ r;[r_6i-,.[

il+tll JJEjJ 4su.rt crLi. ll ra+ ef urst 4i+b ccl 4ir-:+a-l,..ltsJl -lrl-.o.lt llt.it J,rirj

a.clJjlt 'tl< - iilsll 't'.i+ 
I cfr*Tl #* i^,: 6Uro

6t.1q93,..r,cJl3 i+ls.ll 4St+Xi &3rjtt rtr-+l
-p:a crr-ru p+l;! ot J'i crya p+l_y!6U*1

-pUl 1S -"\_f L,t+ e_!,lttr\S -*ir.:-g {,-1-
u-l +p",rl

-ertltt$ -c\;S i..t'
dlll /rl+$l1e*q dlJ"lt /{.Lj.irijt e*I 4!l_;Jl 7"t*r<t1 -;

fijilt calj la#3ll ,J.rLi,a3 $.jll .3Li.4 a* *o, ,". a$r.p:f Ae*slo+jjlJ r,9l-9"1f rri+.#. tt

.jl-;Jl .,sl;.r A*.b -.lstJJt 1I( - r+ls;i i,.rJiJt e*, / t#.:l J_FS L!t++ * cJnJro

ehrY! "r2 |.6ftlt*r Jlii't s l+l'tt c,ut+;tt ura.l.@ c,q6F-i ffif

370 -36i I ufJ'ei Cp..:t rp c.)lc ,/uJlf*'t+ $lsll +" el" qr.*tGJl ;+ rtl r.,a r^s.{

i +;t $ I ;t+.tt erb r." ertlt +Js / 6t+Jr erb J erur +$ / Er'..Ftt ert" e*
.o\-F a*b .'\-,,S i,*Lr .&! r,.,-l+

375 -371

Schanginia aegyptiaca ( Hassl". q) g.lUt o'{ jl_pY ,,jt'3Vf cr}i uratit.,,.t
Culex quinquefasciatus Say. @iptera: Culicidae) b.r'{,j AU*n.

.,fli{l JSL:i ̂ ilJ
Gr$lA,-b / e_All+$

J,ti."all i f.Sf ClJsl d$le sJl t3ljj*.rJl g,l &cJ.

efL4.:J! 
O'-J J4- c.r_p!.e.e rs.+ill .!or^ Ulj,e CLi.e.l

, . rlu+ i.'.1+ - ct.;t#lt c+tll i$ \ 4JJF-ll 
"tt-!t 

g j:

i.tol^*at,, (FEM) 6.l.rr.qlf J,4ljrJl 4iUE i^h.'1.9i UJSII i+r i
UL-.!iJJ+lt dJ+lcJl

!-rtill a,.ob - erUt +S / g:ta +ll Jts

356 -353

362 -357

2009 /,r& /.jtjll .r.rill- F.lJl J+.ll - 4i.tbj| e*JS erjb egr

l.ot;;rlt *sJb rral lht "Lll ,,t-t* J 3,li,# i,J!,ttt *.;.ae J G.ryf i," i,ca3l #h
a,r19tJA'dlt

")l1_,rS 
i-.1+ -- i-clj_Ji .$S I q,-$l 'i.. .r:o .rlti



'r,:!t
.ll QJL &-,lsr ursll .r+s, r.r 63t-:l sLrJ*ltlt Lt_;.r
it rit r;;ljr;1ll Cil+lull 6.tcl.*,er.3

.f.b +!.rlE .-r
ip.:lillL-1+- ertlt4$

U.li:s.ll
drt5l."i -,p3iJ '''-r c,*lSll J+-: JJA-- c+ a!-lJt glnJrijll 4^$ 

"J" 
ei-Flj i*rl-,;: el-,pl ,'.-tll l-rA ef i

(JL Analyzer GIU-I+ tlJii-LJ'ar\ - Jl J-U,ll 44Jt iJ"-lg Lglo : ut. , Jt !.-al5i)l J".i.-bll o- ijbi.
4+Ji-ll ell-oill i'+lsll i'-itisllJ (Olllr i-r-.'j-e dL31 &t .Fr-*tl cr).oLi Jl clblsill iil"" ./ GE+ grlt_e ,2008)
; . (sonic viewer) jL€ iJ.-lJ,lJ ( VSI VP) t+lljljll st-r. J^llA.eJ* r-r1,,-r d+Jt 0e ktl+ii*t # eJt.,
6+.+,J5+d.J*l. CiJ-il :l.rcl t'1. 

'oJtJlr+:. 
+-r' .-JJi+ Cii C* d3"l:i.ti^ u. a*JJr"!l ei-.ill ,Jo ,JJ-JI

c!3; '''-,t1 dJ-.i$l gl . iJal,ullJ"lr.^:ll Ur.o d;JLs cJS -r.lo il,.-lJl o.c&ill crl-r.ji..,r gl-;rl-i-l;-rll + 611;lt.'. ll. 6:.s.oll J'-U.ll 44Jt ehii-L iLL"-ll -t..i.:ll ;Sk .', -. i*lJJl ii.ti^ JJ6,.-l +:ls.illJ ii"-5ll cry-l-it)l
(2e-Vrs l000)4^Jt i t : ' . ; r !h , ' , - . (e*6-10*1.34 )c j i tsa- lJJ le i t i .osoJ* t i l l i4$, r . - l lo l , ' , - t l le t i ,
Abstract

The study of deformation values for Limestone rocks under different levels of proposed
pressures has been carried by Finite Element Method with using (JL Analyzer ,2008) program.
This program need elastic modulus(young modulus and poissons ratio and the bulk density of
rocks samples for Analysis process which obtained by calculation the seismic waves P&S waves
by (sonic viewer).The studied samples were taken from the studied area represent amine lie
south west of Samawa city .Computer model has been prepared to simulate the studied samples
to show deformation levels occurred by applied pressures.The aim of this research is simulation
of volumetric and shape strains for the rocks of the studied area under applied pressures by finite
element method .The research results appear that the Maximum deformation value in the studied
area was ( u-l0* 1.34 cm ) with applied pressure equal 1000 (kg/cm2).

Ls.lt-1
crLi+tll \r.i-r i3r..J-r 6J+.611 ii*"tcll 6l-j'i-[ gr*uJl e-rll _tt+iit .,.e j#&. _23.r inU_JsiJ+Jl 6]ll +,$
[] UJJc'_l'o ,ii,*-dl _p crl_2.rsi^llJ drUesillJ ol*Sill_, flj.ulS JJA-lt ./ , r... lt iiLtt e*"bjJ e-U-,tt U,. iii_]rlt'
drLr. Jnllt-r* rrS i$il dt el*ll ,',-t ii-'i-lliJlJl gc ii$.rj i^r;13 cil-J,- ctJool obJiJ US" it+li:'0.:e dltbj'
,Jo i-ioYl + e.'F (sonic viewer) ir6- J"-ll .-i$ d,L+Ct jL6.r at.:iiL, (ultrasonic velocity) ij" J,.-lt 6jr
atri:*L crl-;:iillj.ilulo.r-l c{;L-o,J$"3 il.ill rl g,.-13. q-Jidlu,.ldl u,. q-r.Jl ert,,s '* Ai*EJlg-!l
cJf p-r.c ul--J4+":rcltl lJ+JJ*ill dci5" ull .r \-tnl_l JJa-ll qf (;l*,)l 4++tl e"il d.:il .+ cJ...-.lJ .-.,*r-tt
4D.'ll crLi:^lla 614l-J, i.-la_l krr istitt 4;ii+ll JlJ.:Yt3 qJJt3l;_1.iill J3t "ill ,tn c$i:lr Jr:lrr._t r-,-.yl o\J r.J.&i

. [2]b;rlp-r Jr*+llr dlnllr.r3r-JlS
i,,,t_;dt I,iZ;^ -Z

r4-ll -F-x dJ- hJil # +O alU,,- ' 'f, irl^..J| r+r. +-ro +r+ g*lSll -r1.l C* iiti. dLi CIJ LIJJI aitj^ E
. ,rji"ll ,',i*.,1 a!.r- alf +y+ Cff

l,,,t.;st tiLj" 4"-.dg+ -g
trxll+ +-:Sill l.:-r l31 j+^rJ (CpyJ-lt) g;;r++lt ol-,!ll +;S O.- ,!slt F-: O^ oli$ i*l!l iitj" d . i.t<ir

dJ.Jdt t'.l++lt -n-ll -l-F-- l*lJJlijlro i -'dr e.r-" i+J'iJl elJF.-lt o.s;r;5,5.i+ 4+Jr.-llljLJisi #
(clayey limestone) 5er*tllcplFll J+sllr (marly limestone) C-rtltt'*lt JF-llr (dolomitic limestone)

c!LL: +" ej; qJ-ia g.rll crl;ill eljsJ 6l,I-ill lre i)J| &lill r.ll ,_r. h-F.,J-il$Jl oLLlt gtJ"i ua-.:. iitj^lt CJ ,[3]
. (l) ds.r'll Jl.:i t4l 4ril_,ilgrl3

'o'-ttt eiul -4,
-: qr$ ui d3"! '''-Jl eil.ul gt
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ZOOS I ,r.del 
"jtill 

$dl- F.Ul J+.ll - 4*Lll ei.,.lS ir.51l+.

.13. is.st" " 31+ll cl).lJlJ oFJL-ill lF+ r14l F.y-r JJa.-ll 65t.il (VS):ryf; +lt-!-!l di-. Cl t+ +1 ,,-
. 4$t+jr, a+-E J=\Ll Clr (Bulk Density T ) 4$ll a-iEsll cllisr (poissons ratio cr) -r (Young Modul

'o.r.r--nll 
-;.-luJl +i;r,f ats:-l.;l iJ.L.-lt-t..i.:ll ;$h c*: a*lJJl ail.r" JJA.-I4ilS.illJ 4i"+.ll g)l-il)l d$"i

. (JL Analyzer ,2008) g^E-; iJ"-l3ay

\ # s + r :  ' ' b
Y t a l $ * H :  n i t { r  S '  l * N

t4l e l,,,t;stIilL '{dt'} tll1. cit*tl4urjJl+uill O+l :(l) jsilt

,&,-rll ,rl L*t,r,J1 laJrJt olaiiill3 6j$r.yl -5
,Sf ,-* el--llJ (5217A) &.r" (New sonic viewer) is" j"-Jt .jJr c,,l-'.ll jL{+,lrrr."l .'.-rll l.r-r *t' d -l

e.p--r -t-ri*-ll eiLiJ ell d.,l-lJl ri! (dtrasonic waves) lJ" J.-ll LSJs ci-:. dl r:i\ -ft;Jl lu d1l iri.lr.t+ll (oyo)
4.r'. J"ll cr cjSlr eiJ-ill Dg. c.,t-+ill o:l _,1.5so cl"j sr"S p'.1er$:. . t$" crl,-ali Jl dJ.f ei. lJd di,-brrt llA jl.6;Jl

i . t5l -,1r-" (ASTMD2845-83,1983) ai.-lCl ll :ts-)t+ (S-waves) 6 'J*'ill L. -rJl-r (P-waves) LtiL' lllr
l- # d+J"il1 L.I"JJ 4+All cr).tJl e+-, o-r>-lr it*l (E) 4g &t - +$ ct' jLc+ll ci)J+*i .,Jo 

YT,
. (J.s-ltl

(FINITE ELEMENT METHOD) i.r.tr-.ll.,;re$ll14..;E - +
ul. s*,$dl cj+Lnl jL;.) c/ -.;*:Hl ,',6J1 i Lrii..*ll .jltll tiSl +" kil5 r-+ qiri;r' - Jl J.-tj'll +i:_F Ol
trJlc.,t icir*" lJlpl.rr. .y. i i<JlJLi. i i ) lJl .cj. j4F:! j tcr)rtJld. la+sullcJ&ll . : t&less*+jl , , , l . . , l l
et-,;5i ; r."+ll ijjFi .,Jo ,+Ll #+ g-,;,tll ob r.ciri ,'t-. drLr.lsJt ,rs gJtJsll .+A!l J"iri l.dlJ a.-li 4,ill,ll
LJil-*llAa$ 613 6 e-.+-e $-r p";Jt ,J# fl+ elli.:.+-1, t{SA a;ll. gs.ot,',1-l (Element)xl;'Jl+ s.c.,,i 6 'JiE

.,iU3 JF-jeJ '-tllgJs,i Jrajp elLie.J:t-,*ll Ljh+t-1,-t-uJl r-r .:rll ff pl:iit OS"J ) ^jl JJ -,;;.il ii$i-ll ipr.rdl'
.[6] r.+ll d>|5 J.-loJ r''ill'

r'..r- 1i J,.-U'll cF aj$i. gt_e;l di.$ dlbl e$jdl digill dl$"il J.-U,ll ,J" t3l elrii-l dSUl uta+ d Ofu Y
ill-ll o.r-l erii$i .r!3 , tuLij.c c i+ll clil.r J.-j'll i-. _l rJS-l OA Oi CrJ_rFt dF gnJ ti cJCt 0S^U f+JlJ dis"ill

. t7] i.,".1-,-ll i+l"rll 6ctiS i$.pl
6tlllJ,aUdlp3{L -

lS ,,.i.',fJ . t .+i6-,13r-a1lCl-it €!J!3 6';.'- A,!S.i-l,J.,.t++l 9 6.r:rll J.-lj'llQJtl ,,-t-!l qr-t+jt f.XtJl Ul
(Exact Ll" 13. t-. ,rJ- I (Approximate Solution) t HJil 1- J+'J 4+Jtll o!-e o)+-$ gill d-ll OG cJt.rS-yt
o.rl cl+lsil q/LnJ dSJA LcL rl;Jl ilL"-ll EJ+]el *S r+$ e9{r. Jl 

"+-!-;lt 
egi"lt i+-F .,rS+ r, Solution) r

i3r- ll J..-U'll4iJ.1l elri3*L LJl5^ll 'iA cjbLi cr-pl-l . clllnj^ll ..r-+ cJ.-.: Qb ;_,!3.o (.,J J#ij,',-r L:E-ll,
riJL aSJi.j.. !L4 Lc+ l-rrl 4J"$Jr. (Element) J,.-E lt+ ,^,;; *Jl elj+ll g'. io .^+. Jl f""l LJ,Ej^ll o.re oti
N C1-,1njJt &Jl e-3 + dll. r+ (Finite Element Model)'o-r''- tt J.-lnll 6ie"r; i++ll Lr"Ei"ll 

"+J_r 
(Node)

. t8l -rt" .Sl o+.Jdt cJjLltg3 -+ cJL! 
"JSll 

dJlJ J.-lj'll 0. JF-io

-1
E)
, , ,
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ZOO9 / ,r&/.jt3ll rull- A.r.t ,,ll rl+Jl- 4*.rfdl s>Lr.j lgt+ il+r

i4uLI,yt-,i-'
4lJtll o.l-l pl.:iirl UslJiil ,rJo crt"l"ill o.r-l r--+=$ cF^-_r, iJii. crlrli+ -xt 6.:.t-vll_.,;,.-ti'Jl r+U +fS Oi

-: .rS Le JJ drtrk+)t dJ-$
@iscretizatoin of Domain) p"$l &i*ll{J"e:fui

ei p.r fl-ll .'.-,t1 i-l , 6.::s.oll J"-U'J| i," OJS1,'I-i*L-!1 pUdl +r.l-i,. dlil JJ e."+ll ei-,fi pglti;l"o oe31e lird ru+ia3)l J gE-,l*otio olj (Three-Dimensional Element; J.r)l+$[3 -r-uo l! .:r..)r;Xf-+r

d-*i3 trL' r+rs cr-r,! (Hexahedron ElemenQ ,ujtSll JF-j'llJ (Tetrahedron Element) e-Jdl -"--r.lt .l-:"
:e+-, iSe)l .s+ Larii,,'iJ drl-.;t$ol6re cllLb, Ely;ll'

J.a.blldEi .t
+ L Ll+, $rr.!14?'iliJ rt*r.!trs. w, rt elt4+rl.l J,-LID dlua . r-+ll ,slJ<;r i+!a'J ril-ll JF-i,ll cjs.i ..rfaijl ei
3i g>-:l g;jlJi. Ji rrrS.o O.l* Oi Ofu a-31 ii* j -'-:c c$tisi. fl*X dSl ds,ill ,Jo lrl;c,l _l-i,ll qlS.i crtall

. (Penta) ,r-^.$ r-..31i."d' ua GJS^ J.-j'll gls liJ Ul, lHexa) (#J -Atrr" -l:t

-:eP-, JS'YI A riti Ol,,.iJ -,13^li-:o cllu6, -r.-Eo J16ir.i!r r+Gi. l6r.rs."llJ,,.-u,lla.r,ffi f 
'2

+r.5 dJ- +) dll3l, cJ.lt jt+) 6Jii..,"ll .'slll .-,r.1*. 
"Jt 

.-FL cHl ii-r 6Jt+j J! .pJjg JHi.- e+-+ _y-tto elrii-l t
. 6JiL.,rll .1"_!l.l cj-ll i-i.r O"+ Ojl3l q$1 ,n!-r e lJ ,r!l ,q qf L$J..*ll _;ol;,Jl e+.-'

-FJ"s 'o'.- 
"JS.,iJl i ie. tl J+SJ L6;s.5r-c,,r-Jl .:tliJll &*:lt d"tLi.o Jje JBir-,+- crlS J,"oUo ehii*l d

. i'lCl ,3LU"llcf JSi J"-[ie plrii-tj, (Stress Concentration) ot:l.pyl
Cti-, J.-j,ll cJS-l i.r;lt o.:e g!3,o3 il , .sl.9ll J! +yl (Aspect Ratio)'+ctil e-r-.'ill OJS3,'t-t J.-i'll e+s q.s5 a

. r*Jlii" Ui _2^-tiJl sf r+ JF,-l J .+-.;$l ..,..,rtl o.re g3lj
rbJtC.r .3

cr-9s ill--l g.:--" u,ol oi-, (.1$ # ti-. tL crlJrriJ & .tJ*J ) gl ) d;!" ,JS.i drll 4l.lsi :lll f"+Jl 0-6l; L$"
LJLi^ll gis: l-.u Ul,L.JL"3^ .6Jl +r lt .i!l OJ$ C+F LJl,^i" +tL JJ l."+ll lra f:F,i: I it< u to"- , i--E::. ;-';i3^
or-r L6;i,:rsi Cl $tlnll ."t' (.ri'JlaSES i-:tij)cJsl uJS: $Jl crtil* uG i."l,ti^ J;e 6-idt crCt_r 45U^ crl_,,_ri:,rlo,'

.(Jt tjrlll

.lr.aliJl.l.ro .4
,JDJ i-,.J!^lle-!Jl slo i;-l-l'0-,13.a; '.r'J Lr:Jill hd LJii.,*ll J.-lnll -:rt UG 6.r.rro!l J"-U'JI CsJ"il ,Q rto
cJ.ll cr +-A qf:-rr.ll qJ.Jl ul 51.;'4,Ji e.3tillti3.:6r!j JJg.g gir*ilr sf J.-u'll .r.u ig;6I i1 , ,,.-:,tt ,;,-.

."Js^It
fl.+ll q'Jt{jduf dEill Lt'"rl .5

4-arJ rlsl r"+ll' i' t d[-'i*l OS+ iit.j" 4+r.llbJ,.ill Jl4+le i+-lLill siJJgllJ JEU]" e-+ll ds.i 6ls liJ

. [9] iu-ll J-Li'lL 4l$"ll'
(Selection Apropos Interpolation Function/ !-u"ll $r,i3ll futr .jjit; tritS'

OJS3 t^!o )Li . J,.-U'lll+Ji ejll rilll cr113b-r! y i;qti.ltLJ"Ei"ll crlJ+j& L*+ i.!),ll . ;. 'i,.!_,f3lliJl.r 
ul

oln r.ril d.4J.+JJiill iJlr p.ri3*3 l.:J, i.-j'. J+i c,,bJ,ii &J5i siJ*, a!L* ..9JE .;$i: c.t : u$leJ- d L$iJl
drt-:ljYl CiJ^jl+ ill-rll o.r-l ,si ,',1- , 6.:.r-rcll J,.-U'll AIJ-i! 6.:.:-r-oll !..;sll €Lr;.: JJ I+t "t 6$c' dS .rs crb3,,:iill
(Polynomial .:3.t-rJl 6.rrrir.c cJlir c+ tfl,ll oll . i . J Lrii..,jll jlj-rJlgj,i gl .lDisplacement Model)

.Function)
-: ;!S e.iJi.- dS& td" J+r'sll Ofu 4$i 4+J,1+ crY.rh- c.b!t ,,.lc O:S .ir- 4+stilt cr).rUl gi

[rlu]= [rl ...(r)
-; gl&p'

(Stiffrress Mahix)'Det*+lle.lJi.-4 jl (Element Property)-;r.-i'J1i;.-li.l- t [f]
ri'll rb cj+t+^lt gi.e .r3*o ,Ji^r '[U]

.i'll .,Ie riJli -*t gi ,i irl:"lt ".Ct e-i" ..1^' .J3.j r [f]
(AssemblY,) &r.rill :EU

a-i9i.--,Jo ,!.--llsltiJL.J eli.hll ptlill ei-l-: .;-F c;-r-{.-,. jLl.f 64: t4U J*4jc, cJSlt:r)stJl .:t;11 .ra
6JJl+.ll J'.-ti'll dAll " 4+JlJ.i*)l eJ+i"i LJS.. OIS S^rstt i+l^r Ol. GrJ-ill olSlt lrilt 4jl.J I,JSll 6ct^,,rll'

386



Z00g / ,r.tcl dLilt s&lt - |.r.LJ| J+.lt - 4J^blt eiJ.JS ir.t+ il+.

+'ill .,lilJl elliill uc J-rFJIt OS.r, " '.o]di. iJ.. oJSlt ,J-tt 6G cll.r.,., e*L.;. brio_l d+Ab.ll # OG l.rl iiif-ei. OrS

[,K'][u']= [F'] .... (2)
: Jt:lt ,JSSL e^rll {ll^e ol_,,p| 

"+ 
(l) ilrt -ll CFli ai5i* cJS.i 

"J"

_: oi . , t-
(Assemblage Stiffness Matrix) i.'.- ll 6eL+lliiJi.a ,[K']'

i'.+.ll +r._jiJl .r-9illl d+al+.11 c.J.6;i4 6.:,ooi ;[F,], [U']
(Assemblage Column Vectors for Unknowns and Extemal Forces)

@oundary Conditions/ !.Ur.lt .b.u.ilt ;tal.,;

k-,tra]= h-,] ...(3) 
sJtil $^i\ ors (2) ijrJl 

"J" 
(B.c) q:ssJtl"rilr dHilr r:i;rtiJr ora ,/

(**$l dbLill).4irJr.lllrJ-ill .r_es. _e.r-lc, ,J+ (J s$!lJ"i,tl Ol .',J-'
t't-:.:o (Global Coordinate) a+lJp-ill JJl-r.lliJ)q -,;.-l;'Jl 6;^+ r,io crt^t-,;lsl' ,J_r*-ll + @.C) rj+Joi.r*r,

. [8], (Local Coordinate Axes) 4+,.lCl -,13UlC ir."l o1-l-,1!t.,,...-r
(Calculate of deformation ) .;a&Jl slr.5l.iillr-r.l*riJ :L*ti

. iJl5.ll ell-ill rl gi3*l d$ el-lJt c.lslj)t #,J)i ry iL-tJt crb_e,,iilr .J+., il*
(JL Analyzer 2008 )C.s-t-tt pllill pl.Bi-t+ crt.nJ8j4ll dJrl c'l*i

I

I

( JL Analyzer 2008 ) rW &)ir.lL
-:6iy!t ue i+b-ii crLi.alJ," ,.rJo ,J-r-^tt iJ. Ell crUlc+ll jti.rJ qq i....,"tt J.-U'll e rJ jl .rJr j-.5,.-.lf 'q

J'-irJl UFIJ; t

J'.-l&ll iF et a-lSJ 'ig e+-,u.Urlt -'-i.ll elLlli-t"" 4.lS, (S*fuce Element) s-!-Jl J,.-j,ll dt- dL
.eaEil U''- U-l ril a'.iLi

,1-t*-all,.yl1; t
. c.lr+g i.r-,i.1i.il5lll (Young's Modulus) c!_* &t'.dU I

,- l l t l l  r

rJl, c.L!)*ll dJ- 6J-ieibi,. glrii3 (Symmetry Condition) JLtjill s)t- & i+r=]t!JJ,.ilt Orril,'lltll rr.i+
.ni-r"i!t r'!Ll i .3lAj dll. +,Jr isll 4+JF 4J c4fr,"lt_p p.";lt o! \)r),-,.r$tr +*t^,

dlt"-!l r

rh& k"aq g.l i!+:ll o. aeJr+.+ f"+ll d+$rl

41rdl3 q#${J qJS.,,Jl3 J.alll rFlJiriF dll3J J,4idl6et...tll c,Bjrf.a.. +.fS

iJ.t.i. 6et.-t il3t..; rIJ 611,"+ll crtijA.ar g-+

(i,+. LJr c,l+.,;l futi!) e c+iIl l+rrll !gn$ flrii-'l

k-nal=ltr] c.rtl,lJ)l4i*!t+ i.lfi,a.tt eY$s 1tr

Lt$t Ciltt,/ .,;rl,:rli rrYb.ir)|3 lejiJl r-r.l,"r
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2009 / s.lel sjEll $rll - F+L.,JI J+..11 - 4l^hll elr.Js ir.t+ i.l+r

. (Element) J.-j'll g*.a jl (Nodes) $'ll .ris dt--!t t Jl .,r dJ 
t

dgjll €tr.JiJl-
irr 0e -rrl* CIJ(Node) .riJt r.io crl-l;)l ol-lS-,;o,Je d.--1,'t- LtJ.ilt e+ e4_!t 11 c;ir,.ll ,ji.! .,+

C5l;ll il,-Hl elaJ.i$ll

€J$i.lldidl-6
-: q'frl- el-Jp'lLlo.:3j

'i'' -t er,',.,- s"JSll J+- Grlil crYl iJ"*lg i*lJJl iiti" u,. iibi.. ilJ^ c.r. .',lr Cl 4+.,iJl crtSJJl Ceil i -l

. .(tl2 ) (L) cJAl ( e- 5) (D) -,;&Q c)s.ill qjl..t-l te !<t o;pc 4+Js.--63Lt .3).ti
Cl*..} e.:Jl4'J-+Jl-l (Transmitter & Receiver) d|'fi..-llJ &-rJl cx+ 65-5ra!t C-.1 p, -: ry-!l-cr!+ -2'
)J_)a -l,.J,-rl-ts.la,-lJ iJ-ll E_j-iYt -b 

"tr^yit 
cJJ"-s Jt ,f.3p $ g.rll3 $oise) ol. + 

j tl ,,,irr r:_,;iJ d=,1o
-: +SYlQJtll s;..,.J L+^+ eil-jlL cis. Jl.ll

P- ejtil ' 1ll a-.. Cl .r!$ .r-r,l clliJ $JlJ &-*ll o++ r++ u"l-oi d.o.o-. d.! (Vaseline) Jt at'.r ..,t- -f
d).i 6 H-illa.s. Cl JJ-x,'rrJ 4i-r (S-waves);;r;-illi+Cl JJ-ta t;a)ul+ rjo ,*lt ,i.'r.,, Y_r (waveg

. dilJ"Jt
-: +$yt d!\!l ,l rrr..,l u sl+lt ior .rl+ i-+

. .r/l-il+ (t ) -r.r-r.ll rr"j \ (L) JE )l{ Gir"ill drt: ($ Ae_!r'
. jk+lli.il.i 

"J''o_,plllli+J"lt sf J-.S dJt JJ,gE $, drjli r&t-3,
Ljer.lt!*is3J$lt cDLtr-rI3 fur+j+tlf #tJ.I _7

e+- crt+,Di; cx 4++lfilltsrll* 
$' ; L'lr*{li$lill ert.illi.-iEs Lj,,LJs p.r -: (Bulk Density) a-itjslt -1

Olj+. i.L*l31 4*l+ # ,3_,1_eJt l-l JI"Jtll+ 6ll-"ilt cjtrtll _,1't6 ,r!$ er_r (4) il.rh-!l
(l) it dl+lt *+ e ld i,ilislt r$ iL). OS.au L),l*r

Mass (kg)
D e n s i t y : -  . . . . . . . . . . ( 4 )

Volume (m3)
-: 0^ cJS crL.,i3.; i.ll-rll c).ot - -2,

Poisson's ratio (o) Ol>*r i.l"j -i
(5) il.:t -ll ,lr:.'r .,1.r ir-ill o.:a r-rl,.s pi

(1) dl+lt .,s a-.:J," a*JJr.ll CSlnlI i$ll orA #. J
0.5 (vplvs)2 -1

o  :_  . . . . . . . ( 5 )
(vp/vs)2-1

Young Modulus ( E) a.* &l-.o-.-,''

E:2 yvs2 1t+ o; ...... (6;' 
(1) cL+lt ss i":r" &ul l- #r (6) alJJt el.li-L &tJl l5a t-rG' p!

t l0 l
ol Ll^ i'-ilKllJle-iL:)t+ o$tJl cHrA #,Jo dllojllqL" q.E J,.i+ erll t.:e .'r! ar.r..,^ll cr. _e*lJl eu-r+ ol

. tl l] td"" cf ct).lJlJ,rlr.ll olA Jl GE i*.ilJlirsi. 
" ts;"lt C^tJilt -Eu

a'l--r.tl c.,trF:ll .l*.:--l1p- l2)cJrl.-r ( f 5) ,li1 dls"ill ejtAt rr-+!t c.bu -r.*,+L::#t 
t*t

(JL 4na.ly?er sr.lxlsJl CaUJ+ll e]*t J glr^t r'JS 
"J" 

iJ"L*ll 4i.:lJ,3iYl Lr'.' tl c.,.:3 i*r_.;0^lt eit-ili g;.+ ef
qltll #1"J" v -r.r's-o ogs -ti-:ll u*t. ,r,.r-r (solid element tetra 4 ) ty .y J*-u,lr Jr$rr i +-lzoodl
d* i;till :S>lt+ Lii 4+Js i;-2r oel!ls $,Y,2) -,plJl cj-n gl-1j.Jl.r i.it..:.-yt c+ii! el clJl 'q,fulj"!*)d

.(2) e_t dslt ;lx (X,y,Z)JrtJt
: dCrill rl;pl-!

Jdlg-:L-:llUi;t)l {J-=i crti.olJ,o dt"JI (y) ogL.3 t'JJtful...t-)l e!-.,Jo .f V* ogi.; ur.,. tl ,-.Lt,.,
(sonic iLe+ dF iJ"$..,-Jl .rl-nll cJtirl d)i u- dlLil <9>lr , (uniaxial compressive) -LF.-ll e.i .pJ1ir.ll
2e-\ e{ 1000, 750, 500) c':S GIJ-i dS el* .J' iJ"L,4ll Lr:.' ll Ol t^Ic, 6iUlt 6r+ i.ir3sj e*)t* viewer)

. (static Analysis) t9 ir dJsilluls3 (

t10l
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Geometty
Mesh
Property
BC/Load
Initiel Condition

Shccr
ll*iperrcg

F'.e.klrut
Dp,*w
L:.fftfttirfta
lg.{rrF.+f$t}+
ill*st*:
$erp*4i*
[.]*rli"rerDlg
Fl.\)ti*$ttiei.

LC-Cqntini
Viewhg
SstHdaarrcSurfacc
SetFelelenceCurve
Prascntatim
Hctun

clil,.ryl LJt ."U,'!inllcgLti.r 
CdJstaltgjJ,.il ,t+ iH+J : ( 2 )dS.ill

l. # L&JD ,Jj.-sll # cJt., ar..^,,-.-lr4+s+rs J,:t+lr d,)l.lJrl ++ll-J-!r drL:drar:?H','ru, 
*t-to

. (1) et cJ-+ll \r! a-.:r^

ai.li &h.nl CUj;3J i.il3t3 VS r Vp # O*g : ( I )elr &$tl
Sample
Symb.

Bulk Density
g/cm' (y)

Poisson's
ratio(o)

Young
modulus(E)

GPa

VP
m/sec

VS.
m/sec

A 1 9 1 3 0.3r4 7.658 2373.44 1233.55
B 17 t7 0.346 9.332 2933.22 1420.33
C 1877 0.31s 9.6133 2277.88 1182.96

. i*,sJt + e3dt
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I

ZOO9 l,rrlcl c'iElt $rlt- |.r.tJt J+.lt- t+^hlt ebS er4b il+.

Sqrt,YtZ Dm SqrtXrZ Cm Sq(X\Z Cm

7.70e-0117
7:43e-007
I I 7e'007
F 90e.007
6 64e.007
S 37e.007
6.1 I e-007
5,84e:0[7
5 5$e-0fl7
5 31 e-[07
5 0,1e.007
4 ?8e-t107
d 51 e.007
4 ZSe 0Uit
3 98e-0r17
372r.'087
I 45e.007
! 1-qe.Ll07
Z 92e.[07
2 55e.007
3 39e-0t17
?12e.0fl7

1.1 5e-{l0E
1.1 2e.008
1.DBe.00E
1 04e{06
9.BGe'007
9.56e-t07
I l 6e-007
I 76*007
0.36e-007
7.96e-007
Z5/e-{107
7.17e.t107
8.77e-007
F 37+007
5.97e,[07
5.58e-007
5.1 8e-007
4.78e.007
{.38b:007
t 9€e-007
l5€a.007
3.19e,00?
2730-007
2 39e-007
1.53e.007
1.59et07
1.1Se{07
7.96e-008
3.98e.008
3-55s{1{

1.54e.008
1.45e€U6
1 43e-006
1:3Be-006
1 33e.E0E
1. ?7e-006
1.2?e.006
1, 1 7e-006
1.1 2e'0BE
.1.06e.00E

1.01e-t106,
3.56e'tt07
I 03e-007
I 50e-007
7 F7e-007
7 43e-0tt7
6 90e'007
E:37e-0117
5 84e.007
5 3l a-007
4.78e007
4 25e-007
3.72e.0$7
3.1 9e.007
2 6Ee 0W
2 1 ?e.007
1.53e-007
1 06e.007
5 31 e-008
4.05e.01 3

86e'007
59e-tt07
33e.007
06e-007

7.56e-0U8
5.3 1 e.0BB
2 E5s.0DB
1 57e-013



2009 / '&/.jtjll rull - |.r.Ul J+^ll - A+.bll ejJ.JS erlb il+.

9q(X€ Cm SqrtX€ Cm Sqrti,z,lZ f,m

8.29e-0DI
6 07*.007
5.SEe.0B7
5.64e007
5 42e-007
5.21 e.U07
4.99s-007
4 77e.0fl7
4 56e-007
4.34e-007
4:1 2e-007
3.S0e.0tt7
3.69e.007
3.47e.007
3 ?5e"007
3 04e-807
2.02e-007
2.60e.0tt7
2 39e-007
?.1 fe-ODI
1 95a.U07
1.74e-007
1.53e.007
1.30e-007
1 DBe-t]D7
I E8e-00fi
6,51 e-U09
4.34e.00$
2 1 7e'008
I 53e-01 4

2e*\ # 500.Lls.llIndl
( 2$ es 1000 '750 ,500) ilL.-tt

2$ es 750.hL.lllddl 2r- V.S 1000 .ht dl.ldall
lJi.iltJt0lj clr3 (B) G3dfl si tJ,.tal clLrtjyt # O** : (4) ds.ttl

9.43e.007,
9.:104"t107,
S.78e,007
8.45d807,
8.1 3e-007
7.80e-007
7.48e-007
7.1 5e:007
6.83e-007
8.50e.007
8.1 8e.tl{17
5.85e{07
5.53e-@7
F.20e-807
4.80e-007
4.55e-807
4.23e-007
3.90e.007
3.58e-007
3.25e-007
2.93e.007
2.60e-007
2.28+007
il.95e'007

1.63e-0t17
1.30e{07
9.75e{08
6.50e:008
3.?5e-006
-3 20e"013

1. l5e-006
1 2l e-008
1.1 7e-008
l:1 3a-008
1 08e-008
1.04e.0Et8
9.3Ie-0BZ
3 54e-007
I 1t1e"007
B EIe-007
8,24e-007
7.€0e-007
7.37e"8tJ7
8,54e"007
6 50e-007
6.07e-007
5.84e-007
5.20e-007
477e-087
4.33a-007
3 90e-Dtt7
3,47e-007
3 03e-007
2 60e-007
? | Ie:007
1.73e-007
1.30a-t107
I G7ell0B
4 33e-009
'6 39e-014

{
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ZOO9 l'Jcl cjl3ll $dt- F.Ul J+.cll - 4J.ldl ci.r.Js er.qb il+.

SqrtXrZ f,m

6 14e-007
5.33e"007
5.71e"0t17
5 50e.t107
5.29e-007
5 88e"007
4.S7e-087
4.68e"007
4.44e-007
4 23e.007
4 B2e.U07
3 81 e.007
3,80e.007
3 39e,007
3 l 7e.0UI
2 96e-U07
275e-047
2 54e-007
2 33e.00I
Z 1 ?e-007
1 90e'[07
1 69e-001
1 4Be-U07
1.27e.007
1.06e-007
B 45e-B0S
E 35e-008
4 23e-808
2.1 2e-008
.6 75e-014

SqrtXyZ Cm SqrtHYZ Cm

3.21 e-0fl7
€ 8$e-ffi7
t3.$/e.Sl7
8.25e.ffi7
7.94a.ff17
7.62e-007
7 30e-t107
E.90e.tD7
6 6ia-007
6.35e.tD7
6.03e.007
5.71 e-007
5.40e.017
5.08e.M7
4.76e.007
4 {4a.007
4.13a.ffi7
3 81 e-U07
3.49a"007
J  |  , e - u t

2.S8e.007
2.54e-007
z lze-uut

1,30e.007
t .  f ,Je-w/

1.27a.N7
9.52a-00S
6.35e.008
3.1 7E.008
.t 99e-013

t./Je.uub

l l . l3e-006
1.1 4r-0fl6
1 1 0e-800
'l.0Ee-006

1.01e-0fl8
I 73e-1107
9.31 e,[07
8.89e-007
8.47e-B0l
8.04e'007
7 Fie-Ofl7
7.10e-tJ07
6.77e:807
6 35e-0[7
5 93e-t107
5.58e-007
5 08e"0fl7
4 B6e-ti0?
4.!3e-007
3 81e-OtJl
3 33e [07
2.38e.00i
2 54*-007
212e0A7
1 63e.00i
1 27e-087
I 47e"[00
4.!3e-008
-6 39e"01 4

23r\ fs 500.h14.11 H,.bll 2$ # 750 .hls.lll.ln :J| 2f Vil 1000.hl"J Innlt .
( 2F"\ # 1000 ,750 .500) tlf,,-tt \s*' tt*iti cir3 (C) ClJl.rJl s! il..lall €trljyl # O*l : (5) ds-ill

cer.-{l 'F ll # Ol O+$ 4#.r*JJl eit-.ilt ,rJ' :J"L,-tt Ll..' ll 0,. i.?itIl @isplacements) dislj)t $ Ot
4-l-pJ fr$ "J'l 

,-.-JlJiJ.ili*)l DLrit{ e}iJl o.ri Llir3 eJ.l
( 2e*\1;S 500 ) J.l^^-ll Li.' ll .;,;li: c.'-..i-t.Jljjlt 

"& 
(

l"i.:ll .;$i: c,,.:,JlCl"J. (A) r (C) O+"r"ltlf* ( l.:
,Jlrrll.'I" (A, C) Ol+l.rill .'* (1.54x 10-6 - 1.23>

(4 :3, 2) cisl)t cF e+1., $ LSr ( 21.\*.iS 1000) -ti.:ll _;3i: ,',-i_r,

"J' 
ifUt ajl3i.ll Lr:.' ll :r$L:.". -t (B){C) OJ+"J-iljir.*!l{ DJ"i,ill rrG d +_11-i: ,', -rlf cDu. dF d,ts+, I

. (7 :6, 5) dls.,i)l s+ Ola^ -* l-<,1 cr)lJl Cf"+ cfJ lJ-bll slol # e.-lJ Lls.ir.r (A) 6ij,",1t Jg\1 t + OJ+\Jdll
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2009 /,r&/,riljll r$ll- lu.lJl J+ll - 4r.Hl ejJ.JS lth, i.lt 
'

2f*Vil 500 .bl"rll .Lidl =HiE,'.-i.r 63t-ill fuE ;

2p"\# 759 .Llllllinll $b ,"-i, 63lritl &b t etrljillC*j.tt OdJ : (7) clsill

I



2009 / g4lel gjt$l .r.rill- |.r|Ji J+.ll- {Fldt t)L.Js ir.cl+ il+.

r-*lSll -nr, .,,ri-L et" cJS& JJA.-ll *+ I'l-l-tt llsllar*.i #S -F (FEM) 6:-:rll J"-UJI 4+-rt p1.'...,1 dJS.J -2
c.l+r. tkbj cf Ut" 

'oJ$ clls9 e-ilsA _,H.j i\., ni;-,;}a ailii.ll i+:lJii)l crl-r\5Yt , Lr:.. lt ge i;jtill_e gnl.: a_!S-t:.r'
Ir+;.r;i" llJtll o.t-o -,;;irJj , le t- isiEll cr)L.ilYlJ iJ"lJl ollt6;Yl rxi A3\ll aJc, i+iLiJl ditil+Jl gn i.'*.13_9 ioy:.'
dl,+ t S i--til e^". jr+Jt tKill _r ci+JEtll i,illl^,.t' {ri#SJrlt tlr-C-qFllr 4l-*ll r*rrl*+tt ,.Jt+. srs

. t<r, i*tSt f+F.-ll cr)t ii)l_r 4$Jtsill crls_,!t3 crlrk+)l+

ed.., *+d. +ES, !-sdll++JJJ+ll ,lggg,dtn Oti-, Jl,,,sllJ.f$t e-q, r-r. g-r,j dr,..-.l.L:irfil - 1j
. f-i.- 576 ,,.j,^adle*L1., -.;Sill j aeltLll,,,r<ll l lr qj
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