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AEryr*: #*-*lit& ir::+**+re+le*Si. p, r,,Jircq (1;prs*n:-t*aseit e,tp*rir:-:*nial c*r.i"ip*tit*' panels 'ovith red

pirre woodlr'ic+ sirEr',,v p:rrtiJ.ih; t:t tl-u *tiri'lle I'rp to ;itl6t-l iwllt'i in gypsun:-wcter iniv'titi'* it:
ilris ca$*, lh* fillers {ad'-iitivesi ir;ui'J i:e *bs*iveri rt*ra ci*s*1y
ffi*th*r{ot*ggy: Ti:* rec liiilp !ijr}o* cfriirE anrl th* :'ice *tr-aw i$talk$i hs';c b*ei: iurirer: it':tc

*ultabl* par*tte di:,.reirlr,:r:s}-liie c.rtci:'r"ncntci b**liis wore cilt t* cjuterft:ins the lB iir:tr:-il:i:
,tondi, iri':f-f**n (l,In*r-rius"*f UesticitV ai':ri lti:ptlrtl, anci T$ {lhickrress s'ot*il!ttg *fter 24

!toLrrs ir::mersion In waisr]. A stari{iarr:i flr:r"*e c*r:-r[:uttlon lrlst s"'tstem was rr:nducie*
accciciing t* TS ilN-i$,] 1,;*:5'-;. F:':r sr-ri-ia*e cner::ilal n:ralyses, FTIR ',v*s useri ir:
evaiuat* the clrenric*i Srillip$ present in tha *r:*trl suface. Th* th*m*gi"avin:att'ic anfiiYsis

iTGl\) w*s conducterci fc,;- i:.r+.:st;iir:g iha:'rgcs in [r*ards as a fun*ti':n '*f rltct*esitig
ienii-1*i"*itjre Th* i-ratul*l ',vaali:erll-rg iesis ware *r:n':litctei:i ih*i w*le expcscd io or";t:icror f*i
r*.;* :rrr:nihs ii':en r*lr:r" ancl surfac:* rardrress iosis **ttriLt*t*d ior ciet*irninicg ;:r*ferty
^t--."--.--Litdtrl_iuil.

ffi*s*lts: Th* iice streiv nacj ri*g*ii'ue irri:;nrt i:n tirirl.:n*sr *welfii'tg iT$i prop*rties ,]f bilard*
in wat*r Th* htgliesl T$ i,a!u* cr 4l i]*% we': nbs*ti,e,:: rti tii* i:c,ard thai i:r*dr":c*d frrrn:

661dii {w1w}. 'zu**rtlrice $irftiv tnixtl{r* iDil4i Fi*w*v*r, ih* acl;iiiior: *i rice siraw t* ih*
6x3fllgypsL:ri'i n:ixtur* ras;* inrv*rir:g eircct *r lh* interira[ i-r,:r:d itB.) and h*nditlg stre;rgth

if'rl*Ri pr*p*rii*s *f experrni*r:ial b*ards s*n:* i*r,*i. Ti:e maxinrut-:"t i* strength of 0 0*
Ninrir:2 anr:! t*4r3R *i 2 77 liilmm:/ f.tunr! c*nlr*i .sai-r':ple lt)[']i. :-f*w*ver, th* high**i l'"'l*E
va!u* *f *53 Nlmiir:r ivas *alci;late* *n th* i]il4 h*ard, rnrr''ri*it io.',?s pr**i"t,;*d hi, a*lttnE 4*%
ti*e $irs'vv t* th*.r,*i:dlgypsr:n:;-:rixtu:'*. ln similar ti-*ncJ rrt*s *iso r*alir*d f*r surace
hardnes* prop*iii*e; ih*t tir* highesi harrjnens ;$ii*.e l..-t1 r.;*h.* *f 44 ivas shs*rv*ci +n ire
c.*rtr*i sanrpl* in* rr,:e sii"a'ov *Cd*ri wlrit* th* !*w**t vaiu* ,:f ?2 f*r:nii f,:i' [i[5 t-;oatc

tr*di.;**d fr*s: tlr* 1-r'rixtr:re rrf ":Xr5rl 1".4/J'&), ly*oriJr,;e s:r#tr,'. For sL:rface opti*al pr'*pr*fi:+s,
ihe hi{:h*si i*tel ,:*i*r diff*r-*n** i*F. 815). il,Jhii*r:*ss r*ducti*n iCIf; irhiieness. -l5.4ii)
anC Y*ll*wn*s* ili*i+*srnE r'F313 7 illii u.i*i* i*un-d t+ he r;+nir+i -eamL"l+ (Dfi0) $*:-ne
*hemicai #r,,:utr)$ *r* rfli:iCifi** t+ snnr* exl*ni hr;t ali r*l*uant *h*n-,i**l *rcrups +*s*i-ii*C or:
th* FTIft *p+ctr;:. Tl* a*Cjiirrn *f ri*e $tr#v'.' i:ni w++ri *art:cl*$ i,3 tne Syilsijm siru*turs has
a p**rtiv* *ff**1 ,:n ihe h*et *r3'1c+er nr+n*rti+s Th* higi:*si in**l*ti*n v*iit* (39.i o* after
Siitl s+cr:nd h-*at applicat:ln, +.,ri,+ tnt? l$'#*st m*ss i*ss vali:* *f ? n1% wa*q nreasur*c in

s*rle i:,::ar,l (tttSi ti:at s:'*duceil w:th:hr-. r!i:+ *traw rai!*,:f S*% ir.r rvi:*C-gypsun: $tru*iure.
fr*rl*lu*l**: lt is +l*ar that ii.ie adCiti*rr *f rjce rira',"r.,ic ih* r.,r**Ci$rip*um mi>rture aCv*rs+irr
aif*r;i*d th* str*ngth ilr*perti*s n*gatlv*|r,,, br:t with il*cirl# $c:rri+ bng*r fih#rs m#v im5:i'ove
the strengti:* ol par:*1s. H,:'r,,+i;*i ti,:-* st:*u,u,in w,:*d ch:pli;yo*rrn nr:xtui* hefp*q lo !mpi-*'.r*
l*i:t r+*istan** (insi.:iatinr:l F:ri:p+rties s*rr* l*vel. tv1,:re!yiI jhe +,ldiii e $GEfo
vr+edicVr,Eurn n;:r:Iu;e eifecli ni: *>-ti+.ttlt,rr] ;i3i,-1r,p,ii.1, iir";+. th.s .s rircihat:i'r GVilsurri-rrce

-'-

:itr;:w inieracii+l tnat';*uld r':"+i *1ie+ti'",*i,u 'ffel firid tr:elil*tilal# the rics sti*\,v si.ri{*c* .l'Je t.}

ili* hydl+|:r:,ri:ic ru*x *lrl ii:r*rruar;i* s:lir:* r-:r: tit* rr-il+r surf;**e i:{,ii:e s".r*iv. ,
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t. EruTffi*m[-$*Tt*g*
'eXtit* n e{

SrilCi l1,.ln :i.ir l-r':;'-rq.",r.r';-:10 . l JS :-;rlr-'ll il .,ilL : ltril:
tic';r:rativu lr,-.:r1:crdds i-ioio.'ever, in tn*citrlr
eii'$in,J*iinslii l"na** pir:',:tiicts sLlci'r as pi,tlp *t:r-:

anii s*r-i"l& chettri*is fl1,?j"

t;i

i&\.,,j ilt*t,Jl-[eii sot-rrces for haLJS:11g ei]8I$]' fi:":i:
-; rlr:.. l': -lfis -lerlotl":l' i+ '-t"iii::cr{; ii:t ::tenv
p* 1:*r pri:* iir:ts, cc rr:i:os:tt* i:anc,is, fii rir itii lcs

l-'f*wever, natural iorest iailds lrave hecome $hclrtese due t* increasinE demand on bvood-

basec{ meterials. The consumers have also hecmn:e firor* sensitive f*r g:reservation anci

destru*t!*n 6lf naturai forests. T'lrerehy, uuo*dv iike alternative new raw sources have been
str"rdieci throirghout the v*r:rld anri niany agricr-rltural {residues *r westssi, f*rest (residues,
!*vu value vr**dy nraterraisi, n*n-wo*d materials (annual piants), etc., ]iave been f*und iCI

us*fnl into value added prodircts insiead of wood [3-S]. t'r4oreover, there ffre ililfflersus
literature informati*n for r"rtiilzati*n of n*n-wnod $*urcss int* pr*c*ssing *f g:roducts [S-tt].
The chemica! and physicaf inforn':ati*n *n those raw materi&ls anc! processing into
c*mp*site manufa*turing c*ulel [:e fcund *ls*i'orhere [3,&,$3.

H.a*r€rei:ftice siaik or strau; is orie sf th* ahun,lilnt iigl"lo**ilul*slc wast* mat*rlals in th*
w*rld. li w*s $tateC that 709.2 rnillion tnns of ir.rh*at straw ffftd S73.3 miliicn tcns *f rice
stalks uv*r* *xp*s*ei worldur,ld* ane{ that large aru:ount *f iig****llul,:*ic raw ntaterial couicf
be us*d rn ihe productron of *ornpCIsit* pan*ls [4]. ln rn*r* r**efttstudy, itwfrs propo$ed that
ri*e is thc third mcst in:p*rtant grain *r*p in tlr* iqroriri behin* vvhaat anci **rn. ,*.**ording io
FA* *tatisti*s, w*ricl ann'rr.rl ri*e pr*tluctinn in ?*ST wss *h*r.tt S$U rnillion t*ns whii* ev*ry
kilogranr *f grain [.rarv*steri is a**r:mprani*d hy pror]u*tinir *f i *1 5 kg rrf the ntrav,t {'{ 31"

wal vkJ
ln r*c*nt $t*dy, ji-srffF#s+d- the ur*a-f*rmald+hy-de g!i:+/*s a hinder fq:r pr*ducing c*ttnn
v,rast*-bas*d pan*ls rruith red prne *hips and fihers, *+n'aretely. lt rvas **neluded that rn

s*m* pr*parati*n **nditi*n*, it is p*ssihle t* pr*du*e parti*l*- and fih*rb*ards with +c,tt*n-
based waste materials *t acr:*ptable trev*l [f S].

{-'tovrever, Sypsilrfi is orie *f th* old*st *snstructi*n mat*rials thr"*ughn*t human beings. Th*
gyp$ilm bas+d **nstru+tinr": and *rnarnent*l m*t*riais were f*unci an*ient civiliz*trons (i"e.
$um*rian, $eljuk, OttCIman Aetec, Hgyptian, *r-o*k anc Rnman so *n). !t was usec
inten*iv*ly in Henaiss;ailce ar*hit+ctur+ perior:l iri Europe du* trr it$ ea$y shape in int*rior anci
exteri*r $pilc*$ by arclritects and oaint*rs [14]"

ir:thisstudy,jWEypsum.ba*er3experimentalcompns!tepan*Iswa)llod.l.ed
with r*d,pine wood/ri*e straw parti,*:l+u rn the mixtur* up te: t9$*@ in gypsum-riu*ter
rnixture.(in this case. th* litleis iadciitive$) cor-rid b* obs*rve6Effitosely) Thus. rt rs ,

possibte-tr: prodr-ic* gypsr-irn-basecl experir:-renta[ par:els by selecting the r{of*mnr-- *".n11-
processing conditi*ns. cvl^l<

& EE A ryTH! A I 4 [DR h#TYI !4frfr4" [HrT{ I erqE#{L #{tHLJ tS[r, I ffi{JtJ#

Th* reC pi4p14ro-od chips were supplie* fr*m a tscal tim:fuer $srnpany where pr"ocessing lag
te timmdf'tffita'3urr<ey. -t-he rir:e straw (stalks) was supp{ied frorn Car:-ffiiga r*gi*n of
Turkey. Both raw materials have b**n ,+aietuily cle*n+d frr:rt dust, bark and oth*r
suhstan*es then turner1 int,,: particl*s tnY&# Ecils+rs and scre*ned te suitahte particle
dirnensions. Tfrne lS-$# r*rm panti*tes were irirliz*d for *ci$i*g-te-gypsurn/water sriy;E*r*

rixi n9 wi,tt
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Ti"r* tirickness $wellin$ prop*riie$ of Bxpflrinler:t*i hoard/in \ryat*r*re shown in Figr..rre 1. ftwa$ r*aiized ihst the i*vuest ihickn*s* slvelilng *t :+.'*'SZ wa$ sbs*rued in thi pffn*l5
pr*ciilse# from th* riijxtr"rr* *f wnr:drgypsurn {nmn) in* r!c* strfiw firld*di H*{#g\is$,-6"
ad#ition *f ric* $tr*w to th* mixture hae arlvers*iy *ffe*ts the thr*kness sw*lling e*p*itil*.Th* [:igh*si th!*kn*ss *r,ir+iling vafre of 47 $Sli* f*und at Sfi,4* lvoor]/ric* str*,,p {,,nirar}rnixtur* (ffiH'n) **nrliti+n. (nt*restingly. it rd,*s4ssq,ke$that ths pan*ls in*iude ri** straw waseq*ai *ndl*r high*r th*n- the iry**c +hips (DH$ *nd ilHs b*arcjsi, th* ttrickn*ss sweriing
valu*s of ?7.18% and ?fi.45% w*;"+ found that *niy marginaily sinr!lar t* *+ntr*| *qample
iS[0], r*sp**tiveiy )' | '?le a k r<11' ra k

-/fi

5er
i

"{i} "i

IllEl,i IliHS*- r'<
.134 F$gune { " Thickness swelltng properties *f exeerlme*tai hrai*s ;n #euie,

llt The comparative intern*l boncj (lfrj *trength r:roserties of experlmenta{ boards are slrown in'137 Tai:fe 2. The internal bond ilB) strengttr prcp*rties *f test b*ards procluced fr*rn woodl rice
llt straw-gypsr-lm h*ards wer* fow*rthan those cf the b*ard pror:Nuc*ti cnly vuith woac{igypsunr
]3t ntixiure itrEtl). That is, the acidition of rics strau, to ihe erooc!/gypsum rnixture has a neg*tive
.]jf :ffect.o:1 tlre lffi strengths in gll **naiti*ns. The n'raxirnunr tB slrength w*s ca!*r:tated as *.0s141Nr,n.lmlf*rcontrolsanrple'ln?@Ai,J*VAgen*railineartestresultsshowedthatihe'14? granels had nc statisti*afly diffarence l8 vatues thariea*h oth*r at gS% conficJsnce leveE.4 Aai-d
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i,1{i Th*,:*iitL:iite ef',**tt Lliilarrij, c#n:rL;t ar:11 rtiJ* -qtiirir;t'lCiitr,,ii, i#r.;{:l *i: ifi pl*p*rti*s si.tura,,it in
f;igure ?. As *'**r;, ali tice *ttiaw eili.iiir*l lt,-,.rg*t;vuly *11'ecis +r lts prup*riies stlrne !e'.;*l
H*wever, ilcieesir:g par:*i't,1iir:si:1,; i'ia'i n,:t ri,rr,:li ,rriiJili:lr:rr ill rf *:lp*ril::*nial [:r*r''ut
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Figure fr. iH nr*r:*rti*s *f exp*rinrental b*ar'ls.

Th* furo impartant m*chanical str*ngth prop*rti*$ as a fun*tion of th* mixiure Brop*rtion
wiih wn*d chiplri*e straw is sh*v'rn in TaL:te 3. Th* b-^nding str*ngth values *f the
*xperim*ntal paneis ilvl#F{i 6:r*ciu+ed with varir:us pr*portir:n additi*ns t* ri*e stravu (il1 to
ilSi u*as fbund t* h+ lower than th**e pr*duced fr*rn aniy r,v*or3lgypsunr mixture ifiE0). This
is *hviou*ly impr:rtant in that tt"re intror}u*ti*n *f ric* str*w into th* v,r**<llgypsum mixt*re h*s
the redu*ing eff*+ts on b**drng *trength pr*perties. [-lnw*v+r, the lowest fi/l*ffi value was
mi*ulat*d as S.*7 F{/mm2 in the ilt3 pan*i {7Sl3Ct, rvoorl chipirice *tr*w mixtmr*).

-tr"he elasti* mo{tu!us ch*racteristics {MSH} *f the board* are ieiso sh*w sirnilar tr*nd. The
highest [',rtilE val*e *f 553 i'{irrun: ,ra* *ai*ulat*d c}n th** l}ffi*tr b*ard, whi*h viras produced by
adding ,*.09{ rice stra'r,i, t* tl'r* i,vacdlgypsum rnixture" lt was *iearly seen that the elasti*
mo'Julu{\}Elues *f *ii h*ards pr**ui*ti hy th* additi*n *f ric* *qtr*w ints vu**dlgypsum
nrixture wei'* irnpr*v*d up t* Sfil4rl w*nd/r'ic* straw levei (wiw), b*yond thic l*vel the MOfi
vaiues i:f *xp*rirn*ntal pan*rs signific*ntly r'*du*ed. ln ihi* $en$e, *xoept a f*w condittorrs,
the similsr situatioils were als* *hserv*d for tnternai ffi*nci strength {iB) and bending
strength (M{}lt,r propettie$fit couid 'oe rumi:reiize thar tlre compatihiljtv ol r'ice straw with
Sypsurn rs tow anrl sl-roLtld bE usefui +nly rn c*ntrsllea can,Jit;ons oi prrrport;on r.) - d,.,n) #u r€-aJN^,/ _ 

r^n$l
The Duncari's multiple ranse te$t results also shour*cl ihat th* ri*e straw anc.i 'oood ch=ips
ratio had son"te statisti*aliy different M*R values that it was in the t'n* f+r. hfifiR while no
statlstically differ*nce in h,4CE values.

Tahfe S" The BendinE $trensth ancl M*dulus of Hl*sticity propertios r:f expieriemental panels
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Figuere 3. The pfinel$ density aftd fice $traw ratio effects on Bendiris strensth prope*ies of
experimerital b0ards.

The comparative ${-lr-face hffrdness vsllre$ ($hor* D} of the experimentsl par:els ar* Ei,ren in

TahEe 3. The higirest Shore ft lrardness reiue of 44 'nas *bservsd fir': the ilECI type l:oard
while the lawesf uaEue of 22 f*und for DE5 hciard produced froni the n:ixture *i S0:5CI

I
wosdlrice straw.QBr grnersi, it is undensto+d that the hardnes$ ve!uss *f the b*ard$ prodr"ised
with the increase in rice strav+ or the decr*ase in tho w*oct rati* {at fixed thg gypsum rati*}
are affected n*gativeiy on herdne$s FlrsFlertie$ *f experimentai boardy' B-lorvever, aR

interesting situaiion w&s Bncsurrtered that th* harclnes* valuss i:f tire bfards kept under
externai atm*spheric c*nditir:ns ivere for:nd to deslr*ase ie*s than th* ffiES sanrple. The
lovr'est hardness vmlue reciuction ir"l the i:oards that were kept ,":nder external atmosph*ric
cor:ditions was *a[cu!*ted es 3.2% in ffiffi3 xnd 4.3% in il81 type hoards, respet:tively. The
increase in the rati* *f rrc* siraw in the mixtur* adv*rsely afiects the hardness l'alues, hut rt

is impo*ar:t to ensur* that the ha:"ciness pr*p*rti*s r:f the paneis aEainst externai
atn'rospherrc cnnditi*ns rernain ai a ir:v'.ien trend ti:*l'l *onir*][ sanrpl* imEi]).

However, according tr: Duncan's muitipie range tesi resutrt, rice straw and wood chip* ratio
had eome statisticaliy diiferent hardness values that it was in th* six statisticaliy diff*rent
Sror"rps for experirnental panels

T*hE* 4" Surface h*rdness rrore,t,*sy' hcards.
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"Gr*ups !"iith the saffiat ih"reG no stat6tifu
sampl*s acc*lding t+ the Duncan's nlr.rltipie i"ailge test.

Th* *ffectr, *i lvrr*C ,?n'i iif;* stras',, rnfirr ,;rr-; *r:lh rr:ntr",:l ffrii rr/*#ih*r** *xperinr*niel pnn*is
ar* snown i:r Fifl;:ra 4 li w*; r*alir*rj thai tl--* *:rlrilni- ir*ri was f*rrrcl fui b*ln par*ls lhai
jt-:::lui"* r-ic* staik rnt!* or ('J**r*as;n,:; wo{iri istifi) ir*c*ti,;*iir, eff**is on *xp*ri;.:r*i:tai
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Th* cornparativ# surf#*e *pticai {mlrr) pi"*p*;'ti*s *f i:o*rcjs ar* sh*wn in Tahle I En
Ser}erei, it was PrsF,fi$*d in lit*rature that ttital colr:r- diffsr+nce {af;} of s*rnprles: ar* rn*re
u-qeful f*r explain materi*ls sui'face **lor chang*s rath*r than *th*r ClI l_."a!,h, pr*p*rti*s
[?3] T'he high**t t*tal c*i*t dif"f*r+nc* val,;e *f S.'tr5 was ohs*rved in ttr* **ntrfil s*fl?.ip,B
iffifiCIi white ttie l*wesi in tlE$ s*rnpl* {fi.$3}. lt was alsrf folrnd that the high**t wi:iten*sscoior v*lu* cf -35"48 iin in*tri*) ar,# tfi* e*rr**p*r'rdirig increas* irr the ylfi*'*rnes* cr:lor
value of 7.il3 {in metric) wer* f*und in ihe LrErr h+ard ns;ieii.
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rahrs s. rhe **u*** {r/r*,r,*{ nf expeli\lrerta: Fanels
I

Th* comparative F*uri*r transform infraierl sp*ctrnsci:py (fTlR) anaiysis nf DHO and il85
hoards are sh*ttn in Figui'* 5. G*n*rally, h*nrls in th*"ranE* *f 1500-161* *m-i are ar#
c*nsidered as a *haract*risti* peek fnr iigr:in c*mp+nents anc +*ntp*s*ci *f C=gl and Cfi*-
synimetrie tensi*n vibratinns in ar*matic rings *f lignin stru*ture ['14,24]. t-{*,+u*ver, th*
bancls in th* rang* *f 1360-138i} r:rfi-1 w*r* g*nerally sh*wing C-l-l-rJ*gratlatron inp*lysaccharicJ*s. Tlre chang* in th* b*nds mt t?3*-1?70 cirr-1 ,m*s ief:nrtsd tn explain th*
vibratinn in th* guaya*il ring with CO srsup$ in lignir: a*d hqrmic*ilui*se. Atth*ugh s*m*
eherni*al Srfiu$]$ couitj b* rni:riifi*ql under tt:* w;rt*r:;gypsurn envir*nrnent thet n",ignt ns
det+riate to sr:m* exter:t {alka}lne er:vir*nrvrent). ln thi**seg$e, $i}ffi* i:ands uiu *oJil** to
s*me *xtent but al! these gr*ups +bs*rved *n th* surfa** *f b*ards.

-iJrl

,:;4

.t a;

*41
j?{ J

?fPlar^
(\ttn'4|"<,

j'_,

Jilfr

* /lt;

*il()

J1+ --

.ifi.1

?{h
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259 Fignene S. Th* TGA micr*graphs cf experirnental paneis

?q] AccorelinE to the T$ EhJ-lSS 1'1S2S-2 steindard, th* flarrie sprea<iing chai"a,;ieri*tic of the2S? boerds vu*s conducted. [-lou,,ever, th* f[arne spreading p*ttern of af I test b*ards produceei by203 adding r+roociiricc stra'ru-Eypsr.:nl based hi:artis shcw that the flan:e cnid nct reach the264 thresirold linrit of 15CI mm. This is s rry*{i inciicati*n r:f bcar"c{s thst **uid be classifieri as claes2S5 A1inon-flan"lmabfer:l*t*riai).
266 F*r determirling heat insulation prspe,"tie$, the t*n:peratune values passed ta the hack2S7 surfaces were n'18asi.jred rn acc*rdance with ilif,'{ 410? f*r 3fi ser*nds intervals and fcrr a268 totai of 3CIfi seconds" Tiie m*asur*d vaiues s,*ei"s sho\rdn irr Table 6" li has been obser,yed26S that the adclition *f rice stralv and 'orooc! particles tc the Sy$]$r.rr1.'r structure iras a posiirve?7fr effe*t *n the heel transfer pr*pe#ies. it wms m*asur*d m* t"g.t c* in the DES panel. Wheri271 Tahle & is carefillly exaniin*d, ihe additir:n of ric* straw has inrprovir:g effeots *n heat
?\2 insui*ti*sr pr*perir*s of hoarcis. l-lo'rorever, the lorr-rest nrass i*ss was also rnbasur*cl as ?.sj%273 or: tl"re EHS h*nrcis th*t pr*rJuc*d with the highest ri*e straw raii* {fi*:40, rice str*#ur*c,d274 chlps i:y vueight).
27s * tr/' 

ar^1 olP\r'^aHrn,1,
27& TehEe S" The heat insuiation properti*s of hnards

i l"$

i (se*.)
s# "n3s

lsoi. J

3fi* r T*taH &4ass
r,,r.,/ - tt3$s i,.;,

T,iHIJ l+:.i.j 58 l* 8+, i 415
ffiffii "i"] 'i 'f r) -4 4lt $t$ . 3*il
{"lH,d

i i./- {n a 'ttt h :,41.4 4*g ' .1'll4
#ffi3 '1 I rt 4{. t i,U.!, I'_ _ -----._.. -''--.-_.-.,----t

t4.D

I J3.U
i'-*---*---i 1S.3

+J.,-1 Fs. x i o.zl
mH4 - ..., -*--- --.t.---. -i!

.{n i ) a rfr {{{u..J i l.r}0 i

#ffi5 4: n
irj.i ;i,.+ i tr} tl

* ....---.--. "-----+.-,--......,-.--.-,.--.-._ J1-. i:)

''l-t Q 4+ 4 i tr a1/-. t i t3.4 nt 4 i--[-r-0,

'oAeb;hnl'

S;:'

!,ti

LCI

4,. *#fE*LBJSr#zu

i* ihis stuciy. ihc f::i:rfat-rrenta: kn,;wiecigc ani:i filjl]r,:eciles ir-:r pi,icr-rcing S,vpsilri-: n*s*d ho*i"ds
frcnr v;cr*t:i:'t';ce sirar'; was invesilgaicci, ?llr:s c:*t-ti.d he;p r*searclrers tr: this ar*a g*in ihe
lr:d*lsiatlding anll tci;,"r*ks nteanin,;fir: conti-iri;lior-:$ i* in!s fi*ld *iglu"$.y Hov,,*ver iiis ele*r
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