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The des'g.a for -••;• two- v^al • oon-.T^ ta r«aci"crr p

.'•K)3sj. hi^s been a>37elnp-jd it V'^ros!•-•. i-i» 7'h~ #:* r/e^t ' ta 1 •/.'5s?^5 is

p."63tri?ft?e<I "'.'it;h st-:.j'. cabj.:1.? .:« ;,hs JB^a] wr-iy, '";:ere are no s^b^os

in the inrerns . veHse ; soO. t!-• ï vesse": :c ..;:-fK -,r-osseo b:/ a hyira.:] ic
systeia» Jnser ta r i oecwc-.-i '.r-e outer r,r;.o -jhs inner vo- ' - t fe ' s . 0:-i; O'ii L? . t jone

sao'fj th-it, fo:.- S'jch a -/c^-ftol a;?icepT;ior., eo îi.o-pJ c:; or.ild ha m<-i"j<~ for

about 23 percent in cables ar..? about 40 percent in concrete, usii";*: at •

ibe same time the same prestresain^r as for single walled vessels. At
present,, the raodsl 01' such a vessel type is und<?r construction In th*>
Insti tute of trig 3R Serbia for Testing ?lateria]s3 in Boograd, The
results of mathematical analyses of the action oi% seidmic forces are
discussed »
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Ho Kuclear Power Plant has aei yet fo&en coastrueted in
Yugoslavia, i^s construction,, ho^sver, is being considered
for tiie next years* ïhersfore it cannot be th£ creation of
an owa expedience in thie field, szcept for sanie investiga-
tions made in the past, y a are»

Kelyicg oa the SwediseJa conception of the BKW k-saetcr,
studios were started hers on the hoiae possibilities for the
constructiou or a près tressed concrete pressure vessel for a
200 to 500 MW Power Plant.

In the first phase of this research, fairly detailed
designs for the eaid pressure vessel were developed, leading
to a better understanding of the problems to be faced with
in this connection*

One of the most serious problems, set before any con-
structor of prèstressed concrete pressure vesselst concerns
the temperature in tiie vessel and the stresses caused "by its
gradient,

It is a well known fact that» by enlarging fch© wall
thickness, thermal stresses are not efficiently reduced,
which means that the thermal stresses have to be covered by
prestressing correspondingly the wholo concrete cross section-
Besides the waste of steel, this increases the difficulties
in the location of steel caules and leads to extremely high
pressure stresses on the internal margin© of the concrete
cross section at the moment when the re-actor is put out, Nor-
mally, a solution for this problem is sought in the construc-
tion of a sufficiently efficient insulation v/hich is to pro-
tect the concrete against the high temperature reigning in-
side the vessel and to reduce the teaperaturs difference be-
txveen the in- and outside nargines to an acceptable gradient.
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But, on principle, the temperature gradient, could be ni&ci«3 ac-
ceptable aiao 7/1 tjQ s les -3 3ffieleut grid cheaper Inside insula-
tion» provide à we acL'p": a cheap outside insulation,, ^as-ing the
i.eiiiv>era«u,re at •;£•" out-side surt'scs "Do tfee d^sir^d b.oagi'.ta !<b.i«
iv ou Id naturally Incr~s»e -~ae temperature of tU>? c^cr^te as :,
v?hcle co a FSOL-O nlgh^r level» J'llie dsftfi/^Jjiatlon of ths £ afiipsr-
£t-,u'o, afc vliio.û a ooa^r^le preesu^e vessel could be technically

secce^nful.iy ano. scon-omit-, ally designed, ia> no dounty a com-
pies ts-:ii£? and it t - a n be solved only after lorv-, and ex-venci
cests,

soc howevar^ 01 the future oMLwer to this ques-
fciorij w^ think that;, ^ith so'-;y lûaulatiar- z.r..z .v.oagiîM; of the
ou^'.-'a^d M£^;se.l Cur/aoa-, alor.;; vrl, î:,:i t;ic inside ineulaticnj used
sr f:j,i% fcuonoraiss could b« obtaiiied which wou3 n , ju0tify tha
p^icstion of ui^ch a solution, and w era Id yield at any rate a
nc.>2 convenient c t a i f v 01 stresses.

Oorjsidejred. wao also the question of two-wall concrète
voxels The- conclusion wa^ reached that, by inserting a Ly»
dralic eystes bctweazi the extor.as.i and internal vessel , one
could, exorcise an active influence upon the whole state of

in tlis vesssi»

•£o tida purpoc.0 a design for a two-wall pleasure vessel
'K.-j^e.l has been deve loped» !J!he external vessel is prestresaed
x'rltli steel câblas in the usual way. In the intovnt'i vessel
tJ: o-\- t..::-; .no cables» and ti*is vessel is prestressed by a hy~
dr-.-vul'.c R/Ptosï, .'inôer-ted between the outer and the inner ves-~
fi$;ls, Ihe './: 11 'crloknesG of bobh vossele»f tiie quantity of cables
:.,^ \\li-: t 'Ttsrr.ftl T^t'sel, r^ria the î^yaraulic pressure in. the sys-
tc.:. -;-.- '.«^-'\j i;-i^ vessels have be-vn determined so. as to satisfy
the icllowiiv; coad.itiore;

( • - < ) it full lot-diA'a LM: the roactor feLs ^tress&B at the
cr ls jca l pointy in both vessels oo^ix: ôcvvr to î:ero (or to o
eJ.r i;:i',un àJtorrïJ r>ed prc\"3uxe; »o tbat th.e whole .^yr.teœ is fully
{XTjprosccrl.

ib> y/hen Vrv- r^<?ctor is ^,at c>,).t bat trie vessel ie still
hot, the critical stresses in both y easels do not evened. I;);®
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desired pressure* This Is ootained oy a reduction of
the pressure in the isiddi® hydraulic system to a determined
quantity (e.g. to 1/2 of the pressure necessary for prestress-
ing the ¥ ess el &t full load) .

Simultaneously the inserted partition can serve also as
a température regulator in the vessel both, when setting the
vessel into operation ana in the COUPS© of its running,

Calculations show that, in this way» économies oould be
laade for about 25 psrc©at in câblas and about 40 percent in
concrete» using at the same fciias the same prestressing as for
single walled vessels. The Ijydraulie system in the partition
will costfc of course, a csrt&in amount which reduces the effect
of the said economies.

To such a vessel conception, besides the rejsarks concern-
the introduction of the hydraulic system which becomes an

element in the functioning of the vessel, remarks are
usually made which are common to all two-wall constructions,
insofar such, constructions intend to jaake economies in cables.
it la the question of the safety factor at failure,

It is commonly known that the ultimata bearing capacity
of concrete veassls practically depends exclusively on the quan-
tity of steel cables in the vessel * In some countries a safety
factor &+ :?ci.!v"-~ jr L«3 is requested for pressure v@s&ela. This
is the usual measure applied to cone t ructions of bridges and
buildings in près tressed concrete and it is always met with, if
the norms are rsspected concerning the allowed ptresses in con-
crete and steel*,

if we consider a pressure vsasel construction
j abiding by all the other conditions, makes economies for

a determined quantity of steelj the request that the safety fac-
tor at failure should attain 2,5 will possibly not be met with.
In our conditions, one half of the cable economies is due tc
the geometry (smaller cable circle) and this part has no influ-
ence upon the reduction of the safety co«fficiea.t at failure.
In other words, the sal' -sty coefficient for cables at failure
would be 2,25,
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It la a question whether aucn a demand Is jusfcifled-
O'ji1 c^:Uaio.i:-.9 the- e&fd tv of p^essiire vessels sLould BC~ be

ated by the loss v^i'ler- tears the cs.jl ^s but l*y the 3. o,-,d
wiv.U.'a p.L*'.';l'ace?3 fiii;:;:.,;.'̂  • * j- ••: ^n.ftl with ^issuic-fss becomes ^suff

. he

Tv-.<3 said, model r»f s double vessel IIP s bear! developed ors
the cojaeeptloij of preser^.a^; l::;^- cfe/st^ t-gain&-c oecu,x-rence of
fissures» cler«-lsj it should be kept in ^acd that it is Indis-
beno^ble io préserva a^ainr:t riasursy o.al,y tne inaei •ysasel,
whi*5 tf in me c-'ita.v vres^^l^ xn case of an a c-rid*.ni, fissures ean
be aiimitteu. By I^^raasing tlie prs.issyri8 1^ the hydraulic system
of t'-:e partition, it i? possi'b'ft ir> (••.âi^tai.a the inr>er vessel
in a create without ^isgui"^ - rVv^ j at & c^rr.?iu«rabi 2 i^jroase cf
the pressure wif-".^* the */ass©l: 7rli*i-ein. i-at ortte.^ vessel will
suffer acre or i^cs fisùu.:.-iiiâs 02 ^\lll remain nntouctied dspend-
iiig on the qu&jatitj for rhicl: tiie pressure- ', r «ne ve^wl ho.8
been raiaed. In short, it IB possible to pi 00 £!•,••£ tiie Inner
vessel to l>0 intao1;s wlti;o'v". jrisaur-ss,, pryctic.*j.lj qi-, ;,te ru*ar
the pint of failure of tlj.e outer Td-sB-sli on condition that the
hydraulic sys^-e^ of th,B pa.riitr.on. lr not too tru'-rt,

This properly vi sucb & tvv'o wa1 lad y £•;£-•-• ;. , r?ajne3.y, that
its safety factor aça.lsst o-^c-ur-r.'-ncti oi fî/j^'.-7-es c&r» oe raised
considerably above- >,>.-.> usual V£,lue:.;., w&ea it eeHe.'.itluIly d3.i-
fsi-ent from tiie one-wall veswsls ted ^aices il*o me .loi "-epting
worth ¥?hii<s»

At prtssijt, the Insfciu.-te ci t";e b .- Serb La Tor Te
Materials ia .3elgra&9 is o«-.\;. pied wit A t&s coris true 1:1 c.«
suaii a model in. order "so verify the advanced statemeuts,

Parallslly --,=?ith this t^sts ars bei&x /na
wir^e £or cable-;; &x increassô. températures « -i'sst-fôd wer-s v7i
0 9 raa of Austrian origins» Juecr^uival properties of i'he ̂ Jre9

5 inclue1 ln>r rslosatiojj, vere invoirtigated e.^ t'srapsratu.v-es of 50-
100-150 and 20. CC rlu-ough a period of 30 daye.

Based upon these tegts we coaclude thai., at J.eaat what
the wire ia conosr-nedj. tb.e tc^ipc- rature of the concrete, in



wkLeh. t&e- wire;?-. c.ra placed, <>oald be some^h^t raised, -Phe
increase of tï-^ relaxation at t-life température <>x 50 °C is vsry
small as compare. with tb/'j rslâX-Tfcicn at fee roe.v temperature ,
f£ir''.s increase is tolerAoX^ ev&a nt a temper^'aa^ of 10'} '"'0,. ,vb
higher tempers, tu^es «-;!£• relaya ::i;>ti cons.:. os:.-snl.y IriC.^essti'r so
tliaf: It Is a q^T^i'lou whc-th-;r e fur-the-?- raAsiss, o£ tb.s «fjapttr-
aturev is technically and ftooso/iiically justified.

On the o'cher hand, ii' by «)aa ajct^xral ?.nsu:ia ïloiï o
vessel the température ^ra-lierit 01., its our.raaes woula b£:

for about 2G - 30 °C., the rherrA.1 •.-.i-i""^^ and the q
tity of steel for their covering would be cop.^iasrsbly reouced
Since, with all that, ws r"maii- 7d.ti-.ir1. toe- ,ilta\, te or" tempera
tur« of 50-70 uCj w« «'^alù .o-:-t ttxpsct ^.n assent Is.-, change of
the "tiahav.loup o:1 r-\& steel fo.- i-ho ct^ls;:.-

»

.ly with the wire trnj t fSj c<uacrete investigations
at inc^^aaed temperatuz5^?.. were organised too» jA aeries of ^e^ts
of ., selective ciiaraster i7.l,th aiicro-concrets has been organized
wiiarain csiaents w^ra seleo&ed whicjJ-i :vould. come into considéra-
tion for further invastig-ationc-î, ïn Aks «oursea£l preparations
of tests referring to the behaviour of concrete at inc. reaped
températures which shall star*, in 197^ and which v?ill give, as
we hopes» a», answer to the quesvioz-1 at what te/apery,vure pressure
vessels of prestressed concrete can bo t «clinically and é
ally designed y.n-1 realiaed*

^ a gre?/v part- of th* Yugoslav territoj;/ IB poteij.~
exposed to th<s :-;c!;io:? of seismic forces of destructive

power and since fche location of future nuclsar power pit /ce is
possible for the greater part just in ev.ch regions^ the analysis
of the action of seicrolo forces upon auch i^^i- allât ions ha# been
approached too. So f£.r» sucn Iviveaf-iga biurjo were ma.de & A O J - U ™
cively by means of K\atlie;..ai;lco'.l analyses, but the construction
aud test of a certain iiLiaiber of s^iifipie dynainic Models ars pro-
vided for.

Basjeci upon tae satheKatiool analyses ^ade so fai\. w»
should sayf that r.aseive eoncrete presrjuro veôsela, il they are
well fourded, ore not directly enoangered. by tïie action of seis
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•aie- f" orcey . BUÏ tkis ne -xi net rrfer to tae elemtmtB of tiie

v3B0ei, ^'or thé ^ors^ïi* a -mà?. £:*:•• attention was give-u to tàe
:;li;ô'.> o?' ,!:;: i/ebîiviour cf ae iaflaiiysac'-.L'- ol -îir.eiits , as weïl aa
of rae tars for n>ieckl;=p: •',?:••; n>-" l . :"#•-; oui; ^ha r- ertctor.,

/ '">ftLy;;aà wereni^ vn^-Mat:: cal modela of tudsst) oscillations?
wliil e moisi Iijvestigatlo.-i GJ. the u;-,hav:loi3r of tne core elements

'tlvvua&s la pr-vided i'or.
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