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pot ‘tiﬂl. direness of tha cunleq\l:m:u of: th: e!u}m of rudinlctive

material. Public lwurmsu of this has eant that not unly st

such inatlllntlunl be nfe, buc they must. algo ‘be seeh Cn be lufe. y

‘nm 1ocatiop of a- nuclear plmt can bcth ccmuihute to the ‘safety’

hat !xtent ‘such a plunt may be

cunuxde:e' safe by outaiders. " Safery.can b5 defined in several vuyux

n) eha” Tisk of dasage 'to the m:egu:y of the syatem fm. any
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e w d m the g-szal public e they rutse objmxmé to the location

of a nnclgur yllnz fna given locality.: Mot objecmra bear T mind.
nm :here is no Buch zh!.ng as’ a 'fculpmoi' -yd:am and. any syntm

L, el e deuma to teduce the, canuqueuceu,of h\mn értor and

/iTo -nevh:e or mmve r.he i.m:rauued envixmmentul ohjectiona

. B it ﬂ\e uutflce glln\’.l, u:hnh'.ul und acunmiul feulibﬂ.lty luldieu
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D LT cetting of nuclsur ‘plaats.. - Tuo of these  priminéatly Aacusged at

A present ‘are the und.xgm}ul and® I:he ufmmL plants. It is postu-

S hterl that the ndvnnl:agu of undergrnund -1z¢ng ta some mumm‘

i ny more than cmpenur.e for’ added" costs #e that ‘such facilitse

could be pmfetred even vhgu surface siég- are; uvn:l.lnble
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 scceptance ‘of nuclese tastallations: Cmiequmlly, most. of the zn;i— bl W

uxpzcr..lcion by, widérgrovad .1:1“, Fon e 0% B 5 ¥

culties): the y

llethod hu pzwv!.d‘d thn bllh for ‘most’ of the new Iethod

LT nuclw nonnmnt 18! defined as ‘the f\mntim&l 5 s ] 4

upahiltty of a“sydtem to control and limit the spread of !
radioisotopes 4n’ the event that these rldtvilotope- are .
released fron’the prinary nucléar. systen”.
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hnuy of asiured-leakage coatrol inder lcctden: tonditions), .dequn;, 2

!trzngth to vithstnnd (he udver-i.!lel of ml‘.llre 1p comhu-tton vuh

il And !h& i of |
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1nc1.\ld1/;x=-1$stlc material pmpartleu sad Loadisg, ‘approxtunte

nmeriul mgchodl lmll be: mployed‘ Boﬂ.\ 80l and . ccmctete exhibit

o conplex ltmcturul response matily die o the, tonlinear. gtra

rain bzlu‘vinur. so, a: nonl!nu: mlyuts seems to. be logicll

 néed for an

dnnl!.mur ngaguif- ma account. mlant:npy {attgerent | ef.{:ctlv: :

. '//mmn in dffferent dtrectigns) due to. the: relnforunmc. The-NONSAP . s TER)
nonldnear’ structiral andipfis progremme vag uelected fot. the ease .

'\d.th vhlch it can be modified to accept nonllnut ﬂ(erill modell

ot mrmuy i.m:lwdgd 1n ‘the ml:erlxl mdel ubnry. v v

“The ptagrlng is u.ed to Endy the nonnnux :’m:cu}‘: medtun : o

: ‘nteraccton for the mue aii dynmi: te'pnue of 'cul—-lnd-cml" 3 £

Feactor contal 1 jation folloviag

tree nucle
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'ﬁfnm md th.lchun -ua mediun Ptnntttal
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REVIEW OF LITERATURE -

2 Canerar - g e

.with l.plul’il on the '

¢’ . The underground auclear contaiment comtept

at= * type and o

b
anljsta usthg the. finite clement method.

The -different finite” i &

. elemcat modela for reibtsreed msmg will be gum.ed 1a defatl.

Niclesr Reactor With Emphasie on_the Reg

i o S e Placement of ‘a nuclur pl:nt unde:;xo\mddul Bhsa suggelud

' ‘n 4o altérustive, to Prasent. siting practice. . Europe has- plvneurcd

the cnnltrw:tiwn of \ndetgrouud nuclear plnts (llonu Sudm,

S R -.mdmzuznnd) Vatson,

r, Langley, s=ue?'i$" Beck

[99], and Krbger, u;e., and Schwarier [513

sented7a sumiary of

b In unanl , two

‘m-me- /;//'. g

i)

"Cul—-nd Cover" [3].

The former ‘refers to the excavation of a caviry Tn good to excellent’

77 quality of roek with 1ined or

The  lstter refers’ .

ed’ galleries.

- 1 tothe exc of the site,

4 of the plan

, ‘and the &
sequent b.ckf'uuug to ;nmdd.vei. I both concepts, the part

/z m plmt that ‘18 underground (thé m(bl.ne building for ex-ph,
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or a single all-inclusive structure, or can be made up of separate 2

structures or cavities interconnected with access tupnels and shafts.

- I
Fig. 2.1 shows a possible layout of an underground fuclear power d
plint. o T - B

i reummy stutten crried outby difterent tavéstigators have

showi ‘the poteﬂ‘r.inl :-.pdu.uties for the undergmuml siting of nuclear % .- B

pmvez plmnu I?nu:ed mglneers Inc;. E95] hxve -u-u:ued ths feani-

Th

- buity studies curtied uul ‘hy

"bqf ; ; weré digcussed by.Reddy snd Kerdns [75],

'Krdgtt ot al [51]. ind Lindbo [55] 1t 1s'a basic disadvantage: that
. un/gnifqm conceRE for mg. power reactors-has yet been developed
past the study stage to.the ready-for-construction phase, and that

:+ the state of the art is not yet at the same level as’that to be found

in above ground diting [51]. However,’this gap can be closed quickly
by ustng techniques and ‘experisice acquired i other fields.

The :he ost barrier to the

amoaphuu diffuwm of fhainh products aft@z hypothétical: inci- g e

dentn {mvolvi.ng ‘the relell of ca:u!.dat‘lble qum:l:les of fission

prhmt-. “For, gbwegmmd connﬁnlntn, Tan [9&] upo:ud hat. for |




Reactor
containment!

structure
: Lear reactor. and 2
Backfill (low “steam genérators g
permeabilicy) 2 Ph ey
z.x r.um.u;-‘a!-um-l Soclest Pover Plast. i
e (Reproduced from Raf. ) i
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. “subJected ‘to blast. u:intion wés reported by Pkuel.hi [57], Shieha

neering practice and their evolition applied to the design of konirete

containment structures in the U.S.A.. A discussion of safety consid-

acd current ces and were reported .

by Bender dnd Whitman [19] A typteal contatament can be seen in Fig. i

2,2; and’detatls of retnforcement of a typical suciesr contatment

are'given in Fig: 23,

Dynmh‘_ flniu elmc umilyl!.u of :mdetgzu\md cun:uimentl

i and Reddy, Moselhi, and: Shefia [77], whiTe dynantc uulyail of

t :rpe to i t vas cnnled

“out by El-'hhaxx [35], and E1“Tahan ‘and Raddy [36] The ‘State-of-the-

are cf e-rth\l&kc engineering for mulux poves £nc1.uuu was given:
by lhdjhn [403. He also rpviewed Heveral altemtivni to -mm-

ground “factlities vhich included the ‘cu;-lnzd«:avet‘ :ype. 2

xx-‘:‘gex i al [51] imtnta{ out that the ’:ut—;na-cwez' technique
18’ the guly configuratien Vhich com contribute r.murd a solucion of -
the siting prnbl.m dider fhe nanlnl mﬂtohmnnl condm.m res

"llins 1n Gernany.. The unamt of ted\niul smshuicy. copts; . .

lnd ‘the po:en:ul prnunnan hm ‘extreme accxdem. oi large. (1300 Mie)

'cut-cnd—cover' (tyee ‘ulen pllnt vas rzported by lxoger, Altés, ‘and

Elr_herich[So:l- ;= e B8 [ e

Bzdﬂy, Bnbby-nul mmhaltz C76:[ cnnled .out: namunaur u:ltic

and ﬂymlc umlym of a tut—ud-cov-r' tree nuclear reactor

-m: c utth backn.u J'V “to inr.:nml
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. ultimate 1o.d e of an_ur Y ! type

pmtnl'ed concrete n\\dm Cottitament bicted fa clay uuu-, =

ﬂnﬁ Iouu.ng cmdlum- vhlbb,-etc cmﬂ!red are:

a)" sustained pru:m. only. md = s o
B and statie/s internal pre; <

" Fintce ue-m: haatyats of Nonltciear Structures hT
M atructure ever butlt behaves Linearly., ALL defornations

’need Dot be wnal1, nor uaed they be reversible. Few materials -re

t:uly lastic and éven Fever behave u.mny.  The' dentriptions nf nop-

14pear ‘phenonena lud to nonlinear eq-ucxon- which Lmmediately xendar P

1 :‘ ‘n:hodlef ’ [cal analysis in : Thacu-plex—

Aties of vonltfiedz lu]y-l.- have created'a "nnxmn hérur" vhm,

only Y very ucn: times, has begm tobe pmmte Lhmn;h the
effi:imt e of ‘modeich ighnapesd “computera. ' The mpndlaled
success of the nov vell-known fisite elesent méthod in '{m:m
with complex 1inear probless was also one Of the matn factors in
breskisig chat moulinear barrier. bllcv, -:7 -yp].tadm of the
f1nite elesent method to soulinear projless can be foud in ‘the-.~
ot Henkdevics [mcl. n-_n( m nn!. [33]; and Oden [71]

in ct 'mtu.l can be

nutlul equum. i

2) m-rm dise to nonlineartties in the consti-
tative aqmm-, o, i L P

©3) conbiiged geometric dnd materisl nopitneat: nige

> N 3




type nf ¥ I!a, \d:h wod1f

ta other types of nprnlinglrlcy. g

lux! vill be: Confiﬂed to \mrk ‘lwlicﬂble to, ih

z'ev!.m of finite P lpplicntionu to mater

lul and tu ptohlunu 1nvalv£.ng cmnbi.ned gemtric nnd mll:eti.ll

nonlinearities was reported by oden [nJ; He alas pmenud a0

T '[n 1963, - a flnite elmsnt lnslynh of a nllls of :\m-di.lun—

E ul.mul nonli.uent ‘probiens vas m-cea in l:he dllserntion of Wilson:

[mx]. BiE. mlyus dealt with mterlnuy nonlinear utz-uccmu 2

Su\vuquent .ppucmeuu and Anv ugmmm havé ed more Aophin- W R i

Gated fumlntlm of the

:nplutic p:oblm Onz uf r.heu, :h= un—-l:all:rl “!.uiti.ul scrlln"_ 2

 approach, g.uvou cmlpu:lng an mcmu 1a pllu:lc stradn duxing @




C et ul-[lOS;I nlea

i of vl!r.ual work t3 &’ systen £ 3 second nxdu‘

load ncmunz, S !hen t‘tuuti.ng the plastic stratn ag i nitiel

djusted. This .approach

vlhlch the st

fails in theé case of ideal ;)Etiectly plasiic materials. The u’md

ch 18 bagically a "tasigenc sefiiness” approach, 1i-the sense

. stress-sirain laws for . ithe mterisl. ’ﬂ\au tlf!nel! matrices are

modified after gach load:dncremént. fo the’case of elastoplastic,: -

!, worcke b denlng materials. This approach Tias’ been. ubed most tmqumu{y

in finite =1 nt s uppnuuou (eigy [31] and [75]).‘ zunk;eum

third method - for eh-topluclc problems, :emd

L
an "initial stress" approach; whete!.n total inctemental ltrauu—!trlm
relations are uleﬂ to correct the ‘total vnlue of stress-at the a:d of

ench lcad fncrement.. ™ SO

\[37] presented an' iscremental on of virtual -

of Btructi ‘The fintte

work for th

'eleunt me:hud was mplvy!d tn xerl\l::g the Ln:lgxl 8 nf che aprauion

1 eqia He also 8 special

. conatg;utiv- relation for: th materials which vas uled ta the

Sxprantin of Virtual work, Marr and. cmm an Eéﬂ imuetigltud

- the I:ul\xvlrmr of flnite alm: )wdt.ln uplnying dﬂfermt consti-

tutivl rel.-tionn w dtlctﬂ;e the . stre u—lcrni hl;viuut of ‘soils.

Suirable methods of 1ng tension stresses and stresses which




15 i

_[13], ADINA [6], and ANSR<T [46]; were'prescnted by Bathe, Ordemir;-

and Wilson:[10]; Bathe,. Bolourchi, Ramaswamy, and Snyder [9], and

Mondkat and* Povell [65] mpecmuy. Hk ey OF thi Anbegeabidn 2.

mathodu lm‘l p!ogrmes used 1n xul:l:nr sx!:ty mlyuiu was 'mpnrl:ed

by lelyts:lﬂm [18].

Y 2.,:‘ {Finite Element Models for

|

An accdrute lnllytléll detemﬁul‘.tﬂn of tl\e diupllcmﬂtl nnd

ﬂ\z intetnal prrésnes ind d!famtlm 1 tainlﬂ):c:d cmcmce %

“structuie’ :hraughvut 1ts ot Btatory 16 umpuum bﬂ- numhu ot

flctnra. g = . % i J

1) - The -:xucturu ny-um h l:\‘mpo!aﬂ of two mtnrh, Goncrete
‘and.sgeel, ¢ & :

2) The !tr\lctlnll lyll‘.ul I\ll r:vnt!;monlly chlng!.ns topolozy

due ‘to_the crack!ng of the ctmcrtte wnder fncreasing load.

i fnx com—.tcu 1

TR 6) Concrere defomtlm are 1n£1||n|::d By creep and |h!lnhge

udare 1imé. }' ‘on 1oad 'and @ énta “histg

* 5) ‘Etfécts ﬂf dmul uctlon in the n:e=1 reinfoxnmnt, bond

hatvegn the steelrrd.nforepwnt und the cum:uu. band slip‘

lmegu:e lnterlock

t cracks are dxiﬁmu to, 1ncnrrponte into, a

general analytiul wm.

m«.mm progresa has: recmtlx een “aate i rlevalop(nz

lnllyt!r.ﬁ ‘methods’ to cxnﬂ.ne zelnfnrced ctmcreta ltx\u‘.ml’! The

ﬂ.nt:a element netlmp\ has provld!d the buu fm.- -e-t cf the new..




_betweén thém. . They. mo classified the’ upumnc ‘mechanisns of ©

An Fig 2.4

analytical methods, A sive survey of the 1 on
spplication ‘of the finite elenent ne:hod to the analysis | of rein-
forced concrete structureu vas made by S:otdenu [83] and Wegner .

[1003: g

R&cen:ly Bergen ‘and. Holand_ Lzog_zpnunm( an outune of a large .

mmbex of ‘proposed mthmticll: mdell fot the Mt!tinl behlviaut

‘of ‘doricrete and : mdform

2. A 2 Diffe ‘ent Finfte Element Models for Refriforced Conctete

- One’of ‘the first lp))llcltinns of the finite elmm: nethod :o i
concrete was upaned by Clough [7@], and stm Rbodés, and cwusn
[as] who studied the beh;vuur of'a gxnvl:y dm 1in which deep - .

imulated. in the findte.

czudd.ng lud beln ublarvad. ‘The’ :tack wa:

ement” nys:m by. nepaut:um ot the elmenn along ‘the crack un

ain uppli:d 10ads,

s Thrze diffel:nt mdd@ delcribln Lnforced cuncrel:e repoﬂ‘.ed

in Bef, wo. ‘are. shovn fn Fig: 2. 5.' he nm one takes tnto .

account -the co-ponen:u, conérete and -mel-aremorcmt, npnr-tely

with diffarenl: elmentl. n d becween bol‘.h materials ‘may_be

zegnded as rlgid, ’1&

2,5 lnd 2.




Interactive Effects Betwein Concrete

 Reinforcenen

-(Reproduced from Ref. 20)., -




W) shttomes ot reitoresd conorate’ ' 1
addiin ¢

[nl-w»iin;l st

5 Reinforced Concrete Represented by. FAF{E
;" Elemeiits” (Reproduced:from Ref. 100) %

o, 2




ve® of ‘the’ conc:ete mdxelﬂfuumt, Fi;. Z Se., The thl!d pulibulty Yot -

cvn!ideﬂ xelnfa:cad concre! a hunnlmoul nl;trhl. vluu!.n all

cumponents~ are !,ncluded, iy ) ¥

x«gq and’ Scordelis [éﬂj Were the'firat to introduce  spectal: -

- eléments w‘délm;' the fateraction betveen ehe steel and &ﬁclet=;~

I their ltudy, a spectal Liskige elament was deveioped ‘ta nvreunt

1ip phenoména.: This elmnt Lll\luttuad in Pig. 2. Sc, link‘

Ceo i elements senting.steel ‘ing. to those repre-

\ 2 ; nnting‘conctete at dilcul:g posacs. “Vith the add of che!liskige

llmnt, it was poum. to cantmr.: an’ mxy;uul lodel hr the

uudy of reinfor ed concrete bums A mlnbar of besas v{:h nrioul P

prudaiined nzuk pnttemh weu snalyzed to mhuu concrete and gl

stéel streses, bond & m‘se- ds well an déflections,  The influence’

o] T of decreasing -utfne

e, f_mh

 Nison: [7o:| refined the vork of Ref. .68 by introrlu:!n] mu.nm

oo 'uu:erhl properties ad'a mmunu: bond-slip :glninnnhiy m:e the

b mdal. He n:caml‘.ed for. thels nonlinearities by lp'ply!.n; rh: load

in small mcre‘en(s. ‘Improved quldxilnr.ull vl.-ng lllcl! ﬂnite

<UL clement vere waddi c:unn( dccomted for. by stoppiag the

Uy solution when s an e_lnmt mxc.:ed i tengile f-um. = The new

the mued mation vas then

cracked

input fito ‘the compiitér,. and the afiu mmo.m icrementally, o

 ¥lson found boid tress pattérs that are, simtler to-those reported b




An Ref. 68..°

nge-,’Sco'xauzs. and n-nmn Teal fan'mu‘:ea‘. tore uﬂned
nodel of a rei.nlorced concrete beam 1o which ;uy tatroduced aggre-

gate 1nurlock Hn.klml Almg dhgonll tenuion crnckl of - various .

5 -+ ¥ ilepgths; ‘the linear. m.m.u of n-nrhl. was umnea. The

% o mﬂuence of mmp., and. horizontal splitting -&:u Fetnf\i'gc@epg~
PR 7 near-the -uppuu wvere consddered, Oue-d!.-enl onal bar - el

ts

wt T T S nuled!nrchevetunlatirrupu.‘ e it iy Tri

: zmnmn [39] performed. s nonlidear analysis fn vluén c'm‘:kxng

-vithin the finite eleaénts and ndue:nm:un of stresses vas auto- 5
¥ Mtl:dly Accmmted for, 8o that rthe response (m mcm 1nnd:l.n5 oy 5 5
£ .
Im:n— 9, URL NS J

mtnl loadinig vith iteratLons within. esch Incemeat; were used _cn‘

't fatdure vas abr.-ined u: one cn:mwu computer: inaiys

ltcmmt for, nui‘ matétial properties, “Unlike the

ity Briions by SRR h predetined; ‘and progressive |

cruung 18 -uuned to occur over an entire elmz nnﬂll m a.

) 1 g™ prlncipll ptren duembn athut than along a smm 1ine.” Thia®

\ RG2S pzmu lu use of the same’ nmc:unl nod..l pou: tDpoIo‘y throu;h-

a’:: the -nlm:m, elininating the' need for, -puttin; Lhe nndu -fcz:"'

cracking and eunhlishin; a nev tupdlngy. as requiud by n-f 70
B . [
& . nonlinearapprodch.’ ... % 8

5 ; u.t. 70, Experinental sswell as £inite elentat um:wnon

" wire unlul out 4n, ety 89 s h-.-cuu- Jotat, while




empirical bond uneu-sup formula was derived in Ref. 45 from tests

‘element model.

[ " Valliappan and Doolan [97].made two-dimensiohal stress studies

that Saclided the effects of tensile cracking asdelastic-plastic

N
bel\lviour A comptuulicn using an initial stress .pptau‘_h The pnst—
" CTI ’k'ing s\:iffm;as nf crnc\led finlte elenents wai uec :q\ul to zero.

The hon-i bmwen concrete. lnrl ateei e.lu-nts was assumed o be nm

!uugunu and St:hnnb‘zicl\ [103] ut\ldied ‘the inelastic buuyxnut

~of shear vnll—fr-ne Systens.: " They assuned ‘thit cracked cunr.xeta <

d'oeu not cazry any tmile furl:u parpendicun' to Ehe crn:k.l but
mhmtuins some “amount of chear stlftness bec.luze of the 1nm].n

rface of cracks. Uniaxial, perfectly plnutln. hehxvimlr was < °

- & au\md for Bo:}\ ‘the: cracked concute md ramfo:cm steel, A

linkagg elmn: similar to r.hat reported in Ref. 68" was \med

Sui.dun um'l Schnobrich [93] -:uued the haluviour of cnnked

he)ma unlyi.ng a model siailar to; mc shown 4 Figy 2:5e, . Rerfect

elements were.

nr.the

on axtally ! sens wiiich was into the nnm “




panels usipg the finite element

'm;d In these examples, .the
steel was idealized by nodslly uwnectaﬂ isolated elements for
three-dimensibnal cases and as an orthotropic sheet for plane

stress cases, - ' ',

; Iumber! and Adham [uj pznpu.m & mathematical siodel for the’

e ulum £ot concrete. as‘a Composite material

“under con\:t.ud cttul, uhich ‘luy be used in finite element mlylts.

. Taeid czanld

cirs, the pray:rtlea £ the. mmx depent entirely. S

- oni the concrete; After cmckins i couposite mpdulus 1s'used which

15 N - refigets ‘the combined, stiftnes

nf lf.eel and. com:t&tn uﬂ tlku into R

, o account | the extent to whick the bond. betveen the .:eu and concrete

48 brokesi. Some ; —bueaan" shilics < weit

i 5

% & . h:carpoxa:ed intq thla model 'hy Adxmm, Bhaumic, and Iunhug 3. ‘
i : This model vas incorporated 1fito the NONSAP-code by ‘Smith, Cook, and i
i

° ‘Andérson [87] and used' to gnalyse a préstressed concréte pressure

vessel. -

Hossain [44] e method ‘for

L e the nonl rupcnse oF: eto | conerete béems and
B g . frames sibjected to eyelic 1mmg In.thiis stdy, methods hm

"to model” the sonlin eyeuc  proper=. <




', concrete vas presented; ™ 3 ks

. '
Fig. 2.5 - a8 rigid or represented by liik elements, In the lacter

case sptings are often used. According to Ref, 100 this method is
rather crude siacé it leads to iacompatabiliies between-the sodal
points. An altemistive to springs has been introduced by Schifer

[81]. . He proposed a special pond element, Fig. 2.5d, assuming that
a relation betwess the ahest stress and the frictionsl deformation

da known, and_ustig tie principle of viFtudl ork. Herrmana [42]

.+ modelled the m:enctl of "col t‘cl:i.n.g bodiu by. u-ing tef!.nul ‘bond

‘springs. Thisraodel 4o clplble of aiccountiag for bm anpme ani

uapltuthm of “the u-u.ng utfuces. The clpu.bﬂiti:l of ﬂu‘ mdel

for) { fcrete and sotl ot int.er—

action ‘were ulumnzed by n\meric-l unmple

Sarne [80) performed . time dependent, material nonlinglr, N

three~dimenaional finite element: nmly s of some reinforced and,

prestressed concrete structures, Concrete was hodelled by twenty-

node solid isoparametric elements, while the reinforcement layers

wvere idealized as thin eight-node membrane. shell elements, * Similar

B uuu.z-um ‘has been reported by Buyulm:tutk and Cnmwt Lzh ;:

nnnlimr dynémic analyel “with ffipact

!k‘.uy ﬂmtlm finite eluentu .r. l.n:h phyliml 10&-( lon of the

“Th fizat; concrete d.e-nz, ds-a "ful " element. - The i




steel and concrete is maintained.by using the same shape functions
for both elements. 2

of and 3 concrete

structures has been reported by Argyris, Faust, Szimat, Warke, and
Willian (4], and Bathe sad Remasvamy [11]. Mesbrane and cable

** eleents vere used 1n Ref. 4 1 modelling rélnforcement and pre-:

gn:cf n on the 1

stressing cables respectively, Ring ind truss elements were used in

’m. 11 40 rqpminun; the prestr

(2,43 “Constitutive Relatio:

sing cables, *

in d-vd.o ing the ﬂnlf.e nlnﬂnl mthad for lppli&:ptm

) reinforced muraz -rmtuxu 1.- closely unked to ‘the duvelop—

-of t Fornulation of such 1o a puitable fo:-

for use ia the snalytical technique'ss essential ., Despite fatensive
asd continued, research, sccording to Refs. 1, 23, 24, aad 82 o

+
universally accepted constitutive law extats which fully describes

the concrete b-h-’vxwx in Combined stress’ conditdons.

Bresler. and Pister [zz:l and !:lmty and Karni [62] studied m

1. btrenigth caly T biaxtal m-pxmxm-;mm conditions, Tupfer,’

Hlbdaxi, and Rusch (53], ‘Robasen [7!] Liu, Nilson, and su:e

D63, e ‘Dazwia and rukmu [31] snmu.-ud the blaxial stress | .




 these: Fesults,: the expeximentnl tesultu of: Ref 54 atd the Mohx-

k- vhlch thl ‘the ntarh.l Loge 'All‘ lond-u:rﬂ.ns clplbil!.l:L Xn::e« 4

/\ 25 oo r

extensive research in’ recent years. Investigatfons reportéd in
Refs. 22, 53, and 62 indicate that the intermédiate principal stress Yo b

bas a considerable influence on the critical values in fh

compres-
ston-tenglon and: fn. the biaxial compression states. The expertmental
results reported by:Kupfer et sl [53] weré of great sapo:nnce for

other investigators, Refs. 5, 11,56, and 63. K comparxsun be:ween 7

"Col tn!.lvte m ope_were. given by Argyrxa P.usc,'.na vuum .

Es],. apd are -hm L7, end 2 8. : Bl ‘nv

: 'mexopa of Liij et a1°[56], and rhetrimcial’ an e
o and Saugy [487 and Ref, 54..The failure surface glwn in m. 48 '
" vas ‘usid fn Refa;[80 and 24/, Mrgyris et al 3] preun:ed two mmlel! A \Z
. ‘for predicting faljure of (el type materials under :zmui )
conditions: At of the M oulomb’ o
ma oo g el1aptic: parab loid vere :

in:o m h‘xc’:mnul llvl vb:l:l\ del:!ihe the mlerm 1n fatlure

aad pou—f.ﬂun tegm > o

‘of strain T ', ] Saerhed

tmn nnnu:y. 'rh #1nal fu.\uu mhce hprmnu :uptnu n: 5 s

:lme Apvlie-




(" 3rkp/en®)

TS RS “~mzc.|.ﬂn-wﬂ radlire” -
5 . > g Test Da £
(mm i thvﬂo.tdtu'l>




e (s

e

*39Y w0z  paINPO




»n.u_m

~ - Sactions ¢.-wlt_.‘.

e Envelope Triaxial Test'

heCouldmb ¥ Faplure
n l.mly et 'al [54] (llprml\u:cd from Ref.’




*- able to the three~dimensional case;
1 for plain concrete as proposed. in Ref, 32

L which'- was cvnynxe!l wit experruen:}l data of Refs, 53 and 56.

"This model gave. good it with the 1 yadul et o

 Cedolin'et al [26] nna.'lyled sdpe’ available éxperimental data’snd - . g
BN SR e, e, *

representei 1t in terns of static and

Assuntng, hat. s.uuu amna. o;.

of stress and’ a:raln tensor:

%™ _"t.ho stress state alnrne, they (uml-:ed an ul:imuce m:rengl:h ‘eriter-

¢ pressure.
: Pressyre...

ul uwdy to »d Lvex

s for the Var i of the, bulk - .

2 nnd shear mh‘u vt:h nruu. andv




increments is linear; and v

- N o 2) 'l'hx{le where it 1is non!.inelr.

The gamr type includes -the total strain’ theory (detw:m theory)- *

a8 well as hypoelasticity and . The latter

A\ dncludes a theory of plumm without 8 ymd surtace vhich was

firat” prcynsud by Yalanis [86] und vas ullml "mdoch:mu theo

tally ltneu‘ pluutic

tito a.

V, so-called: "Lnttinlic time neasure”; which u an " in aml stnte o

riable of the material. the lhenty was extended md

pted to.

" concrete by u!m( DA, 15, lnd 16




CHAPTER ITL

CONSTITUTIVE EQUATIONS OF PARTSEAU'S MODEL

3.1 m:xuducmm

“In elaltu-plullc analysis l!m nuterul behwiaux is delcxlbed
ust.ng :hue pra])ellleu in_ nddiunn to’ the -elastic nxeu-unm

tdnﬂ.onm These prqperl‘.lu a

u)’ & yleld cmditinn, vhich lp=c1ilea the .ul

-xm stress” :attelpvﬂdh\g to uut of pll tic tlavs v

to t.hé faru (uzeu)r

In'the




R ) ! b 1418 may be
. »‘%itl:en in terns of tHe Youns's modull and Polsson's Tatios’as Ed
folloks [330: .- "
 In‘matrix forn, the elastic: conatitutive, equations, (3.1a), ‘ar




3 « AR ¥ .- 2 "
e N g g ’ ‘ .‘
;o or ¥ s ; . % e
) p A S ey mDIdel CE N e
s 3 . o M 3 a 2 5
vhere (o} and {c).are the atress ard-atrain’vector re-pacuvexy.

The parentheses, {-}.and [ J; Tefer ezpecttvely to colum ity

. and recungulnr mc{»ieu; this notation will be n-ggi throughout,’
. 5 A 5,

o}

LT fed ey 0 s ETTEE ey

& A
3.3 The Yield: Criterfom” ‘i '

i ‘t"f331snen1 By e

The lifit ni e!‘ltlc behl‘ioll! !M unilx!.ll tml(lm or cclplel—

18 mn;ully dnu.ud by 'the unuxxu hnﬂ.‘lvnﬂ dompre




yield c1én,,, K : nﬁv £ up:mpu and BA11 (for

ln.hottopic nenl-) crturh As neceu.ry :o und:rltlnd :he Parium

proposed for g to:h and Soila; s o, 0
J 3.2 [BD!YGEX!: Crltaxh . ‘, - L,

I-o:ropic criteria caque grmrpad Ln:o two. utcgorial

:hu 1nc1udu :hg affec: ui the humdhu p:!m:'l.)l!. stress and

those :h.: d:r no! .. n.. 1ateer ‘can ‘be obmnad “fxom 2

gL u a nhle'a.: 1118 several yx.u mdm.un- obtained. by ¥
Iq m 33, .ug 3.2 %8 i




COMDITION (. >0~ - oa e GRIFFITH MODIFIED GRIFFITH | -
S TRESCA - COULOMB. |- " TORRE 4 - i g
| ACONSTANT || “(conatant) | -(1fneat) "’ (parabola) | 20 gt 120,2t. .| 20.gv |20 3o i Ig:égs"
& 1 °2 1 b2 5 i Coa e
i 2 . oy ' n
ST | ‘(e 1 )" 1 e 1 050 )™ 01, .
4 =T AT o T -
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X i - > -
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Mo, %% frier, - | e o e T 00 )M 0 5% \
i | Sl R g CHIIERN © ) %o o el - )
B S . /]
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o | alt,] -1
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‘#. Compresaion iz positive. -G, = Uniaxisl Compiesstve Strength, T, = Absolute Value of the Unisxial Temsile Stredgth

; Noh that ':'hu c:utm{nd muuu Griffith are formulas re ng two : -
i RO n; 31 A mmumm of n-nuu for 5mux Cmnn Yield bir “Spect 2 of the in Eqn. 3.3.
b o e (Reproduced from Ref. 15 R ) “
i . :
b : "
k ) 4
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3 u. : 2 Graphical Iq:nunutlou of General -ln"’ ;
5 Y1614 Condition for Selected Values' = . .- :
of."a" (Reproduced from Refu 24) 1 1, e




vhére Ay, B, and'n (a->-¥) e material properties, I) s the first
stress fnvariant and J, is the second deviatoric strefs invariant;
the invariants are given by:

LTl L L

'.' H111.[43] broposed ‘a'yie1a m:emn for antsotropic metals .

asgiming it to.be quadratic in the stress icony With axes of

2 i y ! .
references defined by a, band c,- the criterion 1s as follows:

: g o
zf(dﬂ) - ?(\_1 -uc).z * i‘,(u-c-vi)z>+ B(w“—iﬂb

-
Foa2Lag,




direction of sntaotropy, B, S and T are the yleld strdsgés in ehear.

with re'sper.! to the principal axes of anisotropy, then,

EE PN G % ¥
2F ,T2+ 7 U7 R .
b s "

3.4) when :he mino:mpy r-and- :ouxdl Zexg..

f b 1 - " " .
i : 3.3:4  Pariseau gxiterinn i B e

Parisesu [7/.] presented & plmm.zy theory fer milottoptc

rocks aiid ‘sotls. The ‘proposéd ‘theoty 14 based' on “the work of E{il
. [43] ta e metal plesticity and represests an of SR N, 4

el

ot his vork s0.as to tnclide m-auo‘gie rick et soti matertals.

3 ﬂif(er:m:e betvun thl t\m prlteth il ‘the incusion’ of the rwml B ST

tresses ‘as nnn; eotnn 1n the yma Criterion .of Parises

2. ST
be . Mhe

|1/2‘“ - @%:mh + Vo




vhere the nine c%efﬂcxen;s of [the stresses and n (n > 1) are
ket Coibiin, s ay b asd & a6 the material axes of antso-
tropy: The material constants of Eqn, 3.7 will chahge if another

refergace coordinate system is adopted.. The,material constante

are defined in terms of unconfined tensile and crmp'us!l.va, scrength

datn 1n the anistropic xefe:me axes; (h.ma, bhaad c) let'n =1




- Equ., 3.4, vhen the anfsotropy s vanishingly emell, 1.

F=G=H, LeM=NU=V=W,L=6F

Comparison of Eqn, 3.7 and Eqn. 3.4 shovs that:

= "oy (sr)ﬂ“”" 2Lk muen ™2 {’

3. h Relati mmm Stress” and

The 1111:1!1 and -ubleqllent 7l=[d wnditinn !or H.nml:ivz .or.

iaotluplc Iurd!nins can be 1tteu ar

’f(lh: "o K) »

For 4 B :h!s yleld redm;u to
[10a3: - an
! £(0; KY = 0 E Gaey
- This _yleld- candit!.m nm hl ‘V’.l!lll.heﬂ u l surface. in n-dilwn-

liml ltreu lplz:e. Fig 3

-twordimensional’ stres

m mpy, ives’a yleld surface 4

~The Suu constitutive relation

plcav

defintag’the plastlc m.m was fizat suggested by vou msu,

20 Splnﬂylng 1 plutk poeenu.u function'as g, i dr." dm:e- "

of p;,..m strain for .ny componedt ) then

1;1;1 '

Whm thh

39




. ¢ LR




g
. - 42 2
i N 1 ’ .
analysis here 1 Lc to H 3 80,
I ’ 3
del = A 3> s (3.12)
S n

5 & At the present time, this hypothesis (according to Ref. 104) >

is generally accepted. This is kaown ss the ‘normality! priaciple
be:nlu the relation given by Eat 3. u can be m:u-pn:gd 8-

) +w -u,,)Jg- u

; &
LA dcb-l(n.‘llz >t I:B(v-,a)-i-r(ubvv o :

x(u”““[r(u-nm(a-«)]-w) LA 2 L% oyl

“ : P T

? o S LEETE . {

/ ‘ "ﬁm"“’llzn_l""u o o

E 2 = 2 : F i

[P T R T L Rl TR ]

e . 3 : 5




. 3.5 Total Stress-Strain Relations

Eqn. 3.12 in matrix form s given by:

{deP} =2 (qy e C : (3.14)

% where {q) can be’ d-nmnad from Equ, 3,13, Por isotrople hlrdaﬂnz.

the: parmeter K is ln\-nl w b’ mssociated vith thé. plucu vvrk Bl

o o it duumthedtmtmufplutk.lt Lnil;thmud-ndll- A lJ
-considered to be ‘Constaat. ; S

m pl.lnk yield occurs, the stresses are on the ,-x.u surface
- '+ . given by Eqn..3.9. Différeatiating this unr $oatos -




‘vhere [C™F] is the clastic-plistic. material matrix, which is glven
i ; ] o

'1. the el

vhere {dc} are the total incremental strain quantitfes, and [C=] 1s

the_elastic stress strain relation, i.e., [C*]2 [C] in Equ. 3.2,

Multiplying Eqh, 3.17 by {q)” and introducing it into hn.N

3,16 gives: . o

o) = @ TP - taeP) CED)

 Ustag Eqng3ulr

i ’
e el il Lel o vl as
o) (ql .Hq} ‘C HRCTE s ‘

stlc Plllllc mterill Law, becmnes. 6

a0} = [c m’a) T (3.20)

Ec“’] l:c'J fol B - )
o (q)+(q) [c“] i - e o

T




. 'must verfnm thg f«um, 1mci0"' B R <

3.6.1 Genmeral .

The NONSAP code has been modified to accépt a nonlinear material

" model not currently included in the material model library of the

programme, The material model library for 'tuu-dtnanllunlvl elements
contains eight material models, namely: (1) limear isotropic;
(%) lnear orthotropic (3) varisble. tangent moduli; (4) cuive

descriptfon odel; (5): curve description model with tenélon cut-of£;

RO elascic—plnut{c (von Wises);. (7) elntlc—pllutln ki

. Fragen); and (8) mmr ible nmunm elastic. (Hooniey-Riviia).

i
A- I:be mala’ purpou of . :h.ln thelh u to nnnlyu an underground :

nuclear ‘contaimment. venel -ub;\ected :e internal-| puluuriz-tlvn,

case which ean be approxinated well by. aliayn-etr!.x tintte afaiatit -
aniljsis, the Padtseas sodél vas lncurpuuted 8 8 m—dxmeu-xml
motel (model 9) , Yo chaiges wers xequixul in the ommu of NONSAP;

the nater1dl model mmuua vere uapiy added and Lhe lppxopﬂ.l::

calli o :these unmm.m hmvrpotlted.
\

'me um auar“miuu corre panding to Parilem"l nodel s ELT2D9.

Fig. 334,  Ret 13, ‘shows that during. uecucmn, subfoutine FIT2DY <

1) h&thlmﬂm of bh- varkins l:nrngt lrr.y, HA, duxi.ng




. ——O-im‘m o

* Initialize Vorkiag Scorage :
| for each Elemen rmm xmw : A E

] call o
i.nitilliul HA urrly fur b
uch integfltinn ‘point

- Find Stresses and Stress-
_Strain Law of Each Element

Find Elenent ‘Stiffness. -

Fiads stresses and stress-.
strain’ law based: on
material)properties at

'EQUILIBRTUM TTERATION | | -
s 47 this tine (load) step.

Calculate Element Stresses

| atall htegrlt(ern n
R pudns 2

34 Im:nrpnr 10n of nmwdgznm e “HONSAP C?de S Vg~
: (upmduced from Ref. 13) i B o




celculation of ¥ new stiffness matrix (only stresses pre calew
lated) : .

©) printing of stresses (culy stresses are calculated),

The folloving: discussion is dtrected tovards describisg how
these functions were perfommed. < It should be mentioned here that oy
- the elsstic-plastic adels siready iacluded i ‘the saterial sodel

A lLbrny (vom Misea ot »n-uu-n-su) vereluned o gutdeltes, for

wxm.u the' bibrovtine nquma fur the: mx-m nodel "t

3611‘ : Matrix'

m two-dinensional ﬂm- e.lu;nr. mlylll (m y

: ‘ o - plane stratn, and plm tregs), all elastic stxes-strat Battices
can’be dertved from the general’ :hm-w clssticstresas
strain relaciouitp, ka: 3.0, The pll'ne stratn sd axtopmeeric ) : %

-mu-.trun matrices are alm.ud siaply by u.mu., ‘fo the

* - Ih!ee—d&_nllml -mu—.ml.n-nnh, themu-lcol_lthl( 72 2
o to the exi The 8-8 -rd.x

P Yuymeltmndnuhmdaiudhummm
.zra.-mu.n matrix by usisg the coadition that o T8 zero. -So,

lqn. Z.Emnhrdudndrw lwm-tm:hm

=o«. to.cbtatn the nh:!auhlp




strain ﬂtrlx Jl glven in “the local’ systen of lut!tm axes, hecmlle

:he mnrhl wnuunu Ao :hx- -qu-cm are defined, as m:iuud

he!nuhln the: pumpu siterddl unc:m- G by :),cf ott)lntropy

Consider ‘the nu:e elenent in m. /Jn Wiich-the Li-plee .

otl:lwgnrn.l uurm axes-sre 'a'-and 'h' The' third oxthogum

L
mqtezjill'dugc on ts 'c' ‘md 1a: parpendlc\tllr o' thie

by 'a' dnd B, In order to eu;me the Iluu.nt st ‘_

cos!

~Zcos. 8in' - ~Ycos gdn
0.

An.vhich’ “the angle, Witeh must be: dp_nm for- each-elenent o

Heasured £rom ‘the slobal axts, 7o the -&nm -m, -. m ;

~'po itlva betog clockwise. “The pom uu. y, m-c.men because . '_ S

5 du b phu, 1.e., phn: .trun, plnu ltm

“* elenents ‘can only be’ defimd.i_n ‘tha yghplnu.







i

* required for determining the elastic -stress strain matrix [C*J:

* Gobal wEsaton s Eis HEs e,

.nmgnn ‘can be applied: s, e %

) lt“t.!.-n £ fog ) With £v

According to this discussion, seven myterial properties’are

Seven other material properties are aleo uqnt:;a for the 'ydeld
function of Eqn. 3.7 -fux ﬂnleting the terms wrralpendi.ng to
shear stresses 1n other pmu than 7% or a<bi: So, for'this model

fourtecn ..mm ‘Properties’ aze required, namely:

T,C,Cb.‘

uB’ Vb:’

3.6.3 Solution Algorithm. for luuzlcvl’lntlc Stress. c.unnm 3
Ir-1s pecessary ta, amun how ‘stress’ increneats, are ::ll:nlntcd ;-

du:ogt_“

since the P.

strain hw is defined “in terms ot :urunt total ptmu-. It i

uquired to.calculate total ‘streases, o,y }, ‘ot time tidt, 1f

bt

Tt

and total stresses ot time t,’ (o}, dre known, The ‘stiata increneges .

(dz) can ‘be nbtd.ned because they are the diffanm‘.ua hetveen
{s 1 and’ 'h: }. ’.l'ha stress anx-n.un can ll.lo be nbtli.ned‘nw

l.uq-l.n; that the materdsl behaves gl..ttully, lnd the follvﬂ.ng ’

N-M:} s ‘the state_ ut stress, thA vnun ni ;

nluduul.nglqn 431.‘xuu i

3, Cotal stratas it time t; teh




o e——

Less than or equal to zero, the .,....;,:m of elastic behaviour

holds, and (BM } vﬂ.l be lqu-l to (ECMI N

If £ is greatet than zero, the parts of incremenfsl strains
taken elastically have-to be detérpined. So; a varisbie, a,.is

deternitied’ from the equation:

+Sincd at stress Levels, o + adv}\ the yl:J,d m:émn L3 hecﬂl&u 3

‘equal.fo ze:o.-ud ymung u initu:ed. . ;

.
It 1! oW’ clur r.hm: zlw ‘vdjl! nf a dependl on th: pxevi.ous

ur.-r.e nf Btress {qt) 4 If thu state ‘was nltudy,ylutin, o alwuld
be gqmea with zers, mmuue it ahould be. c-lmlated using qu"

3 27.. If. the previmu state of stresg wag m:u, u\d icgr the {7

datsmi.lutlon of a. lhe vector, {uﬂ-ﬂt}‘ lbauld be radeﬂ.ud as

watag"

“Thea, the i ',.‘ ticstrain 4

-of he cml.eu l::d.n Tement

(de), ﬂu v

cmupondin; to (dz"} st be adfed:to' Iuﬂ_“). As's

atresses

,,,f(a*.,w).-u o Ry BB ~»(3'_.z1).,-

{u}+a{du) e -‘.'_v(s.za):




by amalyeing eschiload incremsit more-than oncé:.

d!i:ulledi.usu,!hn.’is

‘after. each 1ntern.1 to ll:rea

envelope to one above it. Implicit in the failire or yleld criterion
1s the reqyirement that such a stress state camnot exist. Therefore,
a correction has to be. ‘applied to reduce the computed stresses to

valués that are compatible with the envelope. At the same time the

strains”must be adjusted po satisfy ‘the stress-strain relation. »

Ome technique to do this sction 18 to éubdivide ‘the load

1increment into frucue

such that el:m!nts which. y‘leld fu' the

Firet. viie: du:m [Ms 1oad

nd ‘up on_the’ faflur 1

s\u.h Pmoedu:a, u::otding o us 61,

Comion’ teclmiqu anid :lu ofié. enployed here 1. to correct only the -

i atreaseu 6 that they 1te vn the y]‘.eld mﬁue at: :he end’ of ths

load fncrement. Mhis pmeau:e 48 not entizely. nthluctary ‘becaisse,

1¢ producés ertors 11 the stains and nonvequilibriva in ‘the stres

* of adjaceat elaients. | fowever, thess difficulties can ‘be’ overcome

kelnalyz!.ng each
Toad Ancrenent, a protess known s ité

Lo, generally reduces'the:

ervors tn the strains asd the non—equll(hrim ‘stress state.

Accurding to- thiu tgdmiq\le and !mce the m-lcer!.ll law .

dependant rm the cut:enr. nu " the. el tin—pmt!n utnm'

bu;rmnt (d:l‘) is amm\ nq\ul intervals; and {5,

{ ey
updued for each lntqtval by the

B ) is con-ecead

mu, thsupdl 5

ll.m w-p.tihle vlr.h the. yid.d
CA&

‘Tn the ealeulationg; the’ 2 n:zu mreu

|
|
|
1




",,

ponding to the latest available stress conditions is used.

According to the px:}emun dtscussion, nine varisbles, namely, .
the previously calculated stresses and strains; und a pum.ece:‘,
8, identifying the previous state of grress (elnatic B=1or
plncic B # 2) need to be stored for each mcexnthn poln: An 7~

v . order to clmr-cteriu Mstugy These. ntne variables llong vi:h

the ny egrati orﬂa}:] of ‘Gauss’ formulae

aetem:.u tite dhmuirms of the’ vn:ki.ns Stoiage array; WA,

97 sample, Solutdon umig the Pirisesu's: Model

After hcorporltian 6f the model fnto the NONSAP “code, the -

p!oztnlu vu “checked - to. so].vn two -problems: for; which

_rupqnaq tation trmkcther' tigations are a uable,

The think walled cyli.mlet 1o Fig/ 5 6 uuhjectul r.u-xnzeml

pmsun ‘wis, analyzed: hiatog bl genode axi-y-nettlc =1u:enn.
- e purpose of this analyais was to study the case of vantshtng:
) . anidotropy; dnd the reduction O oot s the von Mises madel.

. The Bollltim ll!lng Pltiluu‘l llndel showed mellen! l;temﬂt

v A b with the no‘ tion upqma by, Bathe et o [10]; and u: 66. uams

" etis von Hises mm.. Fig.3.7 shiows e radisl dilpl.cemeuc o




von Mises Yu].d Gvnditi.m
& - m /3 1b/1n

vim 0.3 7

- 17,32 1b/4a’

[ENLARGED -TOP VEEW AND © .’
" AXSYMMETRIC, MESH .

Yﬂhuu Yluld Cvndlttm
o g l - 86666 6 lbll.n




P (Ib/In2).




o and is shown in Fig. 3.8, ‘The' pertal prelmted haslow urength
Aieq, dn"the that would tend

A- a esult, the tendency far

values in the
to’ increase, posr. yi!ld’ defornation.
prop-garivq ot’the yield donaiu along the :45° dia; on-l ‘- u hmm
in 1’13 3.9 ~ 16 mmm by the'matertal weakness in the z—anuum.
mlutm lnd the MSAP wlu!lm vlu

. ‘The ngfe‘mqt between Dahl
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&, =10 ksi

i

: ,c,y-cl-ssn-a_‘
5 3 ,‘.‘l»,-:ll-!lipli

208 e B A

8 rm:- u-n: Mesh for .the cyxhdruu lme Proue-
(l-noducd £rom Ref, 30).




s : : B

Growth of H.u:ic Yield Domain for
th Cylindrical Hole/ Ploblg (l&pnrlﬁ:ed fn-' :




ANALYSTS AND PARAMETERS DETERHTNATION

4.1 General

Thts project is a {on of previous “fons which

have attempted to evaluate the behaviour of ‘cut-and-cover type: under-

ground fu¢leat Teactor cont subjected to typesiof
“1oadingconditions; - Previous ‘dnve ne 3659, 76 and 771

the ef éngss'of the high ‘shoe. shape ‘and ' the’

e effects of embednent to'internil, press: A3

.The ed ‘ds 4 re conéfete,

sl pad :nnnlmnt, hm:led at’ Ann belw ground - surface.: The height
o the conulmmt 15 60n; the saximn mmé 173, and the Hene:
 thickaess P

These are typ!.ell cnntd.nu'nt di.lunulanl for ail100="

Mie power plant. The. :m.m -:rubtuze, a};ustion s’ bu:k.“ll

“for. &’ kypicll cm are shom 1n Fig. 601, To vtg! of axtal tymu'ry,

1}




o




6L . % N
b A

used more extensively.than the.other two, and is the'one that is b
utilized £or th¥s favestigation. It has a moré efficient solutlon
procedure than the’other. tvo models, and can easily be exterded to.

noplinear applications.

| ‘The finite element displacenent uﬂmd 18 based on the: prlnclple

of virtual displacenments. 'This principle sta that the’ internal 2 i

vnrk done by the actual stresses.as a result of -thr-ry vxmul e
b

i 1Lp,mmn, {80}, 15 eqm to the :xnrnu vork done by bndy and |,
v

o B s i A
/{:).(ssl.dvrgﬂb),(su‘).av»ﬂ'{?}.‘{sn).ds mn iy “fs

lurfnca Eorcqi.

1o the finite element displacement method'the ‘continuun'is .

ddvided isito small ma (e .. #hd sisple displ] i

> functions’ are assumed fos- each élement. These displicement finctions

‘. are expressed in terus of unknowa vodal displacesents, ]

for_the

eleneac, and cb(mn such that ity. of

Soig bomdatis of aifsceat ‘elencats. i #

Stace.the di-yhcemu: tuncziwl axo-elenent p'wm- m

mtmu- ‘fn . the priaciple of virtual dhphc-nn are replaced by

b n—lﬂnns over alaent duninl. !nte!'n‘l work lnd ntenul work.

'lt'e tllulllr..dv fu!' eld.l elm: hd&p'd tly lnd m elc-nt n!.ft-

ness matrix md consistent. lud uc:o: uc~du1ved The: u:riul

bt!ul €quations for the total urur.mn tn m:h

m nod.l dzspuc-m s\nce m nnw. duplu—-m for all
“Slenents ltu:hni to m ode ué the' same; the undlm’m be-




~

, done by ‘of all el

* nodal' incidences..

wig . Gty

& 3 - T
A | vy -]

62-¢

4.2,2" Linear Flni:l !lmnl Di-ghcu!nl'. AMlz.l o
| The linear fintée’ elmnt 1 ‘analysis cai be

Sntlmfnllmd.nglupl. u gl S 4 et S

1). A displacenent fundtton for the'’ ax@m s h-._d as a,

funetion of m Hodal d
the unknowns of the nobln dn t}:! ﬂuitu element dhpllcumt

nathud._'v'.“"""" € o ‘o

For example, Lf we assume u, Vv, tnd v are the dhpll:ennll in dm

'y, and x amcm{ respectively, lnd the element ‘has ¥ odes,

lqn. 4. 1! un take the Zoll'

u(x,y,s)

vGx,¥,2) i

‘utcl. my are chnlen ‘such that cvnumi vf dupll:lﬂnll 48

ptnwnd hcmm ;djncun: u.l-ntl. X
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- 3) nifterqmnnunn et the us-n-d alm: di-pl-cuenn yvu
the state ai -mu thrvughmlﬁ the dmt
dgp;nnn: on the alamn: modal duphu-enu and the’ cmumu

The element strans ne_




nodal iene-. (l’ }. and :the dtnrﬂmced e.'le: body or. mhm umu

lncn are”

10 terms. of Hodal tmu g

8) L fo). av = a0 )F e ¥

lrs i :ury ‘virtual dhphcemnn,

zha uduced te:




} ',f(wif". ). dv-

(P } - l[nZIT_. Ec] o ey, ) . d’V

! Bqnivllmt nodal: fvtcu due inieial arresaes: ;

). —.’[BJT {cr}

nuw, Eqn. 4.10 ;m be., nduced to the form;. >

i 3 X
ﬂll The eLemen ;:& 4
tear e[‘ttn -n-m:w,‘m elmn: atrusen a
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43  Zausttons of Motion for Dynamic Analysis

For dynanic analysis, the'displaceneats gre :
zqn. 4. 2b musttaks the foim, i .
t . uy(x.v,z,q : y I o
) P i 2 &

oy | vl vz | .

! s
° . w(x,y,z,t) -~
= . where u v, and v are’ the. tizesdependent ¢ ents. of -di g
an the three coordinate dizection Ihe ‘othér. tmpor feren Y

he:wesn static and. dyﬂimic .my-i- is ‘that; the ‘nodal body foxe

© % wector must mmde the’ m;::s,...nd damping forces. . . -

" (u} i the d’.lplncmmt iield oF an; elastic body, ‘the- adatri= -,

bu:ed xner:u forée ncl:ing :ﬁmmu: the hqdy 18 given, by o1},




\mhawn,byn praxinate daiping foree | to

; Pl yaTeokey. htm-ﬁive‘mmthuiulme'ummth
Body a (r")-c(vl, mscu-md-pm. r.oefﬂemr.md

) - 2 W) vore m.u.- on damping forces il ve d.t-:nuul




Ao ﬁhere H’

. \'t, vhich’fncludes the effect.of acceleration-dependent inertia forces

" analysls thé'equitions of motion in Equ, 4

Y 7

duferentul equmm of second nrder. It shouldaleo be recall

|

e
: {?(:)J + {r‘zt)1 * (rm] - (F(E)

{F(t)] and {F )} are the e

(:)}'

7 Terefore, dn dynaniia anskysis, ‘the‘static equilibilin at time

and yelocity-dependent damping 'fmeq&: considered, In static

2. are considered meglect= " . "

" 4ng fnertiq and damping, effects. .

Forn of the




where |

tution of Eqn, 4:26° 1ato Eqn.

425 yield

P

148, } 2nd: {86;). ave

(Avt!‘.‘

\Equ. 424 can.




70 .
of the 150 tric el "!nmn‘:':hhaud!xps'
functions mtdmm‘mu-puumu- used to describe the
3 as of the nodal ’rn-unu.’:u.

valmtbomd-ﬂumhmv-dupmm ; otchedupxu:un:'

. function oo the saze boudary.. The ilvpnn-tm elesents are

clpabl.e of dum.bm-m cx.nuxy c-p;n emltum 1n un.énze'

1







u-n1u1+nzu2+...». .

Nv+“v+‘..‘.

.“The, EnJ mtrix, requitad “for-the !val\utian of 'the e).nent

!tﬂf'nali mlttix and" the. load veccm: (see Sec:lon 4.2 2) 18 hnilt




g

hZSHAlHﬂtrh

and the volume'of the element, dx.dy.dz, fn all fategratims (see
Section 4.2.2) 18™ \:ephced 1y hoL3. dz.ds with i.luegtttkm nnm

of -1 and +1 lnd h eqlul tq lh: thin)masn ai t‘he element,

!nl:sgrltim pa!.m:s. This mumerical’ integr-tlgn by -u_mutinn _1} E

a8 \ull as

datinn- f.or chnosm the order of mmerical in:egnuan mg ~ e

[121." Buclule the elenunts

discussed 1n detail by Bathe lud L

40’ this stuidy vere chosen to be 1 ted, ' the inte order

uued s ZXZ for ‘all ﬂmntl.

thie! sane fleld

1e.|dl to'a

'furmht(on The nrlnnuge i u.ms auchr a fomulation is'the,
cxiltan:e o sper huunda ilu'n um m canjnnc:ivn -m a diuyhce— s

5 »uenz l:amputlhle tlni:a alnent.

any ¢ :{onal” Lithzedmp\lm *

umr lntesratian 1s done mmt!.cany lla:lng 8 umher of Gauss .

B




4.2.7 Stiffness Matrix

. The_evaliation of the incremeatal t atiffncesin the

elastic-plastic analyels: follows atdidard procedures.| The state:

‘of ‘loading 1p deternined at the end 6 3 sad, whenver. . © i

plastic’loading 18 p‘rerllcy the nlutic—pllutlc stress-stratn -

to flow theory lavs nf

n matrix is

L me of ‘the elastii-pldstic atresmmitrai .

matrix for the Pariscau model hias been discussed in detsdl. in Chaper’

L. Ta matrix Lo vsed fa th #seuad -'ox\c' cautions did the -

aupmm: fmumm. g 5 IR Gt ¥

‘Zﬂw sl i‘,




 The Wileon-6 svep-by-step ngormm sd lxﬁxiﬂ- .
cial viscosity to .cm.n this effect but the tse of al:x 3 dminl

: : may provide better ﬂqnu of nppruu.n; Ehe yownaited modes.

Ll 1w . 'X'he vaiuesiof wiend #.can be deterniied o v v dmpiu

B nm. that comspaua £0'two Ubequal m':nrll fxequencies of vibri- !
" tton, ani-uatsg the equation (Ref: 12)7 - oty . 1

") Wi s LN AL
ot By = by, Gyt G

4.2.9 Iiternal Reststing Rorces . . < 0 sl

The apynumm of any- mcmunm Aoluu,on ndmd has the - =

tmxency to case the solution to am:ge tm m true’ -m:m..

Toimwa : m,‘ Fatdoah % 1umun:xu S

- L ¢ 10y mm:- of ui.nyly adding m "o\lt—ol—b-lmce" or ‘réafdual'nodal. .l ")

: fm:u to.the lnbuequnn( !.ncra-em: of odal loads, These resddusl

s (T}, ire givun b; o 426 In order to valuate tids

ﬁraxb&tton involved 1elda?£b an u:cumullt!.an of etrnrl 111 etvulu- 'n

n:ing the' Internal uuutmg forces. | These' forces can be usny

Found in tem of_ the total stress lie.ld, {v) b; che useof :h




* g'method.  In this l:udy the Wilaon-8 method 1s uud-' R

L S i ;
42,11 Wi n'n—elhl:hnd A - T

©t The nyﬂ‘g‘m‘ method of step<by-step .{m;adu:’ué;a
S i
. mdlnzd by Wilson [102] to-generate an unconditionally stable

 acteleration _me!hprl.

(on® .‘(s:) TN . e L

The summation indicates :hn the v!etox (l’ } for the gnun utmtm

18 obtained by a direct ulgﬂ)ly of the element. force vectors. - il

<

4.2.10 ol.u:ian of Equilibriun Bquations 1n 'xc'A'nu '-1. i

. The mml node l\merpon!(lm prccaduze for ‘the ﬂolution nf

the equaum of mot1ou 1s applicable mny for Lnesr dymmate .nny.u. .

Even in’the case of Lsear probleas, however, it may be more Svkites i

gam to use :m .o—é.ned utep-hy—uep of direct integration methods -

vhen' aualysing large m:m uubjected to nbnrr. duration’ loads wl\ex: ’

a large number- o! modu are -excited., rhu 18 generally :hé methor

chosen lor blnlt or, hﬁplr_: probleps. | It is “also the unly feulbla o

|
lpprnlch fu‘ problems 'in which uanlinur behavlou: due, to naterial

s and/or large y needs-to he eﬂuudmd,,

Several dlmt 1uugnmm operators. are hwvn -nd discussed.

11'. IWNSAI’ lnl tlm opt(arn el nliﬂ[ ﬂm Hzﬂn-xi ﬂtbod or' the Wl.l

-xgau:nn. This mdumc;m assumed a linedr variation of. accel-

eration to' extat ovet a time intefval = 2At, at the end of vhich

a solut: it ebtnined \ui.ng the utandu’d procedure of linedr

l'h:n the nolutm At the end of Ifhe 1n|’.etvl].,




was ‘shown to be unconditionally stable for f' systems: but

possessed considersble smount of inherent dadping, more thin suffi-

A h-r:her extension of this method was' made by: Farhoonand [37] to
obtain an optimal value for T. Linear scceleration was taken over

an {aterval t = Oft, and i¢ was ‘shown that O must be grester than A3
5 vz, A

1.37. for i stability, R of © fron the pmuiu.

vulue of 2 has’ the effect, oe uauctﬁ. the amount ot damping m::o—

duced ‘tato the. systen. The fuu uﬂnum of the s-g:hnd is
préesented in lal. 37 'm:\g 4. 1 ‘Bef. 12 gives & -u-ry of the _l

pzocedut:l

4.3 Pressure-Time History ‘ v e F e

_The da(enmtm of rhe, pressure ud tnpctltun Cransiecs -
ssvide; o sontatimens’ afoer; i madinin credtble “accisent A u
an important” aspect of nuclear power plln! safety design. - The N
u ususlly the double-ended rupture of & ‘priascy loop piping, know

s the 10ss—of-coolant accident (!DCA). Accnldhu‘ to the federal

regulations of - the u.s.A. at by the

. -
o .Th- um:mr conut.u-n: structure; anl-dx.ng
access opent and the
heat reacval -y-:- shall be'designed 8o that the
conu!.mt structire and its ‘internal compartments
te, without exteeding the design-leakage
Eate snd, with sufficlent margin: the calcalated
" pressure and temperature conditions resulting from .
any ‘loss of coolant au:!.dmt. % E9JJ

clent to suppress the spurious alcllhtim of discretized systems. .




TABLE 4.1 Spep-by-Step Solutfon Using Wilsod 6" e 2
Integration Method (Reproduced from Ref. 12)--.. " ™ .-

A.

Intetatl Calculations: .
1 Fors, atiffness matrix K, ‘mass matrix n. and dl-pi.n( matrix

4. 'orm éffective sriffness matrix Ki K =K'+ agM +aCc . B | B
e 3 e % \,}

5. rrn;éu:gu;a R 2-"1411._" : : ; .

'For Each’ Time ‘Stepi et 5 . . : %
Calculate” effu:tivq loads at time tHbes . 0 e o

R Tt «a(x t-\n)n«-

s+ 8 Tesope = T+ 858
o= Bt 270 ¥ 0




P

‘Kafka, 'Bauer, Schueller, Zech-and Wittmans![6]. An'estimated’curve
 for ‘underground Toritaimment: has ‘been'gtven by Watson et al [99. 3

- Fig.- 4.3 presents the results yf ‘atfferent hxvesupcoz- “vhich -hov

. for the use 'in’ finite element. CEARIye(n has been the “object of several Sl

lc:ap:uble -sreawnt. °

These ‘curyés show ﬂm thie' haxtmm presiure occure; ntter approx=

imaed.y 10°seconds, m. 4.k, Ref, 21 shovs ‘the nhtim bemn

1 1a'ithe mmul period of .ugn iyring mass. For .the =oné.'1nu’§:: S

uyﬂ:em, it 1s uxpent.d Eluc the n-tun.l period is maii:and me ratio

) will b= ‘greater :Iun 6 a; ‘least.. . From I:l\elg curves, it 1-

RN TR IR “will almost reduce to 1 and mot much - . ¢ ‘ 3]

ik ‘Hml.al s nnd Bnmd-zyr‘ diti ) / i
opatn

" The' uealuuum of \a’semi-infinite medtcm with finite

H
mvetu;-:xan-. For dtatic- ln-ly!il (-ecmyng £0,ReE."30). the

assumption ‘of ‘infintty-cai’ be apgrnn:hsd by specifytng thie’ outer . .

" boundaries as fixed, aid i€ distarices equal to 12 radid’ from :he-

h,ole centre fn (he case. of cireull: hols

analyst,
which s slmost 12 :uu the maximm rudi\u. The botcom honnrl‘riel




PRESSURE. (peid)

.
T

" PRESIRE (ATM)
+

B R g !u. 423 Pieamure-Tine Hstory for, the Contiiment
5 Tolloviag & 100k (a - Reproduced from fet.
from Ref. 5; and c-
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"7 Fig. 4:4a’ Typical Respomse of Ome'

Degree Elastic System to
Constant Force With Finite -
Rise Time ' (Reproducied from -
Ref, 20)

20 30

Maximm Respouse. 6f One Degree
Elastic: System Subjected to.
Coustant Force With Finite Rise

Time! (Reproduced from Raf. 20,

s
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J. 0.7 .1i0m Belox the base of ‘the containment. oo™ s e "

7 ;7" For dynamic analysis, the problen'is more complicated due t the
Jaction of the waves reflecting from the beuwdsries. Lysmer and Ly L

< + Rubkemeyer [57]. 521 devéleped
: " exact for the one—d;!.lunlicn.]. conzli:lm of aody waves noml to the

viscous boundazy ¢hich would ‘be

boundary, lnd 8. hylllsh Boundary which would lblorh the. Hrlt

i hylei;h na.. Their results showed reasonsbla’ Accuracy for & h-lf’-
-pace undet vertical sicitation, but could not zeprnduce well the‘ -

7 sftuation of .a'shallcy layer. ‘Wads lnd Lysser [983; [38] dmlnped M g

a i ig bmmd.ry which ces the far fleld 1 muy

b Rt cunsiau‘nt with the flilte elenent upmum used to model the ‘cgre -~
(. regton. 'th= wodel. 1s based on the exace’ .ommn of the general

| . tvo-dimen‘ion-l vave prnpngluon problem jo-s Layered stratum.

9 e

i mnts ntudy. Gianin bo\.mdlty appm-!h, o’ which A valtd
H.nlte.mdel vu1 be shown: m consist of a ﬂnite Pbttiun of the

‘sedtm wx‘nh

hpots attached to ‘the boundsrics, hee been adopted. ek

i - mcuxnuom ‘of thie conatant of the ots for differest cases vere - | .
T -t npnuadi.n %et. 52. NOSA? .aau entrated dampers cen e

be, upadﬂ.cd at selected 4 guen of Freedon of: ctt!u.n nodal poiits.

S0, ‘lucérporation of vistous ., does not nqnix&gy modtgi— oy

Sl u:i.an of the pmgruu. Onty :he constants of -the dashpots are - . ¢

required. The use of thad viaceu boundariea uxmu the !Edul:tton

- of ‘thia overall ifmensions of the modél.

i RS Sisite ‘Timent Mashes - -

s :" Thé £tnite element ‘mesh for
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int, Grouph: for Static Analysis .
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Fig, 4.5 Tinite Element




1t is made up of 370 dem:nts and 478 mdu.l pu!.nt

Ce T organdzed 4nto. 26 ‘element g ouyl- The mesh ‘fgx_dynasidc- snalysis

(mg. 4.6). comptised 418 'npd points and 316, elemats mnnnea tnco

: ) ‘alement ‘groups.  Nodal daspers were specified at 13 nodal Polats

£6 reprosent’ the oefii-infLnite nedium a8 shown, he cuntulunﬂl( dn’ o s

< both'. chseb « cdmprhed 84 n.x-mda exmt- ‘and 4’ !nnr»nnde clmnu ¢
g

orglniud in thrte slalent ;mup-

1 s ‘sestied; incompatibie elelenta . 8. jnining PrATNEE. foid

L um edge of an element with the ‘2:nse edje of adotiier) vere “avitded.

H e “Accor o Ret. 29, thts = 11ty may- cause To1 1ncruaetn

ses at ce:uin pot.nn and the bane: Tatio decresse in -tum; &

L+ 8t othérs, - g & o

AR The: ‘sspect ratio (the mtio of m um:'u mlleu dlmnllwn

to Il.tu hxgen ﬂllenlivn) uf the e&mn vas chmm to bg near to

b unlty Mcoréuy to Ref. as, )lwng, narrow Alenenn lhmdd be avoided

‘because H\sy lead to -o).uum sl unctﬁnu bias that may not *
o

- 'be corrécted =

e G - " . ° o
T . Some 1nve nernt.n witat for aleamt
ST e m dymic lnalylln Benu-e 15 dtmension ‘of -the elment: 1n
4 v :
Pk By the 4 ctton of wave | hnnnjer a'o0 thin
. ; ks e ;

fuquem:y of motions that cin be tnnlwi::uh Lymmer. and m'uueyar

2 posed the mplrical rule hat the tequlrbd elaenk adze lot
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.The rei-ﬂtorcenen ’lnd cam:lgtz ol the conbl!mﬂt were idealized:’

el by using o alugle stress-strain relattonship and the Pnrileau el

cond1tton. *‘The; pri ronis of  vere dgilned by

the' d1r of steet ré £ "the elemént stiown 1n

.Fig. 4,8; the direction Of the main steel A' .defines the axis, n,‘o’f ;

~the ié_:nhl. ‘simtiar tglnl:mu ‘eo mu “proposed by x.i 1, were

for

lating the moduld of reinfo ‘cuncrnte
. which are gtven byt: . ¢ ’

P
= B 'A‘

'1

vlun B » eﬂe:ti‘vl composite nndull in tlu 1—dlxgctiun,

. mmu valid of mdu.lus of elnticity of coucrete

g R (bnmm/-mmsu«dy). e :

SRS ) mdlll‘\ll nf elusticity of lt.eel (ZOD Oﬂﬂ HH/n in thil

B A = Bffective lteel ‘ratio in direction 1., and

LR v f cqnere u'

L gt B
204°) - 200
l’vi son's ratios of ptell and com:re:e xelpe:tively.




e N Pig. 4.8 Priscipal To-Plime Material Axes




*atrength of both ‘cocrete. and steel. 3

8 i i . . . .
" B g . i

tensile, and shéar strength of Teinforced concrete in. the principal
directions of orthotropy, the same u_l.mn- were used and du

dfffereat ofile vere replaced by the compre otve, tensile and stiar

4.7 Numerical Tllustrations . - -
" here are some parameters, other thin che discussed befare, which
affect the solution. . The time’ inteival ln dynmic anaiysis, as well:
%8 the loat fncrenent. fn static elascoplastic amiysts, have greac

effect on the solution of lhz p!abl

Another pn-g:e: is the ~

Y duunce of the vucou- ‘boundardes from the containment. In this

section nmmu 1 are pe’ to

values of these paremeters.

& i
.. The 1s'of 158 Radial and

are sisilar to :hn-e

1 of the
in Pig. 2.3. The distance hf.vm the relaforciag bars (118 m-) in

both directions is taken as 0.25a. Mediwm sand (E = 150 m/- V-

.15, C = .01¥/n’, and ¢ = 35°) £ cthe backf1ll material of thick~ -

ness 18.5a, governed by Drucker—Prager yleld condition. Sand stone
(medium I), inderlaid by stiff fsotropic granite (pedius II), répre-
sents the surrounding medim with the Drucker-Prager yield condition .

for'sand stane (E = 300 m/- v

ozs.‘-nz.mic-sm/n)

and lhe Pariseau condition !or iln:ropic ;ranile (l(. b, ) = 42,200

HN/n.v-DlZ c -151.3m/-, -Sﬁmln,lnd

(a,b,¢) (ab, c)

R = 50 Hllll ). The load function l:ansﬂued in dyﬂ_ﬂ lnllyatl ll
~

a gradually incressing pressure from zero to 10 bars in'10 seconds

M




o - e ~ -
L o
e » :
- "
Five' caseg are i to the
, Before: L

Casé [(A):, static nalysts with load increment equal to 0.5

bar, and the guffu'u- matrix reformed after each ifcrement.

Gase (B)i ntatic ‘analysts with Load :.nu-um: équal fo 0.25
bar ud u:e Btiffneds nn—:x' Teformed after nd: incremest. e
C-u © ’.

dymlc .m,;u with Eine step equal o 0.1 second

‘~.uf &8

iatEsx: refomed -rm- -ury ﬂn .up_«. side viscous

bmmd? eu at a dmunce zcm.. fm the x-axis, and botton viscous
y 2

-mmaakgga 140m bela- “Uhi LR GHE By //‘( d

.cne ®): dynnlc amny-u vith: nwux step Aqull to 0. 05

bm.mdl!i‘a‘ li:llilar to dnt of case '(C). .

; The m«u af the uu nep “in lnth :h: case (c) and (E) are less

Wy,
4N

T W
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"The loading is gradual.and as discussed in Section's:3 the

inertial effects 'r'e found o' be negligible.’ Fron these) wmerical ©

. ulultntmna, a laqd lncmem: equll £60,5"

‘a time !tay equal‘to 0,1 sec for dynnic mlyuu, and viscous’ .

' for atatic analysis, '




studtes ‘are d'to

of ' ‘cut=and-cover® type ound Teactor

are, stiffness of the backfill; its

of . t.hq X

5.2 c.-u of A’mlull
. SL‘xtem dﬂfar!nt cases of

'prop\artleu of concrete ad steel teinton:mnc -re Kept mmn:

during this ‘study (see Sec:im b 6). Tne shape of the containmen

its weuu d.bunnlnnl and bne :hxckneu, 1ts bunnl. depth and the

finil’.a almﬂt ml\u!, ‘have ll‘teldy ‘been cm‘uide!ed in the prwio

i ch_npteg.‘ The hnr_tﬁn mzdxm. medium. n (-ee ng. 4.1);5 was -umd

" ’to' be'ggnd stone for -11 the zn.ly-x ca

[he: cunfig\lﬂdun of

e conlain::nt r:l-nfn'n:unmt, used in this m.dy. is umln to

thl! lhm {n Fig. 2.3, The lolding condltim 18 liulrl.y increas-

The. prop 'afm’r ~1nusedumk-

‘m ‘and .mmamg q.dm- m rhll muxy, are g!.van n mn 515w
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\Table 5,2 Thickness of ‘Coitaimsent and Backfil, and . -
S Reinforcement. for Différent Cases Used in...
b Parametric:Studies

b ]

backf111" @) [~ Bars | Distance batwees
e | bars @




. " Table 5,3 Materfals Used fn Edch Element Group fc

g = . Différent Cases sed in Parametric St_udleg -
y . Eleméri¢. Groups
s

) {

] e SL}SS‘\

sLaa/ss -

SL6%/58

" sta0z

; silsLaz”,

SL/SL2% |~ SL3T/SL/SS

yvéi,/ss 3 g
s;,ix/s's_ 1 ,sv_/ssv' B ; ss
sualss | Csuss s s
" SL22/SS; SL/SS . iSL ss
siaz/ss .- sifss. | s ss
sj.;z)ssf ‘ sifss | g 85
;. siaaysst |- FL/'ss s 'vsi. ss
’ Ceqsax | Csuarjoss | Corss® | Fgg
_,ss'/’sx.z; 'bs‘nlzz)ss s s s %
* sc/stax . sr,iz/sa/s_é- - so/ss. se 55
45 tor u&{.(; g';pup}: o
:o;mc'c"z'm ?x"ay‘ertial. b :




 static p'mhl.clg, 18 use

. |

5.3 Equilibrium festattn > : b
1 ¥ o

The succeds of the e i 1 d

. Ref, 10, depends it matertal model, load increément, dod

|

refoimation of the cangent stiffness mattix. - For both 'amu and s

dynante anialyses, the 1a.dsn; condmm are foput ntc NONSAP 86 -

|

luld—dmu -curves, In oth!r wo!'ﬂ!, lll forl:ins !‘uncllons are anllt

8 uublzu ul I’(t) vets\n :. and' Che -nlutlon time up, At fur

\

Al!o, an !.m'.ervll n( d:lne steps; N, Ny for. hmtlan of

gq'uivnlent Moad ctep qz ‘lou]hg

a mew'tangent' st1ffness trix, ‘and a !ecum'l l.n:ervll ui Clnd at!pl,

Ny dn vhlch equilibrivn Lteut}un 1s to ng perfnrmed should alse

be Hpe:lﬂad In the -mym of lyutgmu with path-dependent gaterial

prope!tie!, «and mmsuuy small ioad ltepl, Ny and N, success af

equilihrhm iteration can bs expec:gd., Sm uhury material mod:ln

or the NONSAP (cun}e d:scttytlnn ‘odel and the vnrhbla !qnsent i

3 md\ll! model) have not bag clmsidered fur equuﬂrrl\m 1l‘.ﬂrltion, Tt

5 |1m:= anlntionl uld.ng l:heaz mde.ll, Acca'r ing o Ref. 10, Imuld

ptoblbly ‘alvays nqum mu load inézenen

ma;cmul.:m ‘of opti.mnl vnlua tor u.a mp., o .na I

raquind t'o': :ha suctess ot :qnilibrl\m ueuu.on Y. zrhl can consumé

between, solutions of: srobl

equ!l!.hriu treration v.iz’e Teported: 1&1 Ref, 10, These cmp mm

. lhmr, far certata problems, an ucepmu peccesitage o of error b::veen




bar internal pressure, and’ stiffness mll::ix telomu.vn, as’ \'ell Al

equiusri\m iteration aftes

ach dtep, are ‘specified. Tt i found

. that equillbtlum ueuuo'ﬁ faNls after certain uepn‘fn: noiu cases,

[ and for nme:u, the tomber, of tcotations required for equui.hrhm,
]
i 1s reat and time consm ot :xmpl=, 10 case 110, o
“vhere aquﬂ.ﬂvrtum fdtton” daes Aot fail, anav of . £ive Arawac L i =

‘tons are uquma tw equuumm with-as many ‘as’ ¢1‘ én X

':or czruin mp-, So;d m-mg the. foad i.ncrmnr.' t6a

. \.less than’the one Mic.r.ed 0.5 b

.wag .lvuirlix\ to’save compit g

tize, Bmver». t\m cauu, case 1 vhut equllﬂarl\n uuntlon fai] 85

10 vhere 1t does not, Wete Feaclyed-sithont aquilibrhm

‘ S it nlen:um and thu cmpa;,umm bamm the ‘two soluzxeua, vuh and

withodt milibri\m iteration, are presented ™ .u;-. 5.1 and 5:2,

. The' ‘etmke! dn the ciityea of case 2, Fi 1, aré due. £ the plastic .

yma nf - ‘large mmber. of elmnt.l mund the ‘nd.dlpln of :he z;onz o= R

i ment. wuu lud aducen: b;ckﬂu alaunts at.this lud u:rmnn

This
i 3

to the mnxeuu of, cirmfgunc‘hl s:mmm in these. L5

: ulnén:i vhm. caiige ‘the dilphcmnz Yalues at potat ‘A-and’B, to

donble and dec:eule, reupectiv:ly, hem:e caisinig, f.uuu of equiltb- BN

ain 1m-:1on The mumm path for case 10, m.. s 2, 4 repre— o

“seated by smooth éurves which for hoth wlncions, ulr.h .and \dthout

'eqnunmn Lteration, m- the ‘same bonﬁ.gn’ucl.dn. The - dufgn'ﬁus s

5 :I}: response; d\ltlng ‘the exa-:ac stage,’ he:veen the two' solutions

‘ate uzy emall and: the' ‘errors J.ncn’la as, l.ou! mcreue dn the.

pnum rtn;e A

s i- mo applicable to ug. LT P N
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The effect of che auuui -;:crm.f ‘on the resporise of ':h; :

costatnaent 10 studied by. compartog the Seh.vm.r of :he ori.sinnl

& T md stabllized sandy loam £111 with dlf!itﬂlt Centent rltlcg, 2,

ed Tn‘ble 3.1 are.

Pt 51, nnd mz. The a.uﬂu u:eﬂ.l,mpgnm

. chnuen -:dordtn; to. thg nperbm:l]. eri‘xld uhgxx ulultu upnz:ad

by Balner [7], on, lnbiund st ° Cases'1, 2; 3 aid 4. (see. lelel !

5.2 and 5,3) ma - The éonadd- -

; erdd da.of Lism :hxclm-- with J:um ,-mm thickess of 18 s e
e : 4 The tli!r.lnce “batween thf telnlorci}sg bars’ (118 hn) 18- nnn as’

".0.25m; Slm'ly 1on (edtim T) represents the pun‘a\mding udi\n. "

. - The ca-p.x.mm vuuu of 1) vertical :uaptumn: at- poln: A (um- 7,
o

141) vluicd and Iwrl.'wntal duplumu at B (lnimm ho!L:rmul s

“at 1a -nd m' - € -v':tpnincb Sl L

: . (maximmum principul tull) » are pteunled tn Fi; 5.3 to g 5. The

Tesults show that plas tic yleld piarts, at win: b.at-internal

,9mdlﬂ5fﬂ'c

8 1 2,3, lnd anpe::inly,

curves becone non-1 ar’ at pressur a 5 9 16,5,

pnd 19 vhzn pllll:il: yleld .nrn at_some of the -ld»&: ele-antn of

the contatment wall,

 The. elf&ct 6f ‘the backfill uun-en in:
 apparent on “the nzmu and horizontal @-puuuu u Aand B,

Tespectively, . The results also mm.u that. the xm-n fing of '

backf#1i stiffness by iniressing the cement content of the stabi-

lued llnd7 lol'l. rad\u:sl “the Mlpllcmn lnd lt!eulel of t.hg

&g :on:un-m:. m- mu. at’ internal punun 6 bn-, Using zz

he S ettty Fadbonn e verEinal, d1splacemeat at A by alaost 502 'and
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the horizontal displacement ag B by 25Z, while using 6% cement

reduces both by 50% more., It shi§ld also be mentioped here, that

according to Ref. 35, the use of stiff materials as backfill increases

‘the stresses in the contairment when subjected to earthquake excita-

5.5 Thickn

of Backfill -\ - g

‘Thare ‘are ‘certain factors which affect the determination’of

the ghxc\mué of uukuu, mu:h as the type -of m'gdfm in which the E

containment 1! b\n‘led the mrmdlng 1utdllt1m, and some

v—l:o-ntttuctinn conaide!'-t.lnnl. The effect: at Fhe r.hich\eu of a.2%

ltAbillud sandy loam bu:kuu on the xenprynu of the ccmutmn:

was stuiled by comparing the behaviour of 18.5, 12.5, 7,5 and 2. Sm
backfills (cases 2, 5,6 and 7.respectively). The conteimient and
surfounding medium are similar to :h_au described in the preﬁau. :

section, Comparis: of maximum positive and ne;

displac ts, 1 at point of maximus

and 5.8.

 atapl it 1in Figs. 546,

- The relnltl lbov chnt the use” of a zhltker blckﬂ.l] hu:ruul L

the mim ,mittu ve!ticll aupucaznu and decreases :be

mxim negauve ‘vnluel. The difterencgl hemen :he meximm -

‘horizontal duplaemzs are mpl!_ﬂed 1o m: Pplastic nngm Plastic //

., How starts.g¢ mg sint “of maxtuin puncapu stress,’ D, for cases -

5,7 6.5, 6:and 6 bars, respec|. ;

tively. Obvious cutzumeé are onmad‘, 1n, the, Eonr cases_consid=
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© MAXIMUM - PRINGPAL. STRESS: (MN /m?) "

R

| bsvortical o

e

o

s

o

18-5 m -{case 2)

" 12:6'm. (case 8) | i\

for muung llckfﬂl ‘Thicknesses. -




1,

5.6 §tiffness of nié . E +

Thie Téaponse of any = 18 om 1ts
aoons e o
The two.main factors affecting-the stiffness of any comcrete
e S > " s

 Btructife are the dimenstons'of tta sections and the percentage
" o8 vedaforciy scani., xn order ‘to study. the atkecé of these
Pntmaten, che cnncn!.mm: 15, assined "to Bé bu1ed in. sandy

l.on nndi‘n (medi\n I) \mdu‘lnid by sand ur.una (udim Il)

Au;urdlng to Rt 19. the :ms of ‘bars ma fuquen:ly s mita

in ru:tnt n : \ are ns and 414,

. The T edintsconbidared, 1n- ehts ctlon ‘are, 2, 8, 9 Kot 10, (saa

Tables 5,2 and. 5, ). : The cor »‘ " of 'ndlll and

; enu-l teliforcemenits. shownin Fig. 2.3, ave mken a8 maemes.

Yur case 2, #18 ba

the retat bage' 45 béth

dif!eten: spacing (0. 35) for case 8, And Flﬁ bntu with 0.35n for cnu

The cnntltmnt s ululmd to hxva w0’ reinforcement for cage 10.

The teaultl, puuma in Figs.-5.9,75.10 and 5.11;. mume

betuden the dls intg 41 the. teur

r.h= ehutic rme, suﬂ: to dcmble 1n ;he

as g\c uav comences 3t -the: po:.n: of mimm

e

are uied witha cunun.n: upaciﬂg . 251:) necmn :

The same bnu are used with i
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#BD-25m (case 2)

#0535 {case 8)

wihout_renfor
> (cose 0

Gamant |

R
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circumferential streases, when the pressures reach 9, 8,58 and

5 bara,

aentim. The wrall’ muhm

& in ;ma- 11. 2, u and

S Ais, vz m 2, Sm, 3 '.nd‘ the Dasi

. was, Kiptieonstast st ‘5m, | The umﬂ.ti puunud in Fige, 5.1,

and 5.14; show that the cm:umsm: th(cknen has grutex' effe r. on

the eaponse :than the mu paraméters dacuaned before, Apg.mn:

d:fie'ianu- between the displac

1) 5 g nmn’gd 1n the maxtimm v!r:h:al positive und e o tanung, e

1n the maxizim bor!zunul dupnu-m., For ‘example; at an anaml

" pressureof § hnra, ‘the aaxtana'vertical dupx.camz tors contatn-

ment: :hmma, =, xa mm thas. that or the 2.5 :himus i,

. thl vﬂluz for 'a 1,25m thi.chcu 18- 501 lure than. ﬂut for 211 Lhil:k—

L neu. Pluuc ﬂw starts'at. pnin: Dvhen i.nterl‘ul\pulsutal resch “ i

6 5, 9.and 11 bars for the cdses 11, 2, .11 ‘and '13 l’upecttv y, b

and at, elements around khe nl]. ﬂldupln' 'oT pressures of 8. 5, 9,

}‘1.5.,&:‘1!;13 bais, It .mm Be mtmeﬂ thore ‘ehat for: -:ueas,

o paintz). : RS
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22 cedent fs the backfill matertal of thickness 7,967 The contaim .

heat s resting ou a sand stone medium>Chedtum II). The four cases

6, 14, 15 and 16 vhich desiribe this stuly consider sandy loam,
.. : . :
clay, sand stone, and sflty clay media respectively. The properties

of these materfals and their distribution on the element groups °

e -~
have already been presented in Tables 5.1, 5.2 and 5.3.; Comparisons
of the results for : nding média are s d in Figs.

5,15, 5.16 and 5,17, ¢ . vy

The- result: ﬂuw that the uu"mmu.ng ‘medium. lffechl thv mxillun

e posittve -and neg,ntve vez:iuL dlrph:
dtéplaenents at.D, - The maxinm horizontal anpunm: at n 1

alnost 1dentical in Fhe- four cas

starts at point D for the.case of Band stome at 6.5 bars internal

pressure, while for otfier cases it commences at 6 bars. The éffect:

of the surrounding mlim, om;the ‘Teaponse of the structure 18 rela-
tively smali compared to. the; effact of the contaiment thifiness e
backfill peiftncss. ) : o

‘5,8 sic Analyets for & Trptéal LOCA.




120

: : :
N LI!M%E TeaF310p SATIvEN pUN SAIFEOQ WnWRXWH TS ‘Bra

Sl ol
4 3 T

VEPOR U838} 57Q s

an..._;._...lalala R VR

(g1 wo0) g8
(b1 w00) o =

(9 #00) 7 T

(91 %) 08 ——— -

[CREFRY-F= M) !uuw




121

i wipoR ausseziza do5 o
nauluq-:—-«n a!:ue-:on l.l«ulz ~nu=«o-ﬂ u- -u_lla:n-uhca n -«u«.

o

»O. x nﬁu, .—Eigmg g

-!o.' O T

(s

(g1 ee00) Veg——

(o1 om0 ) 9.

(o o) g P
% ,.
(5404 ﬁhs qzuﬂ ’




, 22

D -Vertical . ontal . - |

o

Lo

a7

MAXIMUM . PRNGIPAL STRESS. (MN/md

A Leio (rerer Fie 40|

»

‘SL'._ (con:8)

=g '.(@-‘m:,

58 (camip)

. DOPLACENENT (mx 0P

Fig, 5,17 ‘Maxtmn Principal Stress-Dis
- o7 for Different Medis.




123 %

constdéred, A aynmi'c"mry-ma Aa'carried oat with the tine step

equal to 0,1 sécond,"reforntng the m.f:m.. matrix after mry

£fve teps, .The analysis 2o stopped aftet 20 seconds to agve
» -

computing time,

The results, pzamtei o Piga, 5 1s md 519, shmi r.hu: the

diaplqneﬂmts tacrea nmuy nt41 10 umd-. m follotng, ¢ See AT
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SUMMARY ' AND -CONCLUSTON

*6.1 Summary . .
) .
a. Gemeral;' The' purpose of thé mvestigation 1s to evaluate

the response, 6:’: Y iae Y type conerete
L : IS ; ; .

nuclear, ment, 't ‘fiiternal | atton’ £61lowing an ncnide_nt, X ]

h as @ !.aasaofeCawllnt«Mc{dent (WCA), anﬂ to sr.udy tl\e effect

certain pnrauetera ‘on this res punse.

mp:ed and anmruted tafs'a gesietal Ltnear snd nonlinear, amg

and dynmin ‘Finite elemént lnalyais pragtme..NONSAP, td dccount for

viour of c te. Thi};mm‘&elreduus.v % g b
0 'the von mun form, vhen the nnuotropy is vunl hxgly small.

Afta: incorpar!tinn of l:he model. 1.nco the NDNSAP, the pmgrmu was;

checkerl to_ uolve two. ymb 8 for whic'h stmctuml‘reupmlu :muf#-

tions; fron vthe!‘ ’.\welhlgltlanb, Are xvauubla. Ths first prohlen

is an’ 1uot:op1c :Mek-qnued cylinder lubjecud to. tntéraal pruuutq. N

The aeccmd prouen 1

hat ‘of ‘a cimullx hole, 1n a hyrlrast.-uc stress

ﬂeld Hhexa the material ptennted has lmv strength valies 1o o+

rapaned




5

37 mmucuuy through-two" typical cuea, one where equuﬂ,tim 1:;:.-;

7 Alwencu 1in'one X.eld atap. Hmvmt when 1( Anel .nn; fl{l, ic.

,U.S‘bsr. 2 e!lute for static analysis

PR o E\lilibrim Iteration: snbuuy of the equilibrium ' .-

vof the increment:

. tulce; with and without equiliprium iteration, and comparison

: gonsuméa‘a

N
proposed by Kuhlemeyer [52], ‘is adopted, A typical case of a contain-

ment buried in sand stone and underlaid by stiff granite, with medimm

" sind as'backf111 «meixn is analyzed to study the effect of load

increment in the static analysis, and the tine fprerval dnd the
dntnnce o! the ‘vibcmls ‘boundaries trom zhe cont’ t in dyumic

nﬂﬂlyain.. A 1!-Ilelr1y tncrusin 1oad !uncti.on 1s considered fnr

‘both-static ind \!ynm:lc

rA ioad ivale t'to

'aec{md. with side viecous: boundaries ai

contairment cel\ere Line, and ‘8 Boteon Bmmdny 40m Below the contain-

" ment base for dynmle analysis, appear to be adequate, Pittorences

4, response between dynamic and static analyéis, are very small, as
the r-':io of the pressure rise timé, to the matural period of the

containment system is grnttr than 6.

-oluttan ‘£rom the ‘true unlutinn, is hweuzigu:ed

tion fails, and m:her where ¥ @¥es not. Each case 16, solved

betveen the two’ solit: £of- each case, presented. Equilibrium

& vhen plastic Flov sterts ar a large nmer of

denble amount, nl compu:sng u.m

‘e, parémetrfc Studt Patimetric. Studles are carrled out..
B e N R OEE S

%

fof {the sidffness and thickness of ‘backfill, rcement and

tiénd.’ types of &

ot




L bemen einfor & mno:h irec n41) :ha same bats

" effect of the surrounding mediun.

ment, 11) maxtmm egatiye vextical displacement, Y1) maximm posi-
| tive.
ship e the point of maximum principal stress, are studied fof each . y

. p":m:n.

_mhmm politive ver:

o ouble r_in:miaxaﬂtul retnforcemént ‘around zbz potae of B -
o

‘mmn:u d:-p:.uu-m reduc%- the dilteren:eu betveen thesa m—

'pmuwnn Seitfie: £ hg b-:ksiu md ch&r.kneus of tl\e cnntain- v

128 - J

Four cases are congidered in studying each parimetér:

- a) backf1ll stiffess, the original and stabilized sandy

loan £111 vith different coment rattos, 2%; 6% and 10%,
- b) hlekful th:l:‘knenea, 2 5, 7.5, 12,5 and 18,5m to study ; ¥

their effect on the.response Gf the contatument, . P

~ ¢} ‘fetnforcenent:’ 1) 118 b.rrwtﬂ\‘ constant spacing 0.25m

ent \rlt.hout any

-d)v-llthir.!m 125, 15’.omazs-n.'. i,

- ) sandy iodn, clay, sand storie, and silty clsy, for tl\e o

The,compdrative valués bf 1) maximm positive vertical displace: % ‘
s : &, 1Y

cnt and 1y) stress-displacement ‘relation-

Generally, fferences are better observed be:veen

cnl ‘displacenients because the’ coutainmeu: 1s . 4

assumed . to bz reslmg on stiff sr_tnta in all calen, which' redllcea ¢ .

the ruffenneas becween the. I‘x}.mnn mg-ttvc dis; 1-cmea:s, the s




129 . . &

ddsplacements can be observed vhen plabtic flov starts at’elements

lround the midspan n] cbntaimunl wall, due to, the inctease in
circumferential -tunel, x

£, Dynemtc dnalyiis For A Typclal LoCA: A case of Heittand~
covert con(hm!nt has beer analyied, considering & Qypieal pressure= . . i

et cive oLlowing a LOCA. . Linear tncreases 1 a placéments- abd

stresses are ublerved uatdl the rise me hf che curve. (10° seconds),

‘_n.en ‘folloed. by a dis

urbance’ period of 2 conds -ﬂ:er ‘which 8

steady state.response 18 achieved,: .

i

0. 76,2 Conclusions

* Genergli The results of the fmvestifation confirmed the’

¢ effect cf tha diffe&‘enr. pu!metex‘l discussed on I:I\e reupunﬁe of the

s ehe ess of the hnqkﬁll mmm [TT R J

considerable afiect an reduting the nlpanse of:'the. concl!.mnent when .

‘subjected ‘to fnternal pu-me, bn: other Eypen of lo-d!.n;, ‘such

ear:hq\lnlun, may li.n!.r. the !.nc!euue of thil ltiffnelp.' Tlm n.lin

Eactors which ‘can co to'the st s 0f thé ment are

":hg ,’ -of lteel nto m fes
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plastic floy starts at ‘the midapan. of the contatoment wall due té
the increase in circunferenttal tresses, ‘!'I\e contiguration of

containment relnfotcmt 1n._all ‘the cases canlidered is leillr .

to the retaforcene oflctnll its i donof -

'nmto;eaunz will p!aduce . better distribution of stresss; sid -

lnl:iltinnof ylisrln ﬂw h diﬂerent lrus at the llme lnternnl

pressure, .

. Dynamtc cnalysis 13 taq'uixed -nen studyiag the actial response’;

»":o a eypleal préanticenting :um::m foliowing 2 10cA, for the ..

.duplacmnu and ureuen _continue Lnueutn; up to-a cernl.n .

period, even .zm the pressure riae ‘tine has mpnd. and. pressure |

decrease ' starts.’ .On the chﬂf‘hlﬂd ultimate values nb:llx\ed ,from

5 . .
., static nﬁalyu- ;‘1\7‘!5 an indication of the capacity of the contain-

the rlynme msgnifil“ntion factor 1s’ close. to. one.

b Sus uumu For Further Reséarch

The Plrlselu mndel inl:nrpoutui intq ﬁhe NONSAP. in thil

nedel . this’ model: to

the dep on' the direc fpluszic it “ N PRYRAE

wlTg mmxuiu yield 18, pic i

unnot:mmm‘u it sralizat of.

yig!d crtterdon and c_plx!.lon of results obtataed from the .

2 crxcem
interest,
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o g anmive -nuliu nu nqn:ttl,_to mi.d hﬂ-ure of' :l:
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' IF (INDeNE< O} Gnm

o
SUBROUTINE ELT209

e es e s e

SUBROUT INE
TO PERFORM THE FOLLOVING FUNCT IONS

1=INIT WORK ING sl'm(e FOR EACN EL!ICNV
(IND+EQe0)
2~CALCULATING STI STRAIN.LAW OF EACH ELEMENT

(IND4EQGe 4o ANDKPRIoNE«0 )
3-CALCULATING AND PRINTING(IF REQUIRED)OF STRESSES

IN EACH ELEMENT' € INDs EQudsANDoKPRIoEQe0)
MOoDEL = 9 . s e + T
Auxsn'uov,lc.E'LAstu-LAsrl:'l’ln"nsl. .
{PARISEAU) . % T - .

e ees

' IMPLICIT REALS8(A-H;0-2)
IMON _ /EL.

7' INDLICOUNT JNPARC20) o NUNEG s NEGL s NEGNL s THASS + IDANP s

STAT s NOOF oKL IN+ 1E1G » TMASSN» IDA
cmlmn ./DIMEL 7 N101,N102¢NI03+MN104sN105.N106NLO7oN108s N1OINL10:

o N1114N1120N1130N118/N120,N1214N122,R123,N124,N125
,:nmu 4041 s IPToNEL )
T COMMON A(1) - . : >
.DIMENSION IAC1)

EQUIVALENCE (nouuol.umb.lwuul.lml N
EQUIVALENCE IA-IAI

FoR Aonﬂses. lul.u_nz.nuu.... SEE SUBROUT INE TODNFE

1DUN=9
1I0¥=10__ 8
NCON=14 e
-IF (INDNLoNEo4 ) 10W=9 - z

" IF (INONL<NE4) ' 1DUNS]
NOT=NINTONINT
MATP=1A(20N1074NEL=2) -
NM=NLOD +.(NATP-T) NCON -

(ulvnALij:, l:ﬁl




"nv

Annaa

L ' s
LI
CALL INGD9 (ACNND+A(NND JA(NND sNPT; IDWs SOUM) NI =
. PO o 5
RETURN . i .
Frnnlstnsss-srn;LN w AND . STRESS
100 NsaNL1O. * l ma_—uml .. Y-I) )& lnu 4 ¢ S0

d-l- ANIS: umn.unsn.unsn ? dusﬂwm - -
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Ceveaean
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€. "SUBRGO ol .
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Coean o
< .
meLch B
3 L
€
e i
y < §
2 2 8 >
) “<
€3, : 5 i . S RS
Wl v [00.1S TEieToUN (i e ;
N WA(T3)=040. | o e w48 3 : st

TR R
< (34 : J
[ s s Y 0 e . :

. < SET INITIAL STRESS STATE 70 —ELASTIC-' -

o € - * .

< r - o A
INALIDUNSL s J)=1
25_CONTINUE & =
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SUBROUTINE ANIS (PROP.SIGsEPS.IPEL)

SUBROUT INE -
* YD PERFORM THE FOLLOWING FUNCTIONS. 3
1-CALCUWATING S"'IESS-S‘I'RAXN LAW FOR EACH ELE"EN"
2-CALCULATING. AND PRINT!N‘H]F REWIRED)BF SIRESSES
A IN EACH. ELEMENT

b 58P 2 5.

PP S

NUMBER .GF STRESS. CONPONENTS
NUMBER OF STRAIN COMPONENTS. 2 %
STRESSES AT THE END OF THE PREVIWS unnns 3 J
- STRAINS AT' THE END.OF THE Pﬂ!vlﬂus UPDATE -
.PART OF STMIN "INCREMENT ‘I‘AKEN ELAS'I’II:M.LV
INCREIENI‘ IN STRAINS'

N 78 Eusn: BEHAVIOR

$ele we

IPEL. = g, MATERIAL ELASTICs . s L
o ¥ = 2y NATERIAL PLASTIC L : A L

...ﬂ..-...—.-...-‘,--........ ¢is e e 00w

‘COMMON. ZEL ’ IND-l:ﬂw‘l’-NFARlZoI-NUNEG-NEGL.NEGM. uass-wuw."
: e : ISTAT)NDOF oKLINS IEIGs IMASSN s IDAMPN.
‘ COMMON'-/VAR' ' -/ NG KPRI JMODEX sKSTEPs ITEs ITENAX: IREF, I\ AREF.xNucm
© ' COMMDN /DISDER/-DISD(S)
COMMON  /MATNOD/ srasssul.sﬂuluu).cu.u.xn.na
COMMON: 7ORT27. CE(8+4)4CENC
COMMON /PARI2/ HyFsGoUsV,
COMMNON ZTRANSZ, Tt4.3) a
B ﬁElL‘B LoMeN *

MIA NGLAS‘I’/IONII- ;'A'EII HE, IHPI

<

g % i £ e
CHNC B ,
- o IF (IPTeNEe1) GO TO 110
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15R=3 S
IF (ITYP2D.EG.

CALCULATE THE NT's FOR

annna

0.59(1./PROP(8), ¢ 1o/PROP(11] )
0s5%(1./PROP(S) ¢ 14/PROP(12) ) >
0a59(14/PROP(10) + 18/PROPL13)) "
0«SS(A®A + B8 - Q%Q 3 ¢
= 05%{BeE '+ QsQ — AsA) ° # i
= Oe - BesB) . B - : i
0+5%(1./7PROP(B) - 1e/PROP(111) %

025801, /PROP(9) = 14/PROP(12))
0.58(1+/PROP(10) ~. 1¢/PROP(13})
1/(PROP(14)#FROP(14) )

re<camIon>
[ RN

* FORM 'mz snnn-s"rnzss LAy SYSTEN (A

‘naana

DUN = PROP(1)% PROPU
B 0E-08) GO TO.
. 20103

avuu nmpl n

=] 3)
=—PROP(4)% CE(2,2)
=—PROP(S)® CE(4,4) -
=—~PROP(6)® CE(4.8)

oo 30 .
30 CECJs1) = CE(Tod)

FORM THE STRESSSSTRAIN LAW

CALL 'POSINY. (CEsa:4)

n ‘aanna

0035 T Q i K £ A e 5 ’
£ DO 35 dmEad N e AR W e 4 2S00 Vi [N
4 y as ceuu..n-c:u..n % Y B
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. ¥ ] - i
. . < FOR PLANE STRESS — CONDENSE STRESS—STRAIN I?YHIX— i
< g | ; . ;
IFCITYP2DLNES2) GO TO 45 |
DO 40° I=1,3 i o »
Ascsnu-u/:auu.u - & i A
ceuu..n-csnu..u-ceuu..nu “ | S t
40 CEM(J, 1)mCENCT o d) ' ¢ } i
< & s :
A5 CONTINUE - " % PO
_ € . 3 Ve g ! .
. [ | i & L
g £ amuﬁ stnuﬂ ¥o WATERTAL cnmlnlunss 5 \ 4 2 o
© 110 cnuuws‘ e i, b H e 1t
A Hle A
5 . 60--1=1 A e B Tl N
: STRAIM(II=0s. AIGHGR PR i g
.'..DO 60 J=Ned .o A : :
60 STRAIM(I)=STRAIN(] g do
| 3
& i Rt v \ LR
v 5

2. CM.cm.Ars THE |STRESS. INCRENENT: .-
ASSUMING ELASTIC BEHAVIOR ’

DO 121 Imie4 : Xl
% 121 DELSIG(I)=0e0 .. ' %
Sl el 007122 Tm1eRST i >

- * DO 122, J=gis ISR

e oa.smul-ou.sl:luocznu..: na.us(u

£ NI 35 CALCULATE ToTAL ;mtssqs. L
o ST o0 ASSUMING. ELASTIC BEMAVIOUR
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o Aan

WHETHER #TAUS snrs F STRESS FALLS
uur 108 THE ‘LOADING SURFACE ‘ . N |
|

CALL YIEL2(FV,TAU)
_IF (FT) 170,170,300 - .
STATE OF STRESS 'WHITIN LOADING SURFACE — ELASTIC.

) STRAZM( I-ACECHs 1 DIDELEPS(1)4CE(A 01
2M0ELERS(Z) + cua,anna.a-sunlcsu.n ¢

(23
STRAIN{A)=EPS(4
DO 315 T=1.1
© 315 TAUCT)ASIGUL)

‘o' 3

EL2¢FO,SIG) |

nﬁrsmune PART OF STRAIN TAKEN +nsucu S |
Fi-rp) ‘
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* DO 560 . It

;&L'nlmzlmn.rmt =g
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CALL GRAD2(GRAD:TAU)
D0 2 I=1.4

2 DUN=DUM#GRAD(IJSDELSIGCI) : :

RATIO = RATIOL = F2/0UM

DO 350 1=1,1S 5 £
TAUCI)=SIG( I3 RATIODELSIG(I)
IFCITYP: ) STRAINC » V®DELEPS(1)
. +CE(412)4DELEPS(2)4CE( 413D SDELEPS(INI/CE(424)

-

-@TAUM® NOW CONTAINS (PREVIOS STRESSES ¢
STRESSES DUE TO ELASTIC STRAIN INCREMENTS)

CALCULATE PLASTIC STRESSES

DETERMINE INCREMENT INTERVAL

MU220, 0SDSGRT (FT
1F (MU4GT430) MU=30
XN = u.—uuuuﬂ.gn(uul

mu;”_x ‘e 4 z : " lj

nsnsu»unna.snsun o *

- CILCVI.A'IMI OF EtAS!ﬂiI.ASIIC STRESSES (START)

CALL ANINAT(TAU,DEPS) -

st :
DO 560 Je1.1s -
TAUCT D=TAUCT 14CAT 0 JVOOEPSLI)

CORRECTION i 4 s

‘OUM =" 040 : ‘ :
CALL VIEL2(F1.TAUD " R

T L ' . 3
nua = DUN + wmun-aunln ' - T ST R
Uiy F1/BUR LS
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) : ‘ £
3 TAU(1)=TAUC1J=DUMSGRAD( 1) ¢
. TAU(2)=TAU(2)~DUMSGRAD( 2) ®

TAU(3)=TAU(3)~DUNSGRAD(3) o
IF (ITYP2DeNEe2) TAULAD=TAU(A)-DUMSGRAD(4)

600 CONTINUE

Aannn6. o

<

c T . S
€. ke ‘UPDAT ING smessss. STRAINS e
£ L

' D040 E=1.IST - .
410 STG(II=TAUCI) . -, !
' /DO 420 ‘I=1,ISR

7420 EPS(I)ESTRAIM(I) ﬁ - . l

©UIF (ITYP20. 4EQ «2) EPSC4) = STRATH(A) . J
IF (KPRISEQ#0)- 6O 7o 700 .

e |

. :lF (lan-Eﬂ-Jl RETURN -

‘. Te FORM THE. MATERIAL LAW

1F (IPEL.EGe1) GO TO 450 Z “ i B

AN anann on

; ELASTO-PLASTIC
P CALL-ANINAT(TAU s0EPS)

4‘

‘AOTATE THE STRESS STRAIN LAW TO. THE GLOBAL COORDIMATES .~ . o §

anannan

TCTRANSPOSE) & CIMATERIAL)

Do.6d 3C=1aass | < i L Bialt ey g R e B
N OCIRVIC) =020 3 s . p %




00 51 IN=1,1SS
S1 -D(IRJIC) = D(!R.lcl + TUNSIRIS CUINJIC) '
61 CONTINVE

. TUTRANSPOSE) & CINATERIAL) & T
N
00 81 IR=
00 81 1C=]
CCIRIC) -o.o g
5 DG 71 IN=1s1SS - i
71 CCIRIC) = cuu.xu o nun.nm ru».xcn : .
1Y cuc.lnsc(lk 1c ¥ L

anoanan

lss g : .

it

€
<
<

111 RETURN

« ELASTIC]

anann

5 ¥ © T aso1ss wa - L - "

‘IF (1TYP2D '« NE' s 0) 1SS =3

" DO .460. T=1,1ISS | .

DO 460 J=1,155 & S5, ml
460 CCI4I)=CENIT,3) ¥ : : . T

S- . 6O TO 461

v,li INT Ly G OF 'ST,RES SES

CALL ﬂELz(Ft.nu) L $ y el

sau 1 tm.n:-uusn co To aoa. . 4 . S
IF (NEL2GT.NELAST) GO T0 .7‘ - ¥ S b S )
IF. (l"'—l’ IIGIIOI.!IO N 5 a o 3 13

0. uaum = N e 5
... ©08 IF cmrm) -o:.u-.ao; : N '
(/7 803 WRITE (62002) o ntaety o Rk B \

CUE | eiod MELASTRNEL, L 0 o
A ; | WRY T b.Enﬂ ) NEL s
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£10 CALL MAXMIN (srnsss.sx.sv- sM) ] e, ¥
4 IF (1TYP2D) 813 N - .

813 WITE (6+2005) xnv,starslxpen,».(sruksslxl.

130 1S XaSYISMAET
DA

RETURN - . . 2 FF. oY o

na

na

815 WRETE (
1

s:.sv- SHFT

< RETURN -

&

zonz FORMAT mak ELEDIENI STRess % B ok

i .zxx.mxa.wnn NN/ TBT. - STAT
zz | STRESS-YY STRESS-22 . STRESS-YZ MAX STRESS M
3IN’ STRESS . ANGLEi9X<BHFUNCTION /' ) A i

2003 FORMAT ‘(. 104H ELENENT STRESS. B g

“e21Xe SHYIELD .7

2 1X3H NUM/IBT | STATE .. STR v ~ZZ -
3 STRESS-YZ . WAX STRESS. MIN STRESS' ' ’Aua.e.ox'.anﬂm:r_mu

2004 FORWAT .(14) @

2007 FORMAT. (5X,12+2XyALsGHLASTIC11Xs 4E14,
2Q01 FORMAT ‘(1H1.15H STOP PAILSEAU ]
zono FORMAT unm»‘o ERRORY -
43H ZERQ LENGTH. BETWEEN NODES 1-2 IN. ELEMENT Grasin .
3

zulo FORMAT, “snnuomnﬁ MATER IAL Pmal"Es NOT ADNISSABLE
c

; 8 @

<
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xnn.tc

ALSS

ivsam

" /SUBROUTINE . YIEL2CFTeS) -

.
-.SUBROH'INE

- COMMON, /PART2/.
'DIMENSION ‘S¢1) "

.81 = sty s 5(2))‘
sz ®_ (S(2) = S(4)IS(5(2)

144

T0 cu.:uLAYE THE FlnlsEAu YIELD-FUNGTION

1T nmuu—n
2F sGoVs.

CoMaN,

searys
ts(s) — s(un(uu = sun
'S (3]




.

dAannanona

nanna

'STOP
;102 n.-nsamul.l “

“an0nn

©s'uB'R a UrrNeg” . . LR X
. THE MATRI. l oF
‘, FI'IMERTK!S Rﬂl I.OCAL SVSI’B‘(AqI-C"‘O Gl.m S'Sl‘El .

- IMPLICTT muuﬂ-mo—u
COMMON /TODIN/ BET«THIC!
A SCOMMON /TRANS/ 1l°‘|l)

'DIMENSTON Xx(241)°

= o
PI < ‘4<08DATAN(140D0)

DX = XX(142) = XX(1e2)"
OY = XX(242) —XX(241)
LML= DXGS2 4 DY982 S

. IF(XLoGTo1e0E-12) GO: TO 102 ”
WRITE (6:20000 NEL,

‘SA=DABS(DY/XL) il 5 s

" AL=DARSIN(SAY A% v "l o i ’
1F(D; _eAND& 0) 122 2
lruul.u. 00 .o ANDe mt.es.o.o) P12'= P1 <

Pi2 = PI
l’lbl.u- 50. cANDe Dv-l.r-o,ob P12

CONPUTE THE ANGLE nsr-sa’t e

Pllwl'
1F(DABSI |z:.ev.n=| stw ]
GANZPL2 ¢ E
¥ cuu.cs.nz] GANSGANSRTZ B
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> SUBROUTINE ANK'I“’“'M‘-WSD
"'-“---°°--'°,------'-‘-----------'--v
SUBROUTINE §

le ‘THE B.Aﬂ'MAS'if. IAI‘EIM. MATRIX =

ee s e e e ac s see e eaes

e eeioevesesens

IMPLICIT REAL®8(A-H0-2)
cu-m sEL 7 lun.lcumnu?M(zohth.uEﬂ..nssu..!luss.lmw.
ISTAT 4 NDOF oKL INs 1E2G+ IMASSNo [DANPN
coullm /MATHOD/ STRESS(4) 2 STRAINCA)4C424) 0 IPTINEL
.COMNON 7ORT2/ CE(Q'tliCﬂ(an)
COMMON ZPART2/ Hl Ns IST

EQUIVALENCE (NPAR(SD, 1 w201

DIMENSION TAUL1)sDEPS(1)

DIMENSION Gnmul.n(u " P U ) B
« REAL®S LeMoN i :

au. Gwz(mnonu) :
au 101 = 1.4
AQtI) = 0.0
10 4
ln AO((I-!Q(IIOCE(I.JI‘GRMJ(.H

:rurwnr.us.zlsnmeo (PN N g, i
DEPS(4) = 0o .
DUM=CE(454)-AQ(4)9AQ(S)/PHL 5
00 70 °1.= 143 K
l-nsiu»—uxu.n-A-unua(nnnuooﬂ'slll
DEPS(4) = DEPS(4)/DUM 5
80°KSS = & . ;
" u"-zn.zn.u 1ss.='30 ¥
00 30 1 Ky
30 OLAMDA = u.MoA . Aaunoepstn
| DLAMDA = DLAMDA/PHI ;
00 35 I = £o4 - = 3
00 35 4= 148 ezt :
35.CUTsd) =040 - e
LIF (num.LE.n- 9,60




Sasee et anntotateonnbibansasie sy byuny mr e siodda

g LT e
® 148 ; :

A 1F (1TYP20 '« LT & 2) GO T0 100 .. CINET T
( 35 ’ P 1 *

-€-FOR PLANE. STRESS 'CONDENSE ' STRESS—STRAIN MATRIX
< : 2 e

c
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-
@ Ce
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Coeooe
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; “c
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" COMMON' 7PART2/ HoF

: = s

©'GRADLI)
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suanwqu GRAD2 lmo-sl o - i e T a8

-...-...-n-q--------.

SUBROUTINE
TO CALCULATE
PllNchAL AXES . OF! ANI SOTRI

RELATIONS »

e e

INPLICIT REALOSEA-H,0-Z):
Golis VilsLpMsNe I'ST 2 ISR
/ DIMENSION 'sul.cmnul

{REALSS oMokl k

S1i= s(u - s(é
s2. = .S(2) = S(a)
83 =.5(4) =8(1)

= ent

= 1eiFes1 = n-sst FVoL etk
= 18(GeS2 = Fes1) 4w, Gty
‘= zeLesa a i

GRADE2)
GRADI3)
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