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ASIAI SIMETRINIO GRF;ZININIO P AMATO ANALIZE l\'ERTINANT PLASTINES 
DEFORMACUAS 

G. Bukotas, R. Kacianauskas 

l.{vadas 

Projektuojant ir statant pastatus vienas aktua­

liausiq klausimq yra efektyviq pamatq irengimas. 

Norint tinkamai suprojektuoti pamatus, reikalinga 

tiksliai zinoti apkrovos veikiamo pamato ir H supan­

cio pagrindo elgsen~. Si~ elgsen~ galima nagrineti 

ivairiais metodais. Siuo metu tiksliam ir pigiam 

pamato elgsenos modeliavimui pasaulyje plaCiai 

naudojami jvairiis skaitiniai metodai [1-11]. Tai tapo 

imanoma labai patobulejus skaiciavimo technikai ir 

sukiirus modernias skaiciavimo technologijas. 

hid ~ 2. Jie geriausiai tinka karkasiniq pastatq 

kolonoms, taciau juos galima jrengti ir po pastatq 

laikanCiosiomis sienomis. Pamatai daij apkrovos 

gruntui perduoda soniniu pavir8iumi, nes jie artimai 

lieCiasi su gn;zinio sien~ sudaranciu nesuardytos 

sandaros gruntu. Veikiant s~lycio pavidiuje 

atsiradusiai trinties jegai gruntas slegiamas pamato 

pado lygyje. Nuo to padideja pagrindo po pamatu 

stiprumas, nes isspausti grunt~ iS po pamato darosi 

daug sunkiau. Del visq siq priezasciq gn;zininiai 

Lietuvoje iki siol pamatai projektuojami remian- pamatai yra standesni lyginant su sekliaisiais 

tis infineriniais ( empiriniais ar pusiau empiriniais) 

metodais [12]. Tai gana brangiis ir daug laiko reika­

laujantys metodai, kurie yra pagristi eksperimentiniq 

tyrimq rezultatais. 

Siame straipsnyje apra.Sytas giliojo gr((.Zininio pa­

mato, veikiamo asiai simetrines vertikalios apkrovos, 

elgsena nagrinejant skaitiniu baigtiniq elementq 

metodu. Nagrineti fiziskai tiesinis (tamprus) ir netie­

sinis (tampriai plastinis) pagrindo modeliai. Fiziskai 

netiesinio formulavimo atveju naudotos Drucker­

Prager takumo s~lygos [13]. 

2. Objekto aprasymas 

Lietuvos teritorijos gruntq sliigsojimo s~lygq, sa­

vybiq bei stiprumo tyrimo rezultatq analize kartu su 

pamatq jrengimo ekonomiskumo rodikliq tyri­

mais [12] rodo, kad giliuosius gr((.Zininius pamatus 

tikslinga irengti betonuojant grunte isgr((ztuose gr((.Zi­

niuose. Schema gr((zinini pamat~ galima pavaizduoti 

kaip cilindrinj kiin~, esanti begalineje puserdveje 

(1 pav. ). Kiino forma nusakoma jo skersmeniu d bei 

auksCiu (pamato igilinimu) h. Esant a.Siai simetriskai 

apkrovai ji isreiskiama koncentruota jega F. Sie 

gr((.Zininiai pamatai pasiZymi dideliu santykiniu gyliu 
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pamatais. 
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1 pav. Bendroji grc;zininio pamato schema 

Fig 1. General scheme of a bore-type fotmdation 

Giliqjq pamatq pagrindo ribinj stiprum~ pasiekti 

sunku, del to siems pamatams galima duoti labai 

dideles apkrovas. Todel giliqjq pamatq projektavimo 

skaiCiavimuose skaiCiuojamasis stiprumas siejamas su 

pamato nuosedziais. Dei minetq priezasciq gr((.Zininiq 

pamatq analizei svarbiausia yra pamato nuosedziq 

(poslinkiq) skaiciavimas, kuq imanoma atlikti tik 

detaliai isnagrinejus pagrindo itempimq ir defor­

macijq biivi. 



3. Gnanto modeliai 

Gruntq modeliai kieto deformuojamojo kiino 

mechanikos poziiiriu apra.Somi priklausomybe­

mis [14], isreiskianciomis rysi tarp pagrinde veikian­

ciq jtempimq ir deformacijq. Bendruoju atveju 

priklausomybes gall biiti U.Zra.Somos tokia matricine 

iSraiSka [1-2]: 

cr = [C(&)] &, (1) 

kur cr fymi jtempimq, & - deformacijq vektorius, 

[C(&)]- medZiagos savybes apra.Sanci~ tamprumo 

matri~. Matricai [C(&)] sudaryti naudojamasi jvairiais 

jtempimq - deformacijq modellais. 

Pats paprasciausias yra tiesiskai 

modells, kai medZiagos savybiq matrica 

tamprus 

[C) yra 

pastovi ir nepriklausoma nuo deformavimosi istorijos: 

bandinio tiiris suma.Zeja, o esant tankiems smeliams 

jis padideja. 
Tiirio pokycio kitim~ AEv del slyties itempimq 

pokyciq gallma apra.Syti priklausomybe ([4]): 

(4) 

kur lly fymi slyties deformacijq prieaugi. Pletimosi 

koeficientas a., priklauso nuo itempimq biivio ir 

smello tankumo ir gall biiti skaiciuojamas remiantis 

grynosios slyties arba tria.Sio gniU.Zdymo bandymq 

rezultatais [10]. Taip spiidZiai- tampraus grunto 

modells apra.Somas trimis parametrais: 

{ll&v} = r~ -p] {llcr m}' 
llyv 0 - ll't 

G 

(5) 

cr = [C)&. (2) kur ll't -slyties itempimq prieaugis. 

Esant izotropinei medZiagai matrica [C) apibreziama 

dviem konstantomis [ 4] - tamprumo modullu E ir 

geomechanikos praktikoje naudojamu tiiriniu 

tamprumo modullu B, kuris gall biiti isreiskiamas 

Puasono koeficientu v: 

E 
B=---

3(1- 2v) 
(3) 

Sudetingesnis yra netiesiskai tamprus modelis. 

Jis jvertina tai, kad E ir B nera konstantos, ir matrica 

[C) kinta pagal itempimq ir deformacijq biivj. Sis 

modells realizuojamas dviem biidais [4]- naudojantis 

llestinemis arba kirstinemis tamprumo modullq 

reiksmemis. Sios kintamos modullo reiksmes 

priklauso nuo itempimq biivio ir skaiciuojamos 

naudojant tikslinanci~ias iteracijas. 

Minetuosiuose modelluose tampriq medZiagq 

savybes apibiidina du parametrai, ir laikoma, kad 

tiirio pokycius sukelia tik rutullnio itempimq 

tenzoriaus dedamosios, 0 slyties deformacijas lemia 

tik tangentiniai jtempimai. Geotechnikos praktika 

rodo [4, 11], kad sie mineti medZiaginiai modeliai 

grunto elgsen~ apra.So netiksllai. Dviem parametrais 

Formuluojant tamprius modellus buvo laikoma, 

kad konstrukcija deformuojasi tampriai, t. y. kons­

trukcijos apkrovimo ir nusikrovimo kreives yra 

tapacios ir nelleka llekamqjq deformacijq. Geotech­

nikos praktikoje pastebimos dideles liekamosios 

deformacijos. Siq llekamqjq deformacijq, kartu ir 

skirtingq apkrovimo ir nusikrovimo kreiviq iverti­

nimui sukurti ivairiis tampriai plastiniai modellai. 

Vienas is jq - von Mises [2] - apibrezia, kad de­

formavimas vyksta tampriai tol, kol itempimai 

nevir8ija tekejimo jtempimq reikSmiq. Pasiekus teke­

jimo itempimus, medZiaga pradeda teketi: 

J3 ~ -Y(K) = 0, (6) 

-
11 

- [1 2 2 2 2 2 2 ]Yz kur cr = 1{2 
- z(sx +Sy +sz)+'t.xy +'tyz +'tzx , 

Y( K) - medZiagos takumo itempimas. Si tekejimo 
s~lyga geriausiai tinka apra.Syti metalq savybems. 

Drucker-Prager tekejimo s~lyga [2, 13] yra 

isvesta iS von Mises s~lygos ir gerai tinka apra.Syti 

grunto savybems. Sioje s~lygoje papildomai ivestas 

hidrostatinio slegio parametras: 

3a. crm + cr - k = 0, (7) 

gallma apra.Syti grunt~ tik tuo atveju, kai tangentiniai kai: 

jtempimai labai ma.Zi. Esant didesniems tangenti-

niams jtempimams tiirio pokycius lemia tangentiniq 

ir normallniq jtempimq kombinacija. Grynosios 

J 
crm = - 1 

3 

slyties bandymai rodo, kad esant puriems smellams 
(8) 
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k = 6ccoscj> 

J3(3-sintjl) 

ir c paiymi grunto sankabumll, o tjl- vidinj trinties 

kampll. 

Siuo metu taip pat naudojamas 

CAM CLAY [3, 4, 11] tampriai plastinis modelis, 

jvertinantis grunto poringumo laipsnj. 

4. Analizes uzdavinys ir jo sprendimo algoritmas 

Siame darbe pagrindo bllvio analizes uidavinys 

formuluojamas ir sprendZiamas baigtiniq elementq 

metodu. Kaip jprasta netiesiniuose uidaviniuose, 

pirmenybe teikiama poslinkiq formuluotei. Nagrine­

jamo objekto diskretinis modelis yra tarpusavyje 

sujungtq baigtiniq elementq sistema. Tokios sistemas 

bllvis apra8omas netiesine valdanci~a lygtimi [1, 2]: 

[K(U)] U = F, (9) 

kur u Zymi nezinom~i viso baigtiniq elementq 

ansamblio mazginiq poslinkiq vektoriq, F - ansamblio 

mazginiq jegq vektoriq, [K(U)]- ansamblio 

koeficientq matricll (netiesin<( standumo matric~). 

Sistemas standumo matrica [K(U)] ir apkrovq 

vektorius F gaunami standartiskai, sudedant 

atitinkamai atskirq elementq standumo matricas [ke] 

ir mazginiq jegq vektorius f.. Uzdavinio matematinis 

modelis apra8omas atskiro elemento e valdanci~a 

lygtimi: 

[k.(ue)] Ue = /e, (10) 

kur u. Zymi nezinomll atskiro elemento mazginiq 
poslinkiq vektoriq. 

Standumo matrica gaunama pritaikius virtualiqjq 

darbq principll. Ji isvedama lyginant vidiniq ir 

isoriniq jegq darbus. Vidiniq jegq atliktas darbas 

priklauso nuo jtempimus ir deformacijas apibiidi­

nanCio desnio (1). 

Sprendziant netiesinj uidavinj standumo matrica 

[k.(u.)] priklauso nuo patirtq poslinkiq, ir uidavinj 

tenka spr<(sti palaipsniui pridedant isorin<( apkro­

Vll [1 ]. Palaipsnio apkrovimo istorijai apra8yti 

netiesiniuose skaiciavimuose naudojamas s~lyginis 

laiko parametras t. Virtualiq darbq lygybe isreis­

kiama ne per absoliucius poslinkius, bet per jq 

prieaugius l:lu.e laiko intervalu nuo t iki t+M. Todel 

laiko zingsniu t+M valdancioji elemento lygtis (10) 

isreiskiama: 

-26-

[rk] l:lu. = t+Mr r e e Je- Pe, (11) 

kur Pe zymi mazginiq jegq vektoriq, atitinkantj 

sistemas jtempimq biivj laiku t. Apskaiciuotos 

mazginiq poslinkiq prieaugiq l:lu.e reiksmes laiku t+M 

gaunamos apytiksles, nes naudojamasi standumo 

matrica [1k.], kuri apraso sistemas biivj Iaiku t. 

Poslinkiq r+I!Jue vektoriaus reiksmems patikslinti kiek­

vienos apkrovimo pakopos t:J metu uidavinys 

sprendziamas iteracijomis. Naudojant Newton­

Raphson iteracinj skaiCiavimo algoritm~ valdan­

ciosios baigtinio elemento lygtys poslinkiq prie­

augiams iteracijoje i = 1, 2, 3, ... U.Zrasomos taip: 

[
tk(i-1)]/),.u(i) = t+N'f. _ t+N (i-1) 

e e e Pe · (12) 

Poslinkiai tikslinami lygtimi: 

t+ru u(i) = t+Mu(i-1) + rut<i) 
e e e ' (13) 

esant pradinems s~lygoms: 

t+D.tu(O) _ t 
e - "e ir t+illp(O) _ I 

e - Pe· (14) 

5. Skaitinis pavyzdys ir jo analizes rezultatai 

Sprendziant geotechnikos U.Zdavinius pamatas 

kartu su jj supanCiu pagrindu nagrinejami kaip vien­

tisas nevienalytis deformuojamas kiinas [2, 4, 9]. 

Uzdavinys formuluojamas naudojant kelet~ su­

paprastinanCiq prielaidq. Formuluojami du atskiri 

analizes U.Zdaviniai. Viename is jq pamato betono ir 

grunto savybes parenkamos tiesines, ir nagrinejamas 

fiziskai tiesinis nevienalytes terpes atvejis. 

Nuo isorines apkrovos poveikio plastines defor­

macijos issivysto tik grunte. Todet antruoju atveju 

jvertinamos fiziskai netiesines grunto savybes. 

Nagrinejami von Mises ir asocijuotas Drucker-Prager 

tekejimo desniai aprasant grunto modelius. Betono 

savybes parenkamos tiesines. 

Pamato, veikiamo isorines apkrovos, nuosedziai 

yra mafi. Todel skaiciavimuose naudojamas geo­

metriskai tiesinis uidavinio formulavimas. 

Pagrindine apkrova, kurill kalona perduoda 

gr<(zininiam pamatui, yra vertikali jega. Del to 

laikoma, kad pamato ir pagrindo jtempimq ir 

deformacijq biivis yra simetriskas asies atZvilgiu. 

Netiesinio U.Zdavinio sprendinys priklauso nuo 

apkrovimo istorijos. Pagrindo savojo svorio sukelti 

pradiniai itempimai stipriai lemia isorines apkrovos 



sukeliamus biivius. Kadangi tikroji apkrovimo istorija 

nera zinoma, mes pasirenkame toki apkrovimo isto­

rijos atveji, kai pamatas apkraunamas dviem etapais. 

Pirmo apkrovimo etapo metu modeliuojamas bii.vis, 

atsirandantis del pagrindo ir pamato savojo svorio 

poveikio. Kitu apkrovimo etapu pamatas palaipsniui 

apkraunamas vertikalia apkrova. 

Pamatll supa begaline pagrindo puserdve, taciau 

sprendZiant wdavini baigtiniq elementq metodu 

reikalinga nagrineti baigtiniq matmenq pagrindo 

zonll. Todel sudarant pamato skaitini modeij 

nagrinejama baigtine pamatll supancio pagrindo 

dalis, apribojant atstumus horizontalia kryptimi D ir 

vertikalia - H (2 pav. ). Siekiant isvengti vietiniq 

itempimq ir deformacijq koncentracijq isorine 

vertikali jega pridedama kaip paviriine tolygiai 

paskirstyta apkrova p = 1,989 MPa. 

Pasirinkto skaiciuojamojo pamato pavyzdZio 

geometriniai matmenys ir betono bei grunto savybes 

imamos tokios, kad atitiktq dainiausiai pasitaikancias 

Lietuvos S!llygas. Sprendiiant pavyzdi pasirenkamas 

apvalus betoninis gilusis grC(zininis pamatas, kur gylis 

h = 3 m ir diametras d = 0,8 m 

r=0.4m D 
::! 

p=1,989MPa 

;.,; 
h K 

v~ 
, Bore-type 
I foundation 

' H Soil 

~ 

2 pav. Skaiciuojamojo a8iai simetrinio giliojo 
gryzininio pamato geometrija bei apkrova 

Fig 2. The geometry and applied load of the numerical 
model of axisymmetric bore-type foundation 

Betono tamprumo modulis lygus 3000 MPa, o 

Puasono koeficientas - 0,25. Pamato pagrindas yra 

smulkusis smells, kurio poringumo koeficientas lygus 

0,63, tamprumo modulis - 30 MPa ir Puasono koefi­

cientas - 0,3 [15]. Pagrindo sankabumas parenkamas 

lygus 2,4 kPa, vidines trinties kampas - 32,8°. Betono 

tfirio svoris lygus 24 kN/m3
, pagrindo- 20 kN/m3

. 

Skaiciavimams naudotas ANSYS programq 

paketas [5-8]. Pamato ir pagrindo diskretizacijai 

naudojami izoparametriniai antros eiles elementai su 

dviem Gauso integravimo taskais. 

Atskira problema yra itakos zonos matmenq D ir 

H parinkimas. I. V. Noskovas (9] savo grC(zininio 

pamato skaiciavimuose baigtiniq elementq metodu 

itakos zonll horizontalia kryptimi D parinko 1,3 karto 

didesnct nei pamato diametras d, ir vertikalia kryptimi 

H- 1,3 karto maiesnct nei pamato ilgis h. 

0. C. Zienkiewiczius [2] ivairiq geotechnikos wdavi­

niq skaiciavimams pagrindo itakos zonll parinko 1,5 -

3,3 karto didesnct nei konstrukcijos dydis horizon­

talia kryptimi, ir vertikalia kryptimi- 1,04- 3,83 karto 

didesnct nei konstrukcijos dydis vertikalia kryptimi. 

Mfisq skaiciavimams pagrindo itakos zona hori­

zontalia kryptirni parenkama naudojantis minetq 

autoriq tyrimq rezultatais. Atstumas H parenkamas 

3,75 karto didesnis uZ pamato diametrll d. 

Pagrindo itakos zonos vertikalia kryptimi itakos 

pamato viriaus nuosedZio reik:Smems nustatyti atlikta 

keletas skaiciavimq: kai pagrindo itakos zona H buvo 

2 - 4,333 karto didesne uZ pamato ilgi. Skaiciuota 

naudojant fiziskai tiesini formulavimll ir grC(zininiam 

pamatui pridedant iSorinei vertikaliai jegai F = 1 MN 

tapacill tolygiai paskirstytll apkrovll p = 1,989 MPa. 

Skaiciavimo rezultatai pavaizduoti 3 paveiksle. 

Displacement at the top 
of the foundation (em) 
0.758..--~--~-...------.--~-"'T"1 

! ! 
0.757 ··-··········· ·----+ .................. -----·· ···------1--- ··································---+ ...................................... ; 

0.756 

0.755 -····· .. 

0.753 

.......... ! .......... . 
1 

-------·--j········· 

t 

........ ! 

! I 
····················+ ---·········-··· .. ·-----······ ·····! 

........................ 1 

0·752 '-'----:';:10~-'----,1:12~-.__-..114 __ .___...u16 

The depth of the model (m) 

3 pav. Gr~tzininio pamato virSaus nuosedziq 
priklausomybe nuo skaiciuojamojo modelio gylio 

Fig 3. Dependence of displacement at the top of 
bore-type foundation on the depth H of soil 

-27-



Depth (m) 

0 

-2 

-4 

-6 

-8 

-10 

~ h ... 

\ --' f-· 

! -·· . 

l 
1-· ' H 

l 
~- ! 

I 

~--···········: i 
__cL 

-2000000 -1500000 -1000<XXl -500000 0 

Stresses (Pa) 

4 pav. Apvalaus plano, tolygiai paskirstytos 
apkrovos sukeliamll vertikalill itempimll 

reiksmill ties paskirstytos apkrovos 
viduriu priklausomybe nuo gylio: 

--- apskaiciuota analize ir baigtinill 
elemen!ll metodu atveju, kai krastiniai 
grunto poslinkiai vertikalia kryptimi 
neleidziami 

apskaiciuota baigtinill elemen!ll 
metodu atveju, kai kra8tiniai grunto 
poslinkiai vertikalia kryptimi leidziami 

Fig 4. Dic;tribution of vertical stress in soil under 
the centre of the circular in plane uniform 

distnbuted surface loading: 

--- obtained by analytical calculation and 
finite element method in case when 
vertical displacements at the edge of 
soil are not allowed 
obtained by finite element method in 
case when vertical displacements at the 
edge of soil are allowed 

Tolesniems skaiciavimams buvo parinkta pagrin­

do itakos zona H vertikalia kryptimi 2,167 karto 

didesne uf parnato ilgi h. 

Pasirinktas diskretinis modelis buvo tvertintas 

kokybiskai. Siam tvertinimui pasirinktas puserdves 

ufdavinys [16]. Baigtiniq elementq metodu gauti 

skaiciavimo rezultatai lyginami su analize apskai­

Ciuotais. Puserdve apkraunama analogiska pamatui 

apvalaus plano, tolygiai paskirstyta apkrova. Naudo­

jama tapati pamato ufdaviniui diskretine schema 

laikant, kad vis~ nagrinejam~ tfiq sudaro izotropine 

medZiaga. 4 paveiksle pavaizduotas vertikaliq item­

pimq apkrovimo aiksteles viduryje reiksmiq kitimas 

atsiZvelgiant i gyij. Matyti, kad analize gauti spren­

diniai pamato s~lyCio su pagrindu gylyje gana gerai 

Depth (m) 

Or· r---r~~~---···r·········-········· ··rTi ... --:::~ 
-21-·······'·························; ............................ .;. ..........................•............................. i~: ... w, -"'-·".\··· in .. . 

\\:+· 
-4- ·r l ... 

\ iH 
l[ -61- .. 

:\ ' 
-8~·-··!·························-'--·· '···· 

-10 
-'-

-0.05 -0.04 -0.03 -0.02 -0.01 0.00 

Displacement (m) 

5 pav. Apvalaus plano, tolygiai paskirstytos ap­
krovos sukeliamll vertikalill poslinkill reiksmill 

ties paskirstytos apkrovos viduriu priklausomybe 
nuo gylio: 

--- apskaiciuota baigtinill elemen!ll meto­
du atveju, kai krastiniai grunto poslin­
kiai vertikalia kryptimi neleidziami 

apskaiciuota baigtinill elemen!ll 
metodu atveju, kai kra8tiniai grunto 
poslinkiai vertikalia kryptimi leidziami 
apskaiciuota analize 

Fig 5. Distribution of vertical displacement in 
soil under the centre of the circular in plane 

uniform distributed surface loading: 

--- obtained by finite element method in 
case when vertical displacements at the 
edge of soil are not allowed 

obtained by finite element method in 
case when that vertical displacements 
at the edge of soil are allowed 

obtained by analytical calculation 

sutampa su baigtiniq elementq metodu apskai­

ciuotomis reiksmemis. 

5 paveiksle pavaizduotas vertikaliq poslinkiq 

apkrovimo aiksteles viduryje reiksmiq kitimas atsi­

fvelgiant i gyli. Matyti, kad iki 2 h gylio analize 

gautos poslinkiq reiksmes sutampa su baigtiniq ele­

mentq metodu apskaiciuotomis reiksmemis krastiniq 

grunto poslinkiq vertikalia kryptimi leidimo atveju. 

Netiesinis ufdavinys spr<(stas Newton-Raphson 

metodu. 

Pirmo apkrovimo etapo metu modelis apkrau­

namas savuoju svoriu. Antrojo apkrovimo etapo metu 

pridedama F = 1 MN isorinei vertikaliai jegai tapati 

tolygiai paskirstyta apkrova p = 1,989 MPa. 

Apkrovos pridejimo istorija apibfidinama s~lyginiu 

laiku t. 
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Displacement at the top of 
the bored foundation (em) 

6 pav. Giliojo gr~tfininio pamato virsaus poslin­
kiq laiko istorija: 

tiesinis sprendinys 
--- netiesinis sprendinys, Drucker-Prager 

takumo Sl!lyga 
netiesinis sprendinys, von Mises 
takumo Sl!lyga 

Fig 6. The history of displacement at the top of 
the bore-type foundation: 

- - - - - linear analysis 
--- Drucker-Prager yield condition 
- - - von Mises yield condition 

6 paveiksle pavaizduota pamato vii'Saus poslinkiq 

priklausomybe nuo apkrovimo istorijos. Siame pa­

veiksle matyti, kad esant 500 kN apkrovai netiesinio 

madelia, skaiciuoto pagal Drucker-Prager takumo 

Sl!lYgll, pamato poslinkiai skiriasi 3,7% lyginant su 

tampriu sprendiniu. Esant 1 MN apkrovai poslinkiai 

skiriasi jau 11%. Von Mises takumo desnis visiskai 

netinka ir tai iliustruoja kreive. Jau pirmame pamatll 

veikiancios isorines apkrovos apkrovimo zingsnyje 

vystesi labai dideles plastines deformacijos ir mazgq 

poslinkiai buvo labai dideli. 

Plastiniq deformacijq zonas geriausiai vaizduoja 

suminiq ekvivalentiniq plastiniq deformacijq pasi­

skirstymo madelia skerspjii.vyje vaizdas. Nagrinejant 

fiziSkai netiesinio u.Zdavinio, skaiciuoto pagal 

Drucker-Prager takumo SlllYgl!, sprendimo rezultatus 

(7 pav.) matyti, kad plastines deformacijos daugiausia 

vystesi betarpiskai supanciose pamatll zonose. 

Didziausios plastines deformacijos susidare prie 

soninio pamato pavii'Siaus. 

8 paveiksle pavaizduota vieno mazgo po pamato 

padu svarbiausiqjq itempimq kitimo istorija ir 

von Mises bei Drucker-Prager kii.gio formos takumo 

-0.5 
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7 pav. Suminiq ekvivalentiniq plastiniq defor­
macijq pasiskirstymo giliojo gr~tfininio pamato 

madelia skerspjiivyje vaizdas 

Fig 7. The distribution of accumulated equivalent 
plastic strain in the cross section of the bore-type 

foundation 
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Node trajectory 
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8 pav. Mazgo po gr~tfininio pamato padu svar­
biausiqjq jtempimq reiksmiq trajektorija ir 

Drucker-Prager bei von Mises takumo Sl!lygos 
svarbiausiqjq jtempimq koordinaciq sistemoje 

Fig 8. The history of the principal stresses of the 
node under the foundation, Drucker-Prager and 

von Mises yield surfaces in principal stress space 



pavidiai svarbiausilJ.iq itempimq koordinaciq as1q 

atZvilgiu. Matyti, kad jau pirmo isorines apkrovos 

pridejimo zingsnio metu mazgo itempimq biivis 

svarbiausiqjq itempimq koordinaciq asiq atZvilgiu yra 

ant Drucker-Prager takumo s~Iygos pavirsiaus. Tai 

reiskia, kad vyksta plastines deformacijos. 

6. ISvados 

Miisq atlikti skaiciavimai leidzia susidaryti 

tiesiogiai pamat~ supanCiame grunte atsirandanti 

itempimq ir deformacijq vaizd~ bei rasti konkreCius 

itempimq ir deformacijq biivio rodiklius. IS gautq 

skaiciavimo rezultatq matyti, kad esant didelems 

isorinems apkrovoms susidaro dideles apimties 

plastiniq deformacijq zonas, kurios stipriai lemia 

pamato poslinkiq reiksmes. Esant didelems 

apkrovoms tikslesniq sprendiniq gavimui reikalinga 

naudoti dar sudetingesnius plastiskumo modelius ir 

detaliau isanalizuoti apkrovimo istorijQs itak~. 
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ANALYSIS OF AXISYMMETRIC BORE-TYPE 
FOUNDATION IN RESPECT OF PLASTIC 
DEFORMATION 

G. Bukotas, R. Kaclanauskas 

Summary 

In order to design efficient foundations, it is necessary to 
know exact behaviour of them and surrounding soil under the 
load. At present various numerical methods [1-ll] are used to 
determine such response. The behaviour of axi-symmetric 
bored foundation is described in this paper. The finite element 
method is utilized in analysis of the foundation. Linear and 
non-linear properties of material are taken into account. 

The investigation of properties of soil, predominating in 
Lithuania, and economical constructing of foundation gives 
preference to bored foundation [12]. Schematically this type of 
foundation can be depicted as a cylindrical body resting on soil 
(Fig 1 ). Geometrically the foundation can be described through 
the diameter d and the height h. F denotes the vector of the 
axisymmetric load. Such bored foundation has ratio hid~ 2 and 
transmit part of the external load through their side surface to 
soil. It is very difficult to achieve a shear failure of soil mass 
for such a type of foundation, but the foundation may suffer 
significant deflections. It is, therefore, important to known the 
stress-strain state of soil for design purpose. 

Various stress-strain models have been proposed for 
representing the behaviour of soil [14]. These range from very 
simple linear-elastic to complex elastic-plastic models. In 
general, the stress vector cr is related to the strain vector & 

through the elasticity matrix [q (1) [1, 2]. The linear-elastic 
stress-strain model is the simplest. In this case matrix [ q is 
constant and history independent (2) [4]. More complex is the 
non-linear-elastic model. Two incremental linear-elastic 
approaches can be used to handle this problem [4]. In the first 
case a tangent and in the other - secant modulus are used. The 
described models imply that volume changes are induced by 
changes in mean normal effective stress alone, while shear 
strains are induced by shear stress alone. Investigation shows 
that volumetric strains are induced by changes in shear stress 
as well as by changes in the mean normal stress [4, ll]. This 
can be accounted for the dilatant-elastic stress-strain model. 
The incremental shear-induced volume change fl&v can be 
expressed in terms of a tangent dilation parameter a, [10] 
according to ( 4 ), in which .fly is the increment of maximum 
shear strain [4]. The dilatant-elastic materials lead to a three­
parameter stress-strain model in which the increments of 
volumetric and shear strain are related to the corresponding 
stress increments according to (5). 
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The most complex is the elastic-plastic stress-strain 
model. A basic assumption of elastic models is that the 
unloading path is identical to the loading path. This is 
generally not true for soils where the recoverable strain upon 
unloading is generally small. The recoverable strain is 
considered to be elastic, while the non-recoverable strain is 
considered to be plastic. There have been proposed various 
yield conditions to model those plastic properties of soils. Von 
Mises yield condition can be written (6) in terms of the second 
invariant of stress deviator J2 and yield stress Y(K) from 
uniaxial tests [2]. For soils, concrete and _other 'frictional' 
materials the Drucker and Prager law (7) is frequently 
used [2, 13]. In this law hydrostatic press crm is incorporated, 
while c and + are the cohesion and angle of friction, 
respectively [8]. 

The problem is formulated and analysed by the finite 
element method. The region of a model is subdivided into 
discrete elements. The global system of equations to be solved 
is described by the equation (9), where [K(U)] denotes the 
global non-linear stiffness matrix, U is the unknown deflection 
vector and F is the vector of nodal forces [1, 2]. The matrix 
[K(U)] and the vector F can be made up by adding up the 
element stiffness matrices [k.(u.)] and the element nodal 
deflection vectors/., respectively. Therefore the problem can 
be mathematically described through the governing equation of 
the separate element (10), where "• denotes the unknown 
element nodal deflection. The stiffness matrix can be 
determined from the principle of virtual work. This involves 
equating the work done by the internal stresses with that done 
by the nodal forces. 

L'l a non-linear analysis the matrix [k.(u.)] depends on the 
vector "• and solution of a problem must be obtained 
throughout the complete history of incremental load 
application [1]. Time is a convenient variable t that denotes 
different intensities of load applications. Equality of virtual 
work is expressed through displacement increments t'lu. in the 
time step !!.!. In this case the relation of a governing equation is 
( 11) where 'p., denotes nodal point forces corresponding to the 
element stresses at time t. A solution of (11) may be subject to 
very significant errors, it is, therefore, necessary to iterate until 
the solution is obtained to sufficient accuracy. The incremental 
equations, used in the Newton-Raphson iteration, are (12) and 
(13), fori= 1, 2, 3, ... with the initial conditions shown in (14). 

The foundation and soil are considered a non­
homogeneous deformable solid [2, 4, 9]. Two separate 
problems were formulated. The first problem deals with linear­
elastic material properties. The other accounts for elastic­
plastic properties of soil. Von Mises and Drucker-Prager yield 
conditions are applied. The formulation is geometrically linear 
and axisymmetric. The sketch of the model is depicted in 
Fig 2. The material properties of soil and concrete are chosen 
such, that predominate in Lithuania [15]. The ANSYS [5-8] 
computer code is used for the calculation. 

Another problem is to choose geometric dimensions of a 
soil model because it is possible to analyse the finite size 
model by finite element method. The width of a model 
D = 3.75 d is chosen from the investigations of other authors 
[2, 9]. Some analyses were carried out in order to determine 
the influence of the soil depth under the foundation H = 2 -
4.333 h on the deflection at the top of the foundation. In this 
case the linear-elastic model was applied. The results are 
depicted in Fig 3. The depth H = 2.167 h was chosen for 
further analysis. The generated discrete model was estimated 
for the quality. The model was under the circular in plane with 
the radius r = 0.4 m uniform distributed surface loading 
p = 1.989 MPa [16]. The calculated stress and strain 
distribution in soil under the centre of loading are compared, as 
shown in Fig 4 and 5, respectively. 

In case of non-linear analysis the load is applied in two 
stages. In the first stage the model is loaded by weight. The full 
external load p = 1.989 MPa is incrementally applied in the 
second stage. The history of load application is described 
through the time variable t. The history of the deflection at the 
top of the foundation is depicted in Fig 6. It seems that the 
deflection of linear model under the full 1 MN load and that of 
model, implemented with Drucker-Prager yield condition, 
differs by 11%. The distribution of accumulated equivalent 
plastic strain in the cross-section (Fig 7) of the model, utilizing 
the Drucker-Prager yield condition, shows that the biggest 
plastic deformation developed in the immediate contact with 
the foundation. The history of the principal stresses of the node 
under the foundation and Drucker-Prager and von Mises yield 
surfaces in principal stress space are depicted in Fig 8. 

Our analysis of axisymmetric bored foundation allows to 
know stress-strain state near the foundation. We can see that 
the external force of great magnitude cause significant plastic 
deformation, which, in turn, leads to significant deflection of 
the foundations. 
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