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GIAT BAI TOAN DAN DEOC DI HUONG CUA VAT LIEU
TAI BEN DONG — PANG BUGNG BANG PHUONG PHAP
CAC PHAN TU-HUU BHAN |

TRAN DUONG HIEN
§1, PAT YAN BE

Pt mé ta sat dang hon sy fam vige cila vat ligw, thuyét chiy déo dj bwong ciia
Hill {1} (dang 1&ng quat cla thuyét Huber — Mises) di dwoe phat tridn b&i Hu, Olszak,
Sawezuk, Berman, Hodge, Mréz.. va viéec xdy dung md hinh toin chiit ché clia vat liéu
dan déo di huéng cb tai ben déng - ding huéng da duge gidi quyét. Gin ddy do su phat
tridn manh clia k¥ thuit tinh 8, md hinh nay din dwge dp dung trong thyc t& tuy chua
phidn va thuong & cac dang rat gon.

Muc dich céia bai bho la chuydn sang daug sd cia mod hinh trén cho truong hoP
tdng quat cha bai toan 3 chidn, Quan hé ung suét — hién dang duge x4y dyng cho phép
k3 d&n hidu éng tii bén ddng, téi bén ddng hwdng va vit ligu din déo ly twdng. Tinh
toin @iwrge thyc hign theo phwong phép gia s§ tai ‘trgng-[s], mé hinh chuygn vi cia phil
t& hitu han dwoe x4y dyng. Cac vi du minh hoa duge tinh b1 chirong trinh s8 ¢6 thait
to4n dua trén co s& md hinh trén. ' :

§ 2. QUAN HE UNG SUAT — BIEN DANG CAC THONC 80 DI HUONG .

24. QUAN HE UNG SUKT —BIEN DANG
Phwong trinh mit chiy déo di hudng Hill — Hu [1, 2] cho trweng hop toug quat
ctia bai todn 3 chidu cbé dang ' )

1 N Lz :
Fo= [-m (6 — )l Afo ~ m)] ~a =0, 2.1y
2 T T T T

trong d6 A, o va & twong ung la ma trn théng sd di hudng, vecto Gng sufil vi veel®
djch chuy?n tam mit déo, o la Gng suft tuong dwong véi trudng hgp bai toan m ot chigh
Bitu didn vecto gia s§ bién dang de ‘qua 2 thanh phin dan hdi ds® va déo dg’

de = dE_E + (.IEP, , (2.2

g = (o)t do, deP = S 4,
- ~ - - o
ta ¢6 th¥ vidt .
L 31 . N .
do = C° (de - dx). 2.3
bl -~ - BG‘ -




i.)‘%-‘v‘igt dang cubl hng efia quan hé img suft-bién dang (2.3}, cin bitu dién dA

Gxi thi&t vat lidu cé h;éu {rug tél bén ddng-dﬁng huong, vecta gla sé bién dang
2 mﬁ t3 dudi dang téng ¢fia haj thianh phﬁn tu'cmg tng tai ban ding huéng dePl

i .hén dong dspk [4] . _
deP -—de.l”+db:?k T o S ¢ ¥ I

ds?l = mds" dst = (1 — m)dsP

ﬁy w la b $6 tai ban, 0 @
: Ta cic dmh nghia cita Prager vi Ziegler, vector gia s§ dich choydn tAm m§.t déb
o 11 0 dmh nghia cla SaWczuk c6 dang 7
& de = Daet 2.5)
trong 46 D = matrin eic médul déo. .

Ung suit teong duong o ﬂnh dlmc tr du“’-"ng cong ¢ — € clia phép tht mot chiku.
‘toiig ving bién dang déo, ducng cong niy duge tuyén tinh héa ting budc twong wng
di cac bu'érc gla thi. _

do = medsp, S ' (2.6)

g dé Cp — modul déo cfta dudng cong miu taoi bude tii tinh toin, dep la gia 58 clrérng"
' ién dang déo dl hufrng [7]
| “dep="V2 {(dPTAL gL @

TSR dung che ¢bng thm: ter (2.2) &&n (2.7) tmh vi phén toan phin (2.1) ta c¢o

©oF : : '
ah =7 g Cede, (2.8)
T Ti a6 @3 b thEnET G0 7T o e ‘
_ = do = ceP de, - : {2.9)
. 9F  9F
trong dé C Eep = CF * S‘P =G Ne do & ol
' B | AF 7L
’“-—ﬁ‘f’ﬂp'kas—T[‘l*“'““] o

£y

i '
—- —{] — P].
ds = 9o NIE =) EB-*]

Tir quan h¢ fng sudt—bién dang (2.9) rihan thiy chc md hinh tii ben d¢ng (@ = 0)
(thi ben ding hwéng (m = 1) va vit lign ddo Iy twéng (Cp = 0) drge xem 12 nhing truong
hop rigng. Voi @ = 1, (2.9) tring v6i két qud trong [5) nhan dwge Ui cich trinh bay khac

2.2. VE cAc THONG 56 DI HUONG

Cic thong sb di hudng trong ma tran A duge x4c dinh tir Iic trang théi- fmg

__"_‘sult théa man didu kién déo ban ddu: Céc thﬁng 6 ban diu tinh dwoc tir phu'ang trigh’
mit chdy déo (2.1) cho 6 truéng hofg elia bai todn 1 chidu twong @ng 6 chidu cla vecto
ung sudt [2]. veoi vat hgu tai bheén., trong qua trinh chdy déo A 12 ham trang théi _b_lén

S .ang va cie thanh phan clia né duac’*xéc dinh khi edn biing gia sd ebng sinh ra tron -
‘trinh bign dang déo lin luot vGi 6 trudng hO'p cha bhai toan 1 chigu [6])." ;



3. HE PHUONG TRINH CAN BANG VA PHUQNG PHAP GIAI

3.1. HE PHUONG TRINH CAN niNc

- Dung md hinh chuydn vi,. vecto chuybn vi # tai dlem bﬁ:t ki efia.- phﬁu té: hitn han
fhrcrc biku difn qus cie chuven vi nit re

u = Nro A %)
'trong d6 ham dang N duge chon théa min rcﬁc tigu chnan hén tuc va htn tu Véo Lo, R
hi€n dang zéc dinh th plumng irinh hinh hee o E L
| e=Br. e
qﬁan he o — € do @6 c6 thE vist tir (2.9) . o ; .

do = C"_P .B dr®. : (1.3

CAn bing ning lwgng bidu dang cfia phin ti chi¥m mign v véi céng sinh ra:do céc
‘lge ity nhin dwge ma trén cing phﬁn t duwoi dang

Ke .= J‘ BYGSPBave o ¢ i . (3d)
v A . :

Cho toan ket edu tft ed hé phuwong trmh _
Rdr=dF, =« 0 (38)

trong d5 K, Gl_rlAdf‘_ twong ¢ng'la ma trim cing, cicr—va.gzto_gi’érsﬁ chuy?n vi va tij frghg
udat. H¢ (3.5) khong con 14 tuy€n tinh nhw trong bai.todn dam hdi vi K la bim trang

thai, ngn duoe vicl dudi dang gia 6 (‘!E thick.: frng voi dm‘mg 181 gia s6 tai-trong.

3.2. GlAI HE PHU’ONG “TRINH cAN BANG S .
_ (6 hai cﬁch thuong dung d& gidi-h¢ phi tuyén (3.5): phuong phap fi‘d cing thay
@bi vi phwong phap ti trong ban diu.

Ditng phwong phap (“T@_ aieng thay adi {8}, tai buoe 447 trong thir i hé (3.5) cb

dang tuyén tinh '
' Ki-idri = d:F; (3.6)
Phwong phip pay don gidn nén &u"m ditng rong rvhi. Tuy viy vol mbi bube tii
trong phai tinh Iaima trin cang I\, kho danh gik sai séitich lity clia nghiém va khong

dang duege Lho né& hinh plmn tir hitu haon nia gidi tich vi na pha ¥& tinh frye giad
Fourier — uwn digm oo bdn clia md hinh nay [7] ‘

Ditng phwong phip tdi tropg ban dau {5], ma tran r.cu’_ng_ K duwge tach ra 2 thanb
phin din LAi K° va déo KFP. II¢ (3,5} cho bude (Al trong thd § c6 dang

Kedrp=dFitdl @A)

4] = ié'dn,

vl dJ ia vecto tii trong ban ddu. He (L7 gidi baug phwong phap lip. G bube fap

thir j ta c6. hé tayén tnh
Kevll] = dF: -+ dJl 1

Sai 38 cho phep tlurémg dat dwge-sau 4—8 'bude 15p: Phuoug phﬁp néy khec phuc
duo-c nhitng nhwge di€m cla phwronay phép trén, Ua @i¥m chinh ‘cha né la I\e — ma irdn

cing 450 hoi nén khéng ddi trong sudt gud trigh ‘tinh:toan.
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Tuy vay phdi chia cac bude 1Al troug kha nhd va didu chinh gia tri vée lo Gmg
E'rong mbi brrge ldp d2 thda min dikn kign déo (%.1). Ngoai ra, vide chon cich tinh
(bing phuong phép ing suit ban ddu hay bi&n dang ban ddu) phy thude lop bai

T xét.
§4. vi DU MINA HOA

" Tir quan h¢ ¢ — € xay dung trong §2, va &p dung cde phuong phip s6 gidi thiéu
1 {ht trong §3, thudt todn va chwong trinh min d3 dwge viét cho 16p bai todn trén. He .
phi tuy&n (35) gidi bing phwong phip &ng suft ban diiu. Dwéi day dwa ra 2 vi du minh
“hos. Xét chi 1iét miy 461 xtng true chin lyc tip trang (hinh 1a). Trén hinh trinh biy
o cge dgc trang hinh hge, vit lidu va tdi trong. Tinh toan tign hanh cho phin gitra clia

" k&t c4u khi xem phin ngoai khong bién dang. MO hinh hinh hoe ghm 13 phin té dang
suvén mit cit chir nhat. Hinh 1b bitu didn sy thay ddi cfa chuydn vi u:z theo ban
kinh & céc vi tri kbic nhau cfia géc U khi vat litu 1Am vitc trong trgng thai dan déo
" ¢hju thi bén ding huéng dwoe so sdnh véi nghidm gidi tich va nghiém cfia bai toan dan
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hdi. Do 88 buwde tii trong dang cdm it (80 bwde) nén cé sy chénh léch két qui & cdce
didm quanh ving dil tai thuje midn déo cla vAt lidu. Tuy vidy? sw khic bilt <6 tht zem
la khéng 16n (max 8%). _ g

Trong vi dy 2, két cfu c6 mit cit vudng (hinh 2a) chju lwe phan b6 d8u & 2 mit
481 dign, ¢d chc dic trung vat 1idu san: hé s§ Poisson w = 0.12; ¥y =10,23, modul dan hbi
(thit nguyen Njmm?) ES = 70005 E§ = 35005 ES = 70005 Gxy = 2003 Gz = 3003 Gyg = 200;
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arodul déo BE = 1503 1Y =
T - ] . )
dau of = 15; oy = 10, g7 =

bén deng — ddng huong duge tinh vor @ =0,2; o = 0,6 v so sanh véi cde m
ben dényg (o = () va tii ba ding huéng {(w = 1) cho 50 buwéc i trong- Sy -
cit suu qua t1ir1h bitn dang dwge (he hiéo- dinh tinh trén hink 2k,

dfmg miit
: ,u'ug su#t — z,huy”én vi v
ub/u§ = 1,87 trong d6 qy =

vét 1i§u ddn hdi va dan déo. Hinh e trinh b-’ay anh hudng cla gid thlét cé
tai ban déi xu clia Vat lidu u‘ng v cde mire thi trong khac nhau ¥

805 EE = 1565 Gay = 403 Gxz = 605 Gyz == 407 i han dbo_ban-
15 vi dwéng cong 1 truc liy theo tryc x. Hign !fmg :

trén hu,h 2¢ cho thiy: Tai diém A voi qpfe’ =

qv2r2,

LIy ‘viul twong ting la chuy%n vi theo h

A B 1o M man®
<

7
7Gx E
F 1o
. _ 57
t85/6 w=
A A A : A= . N
2 4}:;;? 26 " i w e
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36t mé hiah phap ti hiw han mo & quan hé o — € cho phép ké ﬁen tinh di huéng
elta vat lidn din déo chiu tai bén dong — dfing hwing ttong tur(rng Lhop eha bai toan
3 ehign duoge xAy dyrg. Khé dénh gida duge chinh xic sai 86 cfia mé hink do vide dung
ddng thel mat t’\p hgp che phwong phap gin ding: phiin tie hiru ban, gia 6 141 treng,
tich phéaa s vé phaong phip fag sudt ban dduo. Tuy vay, phén tich két qui nhin dwge
Wi hp voi
tinh todn thie 18, khong doi hdl noarm tinh' phdi hitu biét siu vé phuoag phép s va €0

thiy duge sy !

hoe ¥4t rén b;én dang.
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SUMMARY
ELASTO — PLASTIC ANALYSIS OF ANISOTROPIC
ARDENI\IG MATERIALS BY FINITE ELEMENT METHOD -

i
i

An elasto ~- plastic. analybts for general three du.leswn'ﬂ problems usmg a fmlte

_ -ﬂelement model is presented. The analysis is based on Hill's vield eriterion which inclu~

"ded anisotropic materials displaying kinematic —isotropic bardening. The validity. and
' -.pladwal applicability of the algorithm are illustrated by a number of numerical eXam-
- Ples, caleulated by a computer program written in fortran.
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CAC BAO CAO KHOA 10C
(Tiép theo trang 4)

: Thanq 3 nim 198%.

1.V Van thé (Vién Ca hoe) Xac dinh khé nang chiu 1uc cha cdng trinh sau trang
thai gioi han.

2. Nguy2n Cong ng (DHTH) Ve dinh 1y tdn tai duy nhdt nghitm bk toin bitn cia

' 17 thuyér quéd trinh bién dang dan déo,

3. Duong T4t Thang (DHTH) V& cic ham vit liéu trong thuyét zic dinh dja phuong

cia qud trinh bién dang dan do.
4. Trin Duong Hign (Vién Co hoc) Mot dang bleu dign cha gia s§ cudng 46 bién dang
déo trong ly thuyét chdy déo.

Thdnq 4 ndm 1984.

. bao Huy Bich (DHTH) V2 nhing phuang phép gial gin dtng bai todn chs 1y thuyée
qué trinh bién dang déo. T

2. Db Son (Vién Co hoc) @&ial bai toan 1871 wu hoéa hinh dang ké: ciu thank va ban
bang phuong phap quy hoach toin hoc. _ , :

" Théng 5 nam 198%.

1. Nguyn Vas Phé (DHTH) Mot 3 ¥ ki€n v2 cach x¢ Iy théng rin trong ca hoc
2. Nguydn Van Tinh (DHXD) Dac ddng hon hgp xofn lic ngang ciia ciu treo.

-+ 3. Nguygn Vin Vuong (DHBK) V& mdt md hinh ddn hdi nhét phi tuyén ba thong '58.

Thang 6 nim 198%.

1. Nguyén Vin le (BHT[) mot 8§ md hinh ndn v ang dung wvao tmh todn k&t cdu,
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