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TOM TAT

Phan tich két cdu tam/vé bang phan ti vé khéi tiz gidc 8 nit sé xay ra hién nirong khoa
cdt, khda mang va khoa hinh thang do si- dung ham xdp xi chuyén vj dang C°. Bé khdc phuc
cac hién twong khda nay, cdc truong bién dang udn, bién dgng mang va bién dang thang theo
phwrong chiéu day dwoc xap xi lai thdng qua gia tri bién dang tai cdc diém bude diwoc X&c
dinh triréc. Trong bai bao nay, ngoai viéc khir khoa cat va khoa hinh thang, phan tiz vé khoi tir
gi4c 8 nut, goi 1a S8+, con dwoc khir khéa mang dya trén ky thugt MITC4+ duwoc phét trién
cho phan tir vé suy bién tir gidc 4 nGt[1]. Phdn tich tinh ciia mét sé bai toan tam/vé dién hinh
diroc trinh bay. Két qua sé cho thdy, khi siz dung ciing sé phan ti, phan tir S8+ cho két qua
chuyén vi tét hon so véi két qua cho béi c&c logi phan tir vé tir gidc va tam giac khac.

Tar khoa: tam/ve; phan ti vé khoi tir giac 8 nat; ky thugt MITC4+; khéa mang;, phdn tich tinh.
ABSTRACT

Analyses of plate/shell structures by using 8-node quadrilateral solid-shell elements often
lead to the phenomena of shear, membrane and trapezoidal lockings due to the C°-type
displacement approximation. To overcome these locking phenomena, the bending strains,
membrane strains and normal strains in the thickness direction are separately interpolated
from values of these strains at pre-defined typing points. In this paper, beside removing the
bending and trapezoidal lockings, the present 8-node quadrilateral solid-shell elements,
namely S8+, are also eliminated the membrane locking based on the MITC4+ technique
developed for the 4-node quadrilateral degenerated shell elements[1]. Static analyses of some
benchmark plate/shell structures are presented. Numerical results show that when using the
same number of elements, the S8+ elements can give better displacements than those provided
by other quadrilateral and triangular shell elements.

Keywords: plate/shell; 8-node quadrilateral solid-shell elements;
membrane locking, static analyses.

MITC4+ technique;

1. GIOI THIEU la rat can thiét va duoc giai quyét bang cac

Tam/vo 1a két cau duoc sir dung rat phd
bién trong cac cong trinh xay dyung dan dung,
xay dung cong nghi¢p, may bay, tau bién, 6
t6, do ¢6 nhiéu wu diém vuot troi vé kha ning
chiu lec va tham my. Do dé, viéc tinh toan
chinh xéc (g xur cua cac két chu timAvo c6
hinh dang, tai trong va diéu kién bién bat ky

phuong phap sb.

Hién nay c6 rat nhiéu phuong phap s6
khac nhau dugc phét trién dé giai quyet bai
toan tim/vo nhung phuong phap phan tir hitu
han (PPPTHH) van la phuong phap pho bién
va hiéu qua nhit. Trong d6, cac cong thirc
PTHH xay dung cho ly thuyét tam/vo bién
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dang cat bac nht roi dung cac ky thuat loai
bo céc hién twong bién dang vuot troi thuong
duoc sir dung do chi can ham xap xi chuyén
vi dang C° va c6 thé dung dé phan tich két
ciu tim/vé day hoic mong. Theo hudng phat
trién nay, cac cong thirc PTHH tam/vo co thé
duoc chia thanh 3 loai: phan tir vo phang (flat
shell), phan tr vo suy bién (degenerated
continuum mechanics shell) va phan t vo
khéi (solid shell)[2]. Phan tir vo phang va
phan tir vo suy bién tinh toan cac tmg X trén
mat trung binh cuia phan tir nén ngoai chuyen
vi thang can c6 goc X0ay. Ung Xt trong phan
tur vo phang 1a su két hop thUan tly gitra ung
Xt cia phan mang va phan udn nén khong

thé hién duoc Su twong tac gilra mang va uon.

Pé khic phuc van dé nay, ang Xt trong phan
ter vo suy bién dugc xay dung tir ly thuyét
bién dang 3 chiéu duoc hiéu chinh sao cho
bién dang thang theo phuong vudéng goc véi
mit trung binh cua vé bang 0. Trong phan tu
v6 khdi, ung xtr dugc xay dung hoan toan tur
ly thuyét bién dang 3 chiéu nén bac tu do cua
phan tir vo khdi chi gdm cac chuyén vi thang,
khong c6 goc xoay. Vi vay, phan tir vo khoi
rat dé két ndi véi cac loai phan tir khac va co
thé xét dén su thay doi cua bién dang thang
theo phuong vudng goc véi mat trung binh
cua vo.

Phan tir vo khéi tir giac don gian nhét la
phan tir 8 nit vi xap xi truong chuyén vi
duoc xay dung tir cac ham dang C°. Tuy
nhién, bién dang cat thuan tdy tinh tir xap xi
chuyén vi dang C° s& khong thé bing 0 va
dan dén hién tuong khoa cat khi phan tich
cac két cau tim/vo mong. Dé loai bo hién
tugng khoa cat, cac phuong phap xap xi lai
truong bién dang cit da duoc phat trién thanh
cong bai nhiéu tac gia nhu xap xi bién dang
tu nhién (ANS)[3], xap xi bién dang nang
cao (EAS) [4]hoac xap xi phéi hop cac thanh
phan ten-xo ing Suat (MITC)[5]. Thém nira,
khi roi rac cac két cau vo co do cong lén thi
cac phan tr vo khéi ¢6 dang hinh thang s&
sinh thém twng suat phap theo phuong chiéu
day va dan dén hién tuong goi 1a khoa hinh
thang. Twong tu ky thuat khir khoa cit,
truong bién dang thing theo phuong chiéu
day cua vo ciing duoc xap xi lai dé loai bo

hién twong khoa hinh thang[6]. Phan tur vo
khdi tir giac 8 nat khir khoéa cit va khda mang
da duoc 4p dung thanh cong trong viéc phan
tich cac két cdu tim/vo ddng nhat, composite
dan hoi tuyén tinh, phi tuyén.

Déi véi phan tir vo tir giac, hién tuong
khéa mang xay ra khi cac nat cua phan tir
khong ddng phang. Dic biét, khi két cau vo
¢6 hinh dang phic tap chia lugi phan tur
khong déu nhau thi hién twong khda mang
cang anh huong nhiéu dén do chinh xac cua
phan tir. Nham loai bo hién twong khda mang,
mot s6 tac gia xay dung cong thic phan tir vo
dua trén mé hinh todn hoc biéu dién chinh
Xac mat trung binh vo[7]. Tuy nhién, cach
tiép can nay khdng téng quét cho tat ca céc
trudng hop vo 6 hinh dang va diéu kién bién
bat ky. Gan day, Ko va cong sy[1] da phat
trién cong thic xap xi truong bién dang
mang cO kha nang khir khoa mang dua trén
cach tiép can MITC cho phan tir vo suy bién
te gidc 4 nat. Két qua, phan tr MITC4+ ¢6
kha ning vuot qua cac diéu kién kiém tra co
ban cua phan tir vo (patch tests) va co do hoi
tu tot khi phan tich cac bai toan vo phic tap,
tham chi véi ludi khong déu.

Trong nghién cau nay, ngoai viéc khu
khéa cat va khoa hinh thang, cong thuc
PTHH v6 khéi tor giac 8 nut con duoc bod
sung thém k¥ thuat khir khéa mang. Mudn
vay, blen dang mang trong phan tir Vo khoi s&
dugc xap xi lai theo cong thuc Xap xi bién
dang mang caa phan tir vo suy bién tt giac 4
nit MITC4+. Cong thirc PTHH vo khdi tir
giac 8 nit S8+ nay cho két qua hoi tu tét hon
mot s6 phan tir vo khac khi phan tich tinh
mot s6 bai toan tim/vo.

Trong phan tiép theo cua bai béo, cong
thic PTHH vo khéi ta giac 8 nat dugc trinh
bay. Tinh chinh xac va hiéu qua cua phan tir
S8+ duoc kiém tra va danh gia & phan vi du
sb. Cubi cuing, mot vai két luan duoc rit ra.

2. CONG THUC PHAN TU HUU HAN
VO KHOI TU GIAC 8 NUT S8+

2.1 Xap xi hinh hec va chuyén vi[8]
Xét phan tir vo khéi tir giac 8 niit nhu
Hinh 1. Trong hé truc toa do toan cuc OXYZ,
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toa d6 cua 1 diém nam trong phan ti c6 thé
duogc biéu dien boi véc-to X duoc xac dinh
nhu sau:

X=X+(¢P (1)
Trong d6, X la véc-to vi tri cua mat trung
binh phan tu, P la véc-to c6 gia tri bang mot
nura VEc-to noi tur toa do nat mat dudi véi toa
d6 nat mat trén caa phan tirva -1 << 1 la toa

do6 thugc hé toa do tu nhién &nd.
¢
2P, 4T; 2Py g7
X4 X
B e e -~ 873
4 \ al /)
/ Y
1T /// 4B \\ 5////L1;X7*§ 2T 4B

Hinh 1. Hinh dang hinh hoc phan tir vé khoi

Véc-to X va P duoc xap xi thong qua
cac gi tri tai nut phan tir boi cong thirc:

X =iNi)_( (2)
P:iNiPi 3)

Vi Ni(&n) 12 cac ham dang C° duge dinh
nghia trong hé toa do tu nhién nhu sau:

N, =0,25(1-&)(1-7); N, =0,25(1+&)(1-7)
Ny =0,25(1+&)(1+7); N, =0,25(1—&)(1+7)
Va

v _ Loyt B
X =E(Xi +X ) (4)
P =2 (X %) ©

Trong d6, Xi' va X;® (i = 1, 2, 3, 4) lan luot I
toa @6 nut & mat trén va mat dudi cua phan tir
(xem Hinh 1).

Thé cong thirc(2), (3) vao (1), véc-to X
c0 thé duoc viét lai nhu sau:

45

4
X = ZNi [ X, +¢P,] (6)

Dé thuan loi cho viéc thiét lap cac quan
hé bién dang — chuyén vi va ing suat — bién
dang, hé truc toa do cuc bo oxyz trong ting
phan tir dwgc xay dung Vai cac VEc-to co sO
theo phuong X, y, va z lan luot 1 Ry, Ry vaR,
duoc dinh nghia nhu sau:

R.xR R,
R,=—f % R =" R =R xR, (7)
‘RngU‘ \R\
Véi
X 4 aN
§=a— N (8a)
|18§
X ON.
ana— _Z —X. (8b)
onl,, = 0m

Truong chuyén vi trong hé truc toa do
cuc b oxyz duoc xap Xi nhu sau:

u=U+§p=iNi(Ui+gPi) ©)

i=1
Trong d6, u = [ux, Uy, Z] la véc-to chuira cac
thanh phan chuyén vi thang theo phuong X, Y,

2, U=[0, 0, T ] la véc-to chuyén vi trén

mét trung binh, p= [pxpypﬂ la mot ntra vec-to
ndi chuyén vi ntit dudi va nat trén caa phan tir
va:

U =|:Uxi in u,, T =%(uiT +uiB) (10)

T 1, B
Pi =|:10xi Pyi pzi] =E(ui —U; ) (11)
V6i ul vau? lan luot 1a véc-to chuyén vi
trong hé truc toa do cuc bo cua cac nat & mat
trén va mat dudgi caa phan ti.

Quan hé gitra toa d6 nat X va chuyén vi
nat U trong hé toa d6 toan cuc OXYZ vaéi toa
d6 nat x va chuyén vi nut u trong hé toa d6 cuc
b6 oxyz duwoc cho bai cong thirc sau:

x = H" X hoac X = Hx (12a)
u=H"Uhoic U=Hu (12b)
Vi ma tran chuyén truc H = [RyRy,R;]  (13)
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2.2 Quan hé giira bién dang-chuyén vi[8]

Tir xap xi chuyén vi cho bsi (9), céc
thanh bién dang trong hé toa d6 cuc bo duoc
xac dinh nhu sau:

ou_ ou, . op

=—X="X4 X 14a

S "o T ox d OX (142)

6, - au, _ ou, i op, (14b)
oy oy oy

_ —@+§%+a§ (14c)

u = oz oz oz E'OZ

ou u ou
Yoy ox oy ox oy

_au,, ou, _@+@+¢[%+%j+%¢px (14e)
Z

ﬁpyj (14d)
oX

Y= Tk T oz ox oz ox

au, auz_@+aUZ+C(%+%] o (l4f)
Z

=% Ty T ey oz oy

Trudng bién dang cho bai (14) c6 thé viét lai:
am +§8b
.
Sz[gxx gyy 7/xy € Vxa 7yz:| = &,

&

(15)

Trong d6, bién dang mang &, bién dang uén
&» VA bién dang cit ngoai mat phang g, duoc
dinh nghia boi:

TG L !
e :[éux ou, y} (16)
oX oy ay OX
0 op. T
8b — 610)( py apx + py (17)
OoXx oy oy oX
a%(+é’(ap)(+apzj+aé/px
. oz 0z  OX 0z OX (18)
My o[ O] 00 O,
& +§(6z +8y}r62'0y+8y

Thé xap xi chuyén vi cho bai (9), (10),
(11) vao cac cong thirc bién dang, ta ¢ thé
x4c dinh dwgc quan hé gitra bién dang va céc
chuyén vi nat ge ciia phan tr trong hé toa do
cuc bd nhu sau:
8m :que; 8b

szqe; 8 = que; &x szqe (19)

Trong do, ge = [C]e1 CIeZ Qe3 Ces ]

7, — B, B, B, T, T, TqT,,3
VG Qei = [Uxi Uyi Uzi Uxi Uyi Uz ] Va’Bm, B, Bq,
B, la cac ma tran quan hé gitra bien dang va
chuyén vi.

2.3 Ky thuat khir khda mang, khoa cit va
khéa hinh thang

Néu sir dung cac truong bién dang cho
boi cong thue (19) duge xac dinh thuan tay
tor xap xi chuyen vi dang C? thi cong thuc
PTHH cua phan ttr vo khdi s& xuét hién cac
ing xuat ting thém din dén sai léch két qua
tinh toan, goi la cac hién twong khoa. Pé
khic phuc céc hién tuong khoa mang, khoa
cat va khoa hinh thang, cac truong bién mang,
bién dang cit va bién dang thang theo chiéu
day trong hé toa do ty nhién s& duoc xap xi
thdng qua cac gia tri bién dang twong Gng
tinh tai cac diém budc dugc thiét ké trude.

Dé c6 thé tinh lai dwgc ma tran quan hé
gitta bién dang va chuyén vi trong hé toa do
cuc bo tir xap xi bién dang trong hé truc toa
d6 ty nhién, ta can biéu dién quan hé gitra
bién dang trong hé toa d6 cuc bo va hé toa do
tu nhién nhu sau[8]:

.
[‘955 Emm Eec Ven Ve 7’774]

@
=Q'[ &y &y € Ty Ya V]

.
Trong do,
2 2 2
|11 |21 |31 |11|21 |11|31 |21|3l
12 12 12 1,1 Il 1l
1722 12732 22732
2 2 2
l I I |13|23 |13|33 |23|33

Q = 13 23 33 (21)

2|11|12 2'21'22 2'31'32 |12|21+|11|22 |12|31+|11|32 IZZ|31+|21|32
2|11|13 2'21'23 2'31'33
2lls 20l 20yl

|23|11+|21|13 |13|13+|11|33 IZ3|31+|21|33

|23|12+|ZZ|13 |13|32+|12|33 |23|32+|22|33

Vi 1 1a s6 hang & hang i, cot j cua ma tran
nghich dao cia ma tran Jacobi J duoc xac
dinh bai:

| ox oOx oOX !
O 0On Og
2.3.1 Ky thugdt khar kh6éa mang

Hién tuong khoéa mang xuat hién khi
phan tir vo khdi tir gidc 8 nit co cac diém
trén mat trung binh khéng dong phing. Dé
khic phuc hién twong nay, ky thuat khir khoa
mang MITC4+ duge dé xuét boi Ko va cong
su [1] cho phan tir vo suy bién tir giac 4 nat

(22)
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duoc ap dung. Theo cach tiép can nay, cac
thanh phan bien dang mang trong h¢ toa d
tu nhién duoc xap Xxi lai dua vao gié tri bien

dang mang tinh tai cac diém budc
A1(0,-1,0),A2(1,0,0), A3(0,1,0), A4(-1,0,0)
(xem Hinh 2) nhu sau:
éij =0, 25(5?l +3i52 +8i'-% +8iA4)
(23)
+0,5(—¢;" +&*)£+0,5(—&f + & )

Trong d(’),gifk voii=¢& n =& nvak=1.4
thé hién cac bién dang mang trong h¢ toa do
tu nhién tinh tor xap xi chuyen vi (9) tai cac
diém budc Ax.

Tur quan hé (14) gitra chuyén vi va bién
dang trong hé toa do cuc bd va cong thac
(20) chuyén bién dang tir hé toa do cuc bod
sang hé toa do tu nhién, xap xi bién dang
mang (23) theo k¥ thuat MITC4+ c6 thé biéu
din bing quan hé gitta bién dang mang
trong hé toa do cuc bo va chuyén vi ndt phan
tr nhu sau:

£, =B.q, (24)

8 & 7

| A

| b

Ay /4 & 6 De/3
5
Nay ’

1 2

Hinh 2. Cdc diém bugc khir khdéa mang, cat
2.3.2 Ky thugt khir khoa cat

Theo phuong phap khue khoa qcét
MITCA[5], bieén dang cat ngoai mat phang
trong hé toa do tu nhién dugc xap Xxi lai nhu
sau:

=0,5(1—77)

/} 05(1+77)}/
7774_05(1 5) AZ{

(1+§)7,,;
Voi 72, 7;2, 7/:;, y,?éila“m luot 1a gié tri cua

bién dang cat ngoai mat phang tinh tir xap xi
chuyén vi (9) theo cac cong thuc (14) va (20)

(25)

tai cac diém budc c6 toa do trong hé tu nhién
A1(0,-1,0), As(0,1,0), Ax(1,0,0), As(-1,0,0)
nhu Hinh 2.

Thé cac bién dang cit ngoai mat phang
duoc tinh theo chuyén vi nit tai cac diém
budc vao Xap xi (25),quan h¢ gitra bién dang
cit ngoal mat phang trong hé toa d6 cuc bo
va chuyén vi nat phan tir dwoc viét lai:

£, = Byq, (26)

2.3.3 Ky thudt khar khéa hinh thang

Khi vo cong hoac/va chia ludi khong
déu s& xuat hién thém ung suat phap theo
phuong chiéu day vé do phan tir c6 dang
hinh thang theo phwong chiéu day, goi la
hién tugng khoa hinh thang. Pé khic phuC
hién twong nay, bién dang thang & dugc xap

xi lai thong qua cac gia tri &2, &2, &2, &
cho boi xap xi chuyén vi tinh tai cac diém
busc  Bi(-1,-1,0), Bs(1-1,0), Bs(1,1,0),
B4(-1,1,0) (xem Hinh 3) nhu sau[6]:

&, =0, 25(1—5)(1—77)52 +0, 25(1+§)(l—77)$2€
+0,25(1+&)(1+7) 22 +0,25(1- &) (1+77) 22 (27)
8 1e .
e U
// 4 ‘/:77455 3
5/ ) 6/,
Byl B,
1 2

Hinh 3. Cdc diém bugc khir khda hinh thang

Thé quan h¢ gitra bién dang & tai cac
diém budc véi chuyén vi nat phan tir vao xap
Xi (27), ta duoc:

gZZ = que
2.4 Ma tran d9 cieng phan tir S8+

Tur cac cong thie (24), (26), (28), sau khi
sir dung cac k¥ thuat khir khoa cét, khoa mang
va khoa hinh thang, quan hé giita bién dang va
chuyén vi nat phan tir dugc viét lai:

(28)
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(29)

Déi voi vat lidu déng nhat, dang hudng,
ung suat dugc tinh tir quan hé:

T ~
O'Z[O'XX Oy Ty Ou Tu ryZ] =C¢g (30)
Trong do,
(2424 2 0 0 0 O]
I Z1+2u 0 0 0 0
o O 0O « 00 0
0 0 0O E 0 O
0 0 00 u O
|0 0 00 0 u
. A EV N 2 N
VoiAd = sy M= va E, vlan luot la
1-v 2(1+v)

md-dun dan hoi va hé sb Poisson cua vat liéu.

Thé quan hé gilra ing suat — bién dang va
bién dang — chuyén vi nit cho bai (29) va
(30)vao nguyén ly cong ao, theo phuong phap
PTHH, ma tran d cung phén tr ke duogc xac
dinh nhu sau[9]:

1
=
Pé tinh ke, tich phan sé véi 2x2x2 diém

Gauss duoc st dung, tic 1a 2 diém Gauss
theo méi phuong &, 7, ¢

3.VIiDU SO

Trong phan nay, két qua phan tich mot
s6 bai toan tim vo dién hinh bang phan ti
S8+ duoc trinh bay. Két qua phan tich dugc
so sanh vai két qua cho boi cac loai phan tir
v6 khdi tir giac 8 nat Xsolid84 dua trén dang
chuyén vi khong twong thich[8],Xsolid85 st
dung k§ thuat ANS khir khéa cit va khoa
hinh thang[8], RH8s-2 két hop ky thuat lam
tron vao phan tir Xsolid85 [10], va cac loai
phan tir vo phang tir gidc MITC4, tam giac
MITC3+[11].

Dé khao sat va so sanh d6 hoi tu cua cac
phan tir, két ciu & céc vi du sau duoc chia
luGi déu vai nk x ny phan tir trong mat trung

j B'CB|J|d&dndd (31)

l—\'—"_‘

binh va 1 phén phan tir theo phuong chiéu
day doi vei phan ta vo khoi. Trong do, nx, Ny
lan luot 1a s6 phan tir theo phuong X va Y.

3.1 Tam xién lién két twa don bdn canh
chiu tai phan bé déu
T4am xién goc 30°6 kich thuéc mdi canh
=100 va day h=1 nhu Hinh 4. Tam tya don
4 canh va chiu tai trong phan b déu g=1. Vat
ligu lam tim c6 md-dun dan hdi E = 10x10°,
va hé s6 Poisson v=0.3.

Két qua tinh chuyén vj tai tm tam chia
cho gia tri chuyén vi tham khao 0.04455
[8]ung céc loai lugi va phan tir khac nhau
duogc thé hién trong Bdng 1va Hinh 5. Két
qua cho thiy, véi cing sé phan ta, phan to
S8+ cho két qua gan vai 10i giai tham khao
hon cac loai phan tar khac. Véi luégi chia
20x20x1 phan tu, sai s6 twong ddi cua két
qua cho bai phan tir S8+, Xsolid84, MITC3+,
Xsolid85, MITC4 voi két qua tham khao lan
luot la  0.017%, 0.070%, 0.173%, 0.052%,
0.130%.

Hinh 4.Tdm xién lién két twa don 4 canh
chiu tai phan bo deu

Bdng 1. PG véng twong ddi tai tam tam xién

i Chuyén vi theo s6 lwéi chia

Phan tir
4x4x1 8x8x1 | 20x20x1

Xsolid84 0.320 0.676 0.930

MITC3+ 0.523 0.653 0.827

Xsolid85 0.879 0.870 0.948

MITC4 0.805 0.802 0.870

S8+ 0.884 0.900 0.983
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Hinh 5. Chuyén v; 16n nhdt cia tam xién
theo lwdi chia

3.2 Méi vom ngam phing chiu tai treng
lwong ban than
Méai vom c6 chiéu dai L=50, ban kinh
R=25 va day h=0.25. Mai vom chiu trong
lwong ban than p =90, 1am bang vat liéu c6 E
= 4.32x10° va v= 0.

Do tinh chat d6i xing nén 1/4 mai duoc
md phong véi diéu kién bién duoc thé hién
trén Hinh 6.

Ti sé gitra chuyén vi thang tai diém A
(diém giira bién canh dai cua mai) va két qua
tham khao 0.3024 [8] cho bai phan tar S8+ va
cac loai phan tir khac nhau dugc trinh bay
trong Bang 2. Trong vi du nay, phan tir S8+
cling cho gia tri chuyén vi gan véi loi giai
tham khao hon cac loai phan tir khac.

Hinh 6. Mai vom ngam phdang chju tdi

trong lwong ban théan

Bdng 2. Chuyén vi firong doi mai vom

tai diém A
oRAN tir Chuyén vi theo sé lwéi chia
4x4x1 8x8x1 | 16x16x1

Xsolid84 | 0.549 0.959 1.003
MITC3+ 0.762 0.916 1.014
RH8s-2 1.179 1.680 1.028

MITC4 0.943 0.978 1.008

S8+ 0.946 0.980 0.995

3.3 Vé ban cau co 16 mé

V6 ban ciu c6 10 mé 18%6 ban kinh
R=10 va day h = 0.04. Vo chiu luc tap trung
F= 27nhur Hinh 7 va co E:6.825x107, v=0.3.
Chuyeén vi tai vi tri lyc tap trung 0.094 [8].

Do tinh chat dbi xtng nén chi can mod
phong 1/4 vo ban cau. Diéu kién bién ddi
xung xac dinh nhu Hinh 7, bién trén va bién
dudi cua vo tu do.

—J

Hinh 7.Vé ban cdu véi 16 me 18°

Bdng 3. Chuyén vi twong d6i vé ban cau 16 me
18° tai diém B

. Chuyén vi theo s6 luéi chia

Phan tir
8x8x1 16x16x1 | 20x20x1

Xsolid85 1.005 - -
MITC3+ 1.032 1.012 1.012
RH8s-2 1.003 0.996 0.996
MITC4 0.971 0.988 -

S8+ 0.985 0.992 1.000
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Két qua Bang 3 cho thiy phan tir S8+
cho két qua hoi tu twong duong cac phan tir
khéc. V6i luéi chia 20x20x1, phan tir S8+
cho két qua tét hon cac phan tir khac (do léch
s0 vai két qua tham khao 1a 0%).

4. KET LUAN

Phan tir vo khdi t gidc 8 nat S8+ bd
sung khur khéa mang theo k¥ thuat MITC4+
cho hiéu qua tinh toan tét hon cac phan tir vo
suy bién tinh trén mat trung binhMITC3+,

MITC4 va cé&c phan tir vo khéi tir giac 8 ndt
khac chi thuc hién kha khoéa cét va khoa hinh
thang Xsolid84, Xsolid85, tham chi tét hon
phan tir vo khdi két hop ky thuat 1am tron
RH8s-2. Do md phong va tinh toan dugc trng
xtr theo phuwong chiéu day vé nén phan ti vo
khdi S8+ co thé dung dé phan tich cac két
cau tim/vo composite ¢ xét anh huong cua
ng suat theo chiéu day, mé phong ty tach
I6p hay sy hinh thanh va phét trién vét nut
theo chiéu day tim/vo.
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