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TOM TAT

Co hoc pha huy la mon khoa hoc chuyén nghién ciru vé dg bén tudl tho cua vat liéu, chi
tiét mdy hodc cdu kién khi c6 cac vét nitt. Cho phép dinh lrong moi quan hé giia tinh chat
co Iy vat liéu, ung sudt, sw hién dién ciia cdc vét mirt ¢é thé gdy phd hiy két cau va co ché
lan truyen cdc vét mit. Phwong phdp phan tir hitu han mo rong (XFEM) cua T. Belytschko
dé xudt vao nam 1999 dwoc coi la cach xir Iy ddc biét cho cdc van dé vé vét nitt. Trong ngi
dung cua bai bdo nay tac gia sé gici thi¢u mot phiwong phdp xdc dinh vét nirt trong tim dira
trén sy phdn tich va dy doan sir lan truyén ciia vét mirt qua viéc tinh cdc tham s6 cua co hoc

nirt nhue hé so cuwong do ieng sudt, dir dodn hwdng lan truyén cia vét niet khi c6 hién tirong
lan truyén

Tir khéa: Phwong phdp phan tir hitu han mé rong XFEM; co hoc phd hiy; vét nitt; hé sé
cuwong do ung suat; su lan truyén vét nirt.

ABSTRACT

Fracture Mechanics, which is a science subject, mainly studies about the durable
longevity of materials, mechanical components or building components when they have a
crack. The method helps quantify the relation between the materials 'nature, tension, and
identify the presence of the crack which can destruct the structure and propagation
mechanism of the cracks.

The extended finite element method (XFEM) proposed by T. Belytschko in 1999 is
regarded as a special cure to crack problems. This paper presents a method to identify cracks
in the plates based on the analysis and prediction of crack growth by calculating the
parameters of mechanical cracking such as the stress intensity factor, predicted path of the
crack when the spread phenomenon appears.

Keywords: Extended finite element method (XFEM); Fracture Mechanics; Cracks; SIF;
Growth of cracking.

1. GIOI THIEU [1] Phuong phap phan tir hitu han mé rong
xu ly vét nut béng cach mo rong bac tu do
cua nhiing phﬁn tir bi vét nut cit ngang, tai
dinh vét nut s& duoc thém vao nhitng ham
mé rong dé tinh chuyén vi clia cac nit thudce
dinh vét nit. Phuong phap nay cho phép vét
nit duge thé hién mot cach doc 1ap voi luoi
phan tir, do do khong can phai chia lai ludi
khi mé hinh vét nit lan truyén.

Trong co hoc pha huy, viée tim ra vét nit
trong tim la mot van de quan trong nhung
viéc tim ra vét nat 1a mot diéu khong dé dang,
ngudi ta ¢6 thé tim ra vét nit bang cac may
do tim si€u am, phuong phap do nhiéu xa..
Khi két cdu c6 chua vét nurt thi cac dic tmh
ctia n6 nhu tan sd dao dong tu nhién, hinh
dang dao dong tu do... s€ bi thay ddi.
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2. PHUONG PHAP PHAN TU HUU
HAN MO RQNG (XFEM) CHO TAM
PHANG [2] [3] [4] [5]

Trong vai nim gan day, su xuét hién cta
phuong phap phan tir hitu han m¢ rong da
cung cap mot cong cu g1a1 quyet mot cach
hiéu qua cac bai toan vé phan tich va lan
truyén vét niit dudi gia thuyét cua co hoc ran
nirt dan hoi.

So voi phwong phap phan tir hiru han thi
XFEM tao ra nhimg thuén l¢i trong viéc md
phong sy lan truyén cua vét nat, phuong
phap nay dua trén sy mé rong cua bac tu do
cua nhitng nut thudc phﬁn ttr bj chia cit béi
vét nut.

Su khac biét co ban cia phuong phap
phan tor hitu han mé rong so voi phuong
phap phan tir hitu han 13 sy két hop nhimg
ham m¢ rong vao nhing phan tir suy bién dé
tinh chuyén vi & gan dinh vét nut.

2.1 Phuwong trinh co ban

Khao sat mién Q c6 bién 1a I” bao gdm
L, LLIovei I'=1, 0 UT

Vé6i I, 1a bién cia chuyén vi; I, 1a bién
clia ngoai luc; I',bé mit kéo ty do (bién vét
nuat); t 1a thoi gian.

Phuong trinh cén bang dugc viét nhu
sau: V-6+f°=0 trong mién Q 1)
Diéu kién bién dwgc md ta nhu sau:
o-n={"' trén bién I',. u=0T trén bién I
6-n=0 trén bién I', Véi 6 1a tenxo Gng
sudt; f'1a luc ,khéi; f!
vector phap tuyén don vi.

la ngoai luc; n la
2.2 Xép xi trong phwong phap phén tir
mé rong

Trong bai toan phang, xap xi tai mot nat
s€ co dang:
Z aK* aK

X=Y NXu+ Y N(x
(2)

leN, JGNSpIn
N, 14 tap hop cac niit ciia phan tir binh thudng;

JHa,+ Y Ny (x

KENTIp

Ny 1a tdp hop cac nut cua phdn tir b cét
boi vét nut

Ny, l1a tap hop cac nit cua phan tir chira
dinh ciia vét nit

b, 1a bac tuw do lam giau dudi anh huodng

(24

cua ham F, tai nat K

Nk (x) 1a ham dang tai dinh vét nut

n

¥ Ay 4(-1,1) 3(L, 1)

1¢-1,-1)

Lz y0)
x

Hinh 1. Phan tr tir gidc trong hé toa do toan
cuc va hé toa do dia phuong
Lua chon tiéu chudn cua cac nat duoc
lam giau.

| — Phian tir dinh
" Phanti 1 \
chuan
—_ R .
bk
o) Sy pha trgn //
(. y 5 - ’ o -
ey
a4 AN
HERN
: / A " ~ "
Phiin tir b téch ra Phan tir chop
ot =

Hinh 2. Phdn chia cdc nit phan tie
Ham mé rong

Ham Heaviside w(x) = H(&)

Chuyén vi xép xi U"(X) duge viét lai nhu
Sau:

u" =Y N+ D (Ns.H(E) - NsH(E))a,

leN, JeNg,,

©)

H, =1 tai vétnut, H, =0 tai nhitng noi khac



Tap Chi Khoa Hoc Gido Duc Ky Thudt Sé 45(01/2018)
Truwong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

Ma tran B dugc viét lai nhu sau:

N, H O
B =0 N, H (4)
N,,H N, H

Ham déc y(x) = |¢(X)|

Pao ham cua ham w(x) dwoc tinh
((x)); =Sign(@(x)¢} (x). dao ham cia

#(x)theo 2 bién x,y duoc tinh nhu sau:

2}
$i()=[N; Ny Ny N, ] ZZ (i=xy) (5
s
¢,
Ham mé réng gin dinh vét nirt
w=F(r,0) (6)

2.3 Heé s6 cwong dd ving suit

Hé sé cuong d6 ung suat 1a dai luong dac
trung cho erc do tap trung ung suét tai vung
gan dinh vét nit va duoc xac dinh bang cong
thirc sau:

K, o,
K, r||r90\/27zr 7, ¢ (MPaym)(7)
K T

1 yz
Véi 0y; 1a cac Gng suat gan dinh vét nut.

Tuong tng voi 3 dang pha huy ta s c6 cac
hé SO Cll'é)’l’lg dé l:l'ng suat K, Ky, K.

Véi (7) va 0 =0 ta co:
K, =o,N2zr :0\/27”‘/2i =o+/7za (8)
r

Két qua (8) chi dung trong truong hop
tdm phang v6 han, ddi voi truong hop tam
phang hitu han v&i cac mo hinh nut khac
nhau thi:

K, =ao~ra

Vi o 1a ham phuy thudc vao cac dang mo
hinh nut khac nhau.

2.4 Sw phat trién cta vét mirt trong chit
ran dan hoi tuyeén tinh

Xét vé sy phat trién cua vét nat, co hai
dai luong can tinh toan do la gbc do lan
tuyén va do dai gia sé da d6i v6i phan méi
ctia vét nit.

\/ €

Hinh 3. Hé toa dé cuc két hop dinh vét mirt

Phuong trinh xac dinh géc caa su lan
truyen veét nit 6, duoc dua ra:

K, sin(6,)+ K, (3cos(6,)-1) =0

(©)
Gié‘i phuong trinh (9) s€ tim dugc goc
lan truyén @, :
2
6. = 2arctan E ﬁ—sign(K”) [ﬁ] +8
4 KII KII

~ Tu cong thire trén, ta c6 thé théy rang
néu K;; = 0 thi .= 0 (mode I thuan tay),
Ky>0, 6 <0va g, >0khiK;<0.Vi
thé mot biéu thic dugc dua ra dé tinh 6,
nhu sau:

—2K, /K,
1+1+8(K, /K,)?

6. = 2arctan { ] (10)

Do dai gia s6 cua vét nut co thé duoc
xac dinh bang viéc str dung dinh luat Paris:

da
— =C(AK)"
o~ CAK)

Khi C va m 1 hang s vt liéu, duoc xac
dinh thong qua thi nghiém thu d¢ bén moi
tiéu chuan, dN 1a s6 vong AK =K __ —K_ .

l1a d6 bién thién h¢ s6 cuong do rng suat.
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Trong thuc nghiém c6 mot sb cong thirc
de tinh AK:

AK = 4K +8K;
AK = KZ +K?

AK = %cos(@/Z)K, (1++cosf)—-3K, sing

(Tanaka, 1974)
(Rhee, 1987)

3. KET QUA SO
Trong phan nay tic gia st dung phuong
phép phan tor hitu han m¢ rong XFEM dé
phan tich su phan bd truong tng suat tai dinh
vet nirt va sy phat trién cua vet nut trong tam
2D véi vét nit & canh
Khao sat tam thép co:
- Chiéu rong x cao( W x H) =5x10 m
- Chiéu dai vétniita=1m
- MO0 dun dan hdi E= 2x10e6 kPa
- Hé sd poisson v = 0.3
- Chiu tmg suét kéo déu don truc o = 1 Mpa
D6i voi Tam phang véi mot vét nirt bién
chiu ung suat kéo déu don truc thi h¢ so

cuong do Gmg suat (SIF) duoc tinh theo cong
thire sau:

K, =aoc<ra (11)

NER,

'“II

e

i

o

je
o A A

Hinh 4. Tdm phang cé vét nirt canh

Két qua phén tich
Bing 1. H¢é s6 mdt do iing suat KI

Kl
Chiéu Kich
dai thuée
Nt lwéi Giai tich | XFEM | Sai s6 %
60x120 1.51 9.4
a=0.4 | 90x180 1.38 1.48 7.2
120x240 1.42 4
60x120 2.69 9.34
75x150 2.62 6.5
a=0.8 2.46
90x180 2.6 5.69
120x240 2.58 4.87
3
a=0.8
2.9
2.8 560
2.58

2.6

2.5
e L ® ¢ —==xrem
' 2.46 2.46 2.46 2.46
2.3
22 _] 60x12 || 75x150 | 90x180 I 120x24
2.1 0
2

Hinh 5. 6 thi danh gid mirc do sai 6 cua
K1 so voi giai tich theo lwoi phan tue

3.1 Nhan xét:

Tir két qua thu duoc & Bdng I va Hinh
5, sai s cua SIF tinh bang XFEM va ly
thuyét 1a bé. Ngoai ra, qua do thi & Hinh 5 ta
thiy dugc d6 chinh xac cua KI ti 16 thuan véi
kich thudc chia ludi (46 min), chia ludi do
min cang cao thi cho ta két qua cang chinh
xéc. Tir d6 ta co thé lua chon cach chia cho
phu hop theo timg mé hinh dé thu duoc két
quéa chinh xac ma khong ton nhiéu thoi gian
va tai nguyén may tinh [6][7].
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Hinh 6. Truong phdn bo iing sudt theo Y

- Samguamlmpnsraﬂwlmg

L ™ ™
ol = o

Chisu dai pat [mm]
B B

Hinh 7. So sanh gitta phdn tich Paris va
XFEM trong tinh toan d¢ dan dai cua vet nirt
bang dinh ludt Paris

3.2 Nhan xét:

Tir két qua thu duge & Hinh 7 cho thay
phuong phap phan tir hiru han mo rong tuong
doi chinh xac trong tinh todn do dai gia so
cua vet nut [8] [9]

Su phat trien vet nut

+ Bordas
+  XFEM

Hinh 8. So sdnh sw phdt trién vét nirt giita
XFEM va Bordas

Bang 2. Su phdt trién vét mirt & 10 phan tir ké

tiep
Toa dd nirt tai 10 phan tir ké tiép
STT X y STT X y
1 1.093 | 39133 | 6 |1.5787 | 3.7935
2 1.191 | 3.8929 | 7 | 1.6745 | 3.7647
3 1.289 | 3.8704 | 8 | 1.7698 | 3.7344
4 1.386 | 3.8465 | 9 | 1.8648 | 3.7032
5 1.483 | 3.8208 | 10 | 1.9595 | 3.6711
3.3 Nhan xét:

Tur két qua thu dugc & Hinh 8 cho thay
phuong phap phén tir hitu han m& rong twong
dbi chinh xac trong tinh toan sy phat trién ctia
vét niit so v6i phuong phap Bordas [10] [11]

4. KET LUAN

- Viéc tim ra khuyét tat trong vat liéu ché
tao két cdu chi tiét may va du doan kha
nang lam viéc cua két chu la mot viéc
cap thiét. Trong thyc té nganh cong
nghiép ché tao cac chi tiét 1am ra bao gio
cling khong thé hoan thién 100% vé ciu
trac, cac khuyét tit ton tai trong san
pham s& lam suy giam kha ning chiu tai
co hoc cua két cau, hon nita trong qua
trinh chiu tai co hoc lién tuc trong mat
thoi gian dai, vat liéu cta két cdu s& co
hién tuong “mdi” do do6 s€ sinh ra céc
khuyét tat dac bi¢t 1a nhiing vét nut s&
gy pha huy chi tiét.

- Qua viéc tinh toan cac dai lugng cua tam
béng phuong phap XFEM dung phan
mém Matlab, trong d6 hai dai luong
quan trong d6i v0i bai toan nit 1a hé s6
cuong d6 ung suat va do gidn dai caa vét
nit cling duge tac gid tinh todn va so
sanh két qua tinh toan vi mot sd bai bao
da cong bd trén cac tap chi. Két qua tinh
toan ciia tac gia c6 sai sd so véi cac bai
dang trude d6 khong vuot qua 10%, diéu
nay ching té muc do chinh xac cua md
hinh todn ma tac gia xay dung va
phuong phap XFEM la dang tin cay.

- Céc sb liéu tinh toan cua tac gia 1a sd
liéu tir viéc phan tich 1y thuyét nén chua
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sat v6i thyc €, vi vAy dé két qua c6 tinh do dac bo sb liéu thuc t& va phan tich
thuc té hon ching ta can phai tién hanh thém.
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