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NGHIEN CUU VET NUT TRONG CAC KET CAU

BANG PHUONG PHAP XFEM

RESEARCH ON CRACK IN STRUCTURES USING XFEM

TOM TAT

Ung dung Iy thuyét co hoc pha hiy vao dénh gia trang thai Iam viéc va do
tin cay cla thiét bi ngay cang dugc cac nha khoa hoc quan tam. Viéc dy doan
chinh xéc qua trinh phat trién clia céc vét nirt trong céc két cau dong mot vai tro
quan trong trong ky thuét. Phwong phap phan ti hitu han (FEM) ngay cang duroc
sir dung rong rai d& md phong cac loai vét niit khac nhau. Tuy nhién vdi céc két
cdu phirc tap, khi vét nit phat trién, qué trinh tinh toan cho md hinh FEM thuong
mat nhiéu thoi gian, dong thdi cn &p dung cac thuat toan chia lai ludi cho viing
bao quanh vét niit trong qué trinh tinh toan. Bai béao trinh bay mdt nghién ctu
(g dung phuong phap phan tir hitu han md rang (XFEM) dé m phong trang
théi clia vét niit, trong do md hinh vét niit duoc xdy dung dya trén mau thi
nghiém tiéu chuan clia ASTM. Két qua m phdng cho théy khi ti 18 gita kich
thudc chia ludi va kich thuée ban dau cla vét nit nit phu hop, bai toan mo
phong dat duoc st hdi tu cao. BBng thoi d6 tin cAy clia mo hinh dugc kiém ching
thong qua cac so sanh hé s6 cwong do (ng suét va (ng sudt bao quanh vét nit
cliabai toan md phdng voi két qua tinh toan theo Iy thuyét.

Tir khéa: Co hoc pha hiy, phuong phap phan i hitu han (FEM), phuong phap
phan t hitu han md rong (XFEM), Hiép hoi danh gia vat liéu My (ASTM).

ABSTRACT

The application of fracture mechanics on assessment of the performance
and reliability of the equipments has received consideration of researchers. The
prediction of crack propagation in structure play important role in engineering.
Finite element method has been widely used to simulate various cracks.
However, it is spent a lot of calculation time and computer resources when the
structure is complex and it needs to apply remesh techniques to obtain better
results. This paper presents an application of XFEM to simulate the cracks in
which the simulation model is designed based on the ASTM standard. The
simulation results show a high convergence when the rate between the mesh
size and tie initial crack is small enough. Furthermore, the simulation results are
validated by the theoretical calculations.

Keywords: Fracture Mechanics, Finite Element Method (FEM), Extended Finite
Element Method (XFEM), American Society of Test and Materials (ASTM).
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1. GIOI THIEU CHUNG

Co hoc phéa hay la mét inh vic cha co hoc vat ran
nghién clru cac dac tinh, tng xt& co hoc cla chi tiét bi pha
hay bat ngudn tir sy phat trién clia cac vét nit hinh thanh
tlr trvede. Tir d6 c6 thé duy doan duogc quy luat thay dai kich
thuéc cla vét nirt, xac dinh dugc quy luat gidam stre bén du
cuia chi tiét may dé dwa ra cac canh bao slra chia, thay thé
cac chi tiét, ddm bao qua trinh lam viéc an toan va lién tuc
cho hé théng thiét bi. Ly thuyét co hoc pha hdy duoc
nghién cttu hoan thién va duwgc trinh bay mot cach hé
thong trong nghién ctru cla Irwin va Rice [1], trong d6 céc
thong s6 thuong st dung dé danh gia dac tinh clia cac két
cdu nhu: hé s6 cuong dod (ng sudt (K); ti 1é giai phdng nang
Iwvgng dan hoi (G); tich phan J; dich chuyén mé clia dinh vét
nit (CTOD) va géc mé cua dinh vét nit (CTOA). Cho dén
nay, c6 nhiéu phwong phap duoc xay deng nhdm xéc dinh
cac dai lvgng dac trvng cho sirc bén phéa hay cla céc loai
vat lieu khac nhau nhu: phuong phéap giai tich; phuong
phap thuc nghiém; phvong phap FEM, trong dé phuong
phap FEM ngay cang duoc st dung pho bién trong tinh
toan, thiét ké két cdu co khi bdi nhung wu di€ém nhu tiét
kiém chi phi thir nghiém, an toan va linh hoat. Cac nghién
clru gan day tap trung vao s phat trién cla vét nit [2],
danh gia dé bén pha hly ctia mau chiu kéo [3] va dy doan
t6c do phat trién vét nirt do mai clia [4]. Tuy nhién phrong
phép FEM cling bdc 16 mot s6 han ché trong qué trinh phan
tich mo6 phong vét nit trong cac két cdu phiic tap, dac biét
khi vét nlt phat trién tao ra nhirng mién khong lién tuc
trong md hinh. D& khac phuc hién tuong nay, mot s giai
phép dwoc dé xuat béi cAc nha khoa hoc nhu phwong phéap
loai bé phan tt, phuong phép chia lai lvgi trong qua trinh
mo phdéng hodc két hgp hai phrong phap FEM va BEM,
trong dé phuong phap BEM duoc dung dé tinh toan ving
bao quanh dinh vét niit va phuong phap FEM tinh toan cho
cac vung 6 xa dinh vét nt [5, 6]. Trong mot nghién cru gan
day, Belytschko va Black da dé xuat phwvong phap XFEM [7],
trong do6 khong gian cta phan ti hitu han dwoc nang cao
b&i ham gian doan (Jump Function) va cac ham tiém can
gan dinh vét nirt, gidi phap nay gilp md phdng céc vét nirt
c6 hinh dang bat ki ma khong can phai thuc hién viéc chia
lai luoi,
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Trong bai bao nay, tac gia trinh bay phuvong phap ¢ng
dung phuong phap XFEM trong phan mém ABAQUS dé xay
dwng mo6 hinh md phéng vét nit 3D & trang thai chiu kéo
theo ché dd I. Mo hinh mé phéng duwoc kiEm chitng thong
qua viéc so sanh hé s6 cutong do (ng suat va (rng suat bao
quanh vét nit ctia két qua mé phong véi két qua tinh toan
theo ly thuyét.
2.COSOLY THUYET
2.1. Su phan b6 ¢ng suat vang lan can vét nit

Vét nirt trong cac chi ti€t may chiu tai duoc gia dinh co
tinh chat twvong dong véi nhiing vét khia chit V. Do dac trung
cta hinh dang hinh hoc gay nén sy tap trung (ng suét tai cac
dinh cla vét niit. BEn canh d6, ('ng suat cao tap trung 6 cac
canh vét nit co thé gay nén sy xuat hién clia vung vat liéu
chiu bién dang déo. Trang thai (rng sudt vung vat liéu bao
guanh dinh vét nirt dwgc md ta nhu trén hinh 1. Tuy nhién,
khi gia thuyét vét niit & trang thai ly twéng, cé thé bod qua
anh huong cta bién dang déo va déc tinh cla vét nirt tuan
theo ly thuyét co hoc phéa hay dan hoi tuyén tinh.

Hinh 1. Trang thai thuc va trang thai gia thiét clia vét niit [1]

Khi chi tiét chiu tac dong cla ngoai luc va & trang thai
dan hoi tuyén tinh, &ng suét cda vung vat liéu bao quanh
VEt nit dwgc xac dinh [1]:

> A ™2gi™ (0) (1)
m=0

Trong d6: hé toa do cuc (r, 8) c6 goc toa dd dét tai dinh
vét nitt, k 1a hang s6, f; 1a ham ctia 8, A, la cuong do cia
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Hinh 2. C4c trang théi tai co bén [1]
Trong thuc té, vét nitt ¢6 thé hinh thanh va phat trién
tao nén trvong ng sudt rat phirc tap. Tuy nhién, vét nit
phat trién trong mot vat ran thudng dwoc nghién clru theo
ba ché do6 co ban (hinh 2): Ché d6 | - Kéo vubéng goc lam mé
rong vét nit, chuyén vi clia cac bé mat vét nit theo
phuong vudng goc voi mat phang vét nit; Ché do Il - Truot
phang, chuyén vi clia cac bé mat vét nirt theo méat phang

Ché &3 11 Che g5 Il

cla vét nit, hién twgng trwgt; Ché do il - Trugt khong
phang, gay ra hién twong rach. Truong hop tdm chiu tai &
ché do | va & trang thai bién dang dan hoi, chiéu rong cla
tdm (W) duoc coi la rat Ién so véi chigu dai vét nit (a),
phuong trinh (1) cé thé viét lai dwéi dang [1]:

K, . 3
Gij —ﬁfif (9), KI —G\/E (2)

Trong d6: K, duoc goi la hé sé cuong do (ng suat khi
tdm chiu tai & ché do I; o la (’ng suat tac dung & mép cla
tdm. Tir d6 cd thé thay, khi biét duoc K, thi ta cd thé xéc
dinh duoc toan bd trudng rng suat bao xung quanh dinh
cla vét nit.

Tuy nhién trong thic té, cac chi tiét may déu co kich
thudc gidi han, do doé hé sé K, thuong dugc xac dinh biéu
thire [1]:

K =Yoya &)

Trong dé:
a aY aY aY'

Y =199-0,41"—-+187| — | —38,48 — | +53,85 — (4)
w w w w

Ung suét theo phrong y trong viing bao quanh vét nixt
duoc xac dinh theo biéu thirc [8]:

O'y:

K, 0 .6 . 30
cos—| 1+sin—sin— (5)
N2xr 2 2 2
Trong do, r 1a khodng cach tr dinh vét nit dén diém
kh&o sat, phéan b6 (tng suét o, dvoc mo ta nhu trén hinh 3.
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Hinh 3. Phan bd (rng sudt vung lan can vét nit [1]

Khi khao sat sy phan b6 (rng suét doc theo truc x, twvong
ng voi 8 bang khéng, biéu thirc (ing suét theo phuong y
duoc viét lai:

o, = KI

y N2nr
2.2. Phuong phap XFEM trong ABAQUS

Phuvong phap XFEM duoc xem nhu sy mé réng cla
phuong phap FEM truyén théng dua trén khai niém sy
théng nhat clia cac vung bién dang. Phuong phap nay cho
phép ton tai sy khéng lién tuc trong cac phan ti bang viéc
tdng bac tv do bdi cac ham chuyén vi [8]:

6)

u= ZN (x)] u; +H(x)a +ZF (x)by* (7)

a=1
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Trong dé:
u la vécto chuyén vi;
u, la cac vécto chuyén vi nlt;
a,, b, la bac ty do nat nang cao clia véc to t do;
N,(x) la cac ham bé mat;
H(x) la ham buwéc nhay;
F(x) la cac ham tiém can dinh vét niit.
N, (a, F (8

BN L]
1
Hix)a,
Hinh 4. C4c viing dac trung trén md hinh md phdng vét niit theo XFEM [§]
3. MO HINH XFEM VA KET QUA MO PHONG
3.1. M6 hinh XFEM

M6 hinh XFEM dwoc thiét ké duwa theo tiéu chuén cla
hiép hoi danh gia vat liéu ctia My (ASTM) [9]. Céac két cau dé
g4 dit mau lén may thir kéo hodc gan cam bién do chuyén
vi dvoc don gian héa dé giam thoi gian tinh toan va nguén
lic may tinh, nhung van dam béo tinh téng quat cda bai
toan. Mé hinh mé phéng duoc biéu dién nhu hinh 5. Trong
d6 mau dugc gia dinh co vét niet hinh thanh tredc véi kich
thuéc a, chiéu dai H, chiéu rong la W va chiéu day B, trong
dé H = 1,2W, chju tai & ché dod | voi (rng suét kéo & bién la
1Mpa (hinh 6). Vat liéu s& dung la Aluminum 6061-T6, dac
tinh co hoc vat liéu duwgc mo ta trong bang 1.

rLl

Hinh 5.M0 hinh XFEM dugc don gidn hda

T 1t < Ungsudtphin
bo deu

Hinh 6. Phan viing va thiét I&p c4c diéu kién bién md hinh
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Bang 1. Bdc tinh clia vat liéu [1]

M@ dun Hé s6 Poat Ungsudtchinh | Tilé giai phong
dan hoi Xéng (v) [én nhat nang lugng (G,)
70 GPa 0,33 146,3 MPa 24, 2KN/m

Trong cac bai toan phan tich phan ti hitu han, giai phap
chia lu¢i cho md hinh mé phéng c6 vai trd quan trong va
€6 anh hudng Ién dén do chinh xac clia két qua tinh toan.
NéEu gidi phap chia lw6i phu hgp sé tiét kiém dugc nguén
lwvc may tinh, gidm s6 lwvgng phép tinh, do do sé giam thoi
gian can thiét dé thuc hién viéc tinh toan. Phrong phap
chia lv¢i cho md hinh dwgc md t& nhw hinh 7, trong do
vung bao quanh vét nit cac phan ti co kich thwéc nho
hon, Ze. Vung bao ngoai c6 kich thwéc phan t&r tang dan
theo chiéu huéng ra bién.
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Hinh 7. Phuong phap chia lvdi cho md hinh
3.2. KEt quad mo phéng va thao luan

Két qua nghién clru duoc khao sat cho cac truong hop
chiéu dai ban dau ctia vét nit lan lvot a 5, 10, 15 va 20 mm.
Trong do, voi tirng trvdng hop cda chiéu dai vét nit ban
dau, kich thuéc hat trong vung xuat hién vét nit cling duoc
thay déi dé xac dinh sy hoi tu clia két qua mo phéng. Sau
khi thic hién chay chrong trinh mé phéng, hé sé cuong do
(rng sudt K, (bang 2) dwoc lay tr moé dun ABAQUS/Viewer
cho céac trvong hop phan tich va két qua tinh toan theo
phuong trinh (3).

Tl hinh 8 ¢6 thé dé dang nhan thay, trong ca bén
truong hop thay déi clia chigu dai vét niét ban dau, khi ti 1é
Ze/a lén, két qua mo phong cé s mat én dinh 16n va khong
tuan theo quy luat xac dinh. Tuy nhién két qua mé phéng
dat duoc trang thai héi tu va on dinh khi ti 1é Ze/a 12 0,05 va
dat duoc trang thai hdi tu cao khi Ze/a nhé hon 0,025,
twong ng voi sai léch gitra két qua theo gidi tich va két qua
mo phdng la nhé hon 2%.

Tl phan tich sv hoi tu cla két quad mé phdng, nghién
clru tiép theo duoc thuc hién vai ti 1& Ze/a bang 0,025, bdi &
kich thwéc chia lu¢i nay da dam bao cho si hdi tu va chinh
xac cla két qua mo phang. Néu chia luéi & kich thudc nhd
hon thi két qua moé phéng gan nhuv khéng thay doi, trong
khi s6 lvgng phan tir va s6 nat ctia mé hinh tang dan dén
tdng thoi gian tinh toan cling nhu tiéu tén nhiéu nguon luc
may tinh hon.
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Bang 2. He s6 K, ctia két qua md phdng va tinh toan theo giai tich

K, (CFEM) €0h= K, (XFEM)? K.' (Gidi tich) 100%
o K,(Gidi tich)
a/W |k, (Gidi tich)
Zela Zela

0,250 0,100 0,050 0,025 0,015 0,25 0,1 0,05 0,025 0,015
01 4,702 5,101 5,002 4,825 4,702 4,784 8480 | 6,374 2,610 1,756 1,743
0,2 7,697 8,274 7,324 7872 7,698 7,834 7482 | -4858 2,264 1,778 1,744
03 11,414 10,34 11,691 11,630 11414 | 11624 | -9413 | 2421 1,888 1,839 1,806
04 16,698 17,557 17,358 17,062 16,698 | 17,004 | 5142 | 3,951 2,178 1837 1,798

Bang 3. Ung sut phét sinh quanh vét nit

Ung sudt o, (N/mm?)
r (tlr dinh vét nit),
T mm a=5mm a=10mm a=15mm a=20mm
Kétqua giaitich | XFEM | KEétquagiditich | XFEM | KEtquagiditich | XFEM | Kétquagidi tich XFEM
1 5,01 18,763 - 30,718 - 45,549 - 66,633
2 51 5,933 - 9,713 - 14,403 - 21,071
3 5,2 4,195 - 6,868 - 10,185 - 14,899
4 55 2,653 3,100 4,344 4,752 6,441 7,132 9,423 10,552
5 6 1,876 2,040 3,071 3,573 4,554 5,022 6,663 7,346
6 7 1,326 1,550 2,172 2,484 3,220 3,814 4,711 5,021
7 8 1,083 1,230 1,773 2,035 2,629 3,004 3,847 4,297
8 9 0,938 1,080 1,535 1,772 2,217 2,637 3,331 3,891
9 10 0,839 0,984 1,373 1,526 2,037 2,518 2,979 3,375
T& hinh 9 cho thdy, sy twong dong gilra két qua mo
15 | phéng va két qud tinh theo ly thuyét cho ca bon truong
o hop cé kich thwéc vét niét ban dau thay d6i, (a =5, 10, 15
va 20). Thanh phan ng suét o, c6 gia tri tang nhanh & vi
5 tri gan dinh vét nét va cé xu hwéng giam dan & cac vi tri
xa dinh vét nitt. BEn canh do, khi kich thwdc vét nit ban
L n N 7 N ~ , . ~ 2 7 N
L3 dau cang lén thi (bng suét phéat sinh sé cang I¢n, tuy nhién
Ifs 010 (*ng sudt tai mot so vi tri lan can dinh vét nit trén hinh vé

khéng dugc xac dinh theo phuong phap XFEM do gidi
han béi kich thuéc cdia phan ti khi chia lwéi. Sy phan b6
(tng suét o, trong mién bao quanh dinh vét nit dwoc xac
dinh tai cac budc phan tich khac nhau duoc biéu dién trén
W hinh 10.

=10 4
Hinh 8. Sai léch K, gita két qua md phdng (XFEM) va tinh toan theo Iy thuyét
Ung sudt theo phuong chiu kéo clia mau (o,) tai cac vi

tri khac nhau theo phuong truc x duwgc xac dinh t moé dun ol T

ABAQUS/Viewer va két qua tinh toan theo phuwong phap

giai tich (phuong trinh 6) dugc trinh bay trong bang 3.

Dé danh gia do tin cay cla mé hinh XFEM, gia tri ng 2]
suat phan bé quanh dinh vét nit t m6é hinh mé phéng
duoc so sanh véi két qud tinh toan theo ly thuyét cho ca
bén trwong hop cé kich thuéc vét nit ban dau khac nhau o ;
duwoc mo ta nhu trén hinh 9. Khés5HE CAEH £ ), s T

Ungsuit &
w
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4. KET LUAN
. o Cung véi sy phat trién cda Iinh virc khoa hoc may tinh,
phuvong phap mé phéng ngay cang dugc nghién ciu va

(*rng dung rong rai trong nhiéu linh vyc, dac biét la trong
linh vuc tinh toan va thiét két co khi. Viéc (¢ng dung
phuong phap mé phéng trong tinh toan thiét ké gop phan
gidm chi phi, gon nhe, dé thuyc hién va an toan hon so véi
viéc thir nghiém trén mau thuc. Bai bao trinh bay nghién

0 : : , , ctru (ng dung ki thuat XFEM trong ABAQUS dé md phéng

trang thai vét niit & ché do chiu tai | trong chi tiét may. bai

lvong cudng d6 (ing sudt dac trwng cho trang thai clia vat
lieu mién bao quanh dinh vét niit duoc st dung dé danh

. rwr— gia s hoi tu ctia bai toan moé phong. Két qué cho thay khi ti

|& Ze/a nhd hon 0,05, két qua mo6 phang dat dwoc trang thai

héi tu va dat dwoc sw hdi tu cao khi ti 1é nay nhd hon 0,025

VGi sai léch so véi tinh toan theo gii tich nhé hon 2%. Phan

bé (rng sudt ving vat liéu bao quanh dinh vét nit cling

duwoc xac dinh va cho thay s thong nhéat cao véi nhitng
phéan tich theo ly thuyét.

s o Khoén;g céch,(mém) I Bén canh d6, két qua mo phéng cho thdy phwong
phap XFEM cho phép mé phong cac vét nivt phéat trién ma
khong phai di qua cac diém nat cia moé hinh, do do

ol s khong can phai thic hién lai viéc chia lai lwéi trong quéa

trinh md phéng. Mac du phwong XFEM dugc st dung nhuw
mdt phuong phap chia lwéi déc lap, viéc chia lwéi khéng
phu thudc vao hinh dang hinh hoc cta vét nit, tuy nhién
két qua md phdng cho thay kich thwéc chia lwéi tai dinh
clia vét nirt anh hudng Ién dén dé chinh xac clia két qua
mé phéng.

TUng suit 6y
<]

Khodng cach r (mm) a=15mm

Ungsuit &,

Ung suit oy

Khoang céch r (mm) a=20mm

TAI LIEU THAM KHAO

[1]. Broek, D., (1982). Elementary engineering fracture mechanics. Matinus
Nijhoff, Boston, London.

[2]. Miloud Souiyah, A. Muchtar, Abdulnaser Alshoaibi and A. K. Ariffin,
2009. Finite Element Analysis of the Crack Propagation for Solid Materials. 6,
1396-1402.

[3]. Satya Prasad Paruchuru and Anju Jain, 2007. Finite Element Modeling
and Experimental Validation of Computational Procedures for a Fracture
Mechanics Based Bone Test Method. Trends Biomater. Artif. Organs, 21, 1-7.

[4]. Purkar T. Sanjay and Pathak Sunil, 2012. Aspect of Finite Element
Analysis Methods for Pridiction of Fatigue Crack Growth Rate. Research Journal of
Recent Sciences. 1, 85-91.

[5]. A. Frangi and G. Novati, 2003. BEM-FEM Coupling for 3D Fracture
Mechanics Applications. Computer Mechanics. 32, 415-422.

[6]. B. Aour, 0. Rahmani, M. Nait-Abdelaziz, 2007. A Coupled FEM/BEM
s e Approach and Its Accuracy for Solving Crack Problems in Fracture Mechanics.
International Journal of Solids and Structures. 44, 2523-2539.

[7]. Xian-Kui Zhu, James A. Joyce, (2012), Review of fracture toughness
testing and standardization, Engineering Fracture Mechanics, 85 (2012) 1-46.

[8]. Simulia ABAQUS 6.11, (2011). ABAQUS Analysis User's Manual. HKS Inc.,
Providence, RI, USA.

Hinh 10. Phan b ting suat o tai cac budc phén tich khc nhau véi truong hop [9]. ASTM E399-90, (1997). Standard test method for linear-elastic plane
a=5mm:a)t=0,04b)=151;¢)t=177,d)t=50 train fracture toughness of material. American Society for Testing and Materials.

Hinh 9. Sai l&ch (ing suat gita két qua md phéng (XFEM) va tinh toan theo
Iy thuyét

54 | Tap chi KHOAHOC VA CONG NGHE @ S& 42.2017





