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TOM TAT

Nghién cwu nay trinh bay mot phén tich sé vé img xir uon bon diém ciia 16p vit liéu hybrid
Thép/polyme cot soi carbon/Thép (GB/T700)/CFRP/GB/T700) bang phm)’ng phap phan tw hitu han
(FEM) trong Abaqus Muc tiéu la danh gia phan iing co hoc va co ché phd iy ciia két cau hybrzd
duwdi tai trong uon, chi xét tiéu chi pha huy Hashin. Cdc I6p composite dwoc mé hinh héa bang mo
hinh hw héng di huéng, dwa trén si khéi dau phd hiy theo Hashin, sau dé la suy gidm dg ciing tién
trién. Céc lop thép dwoc mo phong bang mé hinh dan hoi-déo c6 xét dén hoa bén bién dang. Phan
tich cung cap cdi nhin sdu sdc vé phdn bo vmg sudt, khéi dau phd huy va tién trién hw hong trong
16p tam. Két qud cho thdy hw hong do kéo va nén ciia soi chiém wu thé trong cdc viing cé u’ng sudt
cao, trong khi nitt ma trn xay ra dwdi tdi trong cdt va ngang. Ddp iing tai-chuyén vi va co ché phd
hily cudi cing dweoe xem xét dé hiéu ré do bén két cau va qud trinh phdt trién hw hong. D dodn sé
cho thday FEM cé hiéu quda trong viéc mé phong hanh vi pha hiy cia vt liéu lai. Nghién ciru nay
déng vai tro la nén tang cho cdc nghién ciru trong lai nham t6i wu héa thiét ké tam lai.

T khoa: Vat liéu lai; Uén bon diém; Phan tich phcfn tie hitu han, Tiéu chi pha huy Hashin,
Abaqus.

ABSTRACT

This study presents a numerical investigation of the four-point bending behavior of hybrid
steel/carbon fiber reinforced polymer/steel (GB/T700)/CFRP/(GB/T700) hybrid laminates using the
finite element method (FEM) in Abaqus. The objective is to evaluate the mechanical response and
failure mechanisms of the hybrid structure under bending loads, considering only Hashin failure
criteria. The composite layers are modeled using an anisotropic damage model based on Hashin
failure initiation, followed by progressive stiffness degradation. The steel layers are simulated with
an elasto-plastic model incorporating strain hardening. The analysis provides insights into stress
distribution, failure initiation, and progressive damage within the laminate. Results indicate that
fiber tensile and compressive failure dominate in high-stress regions, while matrix cracking occurs
under shear and transverse loading. The load-displacement response and ultimate failure mode are
examined to understand structural integrity and failure evolution. Numerical predictions highlight
the effectiveness of FEM in capturing failure behavior in hybrid laminates. This study serves as a
basis for future research on optimizing hybrid laminate designs.

Keywords: Hybrid laminates; Four-point bending, Finite element analysis, Hashin failure
criterion; Abaqus.
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1. GIOI THIEU

Céc vat liéu tAm hybrid, dic biét 1a két
ciu cac tAm hybrid giita cac tAm kim loai va
composite tang cuong boi sgi da thu hat su
quan tim dang ké trong cac ung dung hang
khong vii try, 6 t6 va két cAu nho ty 1€ bén trén
khéi lugng cao, kha nang chdng an mon va cac
tinh chat co hoc ¢6 thé diéu chinh [1, 2]. Cac
16p tam nay két hop do ctg va do bén cao ciia
CFRP v6i do déo va kha nang chiu hu héng
cta kim loai, khién chung trd thanh Iya chon
Iy tuong cho cac ung dung chiu tai [3]. Tuy
nhién, viéc dy doan phan tng co hoc va co ché
pha hity cua chiing van 1a mot thach thic do
su tuong tac phuc tap gitta cac 16p kim loai va
composite. Mot trong nhitng co ché pha huay
quan trong cua vat li¢u tam lai 13 hu hong soi
va ma trin, ¢ thé anh hudng dang ké dén do
bén két cau. Nhiéu tiéu chi pha hity, ching han
nhu Tsai-Wu, Puck va Hashin, da dugc phat
trién dé dy doan su pha huy ciia composite [4,
5]. Trong s6 do, tiéu chi pha hiy Hashin duoc
su dung rong rai nho kha nang phan biét cac
ché d6 hu hong ciia soi va ma tran dudi cac
diéu kién tai khac nhau [6]. Nghlen ctru ndy tap
trung vao viéc danh gia tmg xir udn bdn diém

cta tim lai (GB/T700)/CFRP/(GB/T700) bang
tidu chi pha huy Hashin trong khuén kho phan
tu hitu han. Khac vi cac nghién ciru trudce day
sir dung mo hinh ving lién két (CZM) dé danh
gi4 hién tuong tach 16p [7], nghién clru nay gia
dinh lién két hoan hao giira cac 16p va chi xem
xét su khoi ddu va tién trién hu hong trong cac
16p composite.

2.VATLIEU VA PHUONG PHAPNGHIEN
cUU

2.1. Vat liéu

Vit liéu CFRP dugc stir dung trong mo
phong 1a composite sgi carbon T700, dugc san
xuit boi Toray, Tokyo, Nhat Ban, véi do day 2
mm. M4t loai nhya prepreg tiéu chuén véi ham
lugng nhya 38% dugc st dung trong nghién
ctru nay. Cac tinh chét co hoc ciia CFRP duoc
trinh bay trong Bang 1, trong d6 E, 1a m6 dun
dan hoi theo phuong doc, E,lamo dun dan hoi
theo phuong ngang, v la he s6 Poisson, va G
1a md dun cit. Cac tdm thép GB/T700 cacbon
thap, dugc biét dén véi do déo cao, duoc lya
chon véi do day 1 mm va céc tinh chét co hoc
cua chung dugc trinh bay trong Bang 2.

Bdng 1. Cdc tinh chdt vt liéu ciia CFRP (T700)

(%eg‘}iﬁl-‘{) E (GPa) | E,(GPa) ", G,(GPa) | G,(GPa) | G, (GPa)
1560 130 8 0.28 4.5 4.5 3.6
Bang 2. Cac tinh chat vat liéu ciia GB/T700
Density Elastic modulus Tensile Strength Yield strength Possion’s ratio v

(g/cm?) (GPa) (MPa) (MPa)
7.85 210 450 235 0.3
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2.2. Phuong phap nghién ctiru

2.2.1. M6 hinh phan tir hivu han

Hinh 1. M6 hinh mé phong uon 4 diém theo tiéu
chuan D7264

Tam hybrid bao gém tdm composite
CFRP xen vao giirta 2 tim GB/T700. M6 hinh
hinh hoc m6 phong tuan theo kich thudc tiéu
chuin D7264 dé taing do chinh xac. Tam hybrid
¢6 chidu dai 78 mm, chiéu rong 13 mm va
chiéu day 2 mm. Khoang cach giira hai diém
hd tro 1a L = 60 mm, nhu dugc thdy trong Hinh
1. Céu triic tam hybrid bao gdm mot 16p CFRP
day 2 mm va mét 16p thép GB/T700 day 1 mm.
L6p CFRP bao gdm bdn 16p prepreg duge dinh
huéng sgi [0°/45°/~45°/90°], mdi 16p c6 do
day 0,5 mm, nhu dugc thé hién trong Hinh 2.
Lud6i mang tinh vi dugc ap dung, sir dung phan
tir C3DSR cho thép GB/T700 va phan tir SC8R
cho CFRP, phan tir R3D4 cho cac diém hd trg
va mili tai. Mat d¢ luéi duoc t6i uu hoa dé can
béng dd chinh xac va hiéu qua tinh toan, nhu
thé hién trong Hinh 3.

"“l,h‘

wﬂml

Hinh 2. M6 hinh dinh hwéng soi ciia moi 16p

prepreg trong tim CFRP
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Hinh 3. M6 hinh chia luoi trong phuong phap thur
uon 4 diém

2.2.2. Piéu kign bién va tii

Mot thiét lap udn bdn diém duge thuc
hién vé6i diéu kién bién hd tro don gian. Mot
tai trong diéu khién dich chuyén duoc ap dung
tai tam 2 phan tir hd tro dat phia trén mau, theo
tiéu chuan D7264. C4c diém hd tro va miii tai
dugc mo phong nhu cac vat thé cimg dé giam
thiéu 16i tinh toan. Tiép xGic mat - mat duoc ap
dung giira tAm, miii tai va cac diém hd trg, va
thudc tinh tiép xtc binh thuong duoc dit 1a tiép
xtc cimg, thudc tinh tiép xuc tiép tuyén duoc
dit v6i hé sb ham phat 13 0,25.

2.2.3. M6 hinh hw héng cho tim lai (GB/
T700)/CFRP/(GB/T700)

M6 hinh hong két hop tiéu chi hong
Hashin cho 16p CFRP va tiéu chi hong déo cho
cac 16p thép GB/T700 dé du doan hu hong tién
trién duéi tai trong udn.

2.2.3.1. Tiéu chudn hw hong Hashin cho 16p
CFRP

Mo hinh hu hong Hashin duoc dung dé
du doan phuong thirc hu hong trong 16p CFRP:

v"Hu hong kéo soi (c,>0)

m)2 + a(%)z >1

Xt
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v Hu hong nén sgi (c,,<0)

(%)2 > 1 @)

v Hu hong kéo nén (0,,<0)

@)+ @)= o

v' Hu héng nén nén (c,,<0)

(%)2 + (Tf)z >1 @

2.2.3.2. Tiéu chi hu hong déo cho tam GB/T700

Tiéu chi hong déo dugc sir dung dé du
doan bién dang déo va nit trong cac 16p thép.
Hong xdy ra khi bién dang déo tuong duong ()

dat dén mot gid tri tiéu chuan (:55 ):

5 d.s_
J,i=F=1 )

£p

Trong do:
- & la d¢ bién dang;

- s{) 1a bién dang hu héng;

- Tich phan dai di¢n cho sy tich tu hu
hong, dan dén nit déo khi tiéu chi nay dugc
thoa man.

Ngoai ra, ti€u chi chiu kéo Von Mises
duoc sir dung dé xac dinh sy bat dau cua bién
dang déo:

3
Jeq = ESUSU = O'y (6)
Trong do:
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-0, 1a g suit tuong dwong Von Mises;
- Sij la tensor tng suat 1éch;
- 0, la g suat chay cua thép GB/T700.

3. KET QUA VA THAO LUAN

Trong nghién ctru nay, chung téi chi
thao luan vé két qua mo phong thir nghiém
d6 bén udn bén diém cua vat lidu tim hybrid
(GB/T700)/CFRP/(GB/T700). Vat lidu tim
lai bao gdm hai tAm thép GB/T700 va mot 16p
CFRP dugc tao thanh tir bon 16p prepreg voi
dinh hudng sgi nhu thé hién trong Hinh 2. Sy
khac biét vé mo-dun dan hdi va do bén giira
thép GB/T700 va CFRP dan dén hanh vi co hoc
khac nhau.
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Hinh 4. Puong cong liec - chuyén vi ciia tam
hybrid khi thir uon 4 diém

Tir do thi & Hinh 4, ching ta thay rang
trong qué trinh chiu tai trong uén 4 diém tim
hybrid (GB/T700)/CFRP/(GB/T700) trai qua
ba giai doan bién dang riéng biét o rét: bién
dang dan hoi, dat Gmg suat cuc dai, va suy giam
sau dinh.

Giai doan 1: Ung xir dan hoi tuyén tinh.
Luc ting ty 1¢ thuan vai chuyén vi. Diéu nay
cho thdy tdm laminate t6 hop dang lam viéc
trong vung dan hdi, tuan theo dinh luat Hooke.
Trong giai doan nay, ca thép GB/T700 va CFRP
déu cung tham gia chiu tai, va chwa xay ra hu
hong hay bién dang dang ké. Vat liéu thé hién
d6 ctmg cao nho su két hop giita 16p CFRP va
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16p thép, dicu doé xac nhan rang két cau van 6n
dinh va chua bi hu hong, vdi phan bo ung suat
déu trén toan bo tam laminate.

Giai doan 2: Tiép tuc dat tai, do ddc
duong cong giam dan khong con tuyén tinh.
Vit liéu bat dau xuat hién vi hu hong: thép GB/
T700 bat dau chay déo, niit ma tran, dut soi
0 mot vai vi tri trong tam CFRP. TAm vét liéu
khong con 1am viéc hoan toan dan hoi, va hu
hong bén trong bat dau tich ty.

Giai doan 3: Khi lyc dat dén gia tri cuc
dai 9553.67N va chuyén vi 9.797mm tim CFRP
bi hu hong dut soi, nat nén hoan toan 1am kha
nang chiu tai ctia tAm hybrid giam xudng, vat
li¢u khong con kha nang chiu tai thém mdt cach
hiéu qua. Lyc gidm tr tr trong giai doan nay
cho thay qua trinh hu hong lan rong chtr khong
xdy ra mot cach dot ngdt nhu pha huy gion.
Lé6p thép vén tiép tuc chiu mot phan tai trong,
ngay ca khi CFRP bt dau xudng cap.

Hinh 5. Biéu dé phén bé vmg sudt doc ciia tam
hybrid (GB/T700)/CFRP/(GB/T700)

Hinh 5 trinh bay phan b g suét doc
theo chiéu dai ctia tim hybrid tai thoi diém pha
huy. Trong qua trinh chiu tai uén bon diém, 16p
thép GB/T700 phia trén chiu tmg suat nén do
tiép xtc truc tiép v6i dau ép, phu hop véi co
ché truyén luc trong bai toan udn. Nguoc lai,
16p thép GB/T700 phia dudi chii yéu chiu tmg
sut kéo, phan anh dic diém dbi xting cua trang
thai tmg suit udn dién hinh khi lyc tic dung
gy cong tAim xudng dudi.
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Dbi voi 16p CFRP nam giita, phan bd
{mg sudt cho thay su phan cuc rd rét: nira trén
cua lop composite chiu nén, trong khi ntra dudi
chiu kéo. Su chénh léch 16n vé md dun dan héi
giita cac 16p thép va CFRP dan dén dich chuyén
mat trung hoa khéi trung tm hinh hoc cta cu
tric laminate, tir d6 tao nén phan bd tng suét
phi ddi xtng trong 16p composite. Co ché nay
dong vai tro quan trong trong viéc xac dinh
ving khdi phat pha hiy va su phat trién vét nut
bén trong vat li¢u.

a. Hu héng kéo soi theo tiéu chudan Hashin

b. Hu héng nén soi theo tiéu chuan Hashin

c. Hur hong kéo nén theo tiéu chuan Hashin

d. Hu héng nén nén theo tiéu chuan Hashin
Hinh 6. Trang thai hu héng CFRT theo tiéu chudn
Hashin

Hinh 6 minh hoa cac vi tri xuét hién hu
hong ban dau trong tim hybrid, chu yéu tip
trung ¢ 16p CFRP theo tiéu chi pha huy Hashin.
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Cu thé, Hinh 6a cho thay pha hity soi do kéo bat
dau xuét hién tai mot sé vi tri trén 16p prepreg
tht tu cia tim CFRP, noi chiu tng suit kéo
16n tai chuyén vi U = 5.061mm. Hinh 6b thé
hién pha huay soi do nén khai phat tai mot sé vi
tri trén lop prepreg thir nhat, khi 16p nay chiu
ung sut nén cao tai chuyen vi U = 7.552mm.
Khi chuyen vi vi dat téi U = 7.008mm thi xuat
hién pha huy nén do kéo & mot s vi tri cta 16p
pregreg thi tu trong nén ma tran CFRP. Nguoc
lai, hinh 6d cho thay pha huy nén do nén bat dau
xuat hién sém hon tai chuyén vi U = 3.847mm
diéu nay ly giai do tim CFRP dugc dinh huéng
khong dbi xtng (0°/45°/—45°/90°) thi nén déng
vai trd mang tai chinh theo phuong ngang (vi
soi khong hd trg theo phuong udn chinh). Khi
do6, mg suat trong nén ting nhanh dan dén pha
hay sém.

a. Huw hong det soi hoan toan do kéo theo tiéu
chuan Hashin

b. Hu hong dut soi khong hoan toan do nén theo
tiéu chuan Hashin

c. Hir hong diet nén hoan toan do kéo theo tiéu
chuan Hashin
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d. Hu hong dut sgi khong hoan toan do nén theo
tiéu chudn Hashin

Hinh 7. Trang thai hu hong CFRP hoan toan

Tur hinh 7, chung ta thdy rang qua trinh
hu hong 1am giam d6 bén udn tAm hybrid chu
yéu 1a do kéo dut soi va kéo giy nén nhu hinh
7a va 7c, con qua trinh chiu nén CFRP rat tot
chua gdy hu hong hoan toan nhu thdy & hinh
7¢.7d. Qué trinh hu hoéng trén xay ra dung
thoi diém luc tAm hybrid chiu luc cuc dai P =
9553.67N va chuyén vi 9.797mm.

4. KET LUAN

Nghién ctru nay khao sat Gng xir udn
ciia tdm hybrid (GB/T700)/CFRP/(GB/T700)
dudi thir nghiém uén boén diém thong qua mo
phong sb. Két qua cho thdy phan tmg co hoc
ctia tAm c6 thé duoc chia thanh ba giai doan 10
rét: bién dang dan hoi, dat ung suét cuc dai, va
suy giam sau dinh. O giai doan dau, laminate
bién dang dan hoi, voi ca thép GB/T700 va 16p
CFRP cung dong gop vao kha nang chiu tai.
Khi tai trong tang dan, vat liéu dat dén ung suit
cuc dai 14 9553.67N MPa, danh dau gidi han vé
dd bén udn két cau. Vuot qua diém nay, su tich
lity hu hong dan dén giam dan kha ning chiu tai
clia tam.

Phan tich phan bd tng suit cho thiy
16p thép phia trén va phan trén cua 16p CFRP
chiu mg suét nén, trong khi phan dudi cia 16p
CFRP chiu tng suét kéo. Co ché pha huy tap
trung chu yéu tai 16p prepreg thir tur cia CFRP,
noi xuat hién cac dang hong nhu: dat soi do

kéo, hong soi do kéo va pha hity nén.
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