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Abstract. The present paper develops a finite difference formulation for the prediction of the
interfacial shear and peeling stresses of orthotropic FRP-strengthened beams subjected to load
and thermal effects. Four interfacial stress fields are assumed as unknown functions of the
longitudinal coordinate. Based on infinitesimal force equilibrium conditions and shear flow
equilibrium conditions, three stresses of a plane stress state (transverse shear, transverse
normal, and longitudinal normal stresses) can be expressed in terms of resultant forces. A set
of compatibility equations and the corresponding boundary conditions are then obtained from
a variation principle of complementary strain energy and solved by a finite difference
technique. Peak values of the interfacial stresses occurring near the plate ends predicted by the
present solution are in excellent agreements when compared to available numerical solutions.
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Tom tat. Bai béo phat trién mot md hinh sai phan hitu han dé du doan Gng suat cit va ang
suat phap ¢ bé mat dinh két vat liéu caa cac dam gia cuong bang tim dan FRP chiu tac dung
cua tai trong co-nhiét. Bon trudng ung suat ¢ hai bé mat 16p dinh két duoc gia thiét 1a ham
cua cac toa do doc truc. Dya trén cac diéu kién can bang luc va cac phuong trinh can bang
tng suat vi mo, ba truong ng suat ciia mot trang thai Gng suat phang duoc dién giai theo cac
hop luc. Nguyén Iy bién phan cua nang lugng bu duoc ap dung dé thu duoc cac phuong trinh
tuong thich cua cac ung suit. Két qua tng suat phap va ang suét tiép 16n nhat xay ra gan mép
tam FRP dy doan dua trén nghién ciru hién tai 1a phd hop tét véi céac 1oi giai s6 bang phan
mém thwong mai ABAQUS.

Tiur khoa: Gia cudng dam, FRP, ng suat bé mat, ung suat tiép, ung suat cit, nang lugng bu

© 2020 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN PE

Viéc str dung vat liéu FRP dé gia cuong dam (thép, o, bé tong COt thép) tao thanh dam
composite da dugc nghién ciu tir kha 1au. Bén canh nhitng wu diém vé kha ning ting cuong
suc khang va kha nang thi cong thuan tién, viéc danh gia ung xu caa loai dam composite nay
1a diéu rat kho khan. Mot s6 nghién ctiu chi ra rang ngay ca khi cac vat liéu van ¢ giai doan
dan hoi, mat cat ngang cua dam nhiéu I6p nay ciing khong tré lai trang thai phang ban dau sau
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khi bi bién dang [1,2,3]. Chinh vi vdy, cic phuong phap truyén thong dua trén gia thiét mat
cit phang s& cho két qua sai léch khi xac dinh chuyen vi, ing Suit cat tai mat tiép xuc hay tai
trong gy mét 6n dinh [4]. Bé giai quyét van dé nay, nhiéu mé hinh tinh toan c6 xét dén sy
tuong tac tung phan (partial interaction) dugc phat trién dé du doan, danh gia tng xtr cua két
ciu dam nhiéu 16p (Ly thuyét bién dang cit [2], Phuong phap phan tir hitu han dya trén bién
dang ct [5], [6], [7].. Bén canh d6, cac nghién ctru thuc nghiém va md phéng s dugc cua
Haghani va dong nghiép [8], Wu va cac dong nghiép [9-11] déu cho thay cho thay, ing suat
tlep va ing suét phap (peeling stress) tai mat tlep xuc gitta cac vat licu khong tuyén tinh theo
chiéu dai. Gia tri 16n nhét cua tng suit tiép xuat hién ¢ gan cudi doan dinh bam c6 thé gay
bong tach gitra cac 16p vat licu. Dong thoi, ¢6 nhiéu nghién ctu ly thuyét da duoc xay dung
dé du doan wng suit tiép va tng suit nhé bat cua dam nhiéu I6p. Tuy nhién, anh huéng cua
nhiét d6 chua duoc xem xét dén trong cac nghién cau hién tai. Noi dung bai bao nay la dé
xuit mot mé hinh phan tich tng xtr dam duoc gia cuong bang FRP c6 xét téi anh huong cua
nhiét d6. Sau phan gigi thiéu chi tiét mé hinh phan tich, mét vi du duoc trinh bay 1am ré tng
xir ciia dam composite khi chiu dong thoi tai trong co- nhiét.

2. XAY DUNG MO HiNH DAM GIA CUONG FRP CHIU TAI TRONG CO- NHIET
2.1. Gia thiét

Xét h¢ dam c6 3 16p chiu luc phan bd o, (z) (Hinh 1) va sé gia nhiét do AT . Lép 1 co
tiét dién doi ximg theo hai phuong, trong d6 chiéu cao tiét di¢n 1a h,, bé rong tiét dién b(y,)
la ham phuy thugc vao toa doy,. Lép 2 va va 3 cd tiét dién hinh chir nhat véi cac kich thudc
lan luot 12 bxh, va bxh,. Cac gia thiét tinh toan: Dam chiju tic dong cia tai trong co-nhiét;
Dinh bam gitra cac 16p vat liéu 1a hoan hao. Trang théi (g suat phang dugc ap dung cho cac

vat liéu. Bong thoi, cac vat licu duoc gia thiét 12 dan hoi tuyén tinh tryc huéng véi mé dun
dan hoi doc truc E,,, md dun dan héi theo phuong ngang E ;, mé dun cat G, véi i=1,2,3.

i ! yi °

Déi vai vat ligu bé tong cot thép, gia thict két cau bé tong chua xuét hign vét nut. Déi voi vat
liéu thép, gia thiet ing suat trong thép chua bi chay.
2.2. Phat trién trudng \ng suit tinh cho phép.

Xét mot phan té vo cung bé dz cua dam 3 16p, va 3 16p vat lidu duoc tach biét nhu trén
Hinh 2. Ba hé toa d¢ theo phuong dung Y, — véi i=1,2,3 dugc lya chon cho mdi I6p vat ligu.
Céc ng suat tiép va tng suat phap & bé mat tiép giap 16p 1 va 16p 2 dugc ky hiéu lan luot 1a
7,(2), 0,(2), trong khi cac tng suat gitra 16p 2 va 16p 3 lan luot 1a 7,(z), o,(z). Hop luc

doc tryuc, lyc cit va md men udn cua cac I6p tai tiét dien z— va (z+dz)—lan luot la N,,Q,,
M, (v6i i=12,3). Bing cach thuc hién diéu kién can bang lucd F, =0, > F, =0,
Z M =0 cho ba phan t vo cting bé, ta xac dinh dugce 9 phuong trinh cin bang tinh hoc sau:

dN, (z) =bz, (z)dz; dN, =b[ -7, (2) +7,(z) |dz;dN, = -br, (2)dz;
dQl(z)z[bo-o( )- bo-l(z)]dz;sz=b[al(z)—o-2(z)}dz;dQ3=bo-2(z)dz;

)=[Qi(2)+(bh,/2)7,(2)]dz;dM, ={Q, (2) +(bh,/2)[ 7, (z) + 7, (2) ]} dz;
dm, [QS +(bhy/2)7,(2)]dz;

(1a-K)
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a ()(Z)
M, o, T T 1\ T p T O+dQy
N, rp_ .'-_!:’\.“'.:**'d-’\"r
T ﬁ IR M, faum,

Y, 7/(2) o (2)

WQC4M$A£A

O+dQ>

h1/2 T T ‘R T ?_ﬁrdﬁ-’_«

’;12 Y Tz(Z) o (2) Mot
S LA S

Hinh 1. Hinh dang dim va mat cit ngang. C (—F M”:”_”ﬁ
dz N S

"I b
Hinh 2. Phan té vo cuing bé cua dam

lién hop.

Tir phuong trinh (la-k), bang céch lay tich phan theo z tr 0 dén z cho ca 9 phuong
trinh, s€ xac dinh dwoc hop luc tai vi tri tiét dién z nhu sau:

0)+ bz, (2)dz; Ql(z):Q1(0)+bjzgo(z)dz—bjozal(z)dz
M, (z)=M, (0)+ I[Ql )+b[ oo dz}dz b [\ 03 (2) dadz + 2 j:fl(z)dz
2)=N,(0)-b[ z,(z)dz+b[ z,(z)dz; Q,(2)=Q (0)+bj:al(z)dz—bfozaz(z)dz; (2a-K)
M, (2)=M, (0)+ [, (0)dz +b]; I [m(z)—az(z)]dzdz+b—2215[a<z>+rz<z)]dz:
)=N,(0) bj 7,(2)dz; Q,(z)=Q, (0 +bj o,(2)dz;
M3(z)=M3(o)+po3 o|z+bjja2 dzdz+ Iorz(z)dz

Truong Gng suat phap doc truc cua cac 1op vat Iiéu duoc gia thiét c6 dang nhu sau:

O-zi(y’z):Ni(z)/Ai_yiMi(z)/li 3)

Vé6ii=12,3; A ladién tich tiét dién cua 16p vat liéu thi i, I, 1a mé men quan tinh voi

truc toa do X;; v, la toa do thay ddi tir -h/2 dén h. /2. Tir phuong trinh (2a-K), biang céch
thay vao phuong trinh (3), s& x4c dinh duoc cac ung suat phép tai moi 16p vat ligu nhu sau:

o, (Y1, 2)=F, (Y, z)+(—%+%}jqdz+ ”aldzdz 0,,(¥,.2)=F,,(¥,.2)

o e & fean R -t ) €0
=Fs (¥ 2) —[—+A3yajj dZ— jjazdzdz

Véi cac sb hang da biét dugc dinh nghla nhu sau:
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F,(y,.2)= Nl(O)/Al—[M1(0)+I:Q1(O)dz+bJ':_[:50(z)dzdz}yl/Il;
Foa(%5:2) = Na (0)/ A~ M, (0)+ [0, (0)az |y, 1. (5a-0)
Foy(35:2) = N (0)/A | M3 (0)+ [[Q, (0)de |y, /1

Véi truong tng suat duoc gia thiét trong phuong trinh (4a-c) dwoc can bang tinh hoc, 6
hai dicu kién cén bang can du:oc théa man:

6|:b(y| :|/ay +a|:b yl zi yl ]/62— yl)pz(yl )
o[b(y,)o yi(yi, ))/avi+[b(y)7i(vi2)]fez=b(v,) p, (:.2)
Trong nghién ctu nay, luc khéi (body force) p,(y;,z)va p,(y;,z) duoc bé qua. Tir

phuong trinh (4a-c), bang céch lan luot thay thé vao phuong trinh (6a-c) va dat i=1,
i =2,i=3, ba thanh phan tng suit cua trang thai ¢ng suat phang trong mdi 16p vat liéu co
duoc la

(6a-b)

azi(yi,z):fzi(yi)L4H(z)4X1+in(yi,z)
7 (¥ 2)=F (V) H'(2),0 +Fa (%2) (ra-c)

oy (% 2) =, (¥ ) H(2),, + Fi (¥2)
O d?ly<H(z)>T =b(A(z2) B(z) C(z) D(z)) A(Z):J.:z'l(z)dz; C(Z):I:rz(z)dzi
j I 01 dzdz va D j I 02 dzdz Céc ham vector cua truc toa do theo

phuong ngang va cac dic trung tiét dién dugc dmh nghia nhu sau:

fZl(y1)1><4 <(]/A1 hlyl/ZI) (yl/l) 0 O>

fa (e = [/, ]<I (YA =hy/21;)b (yl)dylgfyrf/ (ylb(yl)/ll)dy1§0§o>

a0 L =YL A - /zp (v [ (b (v)/1)ava 0 o)
(¥2)

fo (Y2 )iy = (Y0){=(1/h, +6y,/12)  —12y, /0 (1/h, -6y, /h7) 12y, /h});

hy/2 6y w212y, (10 By - h212y
fa (%) (l/b)< -], (h_z hzzj V2 %_Iyz 32dy2 Iy [h_z_ hzszy L h32dy>
hy/2 phy/ hy/2
fo (Y2 (J/b)<f =1 (W, + 6y, /0 ) dy,d, 1- J, J 12y, /03 dy,dy, ..

T n ey /0 avay, [ 12y, /i ay.ay, )
fa(Yo)e =—(/0)(0 0 (Yhy+6y,/h7) 12y,/h);
fa (¥a),., =(¥b) <0 0 1- I 1/h3+6y3/h§)dy3%—I::/2(12y3/h§)dy3>;

2 (¥a)y. = (/) <0 0 Jm/d —I::/ijhj/z(l/hs+6y3/h§)dy3dy3%1—f::/zjfj/z(12y3/h§‘)dy3dy3>

Trong d6, ham tng suat dugc dinh nghia nhu sau:
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(v 2)=—[1/b(y,) ]jm yib(y,) {[Ql +bj oo(z)dz /I }dy1 5(¥5:2)=0;
(v 2) =1/ (y,) ][ (/1) [ [ v( yl)dyldyF (22)=0; (7a-b)

Frz(yz,2)=—[jyh: (/1. )dy2:|Q2( Fa [ (¥s/15 dy3:|Q3()
Vé6i A, =bh,; 1, =bh3/12; A =Dbh; 1, :bh3/12;

2.3. Cac phwong trinh twong thich va cac diéu kién bién:
Tong ning lugng bién dang b6 sung U”(o,,0,,7) duoc duoc tao nén tir tng suat phap
doc truc, tng suat phap theo phuong ngang va ung suat tiép duoc biéu dién nhu sau:

U*= Z _H 0, Z,+r7/,+ayi8yi}dAdZ 9)

Véi mbi 16p vt liéu, cac bién dang ty 1& voi tng suét thong qua dinh luat Hooke 2D nhu sau:
&, =0, /E,; — 1y, yl/EZI +a,AT; y =1 /GI &y = Gy,/EyI ,Uy.O'z./Ey. + AT, (10a-c)
Tir phuong trinh (10a-c), bang cach thay vao phuong trinh (9), va tir phuong trinh (7a-c)

thay thé vao phuong trinh (9)- sau do thuc hién phép ldy bién phan véi tng suat va thyuc hién
cac tich phan tung phan, bién phan caa ning luong bu thu dugc 1a:

ou*= L §H l><4 {[(15 ]4><4 H””( )4><1 + [(12 O, 0 ]4><4 H”( )4><l [ 4x4 H( )4><1 T (Z)4><1 - n,Z (Z)4><1
L

'H]g( Z)4><l} dz + 5H(Z)Ix4 {—[(15 ]4><4 H’”(Z)4><1 + [(13 —0, ]4><4 H,(Z)4><l + {n2 (Z) N ﬂé (Z)}4><1} +

CoH (2] o], W (2) o+ () (2],

0
Bang cach dit diéu kien sU*=0, bén phuong trinh twong thich thu duoc Ia:

[(15 ]4><4 H””(Z)4xl + [0‘243 ]4><4 H”(Z)4xl + [al ]4><4 H(Z)4><l + {“(Z)}4x1 - {0}4><1 (11)
Va 16 diéu kién can bang tai toa d6 z=0,L duoc xdc dinh H(0),, ={0}, H'(0) , ={0},
H(L),, =(A(L) B(L) C(L) D(L));H'(L),,=(0 B'(L) 0 D'(L)); Trong d6, cic ma

1x4

tran xay dung nén tinh dan hoi cua két cau dugc trién khai

[(l ]4><4 z _1(]/ EZI )J.A1 I:fzi (yi )4><1 fzi (yi )Ix4:|dA1 : [a2]4><4 | 1 ﬂl' /EZ' A
[(13 ]4><4 = Zi—l(l/Gi )j [fﬁ ( Yi )4><1 fri (yi )L4 ] dA ' [a4]4><4 | 1 'uZ' /EZ' A
[(l ]4><4 Z —1(]7/Eyl )I [ yi (yi )4><1 fyi (yi )LJ dAi; [(1243 ]4><4 = [aZ TO, — 0 ]4><4 ;

Thanh phan chuyén vi twong duong do ning luong sinh ra lién quan dén tai trong va nhiét o
duoc xac dinh nhu sau:

(@), =@ -m@) @), (@), =20 VED ], [f (%) Fa(v0,2) J0A
> (4 /Es j (£ (¥ ) Pyt (5,2) A +z|11/ZI o (Y1), 4 ATUA;

:(2)},, = 2 WG], [La(%)aa Fa (i 2) JOA: {my(2)},, = 300 (VE )], [ (%), P (:2) J0A
—leyu/EZ,)jA Joa Fa (¥2) J0A + 30 (12)], £5(¥)),., ctATHA;

|:fZI y. 4x1 yl y. LJdA;
|: T

fyl yl 4x1 z1 yl 1><4:|dA;

(12a-c)
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Va A(L) =[N, (L)=N,(0)]/b, bB(L):_Ml(L)+Ml(o)+joL[Ql(o)+bj:Eo(z)dz]du
+h [N, (L)—N,(0)]/2, C(L)=[-Ny(L)+N,(0)]/b, bD(L)=M,(L)-M,(0)+
IOLQS(O)dz+h3[N3(L)—N3(0):|/2,B'(L)z[—Ql( +Q, (0 ]/b+j oo(z)dz, D'(L)=0

da duoc xac dinh.
2.4. Cong thirc sai phan hiru han

Ky thuat sai phan hitu han s& Chuyén cac phuong trinh vi phan va diéu kién bién thanh
mét té hop cac phuong trinh dai so. biéu nay co thé dat dwoc bang cach roi rac cac mién

thanh  cac  diém, thuong dwoc ldy déu (bang nhau). Céac  bién
T

H(z),, :<A(z) B(z) C(z) D(z)) ciia mién mot chidu 0<z<L duoc chia thanh n
doan, ¢ khoang cach nhu nhau A=L/n. Véi mdi diém i=12...,(n+1), gia tri cua bién
H (Z)L . tai diém z2=1 cho trude duoc X4c dinh bang
H(z, )L4 =<A(Zi) B(z) C(z) D(z )> Duya trén phuong phép sai phan trung tAm tuong
duong cua tac gia LeVeque (2007), dao ham bac hai va bac bén caa H (Z)L , €0 thé duoc biéu
dién thanh cac biéu thire dai 6, tai cac diém 1an can nhu sau:

H’(Zi)m :[_H( )4><1+H i+1 4><1:|/2A ” )4><1 :[H(ZH)M—ZH(Zi)M—I—H(Zi+1)4x1}/A2;

H””(Zi)m :[H( )4><1 4H( )4><1+6H( )4><1_4H(Zi+1)4><1+H(Zi+2)4xl]/A4
Do cac phuong trinh diéu kién twong thich trong phwong trinh (11) ké dén dao ham

bac bdn cua H(Z)L4=<A(Z) B(z) C(z) D(z)}, dan dén mdi to hop bdn ham A(z),
B(z),C(z),D(z)s& dwoc roi rac thanh (n+1)+4 gid tri chua biét. Tong cong, co
4(n+1)+16 gia tri roi rac chua xac dinh.

Dé xac dinh c4c an s6 nay, 4(n+1)+16 cdng thirc doc 1ap s& duoc xay dung dya trén
4(n+1) cdng thirc twong thich roi rac hoa tir phuong trinh (11) va 16 diéu kién bién:

1 1 4 2 6
{F%lﬂl H(z_, )4X1 + [Fam —F% lx4 H(zi_l)M1 + {al - Eam + F%} H(z, )4><1

Ax4
1 4 1
e | ()t 3o | B+ G, -,
4x4 4x4

H(2),, =10}, 12
—H(2o),, +H(2),, ={0},,
H(Zn+1)4x1 = (L)m
—H(2,)4 +H(Z02) g = H' (L),
Trong d6 1=1,2,...,(n+1).

H
H
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(=1) (i=2) (i=n) (i=n+I)
A e ° ° e e ° ° o
(-1 (0) () (2) (m)  (ntl) (nt2) (nt3)
B e e ® ® S e ) e e
-D (0) )] (2) (n)  (ntl) (nt2) (nt3)
C @ e ] e - - e ] e e
- (0) () (2) (n)  (ntl) (nt2) (nt3)
D e ° e ® . e ° °® ]
(-1 (" (1) (2) (n) (ntl) (nt2)y (nt3)

Hinh 3. Sy phan tach trong phuong phap sai phan hitu han.

3. Vi DU MINH HQOA

Muc tiéu cua vi du tinh toan nay la danh gia kha ning ciia mé hinh di phat trién Dam gd
chiéu dai 4m, c6 tiét dién hinh chit nhat dac (bxh=200x200mm), chiu ap luc c6 gia tri
o =0.05MPa (Hinh 4). Dam duoc ting cudng bang 1 tim GFRP c6 chiéu day 9,5 mm qua
mot 16p keo c6 chidu day 1mm (trén doan chiéu dai ting cudong L). C6 hai truong hop
a=0.5mva 1.0m duoc sur dung trong danh gia nay. Ung suat tiép va tng suat phap ¢ bé mit
dinh bam dya trén nghién ctu hién tai va loi giai phan tir hitu han 3D FEA trén phan mém
thuong mai ABAQUS s€ dugc so sanh.

e

R EER Y41 ~
7 ) Béang 1. Péc tinh go, keo, GFRP.
g e vat = = Hay Cr
mﬁ — tﬁ |I¢£J (GPa) (GPa) (GPa)
a I |4 , Go 11.4 1482 0.35 1.243
(a) Métdl'mg (b) Tiétdién Keo 3.18 3.18 0.30 1.223

GFRP 193 8.873 0.295 2834

Hinh 4. Vi du dam g dan tam FRP.

Hinh 5
4.0 3.0
0.02.3.34 Nghién cim hién tai Nghién et hién tai
ohién cim hién tai ghién clm hién tai
3.5 25
l — — — 3D FEA 002,245 — — — 3D FEA
- 3.0 0.3.20 2.0 _"
EPPl g.; '. 0.0075,193
B &
= 2.0 =,1.0 \
gl ¥
oL @05 (1
£S5 \ & |
1.0 = 0.0 |
0.po ‘f — \0. 0.10 0.15 0.20
0.5 0.5
~
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(c) Ung suat ticp (MPa), a=1.0m . (d) Ung suat phap (MPa), a=1.0m
a-d thé hién ng suat tiép va tng suat phap trén bé mat go-chat két dinh doc theo chiéu dai
dinh bam, dugc xac dinh dya trén nghién ctu hién tai va theo loi giai 3D FEA, ddi véi 2
truong hop a = 0.5m va 1.0m. Trong truong hop a = 0,5m, gia tri 16n nhat cua Gng suat tiép
va (ing suat phap theo phuong phap nay lan lugt 1a 3,54 va 2,45 MPa, trong khi két qua tuong
rng trong m6 hinh 3D FEA lan luot 12 3,20 va 1,93 MPa. Két qua so sanh cho thay, gia tri
dinh caa @ng suét tiép va ang suat nho bat trong nghién cau nay I6n hon 9,6 va 15,1% so Vi
két qua tir mo hinh 3D FEA. Trong truong hop a = 1,0m , gia tri 1on nhat cia ang suat tiép
va tng suat phéap theo phuong phap nay lan luot 12 6,18 va 4,72 MPa, trong khi két qua & md
hinh 3D FEA lan luot 14 5,62 va 3,83 MPa, tuong tng véi mac chénh léch 12 9,1 va 18,9%.
Mot s6 két luan co thé dugc rat ra gom: (1) khi chiéu dai tim GFRP ting cudng L ngan hon,
gia tri dinh cta ¢ng suat tiép va tng suat phap sé& Ion hon; (2) Gié tri dinh cta cac tng suat
I6n nhat & khu vuc cudi doan dinh bam; (3) Nghién ctru nay dua ra gia tri Gng suat tiép bang
khong (=0) tai cac diém cubi doan dinh bam (¢ toa d6 Z=0), trong khi mé hinh 3D FEA du
doan gia tri dinh ngay tai diém cudi; Do & mat ngoai 16p két dinh, cac tng suat tiép phai bang
0 do khéng c6 tai trong tng suat cat (shear tractions) tac dung, nén 1oi giai 3D FEA bi mat
can bang & vi tri nay. Vi 1oi giai 3D FEA 1a 1oi giai s6- 1oi giai xap xi dua trén gia thiét ham
chuyén vi va su lién tuc caa bién dang & bé mat bién vat liéu. Su lién tuc vé bién dang, trong
khi khac biét vé mo-dun dan hoi cua cac vat liéu khac nhau s& dan dén sy mat can bang ung
suat trong mé hinh 3D FEA. Pé dat duoc su can bang xap xi, ludi phan t hitu han phai rat
min. Tuy nhién, luéi min s& tén nhiéu thoi gian chay va thoi gian xu 1y 1udi dé loai bo cac
phan tir méo ma, gay nhiéu (distorted elements through a patch test). Nguoc lai, ly thuyét hién
tai khic phuc dugc diém yéu nay dua trén su can bang ¢ng suat ¢ bé mat bién vat liéu ma
khong lién quan gi téi ludi phan ta. (4) gia tri dinh cua cac tng suat duoc tinh theo phuong
phap da trinh bay ciing 16n hon so véi két qua cia md hinh 3D FEA. Két qua md hinh 3D
FEA dua trén nguyén 1y ning lugng bién dang tinh s& tao nén do cing I6n hon cho két cau, va
lam giam gia tri chuyén vi cua céc nut.
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Hinh 5. Ung suét tiép va ung suat phap ¢ bé mit 16p dinh két.

_ Phan tiép theo s& danh gia sw anh huong cia nhiét do toi tmg suat tiep va Gng suat phéap
& bé mat lién két gitra chat két dinh va dam go. O day, cdc hé so6 dan no nhiét la
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AT =0°C, 50°C,100°C, 150°C, 200°C . Hinh 6a-b trinh bay su phan bd cua tng suét tiép va
tng suat phap & bé mit dinh bam dya trén nghién cau hién tai. Ta quan sét duoc rang, khi 6
gia nhiét do tang, dinh cua ung sut tiép ciing tang. Khong glong nhu (g suét tiép, anh
huong cua nhiét do téi ang suat phap quan sat duoc 1a khong déng ké.
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Bang 2. Anh hudng ctia su thay ddi nhiét do t&i img suat tiép va ing sudt phap 16n nhat.

AT Ung suit tiép Ung suit phép
Giatri (MPa) | % tang | Giatri (MPa) | % tang
0 3.54 0.0 2.45 0.0
50 3.92 10.6 2.51 2.4
100 424 19.7 2.53 3.3
150 4.56 28.7 2.55 4.1
200 4.87 37.7 2.57 4.9

Bang 2 trinh bay su thay d6i caa gia tri @ng suat 16n nhat khi sé gia nhiét do thay doi tur
0 t6i 200°C. Gia tri Gng suat tiép & dinh 1a 3.54 MPa véi AT =0°C, la 3.92 MPa véi
AT =50°C, la 4.24 MPa véi AT =100°C, la 4.56 MPa v6i AT =150°C , va la 4.87 MPa vai
AT =200°C. Gi tri tng suat tiép ting so v6i khi khdng cd nhiét do twong ung la 10,6; 19,7;
28,7 va 37,7%. Biéu nay phan anh gia tri ing suat tiép bi anh hudéng I6n boi su thay doi cua
nhiét do.

4. KET LUAN

Nghién ctru hién tai da phat trién thanh cdng mot md hinh dé phan tich tng suat dam gia
cudng tim dan GFRP. Ung suat phap va tng suat tiép & bé mat 16p két dinh c6 sy tap trung
cao & dau 16p két dinh. Nghién ctru hién tai thda man sy can béng cua ing suét tiép & bé mit
vat liéu, dé khac phuc duoc sy mét bang ctia ing suat nay trong cac 10i giai s6 xap xi. Khi so
sanh voi 10 giai 3D FEA trong phan mém ABAQUS, nghién ciru hién tai cho két qua cao hon
mot chat. Dya trén nghién ctru hién tai, anh hudng cia nhiét do té1 ting suét bé mat 16p két
dinh dugc d4nh gia 1a 16n. Thoi gian sir dung dé tinh todn ddi vi mot mé hinh 3D FEA trong
phén mém ABAQUS 1a 4,21 gid trén may tinh. Con nghién ctru hién tai thyc hién trén phﬁn
mém Matlab chi tiéu tén 26 gidy trén cing may tinh d6. Pong thoi, nghién ctru hién tai ciing
yéu cau it cong strc d¢ mod phong va xir Iy két qua khi so sanh v6i mé hinh 3D FEA.

LOI CAM ON
Cac tac gia chan thanh cam on B§ Gido duc va Pao tao da tai tro cho cho nghién ciru nay
trong khuon kho de tai ma s6 B2019- GHA- 01.
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