CHUONG 3




—ToOm tat

Mot hudng tiép can khac thuong duoc st dung dé nghién ctru
su pha huy do chinh 1a khao sat dong nang lugng ra va vao vat
thé c6 vét nirt.

Trong hudng tiép can nay, ning luong can cho su pha huy s&
duoc xem xét va su lién két gitta dong ning luong va Ung suat
tai dinh vét ntit s& dugc thiét 1ap.

Su lién két nay cling la cong cu hiru hiéu cho viéc xac dinh cac
hé s6 tap trung (mg suat.

Hudng tiép can ning luong 1a nhu nhau cho ca truong hop dan
hoi tuyén tinh va phi tuyén.



~—Noi dung

Luc va chuyén vi tong quat hoa
Ning luong dan hoi

Toc d6 giai phong nang lugng G
Tich phan déng vét nit cho G

Su 11€én hé gitra G va hé so tap trung irng suat

Tich phan duong cong cho G (Tich phan J)
Bai tap
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~— Luc va chuyén vi tong quat hoa

Trong truong hop tong quat, cac dai lugng
nhu luc, chuyén vi va ning lugng trong vat
thé c6 thé dugc viét nhu 14 tich phan thé tich
va tich phan mat. —
Pé don gian hda cac ky hiéu va tap trung vao
Cac Y tudng co ban, chuyén vi va luc diém

Véi hudng tiép can nay, ching ta khong can
phai xem xét chi tiét luc va hinh hoc bai toan.
CO hai truong hop s€ duoc nghién ciru: ve _

: ; ; - Fig. 3.1 Using the concept
prescribed loading va prescribed

: of generalized loads and
dlsplacement displacements any loading
may be represented as if it
consisted of a single load,
P with corresponding load
point displacement, ¢

twvong duong s€é dugce dinh nghia. l
q
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=~ TLuc va chuyén vi tong quat hoa

§

Prescribed Loads N PR
Vit thé chiju tac dung cua cac luc keo va luc khoi. — '
Vit thé c6 mot hodc nhiéu vét nit va tai ludn 1a

hang dU vét nit dang phat trién AN
Y,

Cac thanh phéan lyc dugc cho: re—

t o Pf (@) (b)
b —Ph P: dai lwong vb hwdong dwoe goi 1a tai tong quat hoa

Néu chuyén vi thay d6i = du thi cong sinh béi luc cho bai:
§U:f t-§udS+fb-5udV=[ Pf-aud5+[ Pb-sudV. (3.1)
Tai 4 14 4 /4
co dinh X R
=) avzpa{[ t-ua’SJrfh-ua’V}.
S v

Chuyén vi tong quat hoa

qu i-ud5+f b-udV, (3.2)
S v



~ Luc va chuyén vi tong quat hoa

Prescribed Loads
Chuyén vi tong quat hoa

qu i-uds+f b-udV, (3.2)
S v

Cong sinh ra = Luc x SO gia chuyén vi

SU = Psq. (3.3)



~—Luc va chuyén vi tong quat hoa
Prescribed Displacement

Truong chuyénvi U=q0 q: Chuyén vi tdng quat hda

Cong sinh ra do mot gia s6 chuyén vi du = 3dq0

3U=[ t-5qﬁa’S+[ b-édqudV,
S ¥ )
. . —
SU = dq f toud5+f h-udV}.
7 / [ R
Luc tong quat hoa, P dugc dinh nghia la: ' ot
P=f t.ﬁds+f b-@dV, (3.4)
S 4

Cong sinh ra = Lyc x SO gia chuyén vi
oU = Pdgq

A

| ¥

-dU 1 -dP

1
. A

Displacement

(b)
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~—Nang luong bién dang dan hoi

Trong muc nay, ching ta s& khao sat sy thay doi ning lugng bién
dang trudc Khi vet nirt phat trién, cling nhu moi lién hé cua no voi
cong do luc ngoai tac dung.

Mat do nang luong bién dang dan hoi:
Y
WZ/ G‘;‘jd}ﬁj. (35)
0
Nang luong bién dang toan phan khi d6 1a

2= }/WdV. (3.7)
Gia sérmét d6 nang luong bién dang do gia s6 cua chuyén vi sinh ra gia so
cua bién dang:

W = 0i;dvij
Tir day, suy ra dugc gia sd clia ning lugng bién dang tong cong la:

52 = [, 8WdV
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~—Nang luong bién dang dan hoi

Khi khong c6 su phat trién ciia vét nuit, cong do gia so chuyén vi 1a:

5U=P§q=[ t-ﬁud5+f b-dudV.

f /4

Thay luc mit t bang méi quan hé ciia nd véi Gmg suat, ta dugc

5U=[ cr;jnjﬁu,- d5+f bibu;dV. (3.8)
Ap dung dinh 1y Divergence cho thanh phan dau tién, ta duogc:

U = [ {U'jj,j ou; + ::r,-_,-ﬁu;,j —{—b,'ﬁh‘,,'} dV.

»

Do phuong trinh c4n bang, nén thanh phan dau tién va thtr 3 s& bang 0, hon
ntta o;0U; ; = 0;0y; = oW
SU:[ G‘fjﬁ]/fjdV:[ SWdV =652. (39)
” ”

(3.9) cho thay, khi vét nirt khong phat trién, s6 gia ning lwong bién dang
bang s0 gia cia cong ngoai luc.
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~—Nang luong bién dang dan hoi

Truong hop prescribed displacement, ning luong tong cong s& ham theo
chuyén vi, g va cau hinh vét nirt, ma dé don gian ta cO thé dai dién bang
dién tich veét nit s: Q=0(q, )

Truong hop vét nit khong phat trién, gia s6 ning luong bién dang:

a2 _
52 ="Lsg. (3.10)
dq
682 =8U = Pégq 90

=9
(3.11) cho thay, lwe tong quat héa 1a dao ham ciia niing lwong tong theo
chuyén vi tong quat hoa.



~—Toc dd giai phong ning luong
Khi vét bat dau phat trién, can thiét phai c6 ning luong dé cung cap
cho dinh cua vét nit. Nguon nang luong nay qua vat thé dan hoi
chay dén dinh vét nit va tiéu tan do bién dang khdng hoi phuc, nhiét,
am va nang luong bé mat
Trong muc nay, khai niém toc do giai phong niang luong G s& dugc gidi
thi€u. G: nang luong tiéu tan do pha huy trén don vi dién tich mat pha
huy méi, ds.
Hai trudng hop cu thé (prescribed displacement va prescribed force) sé
dugc bat dau trudc khi di dén mot dinh nghia tong quat vé toc do giai
phong nang luong.



~Toc d6 giai phong niang luong
Prescribed Displacement

Trong truong hop nay, Q= Q(q,s). Néu vét nit lan truyén dan dén sy gia
tang cia bé mat vét nirt 1 luong 0s, thi gia so cia nang luong bién dang:

082 = 895 —}—895 (3.12)
~ s dq 7 '
Khi vét nut phat trién, trong truong hop chuyén Vi cd dinh: 69=0 thi
052
0§2 = —9s.
Jds

C6 nghia 13, d0 khdng c6 cong cua luc trong sudt qué trinh phat trién vét
ntt, thi niang luong bién dang van thay doi theo ti 1& véi s6 gia dién tich
vét nirt. Nang luong thay doi trén 1 dién tich vét nut dugc goi 1a toc do
giai phdng nang luong G; don vi [F.L/L?], dugc dinh nghia la:

G=——|. 3.13
ds p ( )

) §§2 = —G3s. (3.14)



~Toc d6 giai phong ning luong
Prescribed Displacement
Gia so cua ning luong bién dang:
52 = —GSs. (3.14)

Ta s& chirmg minh dugc rang, G luén dwong va do do, vat thé ludn bi mat
nang luong trong qué trinh vét nit phat trién. Tat ca niang lugng tiéu tan
trong qua trinh pha hily sé chay dén vét nit tir ning luong bién dang chira
trong vat thé trudce khi phéa huy.



~Toc d6 giai phong niang luong

Prescribed Loads

Trong truong hop nay, 80=0 khi vét niit phat trién, do d6 luc ngoai s&
khong tac dung lén vat thé khi vét nut phat trién. Chuyén vi g=q(P,s) va
nang luong bién dang Q=Q(q(P,s),s).
S6 gia ning lugng bién dang khi vét nirt phat trién 1a

902 dg I dg . AR

sQ="25p 25 2
9q OP 8 ds | s |,

Vi luc cb dinh, 8P=0. Thay
02 __ d —
S5c =P =185 = d8q
%L’} =—G

Js. (3.15)

S6 gia nang luong tro thanh
882 = Pdqg — Gés, (3.16)

Su thay doi ciia ning luong bang voi niang lugng dau vao trir di ning
lurong hao tan boi vet nuit.
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~Toc d6 giai phong niang luong

Prescribed Loads

S6 gia nang luong cd thé viét khac:
52 =8(Pq) — 5Pq — Gés.

—) §(2 — Pg) = —GSs,
SP =0

Nhu vay, doi voi tai co dinh

d
G=——(82 — Pg).
as



~Toc d6 giai phong niang luong

General Loading

Str dung dinh nghia luc va chuyén vi tong quat hda cho truong hop
Prescribed loading

d [ . n '
G=—— Q—P{[ t—ua’S—F[b-udV
as [ 57 ¥

o
3o {[ cuass [wuar]]
ds | , v

Truong hop Prescribed displacement

052 d
G=——=—— 5’2—{[ t-udSJrfb—udV} :
83 83 % f:&/

Céc tich phan bang khong trong truong hop prescribed displacement

o

Thé nang duoc dinh nghia nhu sau:

H:Q—{[ t-ud5+[h-ud'v’}, (3.18)
1 v

Toc do giai phong nang luong: G = _1_51 (3.19)
A



~Toc d6 giai phong niang luong

General Loading

Téc do giai phong niang lugng: su thay doi thé ning trén don vi dién tich
vét nit. Pay 1a dinh nghia co ban cua G.

Véi tai bat ky khac hodc véi cac diéu kién bién hon hop thi s& roi vao
gitta hal truong hop cuc tri cia prescribed loading va prescribed
displacment.



=~ Tbc dd g1al phong nang Iu’O’ng Cic glal thich
Phuong phap da mau cho vat liéu phi tuyén

Gia str ¢ thé thuc hién nhiéu thi nghiém trén vat thé dan hoi ¢ vét nut.
Trong thi nghiém tai P va chuyén vi diém dat tai q dugc do va ghi lai.
Vi vat liéu 1a dan hoi nén ton tai mbi lién hé giira P va q.

Trong truong hop prescribed displacement, Q= €3(q,s)

G- d52
T bs dG dP 990P
p— J52 dq as o Os



~Tbec do g1al phong nang luong — Céc giai thich

Phuong phap da mau cho vat liéu phi tuyén
Xét phan niang lugng bl Pg-Q
Pq—Qz[ q(P,s)dP,
0
Vivay
d(Pq —$2)=qdP, q
Hay Fig. 3.2 Strain energy, 2
p and complementary energy
———— (2 — Pa). 321 (shaded area)
g=—75( q) (3.21)

Trong truong hop prescribed load, Q= Q(P,s)

5 3G dg P ag
35 ¢ 9) 9P 0s G fg 9



= Tbc do g1al phong nang luong — Cac giai thich
Phuong phap da mau cho vat liéu phi tuyén

Giai thich cac tich phan trong (3.20) va (3.22)

799P
G=-— £ ——dq.  (3.20)
P
Pé giai thich G trong cong thuc (3.20), ta thu
xem Xét va so sanh qua trinh dat tai trudc khi
vét niit phat trién va cat tai sau khi vét nut
phét trién.

79P
(3200 Gds=—ds rn dq = area between curves.
0 A}

Py
(3.22) Gds = ds[ d_q d P = area between curves.
0 §




~Toc do giai phong ning luzo’ng Cac glal thich
Phuong phap da mau cho vat liéu phi tuyén

Ca hai két qua clng giai thich duoc rang, su sai khac gitta cong sinh ra va
nang luwong hoi phuc trong qua trinh cat tai bang vai toc dd giai phong
nang lugng G nhan vai gia so caa dién tich vét nat ds.

Theo phuong phap nay, nguoi ta ¢ thé xay dung G=G(P,s) hay G=G(q,s)
bang cach thuc hién mot chu6i cac thi nghiém trén mot bo cac mau giong
nhau chi khac chiéu dai vét nit. Cac dao ham £ va 22 c6 thé dugc Xac
dinh bang su sai khac giita dir liéu cua P va g theo chiéu dai vét nit. Pay

duoc goi la phuong phap da mau dé xac dinh G



~Tbec do g1al phong nang luong — Cac giai thich

Phuong phap d6 mém (Compliance Method) cho vat liéu dan hoi
tuyén tinh
Ung dung ctia phuong phap do mém
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~ Tich phan dong vét nit cho .

Theo nguyén Iy cong ao: Péi vdi vit thé dan héi, tai moi thoi diém, tong cong
lwc ngoai, luc trong va luc quan tinh trén chuyeén dich do bat Ki bang 0.

[ D‘,‘jnjﬁu,*ds—l—/ bfﬁu,'dVZf J;jﬁ]/;jdVZ[ SWdV. (3.28)
S ¥ 4 4
\ o )
v Y
: Coéng - Ndng lwong bién dang

Xét vat thé c6 10 hong chiu tai véi luc mat va
chuyén vi diéu khién (prescribed) lan luot la t=t°
trén bién °; va u=u® trén .
Nghiém cua bai todn gia tri bién tuwong ung la
{c9,y0,u’} trén thé tich 7
Gia sir rang, cling v6i diéu kién bién nhu trén, thé
tich 10 hong giam A 7 'va dién tich bé mat tang A.~.

VYV — AV

S+ AT
Nghiém bai toan twong tmg (thé tich 7-A 7)

(0" + Ao, Y’ + Ay, u’ + Au)
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= Tich phan dong vét ntt cho G

Sy thay do6i ctia thé ning trudc va sau bién dang:

—AH:[ W(y“)dv—f f?u?dS—[ Wi+ Ay)dV
v S VAV

+ f ) + At)(u + Au;)dS. (3.29)
Fr+AS

Do diéu kién bién khong doi:

.&r,.o:()onﬂ”,, Au; =00n§”u,f?+ﬁrf =0on A.Y,
Nén:

| @+at)u+au)ds = | £l +Au)dS (3.30)
Ap dtung nguyén ly cong 4o t

f tPAu;dS:f ) + Atf)Au,*dS:f (a,.‘} + Aoij)Ayij. (3.31)
1 F+ANS V—AV



= Tich phan déng vét nat cho

Sy thay do6i ctia thé ning trudc va sau bién dang:

/—An=f W(y“)dv—f rPu?dS—f Wi+ Ay)dV
v A, YAV

i + f (r,p -+ Ar;)(u? + Au;)dS. (3.29)
S+ NS

f fPAHfdszf (IP + Aff)AHde =f (Jf(} + AJU)A]/U (3.31)
b S+AS V—AV
AV
)
" [y @+ 80ipay —[Wo +ay) WO} dV. (332)

Pé don gian hoa (3.32), can tinh 2 biéu thuc trong tich phan thuc hai
cua ve€ phai
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= Tich phan dong vét nut cho G
o Biéu thic 2:
0
Ham mat d6 nang luong W(}/D) = fny oij(y)dyij va O'fjd}/fj = Ufjd“f,j

f (Wi +Ay) —wiy?]dv
VAV

0

f {f}f“Jrf—W y
o'o .dy. , — f o'o odyo . } dv
v_av 1Jo YRRy Y

yO+Ay
— y
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= Tich phan dong vét nut cho G
o Biéu thuce 2:

f (Wo' +Ay) —wE)]dv
V—AY

f!j—i_ﬂuﬁj
=f f . (ﬂ','jduf),j dVv (l.lSlIlg U'fj,jZO).
VAV Ju;.,":

Ap dung dinh ly Divergence
uﬂ+,ﬁu!
f f oijduin;jdS
S +NS Ju

HG—I_&.HI
[ f tidu;dsS. (3.33)
SN Ju

L .&’V[W(VD+ Ay)—Wiy"]dv



= Tich phan dong vét nut cho G
o Biéu thirc 1:

ffy &y(aﬂ+Aa;j)AygjdV:f ((G'f{}-i-ﬁﬂ'ij)ﬂ“i),j dV

V—AYV
_ f (t° + At;)Au; dS. (3.34)
S +ANS
B 0 0 L{?—I—AH;
f (WP +Ay) —W(y )]dv=f f ti du; dS. (3.33)
V—AYV S+AS Ju?
f (03- + Aoij)AyijdV = f (I‘P + Ati)Au;dS. (3.34)
\V—z_\“f/ S+ANS
_AJTT = W% dv
AY

‘ u?—l—ﬂ.u,—
+ f (1) + At) Au; — f tidu; { dS. (3.35)
S +ANS u?
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= Tich phan dong vét ntt cho G

S6 hang thir 2 tiép tuc duoc rit gon nhu sau:

u?—H_\uj
f (IP + At;)Au; —f tidu; ¢ dS.
SH+ANS u?

Cha y:
S+ AN =S UAS
At; =0 on .%;, Au; =0 on yu,f?-{—Aff:OOn A

m [oips )+ AD)AudS = [, 1) Au;dS

Tuong tu:

u; —i—.ﬂmj U; —I—:‘ju; U; —I—.ﬂ.ﬂ';

tidu; dS = -ffr tidu; dS.

fJ+AJL tidu, dS‘*'fa/f

u; —I—ﬂu;

Tren St =1 meem [, [ du;d5=fyr t)Au;dS

u”—}—Aul
(3.35) mmm) —AIT = —f f tidu; dS + W(}/O)dV. (3.36)
AL JuY AV



P

/
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Tich phan déng vét nirt cho G

H?‘i‘A“j
—AIT = f f tidu; dS + Wy av. (3.36)
A Ju? AY

Phuong trinh (3.36): sw thay doi thé niing = Cong sinh ra dé tao mat
A ./ + ning lwong bién dang ciia vat liéu bi mat A 7.

Thay vi 16 hong, chiing ta cd 1 vét nit va cho phép vét niit phat trién, tao ra
mat méi A .~ thi thé tich mat di s€ la khéng va su thay doi thé nang s€ la

u?—l—.&ug u.
Aﬁ’:[ _1/\0 tidu; dS. u’ | u’ +Au,
A Ju; — I '

Doi voi vat liéu dan hoi tuyén tinh:
0
u:+Au;
0 "tidu; = 2 t; OAu;

I

1
— —Aﬂr:—/ —IPAM;dS.
A 2




~ Tich phan déng vét nit cho G

Thay 16 hong bang vét niit va goi As 12 mot nira cua toan bd dién tich
mat vét nut méi dugce tao A .. Ki hi€u, As* va As™ lan luot la cac mat
trén va mat dudi cua vét nat, A.~ = Ast + As'.

Téc do giai phong niang luong:

G o li : [ 1:% d5+f IIOA ds
= ——= 1lm ——- —1 AU —1 AU; .
058 As—0 As Ast+ 2 ’ I As— 2 : I

Céc thanh phan lyc mit tuong ung voi As* va As™ 1a t* va t-, bang va
doi nhau t;* = -t-. Cho As=As*, ta co
oIl 1

10
=——= lim ——— —t)(Au — Au;)d 3.37
Oy T AN By [, 2t A A4S, 537

(3.37) goi la tich phan déng vét nirt do Irwin [2] dua ra dau tién. Két
qua trén dang cho vat liéu dan hdi c6 hudng phat trién vét nirt bat ky.
Au;r — Au; Chuyénvi mé vét nirt (triweot cho mode I1 va III).
Xem xét 1 vét nit kéo, khi d6 luc mat trén mat As* lubn am va
chuyén vi mé vét nut lai ludn duong, vi vay G ludn dwong.
[2] G. Irwin, ]. Appl. Mech.24, 361 (1957)



= Tich phan dudng cong (Tich phan J)

Bai toan 2 chiéu

Mot tiép can khac cho tich phan dong vét nit 1a lay tich phan trén mot
duong cong bao quanh dinh vét nit.

Tich phan nay thé hién dong ning luong di dén dinh vét nut va tuong
duong vai tich phan dong vét nut.

Fig. 3.7 To calculate the

I n energy release rate in terms of
the J integral take <7 to be
any fixed region surrounding
the crack tip



/ A \ 4 A
— Tich phan duong cong (Tich phan J)
Bai toan 2 chiéu
Xét 1 vét nut 2 chiéu phat trién theo huéng x,. Tir (3.32), khi A 7 >0 va
tich phan thé tich tro thanh tich phan dién tich: [, ()dV — [_()dA

Su gia ting cia A.~ trén mit vét nit sé twong Ung voi sy gia ting chiéu dai
vet nut Aa. Do do

—AIl = Wy dv
AV
+ fy y{(a}} + Aoi)Ayij — [WHY + Ay) =W ]lav. (3.32)
N
dIT 1 0
.
~ (W& +Aay) - w))]}dA. (3.43)

./ |a mién bat ky bao quanh dinh vét niit c6
bién:r + r'® + r



= Tich phan dudng cong (Tich phan J)
Bai toan 2 chiéu
Khi Aa=>0. Tir (3.34) v6i luu y £ + At; = 0 trén mit vét nit méi.

f (o + Acij)Ay;jdV = f ((cr + Aoij)Aui),j dV
VAV VAV

_ f (1 + A1) Au; dS. (3.34)
S +AS

lim —f (cr + Aojj)AyijdA = lim —f(f + Ati)Au;dI’. (3.44)
Aa—0 A Aa—0 A

Xét mot hé toa do cb dinh (X,,X,) VA C4c toa do (x’y,x’,) dich chuyén voi
dinh vét nut, x’;=X;-a va x’,=X,.

Mot truong f bat ki 13 truong theo dinh vét nat f=f (x’;,x’,a) hay
f=f (x;-a,x,a). Pao ham toan phan cua f theo sy phét trién ctua vét nut la

Df_3f3x’i+3f_ of L of

Da dx; da  da 3x1 Ba'




~ Tich phan dudng cong (Tich phén J)

Bai toan 2 chiéu

aléglomf (UIJ+AUU)AY’JdA_&1éTO_f(f + At)Au;dI. (3.44)

o Du;
) liIm — (r + Ati))Au;dl'= | t;
r

. At
Iim A¢ dl’.
Aa—0 A Da r

Aa—( Aa

Tich phan tha hai co bac theo Aa, do d6 sé bang 0 khi Aa=>0,

lim i (t + At;))Au; dI" = f 0(—8m + auﬁ)a’F. (3.45)
Aa—0 Aa r' dx;  Oa
R0t gon s0 hang thir 2 cua (3.43)
L lim 1 {(cr + Adij) Avij
da Aa—0Aa Jo
— Wi —Ay) —wi")]}dA. (3.43)

dA.

3 lim (WO +Aay) —wy")]dA= f il
Aa J g o Da



~ Tich phan dudng cong (Tich phén J)

Bai toan 2 chiéu

dA.

lim — [ WO+ an -woOlda= [ 22
Aa—0 Aa J oz o Da

DW ow oW oW dy;; oW
f dA:f - dA:f Vi _ dA
o Da 72 \ 0a X1 o \0Yij da 0x1

duj,; IW ou;
=f (O’,‘j A )dﬂ=f (Ig uI—W?’Il) ar,
of da axl r+r44er-) da

Chu y: - Trwdng trng sudt c6 thé tim théong qua moi lién hé
oW
gij = 3_ (36)
Yij
- Pang thirc cubi tim dwore bang dinh ly Divergence

-n,=0,t=0,onT,

= lim 1 [W(y0+Ay)—W(y0)]dA=f

a .
(z,-ﬂ _ wm) dr.  (3.46)
Aa—0 Aa [J 7 r 0

a



= Tich phan duong cong (Tich phan J)
Bai toan 2 chiéu
Thay cac phuong trinh (3.44)-(3.46) vao (3.43) va tinh gidi han Aa—>0

== _ fim . {(a}) + AdipA
T T 9a  nasoAa Wi T B0 AY
~ W’ —ay) - w)]}da (3.43)
alélgo_a_[ (cru—i—AcrU)/_\.yU A_alélgo__[ (t + Atip)Au;dI’. (3.44)
1 du;  Jdu;
lim — (t + At))Au; dI' = f :} _ + drI. (3.45)
Aa—0 Aa r axg da

a

lim [W(y°+ Ay) — W(yo)] dA =f

8 .
(z,-i _ wm) dr'.  (3.46)
Aa—0 Aa J r 0

3
r 3X1



~ Tich phan dudng cong (Tich phan J)

Cac tinh chat cua J

(3.47) duogc goi la tich phan J. J duoc st dung trong nhiéu truong hop dé
tinh dong nang lugng chay dén dinh vét mirt, dé wdc Iugong do mé vét nit
ciing nhu duogc st dung nhu 1 phan cua tiéu chuan pha huy cho vat liéu
dai (ductile material).

J khéng phu thudc vao duong di (bai tap 4)

Gi4 tri ctia J khéng phu thudc vao huéng phét trién vét nit tiép theo, tuy
nhién, J chi bang G khi vét nirt phat trién theo 1 hudng (hudng X) trong vat
liéu dan hoi.

J cling ¢6 chung méi quan hé vai hé sé K nhu G cho vét nit phat trién 1
hudng

E’ E’ 214
J 6 thé dugc mé rong cho truong hop 3 chiéu. Khi do, tich phan duong
cong kin sé duoc thay bang tich phan trén mat cong kin (muc 3.7.2).

J (3.48)




! !!! Ot vi du irng dung tich phan J



