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GiRiS

Nazikqalinfigh konstruksiya elementier texnikantn bir gox
saholorinda genis tetbiq olunur. Bu tip xonstruksiyalarda sn
vacib meselsierden biri onlann cekilerinin az olmasi, yeni
materiala genast edilmasi, eyni zamanda onlann moéhkemiik
xarakteristikalannin yixsax olmasidir. Son illarde bir ¢ox sinii
va kompozit materiallann genis istifade edilmesi ilo alagadar
olaraq, metallara qenaet etmex megsedi ile nazixgahnhgh
Konstruxksiyalar coxlayli konstruksiyalar soxlinde istehsal
olunmaga baglamigdir. Praktikada an ¢ox istifade edilan bele
xonstuksiyalar iki ve dg¢layh, cubuglar, lovhaler vo gabiqlardir.
Bele xonstruxsiyalarda uygun laylann galinliglanm ve hendesi
Slgularini ele tonzim etmak olur ki, konstruksiyanin bitov ¢oxisi
azalmig olsun ve lazim olan mohkamilik temin edilsin.

Belo konstruksiyalann hazirlandiglant materiallar bir gox
hallarda ortotropiya xassesine malik olur ve laylardan biri va ya
bazan bir negesi plastiki deformasiyaya ugrayrr. Bu sababden
bir cox bu tipli konstruksiya elementlerinin mohkemliya gore
hesabatinda plastiic deformasiyalann nazers alnmasi
qaginiimazdir.

Taqdim olunan monografiyada ortotrop elastik-plastix
materiallardan hazifanmig ikilayh ve Gglayh lovhe ve qabiglarin
mohkomliye ve dayaniqiga gore hesabati igun muhendis
ustharinin nazeri asaslan iglenmigdir.

Burada forz edilir ki, konstruxsiyamn handasi ve fiziki
xarakteristikalan arasindaw minasibatler eledir «i, coxlayh
elementin bitin qalinhd Gelin Kinchof-Lyav hipotezasi istifado
oluna biler.

Monagrafiya dord fasildon ibaratdir.

Birinci fasilde ortotrop elastik-plastik materialdan



haziranmg ixilayh lovhe ve qabiglann dayanighq meselesi
todqgiq edilir. Forz edilit wi, laylardan biri elastiki digeri ise
plastixi deformasiyaya ugrayr.

ikind fesildo analoji messlelor fglayh konstruxsiya
elementlen ugin aragdinlir. Burada forz edilir «i, xenar laylar
plastiki oblastda, orta lay ise elastixi oblastda deformasiyaya
ugrayir.

Uclinci fosilda forz edilir «i, iitayh lovhe ve qabiglarda
her iki lay plastiki deformasiyaya ugrayir.

Dérdinci fosilde isa ixinci fasildaki masaslelar diger hal
ucln todqiq edilir. Ferz edilir «d, dclayll lovhe ve gabiglarda
xonar laylar elastii oblastda, orta lay isa plastiki oblastda
deformasiyaya ugrayir.



| FOsiL iKILAYLI ELASTIK-PLASTIK ORTOTROP
LOVHS VO QABIQLARIN DAYANIQLIQ
MSS3ILILIRI

§1.1. Umumi halda qiivve ve momentiarie
deformasiya-ayintilar arasindaxi alagslarin
tayin edilmesi

ikilayh  dairevi  silindrik  qabiglann  (I6vhslerin)
xombinasiyall yuxlemenin (7,,, T,,, T},) tesirinden dayaniqliq

veziyyetini tadqiq edek.

Forz edilir qabigin laylan mixtalif bircins ortotrop
materialdan hazrlanib va laylardan biri edastixi oblastda digeri
isa plastiki oblastda deformasiyaya udrayir. Koordinat sistemi
asadidax kimi segilmigdir. Ox ve Oy oxlan gabigin laylanm
ayiran orta sethda (lévhaler Uglin orta mistevida) yerlagir, Oz -
oxu isa bunlara perpendixulyar yonelib (sokil 1).

-3



Plastiki layda materialin. elastik -plastic xasselorini
xaraxterizo etmex Ucin deformasiyals plastidix nazeriyyasi tipli
fiziki hal tenliklerinden istifada edilir [24]. Bu haida gerginlix ve
deformasiya tenzorlannin xomponentiari arasindaw asilihq
asadidax sexilds olur.

EC
sza_&z(asx +Bsy)
E

€

% =g (e By T, =

Es_ (1.1)

e xy

=2 |2

Burada «, 8,y —materiaiin ortotropiya xaraxeristixa-

U » -
landr, £, =~ o, =¢,) diagraminin cari moduludur; o
£

ve g, - uydun olaraq gerginlik vo deformasiyalann intensivlik-
leridir ve asadidaw formullaria hesablaniriar.

2 ___2 1 2
¢,=0.+ac . -2fc 6, +y1]

o-B2

1
g’ :qhﬁz((xai+ai+2ﬂsxsr+4

L

= ® )

Izotrop material Ggiin o.=1,3=1/2,y =3 olur. Elastixi
layda analoji mnasibatior asagidaw soxilda olur:

E,

Gx“al_alz (algx+ﬁlay)
E, 2
¢,=————I¢&,+B;¢,}, 1,,="Ee_ (1.3)
’ (gi—,ﬁﬁ)(’ 5> T .7

Qabiglann  (lovhelerin} bdhran veziyyetinin tarazhg



tenliklerini alde etmesx Ggln har bir lay Ggin gergintidarle
deformasiyalann vanasiyalan arasindax asidibiglan tayin etmox
lazimdr,

Plastik lay Ggiin (1.1) formullarindan alang (0 <z< h:,)

80}{:(1?‘;52 (a_BZ)Z:qﬁan+a88x+136e]J,

5o, =t |(aop?) 225, voe, +pse. |, (14

G.V_Q_—ﬂz (a—B );q €,+08,+f sx—J’ )
2E, T, a-p°

51xy=:—2—(a_|31)0:q68”+ y 88”}

£
burada ¢q = —"
F

f(Ec) avezlemasi edilmisdir.

“n

Elastiki lay G¢in (1.3) formullarindan aliriq (—h1 <z< 0):

~

g, =— (a,Ssx+B,ﬁey)

2
S

1

86, =—(6¢, +B,08¢ ), (1.5)
’ (-u‘l—!?’zr }( ' l )
StxyziEIBe,y

R

Farz edex ki, Kinchof - Lyav hipotezasi elementin bitiin
qahnidn Ggin dogrudur, yoni
Se =1 +zy, . 8¢ =1 +zy ,8e =1 +zy , (16)
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‘burada [ ,7,I ve s XyrXxy™ orta sethin

deformasiyalannin vo ayintilerinin sonsuz Kigik deyismelaridir.
(1.6) madeienni (i.4) ve (1.5)-do yenne yazaraq gerginiiierin
variasiyalan ugin alanq:

plastiki oblastda:

3o, = E. {(a—ﬁz)cx g-[N(e.]) + zl (e, 0) ]+
: \ c.

+(alx +ﬂl!)+z(axx +Bx_,)} ,
~

bo , =—e_ i(u»ﬂz)%q-[ll(c,l)ntzI'l(c,x)]+

+(t', +[3]_‘_)+z(x, +Bx x)} ’

2E, L Tty :

BTI":a*ézila—ﬁ )o_—;q-[ﬂ(o,l)+zll(c ,x)]+
a-B?

+— (lxy+zx”)¥ (L7)

4

burada asagidax svezlamalar apanimisdir:

~y - e Gx! . Gv- At—rl':
NG, p=——, + .p),-t-/.—lxy,

G, G, G,

(1.8)
(87 a . T
x ¥ - Xy

H(Ua X.):—x.r +‘“‘“X}-+2_Xxy

G, o S,

Elastiki oblast Gglin alanqg:

E
SGX:;:—_;}—?[(XIIX+[3|8,+Z((I.Ix_x-i-B] xy)],



E
o =- i : I,+B,Ix+z(xy+ﬁlxx) ,
“I’B'[ » | (1.9)

5t =~E—E,(l”+zx”)

xy
1

Gaerginliklarin variasiyalan tayin edildikdon sonra giivva
va momentlorin variasiyalan asafwdax ifadolorin kdmayi ilo
hesablanirlar:

0T, = f505d2+hf50,-dz
4y 0

, 5 (1.9 a)
SM, = ISG,- zd z+ fﬁo,.zdz, (i—xp,%)
. 7

(1.7), (1.9) ifadslerini (1.9 a) baraberliklerinde yerine yazarag
bazi ¢evirmslorden sonra quvvalerin variasiyalan Ggin alanq;

8T, =ayl +a,l, +a,, L,+bnxtbx,+b,%,,

8T, =a,,l +ayl +ay il +by y +by,y +b,n,, .(1.10)

ST,U :assl;"'anly"‘asslu"‘bslx;{+b3zx;+bssx;‘,

Bu barabarliklorde asagidaxki aveziemaler edilmisdir:
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b21 :‘bu’
ERl {1 _ (a -B2
b = —_+Ec ! :
22 @, - 2 [a_ 2])(
x (“—Bz)(c—’r-qﬂ 8
o, ’
O
bB:Ec.___”_ =~ q'h22 s
n Uﬂ
Ay =y, Oy =My,
2E\h o, ~-B? — (a,-B?2
a;, !lz 1 1 +E. : le X
a,—p, Y o-p

2 _p?
X 2((1—[32)( ”} g+
, Y
by =by; . by, =by,
E k¢

13



(1.11)

Analoji Usulla momentlerin variasiyalan Ggin asagidak
formullan alang:

SM =41 +4, ",+A|alx,+3nIx+Bux,+anx,. .

SM, = 4,1 + A 1 +4,,1 +B,y + B,.x,+8,,x,,.(1.12)
M, =A, ] +A5,] + A1 +Byy, +B.x,+B 1

327 5 33 0% oz

Bu formullarda agaidax aveziemeler ediimisdir:

Ehl [ o, - (a,-p?
A= : !2 uil—+E,[ 1 B;Jx
o, ~B; 2 oa-p

feefe o]

a, - B 2 o-p?
2 chy gl
< oBT)TESE a5
¢,6,, A’
AL,‘:Q_EC.U_U_". 72

14



c.c,, h;
B,=2E —*—2.q4°%
o, ¢, 3
42i='412"
Elhlz ( = al_Blz
- 5 _1 Ec 2 X
2(“-1"31) o-f

\Cn
chxy 2
A23_E ‘Q‘hz,
n Gﬂ
Bzr‘ :Bu ’

A 3t -41-3 PRk 7] -423 r

[T
Lh



B, =BA, B, =B, (1.13)

Belelile qiivve ve momentlerin variasiyan ile
deformasiya ve aymntilor arasindaxi alagadar (1.10) vo (1.12)
formullan e teyin edilir. Bu formullann xomayi ila baxilan
qabiglann (lovhslarin} dayamiqliq tenliderini ala bilerik.

§ 1.2. ldlayh qabiqlar ve lévheler O¢iin
taraziiq tenlixlarinin alinmas

Melumdur ki, dairevi silindrik gabiglann dayanigliq
tenlilari sistemi agagidawlardan ibaretdir:
a) Quvvalarin tarazhg tenlideri:

08T, 08T,
+
ox oy

16



88T, 08T, -
+ =0 (1.14)
ox ey

b) Momentlerin tarazliq tanliyi:

odM, ’8M, '8M, _ 3w

5x2 | axoy | 9yt “"ox®
Y Y (1.15)

0w a*w 8T,

—Tzz—z__ 2L =t =0
oy Ox0y R

c) Deformasiyalann birgalix sertleri:

o1, 2%i 021 2

: r 0ty 10w (1.16)

+ =
ay?  ox* axdy R 8x?

Burada R gabigin orta sathinin radiusu, w —ayintidir.
Sgar garginlik funksiyasini asadidax $axilde gabu! etsex

2 2
sr, =2 % a1, =22

%
= S axz’aTxy:_ (1.17)

axady

bu halda (1.14) sistemi eynilik kimi odenir.
Diger tenlidari tortb  etmex  Ggln  (1.10)
miinasibetlerinden /_, ! ,I_ kemiyyatlorini teyin etmak

x s yrtxy
lazimdir. Bazi cevirmelerden sonra bunlar ugiin asagidaw
ifadeleri alang:

{, =¢, 8T, +¢,8T, +c138Txy —Lyx—Lpx,~ L3%xy»
1, =87, +¢3n 8T, +€338T, —LyX x —LaaX; ~ LaX sy
1oy =387, +65,8T, 40387,  —Lyy, —Lygx, —Lgks, (1.18)

r -"-:‘:J:.‘:.:d“ o 17
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burada agagidaw isarolar gabul edilmisdir.

1
Cp = _(azzaas
A
1
€, = —(‘113“32
A
N
Cyw=—la,.,a
13 12453
A
€y = (a2ila3l
I(
Cy =—\a,, a
22 193
A
€13 (alsazr

Cy = ——(a a
3 21%32 7
A

Cyy = ——(ﬂ a
32 12%3 —
At

1
Cy3 =~(a" a,, -

A

L u:Z[bn (azzass ‘azaasz)—bll (a,z 433 —a,3a32)+

+by, (an 4,34y, als)]’

L lzzzﬂ;[blz (a 22833~y 032)"b22 (a” @33 7dy3 a32)+

+b,, (alz Q33 ~d;,, ‘113)19

I8

@y, ‘132) ’

alzasz) :

Ty da 13) s
a”) s

@3y

a,,a,]),

1),

).
)
a0y,
)
@)



L= oo (020000 -bo (a0 -apya )+
+bys(a),a5,-a,,a,)]

L2,=i—[—b“(aua,3—a23am)+b2, (s —ayyan)-
~bul(ayan-apay)].

szi[_bu(a,la,;_a”a;,)%(a”a,}_a,aaa,)_
—b,,(a”an—aua“)],

L=t (anan-asa) +hfanas -aga,,),
~bufanas,-asa,))]

Lo [bul@103 -2 0) -, (a0 ~a )+,
+hy(anay -aya,)].

L,2=§[b,2(a,2a32 —apa5)-br(anay, ~agay )t
+by,(avay-apa,) )

L33=—[1;[bl3(ana32 —ayay)-bya,a,—a,a,)+

+b33(a:.la:?.:z_auam)]
ay dyp 4y
A=la, a,, ay (1.19)

dsy) 3y A3

(1.18) Hadalorini momentlarin (1.12) minasibetlorinde yerina

19



yazaraq asadudaw formullan alanq:

aMx :rIISTx+r125Ty+rI36Txy+RIIX-I+RIZXy+RISXxy ’
BM, =r, 8T, +1r;,87, +7,,87, , + Ry 2, + Ryyx , + Ry x,,, (1.20)
& Muz r3,6T*_+r3Z8Tj+r336T”+ Ryx. .+ R,,zx,+ RBx”

Bu formullarda asadidaia aveziemsier apanimigdir:

fn=Aycy+ A,c,+ Ay,

Fig = Ay + Ao+ A4,¢,,

Ty = Ay €4 + Ay €5+ Ay,

Ru = Bu - Au Ln - A|2 Lzl - A|3 I‘JI »
er = Brz - Ay Lm - A‘rz L, - A Lsz ;
RU = Bu - Au 1‘13 -4y, Ly~ Ay L

33

n= Az: Cu + Azz C2| + A23 Csl s
Frp= Ay C, + A, Cut+A4,C,,,
Fos = Ay C3 + A4, Cyp + 4,,Cy
Rz: = BZI - A21 Lu - Azz LG - Azs Ln ’
R, = B,, - Ay Ly - A, Lzz - Azs L,
st = st - A, Ll3 —4,, Lzs ~Ay L,
ry =AyCy+A45Cy +A45,C,,

P2 = A5 0 +A45,C oy +A5C5,,



ri3 = Ay Cy+ApCyy+A453Cy,,

R.’:i ﬂ1_)’3! _"431 Lll _A32 LZI _A33 L315
RSZ :BSZ "—ASI LIZ _ASZ LZZ _A33L32!

(1.21)
Ry=By-Ayl;-Ayly;-Als
{1.17), (1.20) ifadolorini vo
2 2. 2
o=-2 2y, =y =2 1)

Tax 0 M ay?’ K e dxdy

oldugunu nezere alsaq hezi gevirmelordon sonra (1.15) ve
(1.16) tonlidori agagidaw sakle disar:

21



~=0 (1.24)

Gorandiyu ximi ixilayh ortotrop elastik - plastix silindrik
dairovi gabiglann (mumi halda dayanighq tonlidderi sistemi
(1.23), (1.24) saxlinda olur.

§1.3. ixilayh lévhelerin
birtarafli spalmada dayanighign

ixilayli ortotrop elastik-plastik materialdan hazilanmig

duzbucagh iévhenin birterafli sniimada dayamqllllgml tedgiq
edok (soxil 2).

22



Sexil 2.

Bu halda (1.10) ve (1.12) ifadeleri sadelerir ve onlara
daxil olan emsallar agagidaxt sekle digur:

-ﬂhl{ — Fﬁ‘ q
a, = o, +E. X
al—B? a*BZ
o )’
x{(a—ﬂz)(—J -q+a}52, ,
Gﬂ
_ Eh = (al—BfJ s
alz_a!_ﬁlz B|+ < (I—Bz B 21 3

an:au:an:anzos

23



24

2((11"“'31) a-g* 2
bl3 —b23=b3, —bsz =0,
Gy =ay,,
E h, = %~ 12)
= I+E. 8, 7,
” 1 :2{ (Q‘Bz !
bZI blz’

a, —b, Y Y
Ay =b,,
4,=b,,

Ay = Ay =4y, = 4, =0,
Ay, =b,,,
As3 =b,,



A21;—-b21 _
Elhl3 ' — [qn“ﬁlz}
B”:“"—‘z— al+E¢- 2 x
3(0-1_[51){ a-pB
o 2
X[(Q-BZ)(G_J‘] 'q+0(.:| 8;1} ’
Elhl3 { = [al—BIZJ 3 }
B, =By =————-<B,+E. B3y,

T3, -B7) a—p
Elhls - [QI—BIZJ 3

By, =—1_H.E. L1pad b, (1.25
3(0‘:_3!){ a-pB

813:823:Bal=832=09
2E|"13 {al_Bf = C"l_BIZ 3}
'521

33

= P +Er
3(a; —B7) Y Y

Bu gertler daxilinda (1.23) ve (1.24) tenlixleri baxilan messle
ucun asadidax sexilde alinir.

otw ot w
R,, Fy +(an + R, +2R33)W
otw o' o' ¢
+Ry, 2y Tia P “(ru +ra _2r33)éx2—ay{“ (1.26)
3*¢ 8w
T2 2y +T, 5y’ =0;
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_9% 2%

+(c,2 +c,, +2c33)

4 2 2 4
63&:4 X 6); dy 4 (1.27)
% w o' w % ¢ )
+L,, v +{Ly + Ly, -2 L,,)axz 557 +L,, oyt =0;

Mixtelif serhad sertleri daxilinde (1.26) ve (1.27) tonlikler
sistemi hall edilerak I6vhenin «ritik parametrieri teyin edilir.

a) 9vvalce [6vhenin silindrik formada dayanighginin itmesini
izloyax.

Bu halda dayarugiiq tenliyi bu sexilde alinir

d*w diw
AIE?-+TI";1"x—2=0 (128)
burada
L
A =R, +r12—--ﬂ (1.29)

22

Lovhenin xenarlarinin oynagli borkidildiyi hala baxsaq ayinti
ucun bele bir ifads gabul eds bilarix:

mnx

w=w,-sin

(1.30)

a
(1.30) ifadasini (1.28)-de nezere alsaq kritik gerginlix dagln
agafidak: formulu alarig:

o,=c)-K, K=A,ID (1.31)

burada ¢ - analoji elastiki mesale tigln Kritik gerginlik, D-ise

baxilan |dvhenin silindrik sertliyidir. Apanimig hesabatlann
neticasi grafiki olaraq gosterilmigdir (gakil 3).
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Qc/E)l(ﬁ

0.6 —

0.5 \

04 N\
0.3 \\ 1
I

0.1 + - S S

0 10 20 30 40 50 60 bih

Soxil 3

1:0!90; ‘Y=3
1. a=12, $=0,50
2. a=14; B=0,50

b) Indi de lévhenin imumi sexilde dayanighdinin itmasine
baxaq. L6vhenin xenarlannin oynaqh barkidildiyi halda (1.26)
va (1.27) sisteminin hellini asagidak formada yaza bilerik:

. MRX . nmy
w=w,_ -sin -sin
a b

(1.32)
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mnx . nm
+S1n 14

$=¢,, sin p; b

burada m,n-uydun teroefler Gzre yanmdalgalarn sayidir.
(1.32) ifadesini (1.27)—de nezere alsaq:

Ly, (m_n) 4 +(Lu +L,,-2 Lss) X

a

Mmu 2 nmn 2 ng !
x("?) (*b_) +L‘2(7) (1.33)

ifadesini slde edorik.
(1.32) formullanni (1.26) tenliyine yazaraq «ritix gerginlix Gi¢cln
alanq:

c,=0,-K, (1.34)

burada asagidaw igarelomeler qebul edilmisdir:
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mn

¢mn m2”2 ¢mn
- ("11*"’22"2"33)]"(“;_2‘“‘ +| Ryy — I nt
wmn a wm"

/1]

Apanimis hesabatlann neticesi qrafiki olarag sexil 4-do
gostenimigdir.

¢mn m 4
Kl :{[Rll - W r]z (j) +[R12 + RZ] +2R33 —

A 3
(c/E) 10

0.5 S S
0.4 \

0.3 ,4.\\\\
0.2 \\k\
0.1

0 L — >
0 10 20 30 40 50 60 bih

Soxil 4

2=0,9C; y =3
1. a=12 $=050
2. a=14; B=0,50
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§1.4. ixilayh I6vhalerin sirismade dayanighi

Surugsme qivvelsrinin tesirine meruz qalmis ikilayh
lovhenin dayanighq meselesini tadqiq edax. Bu halda (1.13)
amsallan sadslagir.




2Elhi ' a‘l_Blz Ta (al_BlzJ
a33: 2 +Ec 2 )
a, ~B, Y a-B
x[z(a—ﬁz)[g-ﬂ] -q+a_62}52,},
G, Y
E h} -B2 _ _p?
533: {—al I+Ec[a] B;Jx
_a2) C = 2_ -7,
X[Z(a B )[ . J q+ Y }821} )

Ay :bus Ap=by,

Ap = Ay, =Ay =45 =0,
A13=A23=A31=A32=0 ’
Ay :bzu Ay =b22 » A33 =b33»

Elhlg - (al_ﬁlz] 3
3((11_61){ a-B

— E1h13 T a‘l_Blz 3
Bw*m{ﬂ'*ﬂ(a-sz]“ﬂ} ’

B, = B,, =B, = B;, =

22

By, = ZEIhI: ot E2+Ef(a]q6;2]x
3(a'l_ﬁl) Y (I—B

0
Eh} = [al_Blz] 3
= 2 1+ E., 2 521 (1-36)
3(0'1—31){ a-~p _
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Baxilan halda l6vhenin dayanighq tenliklar sistemi
agsagidaki kimi ahinir:

0w 0w
R“?‘F(Rlz +R21 +2R”)W+
o'w  'e 2%
R,, 2y T2 P “(ru +Ty “2"33)W“ (1.37)
4 2
rug——?brzr,zg—}”—:o
y x3y
4 4 4
¢ G,
"22_4‘*(C12 +ey +205) 2; ;T > T+
4 )(;4 ¥ y (1.38)
w w
+ Ly *(Lu +L22—2L33’6x26y2 12 P =0

Burada ¢, I;;,r, , R;—amsallann hesablayarken (1.36)
formullanndan istifada edilir.

Lovhenin kenarlan oynagh berkidildiyi halda ayintini vo
gorginlik funksiyasim asadidax sexildo gabul eds bilerix:

w=> > w,, sinmnxsinn:y (1.39)
m " a

=2 sixlnﬂmsirlf%Z
m n a

(1.39) ifadelerini (1.38)-da yazaraq alanq:
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L, (@‘)4 +(Ly + Ly - 2L,

(Y ) o)

mn 4
mzu). ,
Cy, (—a—) +(Cia + Gy +2C35)x

) al3)

{1.37) tenliyi Bubnov—Qalyorkin metodu ilo hell edilir:

(1.40)

ab . .
[f Lsin ™Y sindT¥ axd y =0 (1.41)
00 a b

burada L —ils (1.37) tenliyinin sol terefi igare edilmigdir. (1.39)
Hadelerini (1.41) yazaraq bezi gevirmelerden sonra W,

emsallanna gore agagidai xatti cobri tenlikler sistemini alang:

4 4
b, R 2 5
R mWo, +\Rjy + Ry + 2Ry )—m“n-w,, +
it 4a3 mrn ( 12 pa) 33)4ab m
4 4
na b
Ry — n*W =1y PPE m*9,,, "(ru +7a —2"33)x
s xta (1.42)
X abm ”-¢mn 'y 4b3n ¢mn
m-n-i- j
_8T2 4)1" b =0
RRACER e
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burada (m+i) ve (n+;) adadlerinin eyni zamanda tex
olduglan gabul edilir.

Konkret olaraq (m,n), {i, j) indexsleri Gigiin (I,l) ,(2,2)
vo (2,2) ,(1,1) citterini gotiirsex w,, ve w,, emsallan Gglin
agadidaxi xotti cobri tanlikler sistemini alang:

wll{_—_(Rll +ryye Do)

+ry +ry 2r33)o]+—[R22+r2,1) ]}———:ruw22 -0,

4a b[(an + Ry, +2R33)+

4
W, {4—1;—b—(R” +r, Dt,)+-4(:=—b[(l€t,2 +R,, +2R33)+

(1.43)
4
+("u"”'21‘2"'33)‘Do]+i""23_a[R22 +ry D ]} o T W,y =0,

burada

4 2 2 4
mm mn nm nm
Ly} ™5} 4Ly + Ly, - 2L33)){ ------ —-J + Ly [—
_ a a b b

Do B mn 4 mm nr z nn *

(1.43) sisteminin determinantini O-a beraler edorek kritik
qivva ugin agadidax formulu alang:
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T2 ~(i)zls{2[R + -D ]+£[(R +R +2R )+
2533 L4)et 12 olT e 21 33

3 2
+("11+"22 _2r33)D01+(%J pazz +r21Do]} (1.44)

[+] ]2/0' 5
4 e
3 \ . _j:_. J—
\ 1 !
2 T T \ I
1 : S .
0 e = —— =

0 01 02 03 04 05 06 (4/p)

Saxil 5

2=0,90; y =3
1. a=12, p=0,55
2. a=14;, B=0,60

Apanilmig hesabatlann neticesi grafiki olaraq sekil 5-de
gosterilmisdir.
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§1.5. ikilayh 16vhelerin ixi
tarefli snalmada dayaniqhin

i terefli sixilan I6vhenin dayanigliigr mesalesini tedqiq
edox (goxil 6).

$Soxil 6

Bu halda (1.11) va (1.13) ifadelerinden fergli olan amsallan
agagidaxi sexilda olur:

a3y =03 = Ay =@y, =0,

2E. h B2 —_(a,-p2
a,, = 1 lzJa! 1+Ec[ 1 BIJSM}’

Y
bu :b;u :bzszbn =0,
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Ehr®| a,-f? —(a, -B2
byy=—tty BI+E0[ ‘ B‘Jag, ,
a, -8, T Y
A13=A3,:A23=A32=0,
E hZ —n? . _p2
4, = 1 12 Bl Bl+Ec[al B|J8§l ,
a, -B] Y Y

Bl3 ZBan =Bz3=B,2=0 ’

3 g2 n?
B, = ZE’h‘Z J“' B‘+Ec[°" B']a;, (1.45)
S EYERT Y

Diger batiin smsatlar (1.11) ve (1.13)-de oldudu kimi galir.
Dayaniqlig tenlikler sistemi bu gsexilde alirur:

o* o* o* a*
. ? 3 b sta, ?+A1v——’f+
ox ax“ 0oy cy 0x

4 4
+A, 62w2+A36 T:O
ox“ 0y dy

4 4 4 4
5T ¥y, 0¥ ,p 0w g
dx ox“0y” cy

26 . 2'%  w _ dw
2oxtay? oy e gt

(1.47)

burada bele avezlemasler edilmigdir:

Q,=Cp, A;=C3+Cy +2¢5;, a3=¢,,

A4,=1L, , A2:L11+L22+2L33 » Ay=1Ly, ,
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bl = Ru ’ bz = R12 +R21'+2R33 ’ b: :Rzz s (148)

B =r,, B, =ry try2r,, By=r,

(1.48) emsallan hesablanarxan (1.45) nezers alnir.

Lovhenin kenarlarinin oynaqh berxidildiyi halda ayintini
ve gorginlix funksiyasim yene agadidaxt sokilde qebul ede
bilarik:

smﬂ;l (1.49)

w=w,sin
a

=9, sm———smng—y

(1.49) ifadelerini (1.46)-da yazaraq ¢, —la W, arasindax
alageni taping:

I s I 165 R G
W(5) e () () e (5)

(1.47) tenliyinden «ritik qivvelerin kombinasiyasini tapmaq
Uclin xaraxteristik tanlik ahng:

o (2 v () o n).
CGAGICRIRC IS

0 0
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va ya bu tanliyi belo goxle sala bilerik:

o, =5, K, (1.51)
burada

m ? i
(:) +”2

& _®’D |4 o=22 5-9

1 bzh [m)z . » G‘i ’ b ]

= +(pn“
a

i Bi
b, = B ==, h=h +h, (152)

Oger ixilayh kvadrat lovheys baxsaq a=b, a=1 ve m=n=1
qebul edarak alang;

1 » * * AI+A2+A3
4 a,+a,+a, (1.53)

«(B; +B; +B;)]

Parametriorin muxtelif giymetleri uUgun hesabatlar
apanimis ve naticeler grafiki olaraq sexil 7—de gosterilmigdir.
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4 3

08
0,6 \

X,
WEAN

NN
02 —— k\ —
\\ (21E)10°

0 - - >
0 02 04 0,6 0,8 1

3

Sexil 7

2=0,90; y=3
1. 0=1,2; p=0,50
2. a=1,4, $=0,50

§1.6. Ixilayli 16vhelerin birterafii
sixtimada ve sirismada dayamqhi

Farz edex ikilayli ortotrop elastik-plastik lévhays bir
torefli sixdma ve sGrigme quvveleri tosir edir.

Bu halda esas istifade olunan (1.11) ve (1.13) emsallan
bu soxle dugin:
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023:0, b21:b12’
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42

BIZ

Eh3 _n?
B":—-;z—{—al'?ic(al Bi]x
3, -BD) a-B*

b23 =0,
ay =a,; ,
a,,=90

Elhls E [ul_ l2
3, -BD) Puvke a“Bz)Bﬁ

x[(a_ﬁz)[z_j 2 -q+a} 6;} ,



Eh = (al“ﬂfj 3
322:———*—“—-2— 1+F. 3 821 »
3(°H“B]){ a—§

B, - ZEII;]:*2 a, B2 +Ec(al_BfJx
3(“1—B|)

x[z(“—ﬁz)[%ﬂ g+ ;Bz }831

Dayanighq tenlixler sistemi bu gexilds alimr:

(1.54)

4 4 4
Zx?+azaxaza¢y2+a32y?+

4 4 4
,a :V+A2 62 w2+A36 :V:O
ox Ox“ 0y oy

a,

(1.55)

+A

' w o' w o'w 2% ¢
b +b +b - B -
"ox* toaxlay?r ay* 'ax?
AN ) A o'w . 0'w
-B, ax? 3y’ - B, FPE +7, Py +21;2——a =0

(1.56)
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Bu tenliderdexi emsallar (1.54) nezere alinmagla (1.48)

ifadelerinden teyin edilir.
l.évhenin kanarlan oynagh berxidildiyi halda eyintini ve

gerginlix funksiyasim bu sexilde qebul eds bilarik:

w=> > w,_ sin nxsinm;y (1.57)
é=> > ¢,,sin X sin2TY

Bu ifadaleri (1.55) tenliyinde yazsaq bele bir ifada alinir:

d’mn :_f{)wmn 5

o) a2 ) oal)

a a
fo: 4 2 2 4
) () o)
"\ a *\a b ‘Ub

(1.56) tanliyini hell etmak Ggin Bubnov—Qalyorkin metodundan

istifade edilir:
(1.58)

a b . .
II L, sin'—n—"f-sinﬂdxdyzo
o a b

burada L, -ile (1.56) tenliyinin sol terefi isare edilib. Bozi
cevirmeleri apardigdan sonra bu tenlikden w,, emsallan dgin

agadidak xatti cabri tonlikler sistemi almr:



4 4 4
nh 4 . T 2.2 T a 4
b14a3m "mn+b2m n wmn+b34b3n W —
ot xt 4
B g By e, - By 0%, (1.59)

4qb 41;3

m2n?(b mmj
- 4 (QJTle"“STuZi:ng( 2 X" )

burada (m-+:),(n+ j) ededlerinin eyni zamanda tex edad
olduglar: gebul edilir.

Konkret olaraq (m,n),(i,j) indeksleri Ggin (1,1),(2,2) Vo
(2,2) , (1,1) citlerini gebul etsek w,, ve w,, emsallan igiin
aling:

4

4
Wi {:a?(bl +fo'B|)+zna_b(b2 +/ ‘Bz)"'

nta 22 (b 32
+ 3( fo ll_—‘ - Tl_“le WZZ:OB (1.60)
4b 4 \a 9

4

4
4"’22{ na—f)(bl +f0'Bl)+%(b2 +fo‘Bz)+

n'a b 32
+_I;T(b3 +fo'33)}“w22n2(zj T, "’;le W,=0

Bu sistemin determinantini sifra beraler edsrok l6vhanin
dayanigliq serhaddini tapmagq {i¢lin xarackteristik tanlik alinir:
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4 \a ;

010 8)s(2) s

32 (b b
?le +E—(—) Tl ::—2—{ (bl +fD'Bl)+
(1.70)

$1.7. Ixilayh dairevi silindrix gabiglann
oxboyu svalmada dayanighi

ixilaylh dairovi silindrik qabigin oxboyu sixict qlvvenin
(T") tesirinden dayanigliq masalesine baxaq. Bu halda givve

ve momentierin ifadslerine daxil olan emsallar (1.25) seklinde
olur. Dayamiqliq tenlikler sistemi ise agagidan soxilde alinir:

4 4 64 a4w
alax?+a26x26¢ DR ?M‘a at
¥ ¥ x (1.71)
o' w w 18*w
+d, 2 2 3 4 Z =0
ox° 0 0y Rox
% w 0t w *w 2%
1 e TP ox2ay? oy P
(1.72)

0 0% . 2w 10%°¢_

_°% g9, - 0
ox2ay? Cop* M oax? Rox?

burada «a,, 4,,b,, B, emsallan (1.25) nezere alinmagqla

(1.48)in kdmayi ilo hesablanirlar. Qabigin kanartannin serbest
oturdugu halda (vaya oynagh berxidildiyi halda) eyinti ve
gerginlik funksiyasi Ggiin agagidaw ifadalari gabul eda bilsrix:
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)2
b2

burada m— ox istiqamatdexi yanm dalgalann say), n — dairevi
istigamatda tam daldalann sayi, L-—qabigin uzunlugu, R ise
orta sethin radiusudur.

(1.73) ifadelorini (1.71) tenliyinde yazib w,—la ¢, arasindaw

alageni alang:
mn * mzu ? n 2
(") () () +
&%)
+ A4, | =] —=[E2
R\ L
4 2 2
mmn mn n
() e ()
4
n
[3)

(1.72) tenliyinde (1.73)-U nezere alaraq «ritik qlivveni teyin
eds bilarik:

T, :(m—sjz(b, - B, %0:) +(%) 2[b2 —BZ%)+
) @D lstfle o

0

w=w, sin(
(1.73)

0, =-w,
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§1.8. Ixitayl silindrix &rtiixlerin
snalmada dayaniqhi

Iilayh dairevi silindrik ortiiklerin  birterefli spaimada
dayanigliq meselesini tedqiq edax. Farz edex i, ortiik planda
xvadrat sadindedir ve xaraxterik 6lgiisi a ya beralerdir
(soxil 8).

S s 7
o - // ~
/’,/,/—- K *7\‘ // -
e, T
/_,A B __?(,-‘ - ; - s
R . "
Soxil 8

Bu halda ortiyiin dayamqq tenlider sistemi (1.54) va (1.55)
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soxlinds ahmr. Ortilyin xenartannin oynagh berkidildiyi hah
nozerdan xecirok. Ortiik planda kvadrat soxlinde oldudu Ggin
ferz edok ki, her istigametda bir yanm dalga emele gelir. Bela
olan halda eyintini ve gerginlix funksiyasini agagidax secilde
qebul ede bilerik:

X . Ty
W= w,sin—~—sin ——
a e (1.76)
. MX . .
d»:ci),,sm—-sm—~Z
a a

(1.76) ifadelerini (1.71) tenliyinde yazsaq, bele bir beralerlix
alngq:

2
A+ A, + A, _%(n)
«

Kritix givve dgun (1.72) tenliyinde (1.76) ifadelerini
yazaraq belo bir formul alang:

i 2
a al+az +a3
] (1.77)
1(n)?
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§1.9. ixilayh dairavi silindrik qabiglann
xombinasiyah yixlerin tesirinden
dayaniqihd

ikilayli dairevi silindrix gabigin oxboyu tesir eden (Tu)
sixici qivvaenin ve mantozem paylanmig xarici taezyigin (Tn)
tesirindon dayaniqliq meselesini tedgiq edex.

Bu halda giivwve ve momentlerin ifadelenne daxil olan

amsallar eyni ilo §1.5. do oldugu kimi teyin edilirfer.

Baxilan qabigin dayaniqlq tenliklar sistemi agadidak
gokilde alinir:

4 4 4 4
a,afi:+a2 82¢2+038?+A16 :"+
0x Ox* 0y oy ox
(1.78)
oA ot w e d 54w+l62w_
oxtayr oyt R ax?
a4 a 4, 4 4
b,aw+b2 c'w +36:w316¢¥ ) o'¢
dx* ox*ay? dy ox* ox2oy? (1.79)
4 2., 2 2 )
_336 ¢+Tua a 226_‘:’ﬁia—?:0
oyt ox*? oy* Rox

burada «,, 4, ,b,,B, emsallan (1.48) formullan ila

hesablamiriar.
Qabigin kenarlan oynaqll borxidildiyi halda eyinti veo
garginlik funksiyasi (1.56) saxlinde qabul edilir.
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(1.78) tenliyinden w,—la ¢, arasindaki (1.74) alaqesi ahnr.

(1.73) ifadelerini (1.79) tenliyinde yazaraq kritix quvvelerin
kombinasiyasini tapmaq ugtn asagidaki xarakteristik tenliyi
alanq:

PR (e
+[I:RLR)2(%JZ[b3—BS%J+_I~R1_Z (1.80)

Parametriarin mixtaslif giymatleri Gigiin hesabatlar aparimig ve
netica grafiki olaraq sokil 9—de gosterilmigdir

0,05 ‘[U L
004 L — | — fp —

_§\ | N o
0,03 ™ \
0,02 +——- _&\_ ]
0,01 4 — \ ]

0+ — . >
22
0 0001 0002 0003 0004
Soxil 9
2=090; vy =3

1.a=12, =050
2. a=14; p=050
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§1.10. iilayh qabiglann dayaniqliq
masalasinin yerdeyismalerda qoyulusu

Ixitayh ortotrop elastik - plastik gabiglann dayanighq
maselasini yerdeyismelorde tedqiq edok. Burada §1.1 ve 1.2-
ds alinmis asas miinasibetlerden istifade edacik.

Yene forz edek Kirxhof-Lyav hipotezasi elementin b(itan
qahnlig icin dogrudur, yani:

e, =1 +zy, , de, =1 +zx, , Se =1 +zy,,

Kicik yerdayigmelere baxildigi halda agagidax miinasibetleri
yaza bilerik:

Ou 02w
lx T a_ kT,
ox ox?
v w 82w
¥ _—.-a—y—i xy _—'W, (1-81)
ou o 8w

l

:——--{-——, ¥y =
' oy o T axay

burada u,v,w-ox istigametinde, dairevi ve radial
yerdayismalerin dayismasidir.

Baxilan halda tarazhq tenfikieri sistemi asagidaws sexilde
yazihir:

08T, 08T,
ox oy ’

(1.82)
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o*6 M, _d'8M, d°8M,
+ +
ox? Ox0y oy’

+T, %+

+T22xy+2Txny+ R’ =0

(1.10), (1.12) formullannda (1.81) - i nezers alaraq (1.82)
tonliklerinda yerina yazaq:

0 o2 o?
[ﬂ“a—f'}-(a” +a3[)é}a—y+a33w]u+

a? o’ o’
+lia,sa7+(aw +a33)6x6y+an ayz}v_

83 63 63
#[b“ Py +(b13 +b31)_6x2 Py +(b12 +b33)__6x6y2 +
\ .
+b,, g 3 +au_8_+au_6_ w=0
oy R dx R oy
2 2 2
|:‘131 7 +(‘121+a33)ax6) azaa 2:|“+
H 2 \ 2 o
+ch_,,3 > +(a,2+a23)axay 2 ayz]v_
o* o’ 8*
[b“ 3 +(b33 +b2')6x2 . +(b32 +b23)6x6y2 +
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63 63 63
A11-3+(A13 +2A31)T+(A21 +21433)—2*’
ox ox “ oy oxoy

3 ay 9 ay g o3 a3
+Ay——+ ¢ Ut Apy——+ (A, +24 )L\-r
23 ax3 R ax R ay] [ 13 6x3 ( 12 33 axzay

o} 0 ay 5 4, ¢
+{A4,, +2A4 + A, —— == - 1.83
( 2 32)_—6x v e R e T R oy (1.83)

4

o* 84 o
By——+(B,, +28, (B, + 8B, +28, -
ox Ox Oy ox

ayz

4 4 b A 2
+(Bz3+2332) 9 +Bzz—@_+[Tu+£+i- 0

dxdy? ay* R R jox®
by, Ay g2 by _A 2 q
+ Ty, T a—-+ 2, +—2 4272 0 2w =0
R R ayz R R axay RZ

(1.83) tanlikler sistemine serhad gortlerini slave etsax, baxian
masslenin yerdeyismelerde qoyulusunu alang.

Konkret hal Ugin qabigin oxboyu siilmas) ve xarici
tozyigin tesirinden dayanigliginin itmesi halini tadqiq edek. Bu
halda (1.83) sistemi agagidax sakle digir:

8* o2 8%y
ﬂ”af;z—-f-a”éy—z u+(alz+a33)a _

o* a0’ a4y, ¢
e sl )iyt R w0

o u o’ o’
(am tay, )6x8y+ a33a?+02252_ v-

3 3
—[(b2,+b33) 9 b L+3£—QJW:0,

dx*dy 7 oy* R oy
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5 YARE: 2t
A —+A4,, +2A4 ¥ | Ay ——+
|: 11 ax3 ( 21 RX] laxayz R ax ] 22 ay3

ox23y R dy

4 4 b A 2
3, 7 +[Tu+ 2, 12\6

x———+ B
ax2oy?  “oy* R R Jox?

b A 2 a
H Ty +— 2 )9 +—2 w=0 (1.84)
R R )ayz R2

o2 sy 0 ot
+(A12 +2A33} + }"—[Bug;:“L(Bu +B, +ZB33)><

Qabigin ksnarlannin sarbast oturdugu halda serhad sertloni
agsagidaxi kimi olar:
5T, =0, M, =0

1.85
u=w=>0 ( )
(1.65) sisteminin halli bu sexilde axtandr.
U=, Cosa, xCoSPB, y
v=v,-sina, xsinf, y (1.86)

w=w,-sina , xcosf, ¥

mn
burada o ,=-—

L
Uy, vy, W, — Yyerdayigmalerin amplitudiandir, m—ox istiqa-
matinde yanmdalgalann, n ise dairavi istiqametds tam

dalgalarin sayidir.
(1.86) ni (1.84) tenlikler sisteminds yazsaq alanq:

Bo =% isarelori  qebul edilib ve
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2 2
—(allao+asaBo)ua+(anz+a33)aoBavo+
byl +(by, +b .
+ nao+( 2 T 33)0’-080_ Rao wo =40,
2 2
(alz"'ass)“uﬁo"o_(aszao+azzl30)vo_

a
_{(bll +b33)a§l30 +5,, B3 ‘—;‘;‘Bn:|“’o =0,

a
l:Au o, +(A21 +2A33)a 0B +%ao}‘o -

a
4 AHB;—(A,Z+2A33)a330+%50}0— (187)
—B,,a3+(312+82t+2B33)a§B§+BuB:u
(b, A4 b,, A a
21 12 22 22 22
_LT”+_R_+_KJGE+(T22+ R + R]B§+RZ Wo=0

Goranduya «imi (1.87) w,,v,,w, amplitudlanna gore
bircins cebri tenlider sistemidir. Bu sistemin trivial olmayan
(yani O-dan ferqli) hallinin olmasi Ggiin sistemin determinanti O
- @ beraber oimaldir.

(1.87) sisteminin determinantini O-a beraler ederex Gmumi
sokilde kritik qivvelerin kombinasiyasini  tapmaq dgiin
xarakteristik tanlik alanq. Xisusi halda dairevi silindrix &rtiiyan
oxboyu swiimasinda oxasimmetrik formada dayanighigin
itmesina baxsaq bazi gevirmelerden sonra agagidaxi formul

ahnir:
1 al,} @2
T“«_—"é—f (122'-_‘;"]—]— +—I—z—2’Bu (188)
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burada ©° = (Ret,.)’
(1.88)-i ®2 —na gdre minimizasiya edarak writik qlvveni

tapang:
1
. 2 al,\|?
T, :E|:Bu (“22 _';EJ} (1.89)
11

Parametriarin miixtelif giymetleri Ggiin hesabat apanimig
v neticesi sokil 10 - de qrafiki olaraq gosterilmigdir.

T (o /E) 10°
0.5

0.45 % N
\ N

0.4 +— , .
0.35 i —

0.3

R/h
0.25 [P S f————
0 25 50 75 100 125
$axil 10
A=090; y=3

1. a=1,2, $=0,50
2. a=14;, =050
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Il FOSIL UGLAYLI ELASTIK-PLASTIK ORTOTROP
LOVHS V3 QABIQLARIN DAYANIQLIQ
M3S3LILSRI (I variant)

§2.1. Uglayh lovha va qabiqlar Ggiin asas
miinasibatierin alinmasi

Uglayh  dairevi silindrik qabiglarin  (l6vhalerin)
kombinasiyah ylklemanin (Tn , Ta3 , Tyy) tesirindsn dayanighq
masalesini tadqgiq edak.

Ferz edilir w, qabigin laylan maxtslif bircins ortotrop
materialdan hazirlantb va kenar laylar plastix oblastda, orta lay
iso elastiki oblastda deformasiyaya ugrayir.

Koordinat sistemi agagidaki kimi secilmigdir: Ox ve Oy
oxlan qabigin orta layinin orta sethinde yerlagir, Oz oxu ise bu
satha perpendikulyar olaraq yénalib (gexil 11).

«
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Plastiki laylarda materialin fiziki xasselerini xaraxterize
etmek Ugln birinci fosilde oldugu kimi deformasiyali plastixik
nazariyyesi tipli fiziki hal tenliklerinden istifade ediir.

Bu halda gerginlik ve deformasiya tenzorlannin
komponentleri arasindaki asililiq uydun laylarda asagidaw
sokilde olur:

alt layda:
E! 2E !
chl): ¢ 2(alax +sty):t.(rly}:%’£xy’
a; —pby L&
E! h h
s = C _{e.+ L{~h —u5zs——J 2.1
¥ GI—BIZ( ¥ Blzx) 1 ) 2 ( )
orta layda:
E 2E
cx = 0!—132 (aax +Bay)"r-\’? :TE-")”
(2.2)
E h h
G. = e, +Ppeg )| -——<z<—
¥ a_Bz(y B .X)( 2 2]
ust layda:
E? 2E?
Ugrz):a : 2(‘125x+528y)’75t§): Y csxy'
27P2 2 (2.3)

2

E h h
B "< & + , m525—+h)

burada Ay, &, h, ~ uy@un laylann qabnliglandir; o;, B;, v, -
laylann  materiallannin  ortotropiya  xaraxteristikalandir;

s
Ei=_"Z

c=—0n =0 (a (,‘;’) diaqramianinin cari modullandir.
2 n
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Uglayh gqabiglarin (lévhelerin) béhran veziyyetinin
tarazliq tenliklorini alde etmex Ug¢ln her bir layda (2.1)(2.3)
formullannin  k6mayi ilde gerginliderte deformasiyalann
variasiyalan arasindaki asiiliglan teyin etmex lazimdwr. Bu
asthhiglar asagwdax ifadslorle teyin ediir:

alt layda:
1 1 1 1
8o P=a; de, +ay, 88, +a, 88,
w_ ! I 1
S0 =a, 8¢, +ta,, 08, +ayde,,, (2.4)
1 1 1
8t P=a} 8, +a3, 88, +ay, 88,
orta layda:
50‘x 20.11 ﬁax +U.12 58), +(113 88_‘), N
BGJ,=(12188x+a2288}.+(12388xy, (2.5)
Stxy =(13,88x+(1325£y +0.338‘6xy »
ust layda:

80 =alde, +alde, +alde,,
80(2’:a21§a +azzﬁa +(12358 (2.6)

2) _
81¥) =aj 28, +al,8 +a33ﬁsxy

Bu formullarda agagidax svezliemsler edilmisdir:

ol = e, -p )[ }qﬂxl,

.HBI

1 _ 1
Ly =0y = (
B:
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fiq] @7)
O O

a2
o S0
2

Ferz edex ki, Kirxhof - Lyav hipotezasi tglayh elementin
batin qalinhgr Ggln dogrudur, yani

o, =I, +zyx,, 8e,=1, +2zy,, de,, =1l +zx,, (2.8)

Malumdur «i, baxilan halda gquvve ve momentlarin
variasiyalan agagidax formullarda hesablanir:

_{' 'l —,i+h2
2
8T, = J’ac“’dz+ jzso dz + Iﬁo(z)d‘., (2.9)
_hl__ _ -
2 2 2
h 1. b,
2+h
SM I&s“’zdz+ Iéc zdz + Iﬁc(z)zdz G — x,y,Xp)
h 5 2

(2.4)-(2.6) vo (2.8) ifadelerini (2.9)-da nezere alsaq giivve ve
momentlerin variasiyalann tapa bilerix:
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ST, =nyl +npl, +npl,, +dyx, +dpy, +dpx,,,
STy =n211x +n221y +n23lxy +d21xx “"‘dzzxy +d231xy’ (2.10)

8T,y =ngl, +npl, +ngl, +dyy, +dyy, +dyux,,

oM, =Nyl , +Npl, +N,l, y FDuXx + DX, + Dy s

SM , =N, l, + Nl + Nyl + Dy +
+Dy%, + DX ays

OM,, =Nyl , + Nyl , + Nyl + Dy, +Dypy, +DyX

(2.11)

Bu formullarda agadidak aveziemeler edilmisdir:
—1 - =2
ny = Ell(auﬁl +an +a1152),

n, = Eh(auﬁl +an +(1.125 J
np=F a138, +oun +0L1352J,
n,, = Eh(azzﬁl +ou2 +a2252J,
ny =E txzsﬁ +ou +0.2362),
—1
n31 = E a3181 +(131 +G.3!82 N

Ry = E. a328 +an +onz§2],

ny=E a338 +0t33+a3352],
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- = 3] ~2 « 8
|3 | 3 | 3 <]
+ + + +
I - 1 F i R |
o~ o~ o~ o~
-~ N -

0 ) w )
+ + + +
~ ey — |4 el [ ed
N iy . - N
I ! I {
—i | ot - | —{=
i L [ L |

| 8 R -] | B8

E“ R & &
I il ] 1]
= s 2 a
3 ] ~ ~

L ita ] [ ™ b 2”
I3 18 I~} | 3
+ + + +
| — 7 — 1 f
™~ o~ ~ (o]
TN T S N
w o 2] “d
+ + + +
-y | ey - e | e
N S g A
I ! ] 1
— | | — -]
L I ] 1 d L
- -5 ] -
'3 |8 K] | 3
2 _ e Rla %e
=y
= & R K
I I ; n
e |~ o ]
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S ¥ h h
aij=—L38 == 58, ==~ (2.12)
Goriindlyi kimi {glayh qabiglar ve lovheler Ug¢in esas
minasibetler (2.1)-(2.12) ifadeleri sexlinde olur. Bu ifadslerin
kdmayi ile baxilan qabiglann {lévhelerin) tarazhq tenliklerini ala

bilerik.
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§2.2. Uglayh qabiglar vo I6vhalar
d¢in tarazhq tenliklarinin alinmasi

Burada da §1.2.-de oldugu «imi baxilan gqabiglann
tarazhq tenlixeri (1.14)-(1.16)-dan ibarat olur. Yena gerginlik
funksiyasim (1.17) ximi daxil etsak (1.14) sistemi eynilik Kimi
odanar.

Analoji olaraq (1.15) ve (1.16) tanliarini tertib etmex
ugin (2.10) minasibstlierinden [/, ,I,, 1, xemiyyatierini

quvvelerin variasiyalan ve ayintilerle iffade etmak lazimdir. Bazi
gevirmalarden sonra bu kemiyyatler ligin alangq:

I, =v,8T, +"125Ty +v138Txy —kyX —kuxy "knxxy,
I, =vy 8T, +v,,08T, AV 8T,y — k% Kk, k3% 5y (2.13)

burada agagidax avezlamaler edilmisdir:

1
Y1 :b("zz”ss *"23"321
A,

1
Vip = “*"("13"32 - "12"33),
A, :

1
Vi3 :L(”u”za *"22”13),

A,
=1 )
Ya= Nazfiy) ~RAyfy),

A,
SN )
Vi = My ~Ny3fy ),

=

1

66



1

Vi :,’“_("13"21 —nApfi),
A,

_ 1(,, ‘ )

¥y = 2y —Rapfgy )
A

1 ( )

Y3z = Ry —Aylag )
A,

1 ( )

Vig = NyMy —Rphyj
Ay

1
Ky Z(T[dn("zz"sa ‘”23"32)“d21(”12"33 —”l3"32)+
1

+d31(”12"23 _"22"13)] ,

K, :EIT[dlz("zz"ss —"23”32)'d22("12"33 ‘“"13"32)+

+d32("12"23 “"22”13)1 >
1
Ky :E—[du("zz"ss ~1"23"32)““'23("11"‘33 —"13”32)+
1
+d33("12”23 —"22”13)]’
RE NS J+dal )
Kzle ~dy\y sy~ iy JrayWnity ~HRhy j-
1
'dsl("u"za*"lsnzl)]’
1
K, =E—[_du("21"33 —"23”32)+d22("11"33 '""13'131)_
1
—dsz("u”n"‘"u"ﬂ)l

Ky =El_[—d13(”11”33 —"13”31)+d23("u"33 —"13"31)"
1

"d33("u"23 —hn 13"21)1
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1
Ky =?{du("12"32 ‘"22”31)“"21(”11"32 —"12"31)"‘
1
+d3l("u"22 “”12"21}1
1
K :A“[du(”u"sz —”zznsl)”dzz(”u"n ”"12"31)"‘
1
+d32("n"22 “'-"12"21)1
1
K;; =X‘[d13("12"32 ‘"zz"sn)“dza("u"n -n,2n31)+
1
+d33(”u”zz'“”1z"zl)]v
M) By My
Ay=iny ny ny (2.14)
i3 N3y A3y
(2.13) formullanmt momentiarin (2.11) ifadelerinde
yerine yazsaq alang:
8M  =¢q,8T, +qp8T, +q,8T,, +
+Qllx_r +Q12xy +Ql3Xxy >
+Q2!Xx +Q221y +Q23xxy 3
M, =¢;,38T, +qy, 6T, +q3387,, +
+O05 %, +0n%, +O00u %y

(2.15)

Burada aga@idak: igarelemelsr gebul edilmisdir:

gu =Nyvy +Nypvy + Njvq,,
9 =Nyvp + Nypvy, + Npvy,,
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qp =Nyvis + Npvys + Npvas,

On=Dy-NyKy-NpKy -NiKy,
Q12 :Dlz _NIIKIZ —leKzz —N13K32’
O :Dl3 —N11K13 —N12K23 —N|3K33,

gn =Nyuvy+Nypvy +Nyvy,
g3 =Nyvp + Nayyvyy + N3y,

g3 =Nyviy + Nypvyy + Nyvas,

0y =Dy -NuyKy-NpkKy -NyuKy,
sz :Dzz ‘N21K12 ‘szKzz 'N23K32’
Q3=Dyy —~NyKi3 —NpKy; - Np Ky,

g3 =Nyvy+Nyvy + Nyvy, (2.16)
Gz =N3vy + Nypvyy + Nygvyy,
g3 =Nyviy+ Nypvys + Nyzvgs,

Oxn “—'D31 "N31K11 —N32K21 —N33K31,
Q32 =Ds, —N31K12 '“stKzz -Nu Ky,
Q33 :Dss _N3|K13 ”"N32K23 ‘N33K33

(1.17), (1.22) ve (2.13), (2.15) ifadelerini (1.15) ve (1.16)

tonliklerinde yerine yazsaq agagidax tenlikler sistemini elde
edirik:
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o> 8% 8% 224 w 3w
~On——-Cn D)
ox oy

wl| 3| a% . 9% 2% . o'w
} +t4q3 2 —4 2 oxdy —Qzl”‘ax—z

2
o2w 2 wj|+2 o | 2% % ¢

-0 -Q q +q -
22 a2 23 axdy oxdy |. 3 oy’ Ry 43 oxdy
o%w o%w lw *w
s Py, Q3 oy’ Q33 xdy )| ox?
2w o*w 120%
2Ty ———-Tyy—— t —— =0 2.17
2 2 2 2 2 2
6 Vua—?+ 12a ?_Vn o % JrKua ‘:+K128 ‘:
oy? oy 3] 0x0 Dy
*w | 8| 87 8* 2 8w
+Kp ]"’21 7 TV ?_"’23 ' TRyt
X3y | 5,2 L Oy o O0x0 Ox
é’w > w a2 %¢ 8’ a2
+K22 2 +K23 - _‘2 V31 5 ‘I‘V32 5 ’—V33 ¢ +
oxdy Oxdy L dy Ox oxoy
olw 3w 9w 1 8%w
+K +K + +— =0 218
A o A e (218)

Belelide Gglayh elatsik-plastic otrotrop silindik  dairevi
gabiglann dayanighq tenlixleri sistemi (2.17) va (2.18) sexlinde
ahnd.
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52.3. Uglayli dévhalerin bir torafli
sixiimada dayaniqujs

Uglayh ortotrop elastik-plastix materiaidan hazifanmig
duzbucagh lovheterin bir tarafli sixilmada dayanighq measalasini
aragdiraq (gexil 12).

Bu halda {2.10) va (2.11) ifadeleri sadelesir ve buradan
amsallar agagidax saxlo dugur:
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» Qyy=Qy =0,

a’ll @l B { J q+a‘2 H
_BZ

2 _ 2 Ec
Up =0y = 582,
2P,
2
=0 2 Ef
O =03 =0, o3 = 2’
Az —b,
2
E,
Oy =0j =0, A3y =
Y2

(2.19)

(2.19) ifadslorini (2.12) formullannda nezare alsaq, onlar da

sadelegirler ve
Ry =Ry =Ny =Ry, =0,
dy=dy =dy =dy, =0,
Ny=Ny=Ny =Ny =0,
Dy =Dy, =Dy =Dy =0
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olur. : )
Bu halda (2.17) ve (2.18) tonlixlor sistemi bu sexle

digur:
)7 sz
64 a4
~qduT, —(‘Iu +q3; — 2‘133)‘—‘2"4% (2.20)
Ox x Oy
ot 3w
“qxn ?*’Tn 7 =0;
oy ox
8 o* 0* a*w
sz““‘“?“"("lz TV +2V33) 3 ¢ 7 TVn ?+K21 reRd
ox ox”"ady oy Ox 2.21)
ow o*w .
+(K11+K22_2K33)ﬁ+1(u_4—=0
ox“dy dy

§1.3-do oldugu kimi oxgar meselalerin hellini burada da
aragdiraq.
a) Lovhenin silindrik formada dayanighdinin itmesi halinda
(2.20) va (2.21) sistemindan bela bir tanlik akmir:

4 2
A1, =0 (222)
burada
K
=0y +qp—— 2

Y22

(2.22) tenliyinin hallini (1.30) gexlinde qebul edsrok «ritik
gerginlik Ggin alang:
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o . A
o,=alK", K:F‘ (2.23)

burada c? — analoji elastixi masals Ggun kritik gerginlik, D ise

tovhenin silindrik sertliyidir. Apanimis hesabatlann neticasi sakil
13-de gostarilmisdir.

A(m'f:) 10*

(.6

0.5 + \ oo o
0.4 :

0.2 _—- - - ux% ]

0.1+ - —t

0 10 20 30 40 50 60 b/h

Saxil 13.
1:0,90; 'Y:'yl 272 :3
(11 = 1,2: Bl :0,55
a=12;, B=0,50
a,=16; B, =060
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b) Loévhenin Gmumi formada dayamighdginin itmesi halina
baxagq. Qyintini va garginlik funksiyasini (1.32)
sexlinde qebul ederex (2.21) tenliyinden alang:

4
mn
Kﬂ(?) +(Ku +Ky, —2K33)x

) () el

4
mx ( )

{2 ()

Eyni Gsulta (1.32) ifadelerini (2.20) tanllylnda yazaraq Kkritik
gergintiyi taping:

¢mn =Won

o} =6'yK] (2.24)

burada agadidax igarsler gebul edilmisdir:

ool

"w:sz 2
m
(5]

2

,a:
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4
¢ ={(Qn imn ‘hz)(g) +[Q12 +Qy +2043 ~

mn a

2.2

B imn (qil +45 _2‘133)}’[”‘_3 —]+ (2.25)

mn 0

for-tzop} /[ ]

Apanimis hesabatlann naticosi gokil 14-de gosterilmigdir.

a/E)10°

0.5 .

0.3 =
0.2 | ~

0.1 {- i m S

Saxil 14.

A =0,90; 7:71372:3
o, =14 B, =055
a=12;, p=0,50
(12 :1,6, B2 =0,60
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§2.4. Uglayh Iévhalérin sirismede dayamqghd

Uglayli lévhelerin sirigme qlvvelerinin  tesirinden
dayanighdini tedqiq edex. Bu halda qiivwe ve momentlerin

(2.10), (2.11) ifadelori sadalesir va oradaki emsallar asagidax:

sokle dagir:
1
1 _ Ec
Oy = 2'0'13
a, =Py
El
S S c
Up =y = 7B
o) -pP
El
11 1 c
@y =0y =0, oy = 7
1-B;
aby=al, =0
LBl
a33: 2(0- B '
Y1
_F _E
Ay =75l Uy =0y = ZB,
a-p a—B

Y
(2.26)
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)
Oan= L
o, —f3;5

2 _ 2
ap=aj =0,

2
E? T o, B2
2 ¢ 2 x 2 2
Ry =2 B2 2((12“32{6;:] q+ v }

2 _ .2
ay =y =0

(2.26} ifadelerini (2.12) formullarinda nazere alsaq, onlar da
sadelasir ve

Ny =Ny =Ry =Ny =0,
dp=dy=dy=dy =0,
Niy=Ny=Ny=Ny=0,
Dy =Dy =Dy =Dy =0
olur.

Baxilan halda (2.17) va (2.18) tenlider sistemi asadidax
soxle duser:

8*w 0*w 'w  2%
—— +Q5 +2 }—+ - -
Qu Py (Qu Q2 +20Q1; ox 20y’ 01 oy 412

ox?

0% ¢ d%w
-u+49:; 29 ~ gy ——+2T ) ———=0; (2.28)
(‘I uT92n 33)5;55;5‘ d2 ay 12 xdy
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3¢ L 2% 3¢
Voy——— AV + Vv, +2¥ +v +
22 ax4 ( 12 2 33}6x26v2 11 ay4

64
+Kzla ( 11+K22—2K33)— Klz

(2.29)

Gorunduyu ximi Gglayh lovhelerin dayanigiiq tenlikler
sistemi (2.28) ve (2.29) sexlinda alindt. Bu tenlider (1.37) ve
(1.38)-den yalmiz emsallan ile ferglenir. Buna goére de
mesalenin hellini (1.39) saxlinde axtararaq §1.4.-e analoji
olaraq «ritik giivva i¢in asadidak formulu alang:

Tl?a (392] a_{bb i tqn D, ]"’ [(le +Qy +2Q3~;)
3
""(‘111 +q5 *2‘133)Dtl: ]‘{%] bzz +4q3 D:)]}z (2.30)

burada

4 2 4
mr mx nx nr
Kz,[_J K, +K,, - 2K31)( ) (— T N
Dl _ a a b b
! o -

mu)? mu )’ (nr)? nr)?
Yol o +("12 +¥3 +2V33) Uy +Vu 3

§2.5. Uglayh lovhelarin ixi terafli
stxtimada dayamqhi{p

Uclaylt lévhanin iki torefli sixilan halda dayaniqliq
masalesini tadgiq edex (gokil 15).
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Sexil 15.

Baxilan halda (2.10) ve (2.11) ifadelerinin emsallanna
daxil olan (2.7) formullan sadelsgir ve onlardan farglenenier
agagidai kimi deyisirler.

R 1 _ 1
Oy =0y =0, 0y =ay, =0

2 2 2 2
ap=aj=0,a;=a3 =0

Bunlara bagh olaraq agagidaxt dayisirlikler de olur:

B =My =Ny =Ny =0,
dy=dy =dy=dy =0,
Np=Ny=Nyp=Ny=0,
Dy =Dy =Dy =Dy =0

Bu halda baxilan lévhenin tarazliq tenlikleri asafidaki saxilde
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ahinir.

4 4 4 4
0 ¢+r ¢ +r3a ¢+Rla L

oxt axlay? oyt lax®
4 4
+R, 5’2“’2”&:36 Y =0
Ox“ oy ay
4 4 4 4
Ox ox*dy oyt ox*
4 "-14 2 s 2
-D, 62 4’2—1)3" tt’+T1,a ’;+T225 )
0x“dy ay*t ox oy*

burada agagidak: aveziemaler edilmisdir:

Ty =Vyy, Py =V ¥y 2V, 1y =vy,
R =Ky, Ry =K, +Ky +2Ky, R; =K,
dy=Qy, d, =01, +Q +20y;, d1=0,,,
Dy =qy, Dy =qy1+9;5-295, Dy =q,,

(2.31)

(2.32)

(2.33)

Goéryndayu «imi Gglayh l6vhelarin iki tersfli spalmada
(2.31), (2.32) tarazhq tenliklar sistemi (1.46) ve (1.47)-dan
yalniz emsallan ile ferglenirlor. Buna gore de 5§1.5-e analoji
olaraq «ritik qiivvelerin kombinasiyasini teyin etmek Ggin

asadidaks xaraxteristik tenliyi alanq:

mn 2 nn 2 mm 4
Gl(—] +02[?J :(—'a—] (d1+Dl'D[%)+

L4

()5 bnnd (5l

a

(2.34)
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burada

mi 4 mn 2 nR 2
R Z2| 4Ry TR+
D2 _ a a

o =

— * r
o,=0,-K|

m 2 ?
o)
= TEZD a
1Ty [;]2
a

burada

q,__c_z_ -2
s, b
H=h +h+h,

4 2
R (R TR C
a a

NPy }/[(]}

d_

(7 o (Y () oo

-(2.34) tenliyini asagidai gexilde gostarek:

(2.35)

(2.36)

Yene analoji gayda ile Gg¢layli kvadrat tévha Ugiin alang:
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Kl_ld* d+d’ MD* D*'D‘)
27 y Ty ta;+ y VU, T,

Parametrierin mixtslif giymetleri Ggun hesabatlar apanimig ve
naticaler grafiki olaraq saxil 15-de gostarilmigdir.

A
(c:1/E )10’
. .
0.8 "N\ -
0.6 +— : 1 ]
04 . S IR N
0.2 ] S
0 — e >

0 02 04 06 08 O
09 (o2/E)10°

Soxil 16

A=0,90; v, =y, =v=3
a,; =14, B,=055
a=1,2 =050
a,=16; B,=0,60
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§2.6. Uglayh dairevi silindrik qabiglann
oxboyu sixilmada dayaniqhg

Ox istigametinde ybnelmis swict qivvenin tesirine
meruz qalmis Uclayh dairevi silindrik gabigin dayanighq
maselesini tedqiq edek.

Baxilan halda qlivve va momentlarin ifadslerine daxil
olan emsallar (2.19) formullannt nezera almagla hesablanr.
Dayaniqliq tenliklor sistemi iso agagidan soxilde ahmir

o* o o* *w
n :?+r2 5 ¢ St ?
Ox 0x* 3y oy

otw N 64w+_}_62w N
26x26y2 36}74 R 9x?

(2.37)
+R

ot w otw 2w a8t
4 2.3 2+d3 D ?H
ox ox* oy oy 0x
4 4 2 2
Ox“ 0y oy

Burada r,R,,d,,D, emsallan (2.15) nezers ahnmagla

(2.33) formullann-dan teyin edilir.

Qabigin kenarlan oynagh benddildiyi halda (vo ya
serbest oturdugu hal-da) (2.37), (2.38) sisteminin halli (1.56)
soxlinde gebul edilir.

§1.6-ya analoji olaraq burada da «ritix quvveni tayin
etmex Ugtin agadidaxi formutu alang:
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Tl; :[%l?')z(dl +D[-50)+[%)2(d2 +D2-Bu)+

L . l (2.39)
(L) () 050} 15
burada
2 2 4
(2] ) o)
2
_L[@z)
Do = L (2.40)

formulu ile teyin edilir.

§2.7. Uglayh dairevi silindrix qabiglann oxboyu
sixilmada va xarici tazyiq altinda dayaniqhi

Uglayll dairavi silindrik gabigin oxboyu sixict gitvvenin
(Tn) ve muntezem paylanmig xarici tezyiqgin (Tn) tesirindan
dayanigliq mesalesini tedgiq edex. Bu halda qivve ve
momentlerin ifadelerine daxil olan emsallar 52.5-do oldugu
Kimi teyin edilecak. Qabigin dayamigllg tenlikler sistemi
asagidar kimi alinir:
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2% 8¢ % o'w

n——th—-5th_— +R,; -+
%) 0
Ox Ox“ 0y dy x 2.41)
a*w otw 10%w
+Ry———+Ry——+ > =0
ox“3dy oy® Rox
otw *w a*w _ 0*
di—+dy—5_——5+ds— D 3’_
ox ox*dy oy ox (2.42)
4 4 2 2 2 )
Ox* 0y oy 0x dy® Rox

burada emsallar (2.33) formullan ilo hesablanir. Goranduyu
kimi (2.41), {(2.42) tenlideri (1.59), (1.60) tenliklarinden yalmz
emsallaria farglenirler §1.7-ya analoji olaraq, kritik gquvvalerin
kombinasiyasim teyin etmak G¢un agagidax xarateristik tenliyi
alanq:

0:1 +(EETG;2=[_?JZ(¢11 +Dl-ﬁo)+(%)2(d2 +D2-_150)+

mn

LY (nY —\ 1=
+[n J(_"EJ (d3+D3~Do)~—EDo | (2.43)

mnuR

burada Do (2.40) ifadasi ila tayin edilir. Aparilmig hesabatlarin
noticast grafiki olaraq sokil 16-da gostorilmigdir.

86



0,05 -

0,04 I R

0,03 +— - \ a4 -
0,02 X_

0,01 \

o o N .
0 0,001 0,002 0,003 0,004 0,005

Saxil 17.

A =0,90;
a, =14, B,=055 y,=3
a=1,2;, p=0,50; y=3
a,=14; B,=060; v, =3

I FasiL iKILAYLI PLASTIK ORTOTROP
LOVHS VO QABIQLARIN DAYANIQLIGI

§3.1. Umumi halda asas manasibatlerin alinmass

ikilayl dairevi silindrik gqabiglann (lévhelerin) muxtelif
xarici qlivvelerin tesirinden dayamiqliq meselelerine baxaq.
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Ferz edek ki, gabigin laylan mixtelif ortrop materiaidan
hazilamb ve her iki lay plastiki deformasiyaya ugrayir.
Koordinat sistemi §1.1. de oldugu ximi qebul edilmisdir (gexil
1).

Laylann materialinin fiziki xasselorini xaraxterize etmex
uglin yene deformasiyall plastikik nezeriyyesi tipli hal
tenliklerindan istifade edesci. Bu halda gerginlikierle
deformasiyalar arasindax asiliqlar asagidaw gexilde olacag.

alt layda:
E, E,
"xl:a _1 2(a1€x+l31€yl‘txy.:2——'—sxy, (3.1)
17 P Y1
EC
G, = ! z(ay+Blex),(—h1_<,zSO)
o — B
ust layda:
ECZ c?
le (a'28x+B28 )s -cx 2—2 B,y
az—ﬁg ¥ ¥ - g ¥
EC
Sy = L, +Be, ) O<z<h,) (3.2)
27 P2

burada o,,B;,y;-uygun layin materialinin ortotropiya

- - c ] .
xarakteristikalandir; £, =—", o, =¢ (e ,,,-) diagramiarimin
£

carn modullandir.
Yuxandax formullardan istifade ederex laylarda

gerginliderle  deformasiyalarin  variasiyalan  arasindax
asthliglan tayin eda bilerix:
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alt layda: _
oo ,, =ah Se +q:288y +u{388xy, {3.3)

_ 1 1 1

Scyl =y 08 +a2266y +(!.23§8xy .
_ 1 1 i

81, =0y 08, +0'.328€), +u3385xy,

ust layda:
80, =af 8, +ahde, +alde, , (3.4)

ol 2 2

— 2 2 2

Bu formullarda agagidaxi igarsler gabul edilmisdir:
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2 c2
Wy = B2 (“z““ ]
2
G, T
ap =0y =2E, x(:yq,
n n
)
2 c2
U = ( ﬁz{ J g+1},
Z_BZ g,
o1
a§3:a§2 :?.Ec,_ox ** g, (3.5)
n n
2
o, ~p
2 27D
G
T

Kirxhof-Lyav hipotezasinin elementin bitan galinhg:
ugun dogru oldugunu qebul edex:

de, =l +zy,, 8¢, =1, +zx,, 8, =1  +zx,, (3.6)

Bu halda qivve ve momentlarin variasiyalan asagidaw
formullardan teyin edilir:

hy
87, = j 8o, dz + j 56 ,,dz (3.7)

_hl



M, = j&sﬂdz + jﬁo,zdz (i —> x,y,xy)

"hl

(3.3)-(3.6) ifadelerini (3.7) des yerine vyazsaq bez
cevirmalerdan sonra qivve va momentlorin variasiyalanni
toyin ede bilarik:

STx = a;llx +aizly +a;3lxy +b;lxx +b;2x_y +b;3xxy 3 (3-8)
ST_V = a’211x +a'221y +a'23lxy +b;!lxx +b'22%y +b’231 xy?

r f r f r 14
8T, =ayl, +ayl, +ayl,, +byx, +by1, +bux .,

aMx = A;llx +A;2Iy +A131xy +B;IXx+B;2'X-y +Bi3x.\:ya
SM , = Ayl + Ayl + Ayl + ByX o+ Bix, +Byx., »(3.9)
oM, =Ayl, +Aszl +A331 +Bsi1x+Bssz +Bssxx,-

Bu formullarda agagdidax igarsler gebul edilmigdir:

—1 —2

h‘u

s

!

s

:r-
/—'\

0t12+a12821

~—1

2+a22821

a‘-

[~

[y*]

|

M

-
A el

(123+(1238 1)
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92

-1 —2
ay =E h (‘331 “’-31521) )
“'32251"1( ),
a'33 :El hl(a33 +a33821) ’

Ezhlz( -1 —2

032 +(1.32 o 21

b, = > ol +a118§1)
b, = E‘;‘z [—&fz ran 851) ,
bi; = Elzhlz (—ais +o1s 5%1] ,
b, = E‘:’Z ("‘“azll rotan 651] ,
by, = Elzhlz (—5212 Fa 5%;) ;
by = Elzhlz (—azla ra 551) )
b, —Elzhlz (—aslx +532| 8%1) ,
by, = Elzhlz ( a2+ 521) ,
b, = E‘:’z ( @33t 521) ,
by = Ay (¢,7=1,2,3)

3
1 {—1 —2
= 3 (l11+(l1132l s

(3.9)



Blz— 3 ((112-*'0.12521 s
E\hl /oy _,
Bl = 13 l ((1.13 +a138;1) ,
E:i.h3 —1 —-—2
M= 3 ! ((1.21 +a213§,) ,
23— 3 (a23 +a23821) s
n="3 ((1-31 +aend;y |,
r Elhf —1 —2 3
R 3 w32 +a320;, |,
E1h3 —] —2
By, = 3 l (OL33 +a336;,J ,
— o, h
al'_;— ! y 621:_'2_
E, h,

Gorunduyu «imi ikilayh plastic ortotrop Iovhe ve
qabiglarda quvve va momentlerin variasiyalar ilo deformasiya
ve ayintiler arasindaki elagsler (3.8), (3.9) formullan ile tsyin
edilir. Bunlarin x6mayi ila baxilan elementin tarazhig tenlixlori
alinir.

§3.2. ixilayl plastik ortotrop 16vha ve qabiglann
tarazliq tenlixlarinin alinmasi

Baxilan halda tarazhq tenliklerini tertib etmek lgin ikinci
fesile uydun olaraq (1.14)-(1.16) tenliklerinden istifads edilir.
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Gorginlik funksiyasi (1.17) sexiinde qebul edilerex (1.14)
sistemi eynilik kimi odenilir. (1.15), (1.16) tenlixlerini almaq
Uein analoji qayda ile [/, ,/,,/,, xemiyyetieri (3.8)-den
qivvelarin variasiyalan ve ayintilarie avez edilir:
lo=cydT, +cy8T, +ep8T,, ~ Lyt ~Lipx, ~LisX .y,
I, = 8T, + 8T, +¢%»d8T,, -

, , , (3.10)
=Ly *Lzzxy - Lzaxxy’

lxy = C'HSTx +c€§28Ty +c’338Txy —L'MXx mL%ny ﬁ'[‘!BXxy

Burada agagidaxi igsaralor qabul edilmigdir:

1
o [ ' ' r
Cyy “K(azzass “‘123“32) ,

1

r ’ ’ r r

Ci2 —K(au asi, _‘112“33) '
r Wl(l' 1 r f)
€13 —K Q12873 — Ay 3],
' _1(, b )
‘321‘-5‘123“31 Ay a1},
' _l(, ' )
"22‘-2“11‘133 383},
' _1(, , ' )
023—3'“13“21_‘111“23 '

1
o ’ ’ ' '
Cay "Z(azlasz —ly, ‘131) '

1
r_ ¥ [ ¢’ ’
€y = X(alz a3 —day “32) :
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LI
| E

r

12 —

1
r r [ ] r
Aj+b3 (“12 33—y al3)

1
r_ ’ r ’ [
€33 —X(anazz —ay “21) ,

! ] r r r r r I r r
by (azz LEY _‘123“32)_1’21 (‘112 d33; — a3 “32)‘*

—

I r ! [ ¥ ') ! [ ! r
b2 (‘122 33 — 33 “32)_b22 (alz i3 —“13932)+

k
£ ! ’ L] 1
Al +b%, ("12“23‘“22“13) |

L ] ’ ] r r [} r ] 4 .
1 13(‘122 433 ‘“23"32)_"’23("12"33 _‘113"32)+

. ~—_+ b3; (“'12 @y —ay, 0'13) i
R l (421‘133 azsa:u)"'bzl( ay as; —aj; a31 }
A "b:u (au 433 — a3 azl)
, __1_ ( a3 —dyydy )"’ 22(‘111“33 anasl }
> Al- (“11“23 “13“21)
I __1__ (a'ZI a'y; _a’23a31)+ ( ay ass - “13“31
: A_”b'sa (a'ua'zs ‘113“21)
, 1 EN (a'u ay, —dy, ‘1'31)_ b%, (“'u ay, —da, 0'31
A |+ b5, (a’“ ay, —aj, 0'21) ,
A | b, (a’lz a5y, —dy, 0'31)_ b5, (“'u a’y, —ay, 0’31);
o Zf by, (a'n ay; —dy a'zl) | ’
N T ("’12 d'yy —dy “'31)‘1"23 (a'u @3y — 4y 9'31)"'_
AL+ b5 (“'u a’yy 4y, a'zl)

r ] I
ay ay; a3
[ ’ ¥
A= 021 022 a23 (3.11)
1} r !
a3 A4y a3,
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(3.10) formullan momentierin (3.9) ifadelerinde yerine
yazitaraq ahnir;

OM . =r)8T, +r{,8T, +r;38T,, + RyxX . +Rip X, +Ria X 5, »
M, =1} 8T, +73,8T, +r3,87T, , +

_ + Ry X HRy A, + Ry sy s
OM ., =ry8T, +r,8T, +r3,87T, , + Ry X, +R3 %, + Ry3x

(3.12)

Bu formullarda agagidaki svezlemslar edilmigdir:

r r r r r r 4
r = A3Chy + 4 CH, + ARCY, ,
’ r r ] ~r [ [}
rp = AnChy + 41yChy + A13CY, ,

r — ! E r r ’ r
ri3 = ApCiy + A1 Clhs + A1,Ch,

ro_ [ X ’ ’ ’ ’
Rll - Bll *AllLll —A12L2l - 13L3] ?
r_ ! rore ’ ] ’ r
RlZ '_BIZ - llLIZ - 12L22 _A13L32 ’
[ /12 [ X ' ' ’ '
‘Rl3_Bl3~ 11L13—— 12L23hAl3L33 4

[T r r r ’ '
ry = A3 CYy + 45,Ch + A5 Chy,
o ar [ ' ¢ f '

ryy = A45,Cp + 45,C5; + A5:CY, ,

r r r ¥ ’ r ’
ryy = A5 Cly + A5,C%; + 45:,CY5
! 14 r r T r 1 ] r
Ry = By —AyLy ~ Ay Ly — Ay 3>
’ 14 r [ r r r r
Ry, =By, ~Ay Ly, — Ay Ly, ~ Ay Loy,

! r r ’ r 14 r t
st = 323 - AZI Ll3 - Azz Lz3 _Aza L33 s
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ry = A3 CY +A45,C%, +A45CY; ,
ry = AyCh, +A5,C5, + A5, CY, (3.13)

o g s ' ’ r r
ri3 = A31Chs + A45,C5 +45,C5;

r rf ’ r 14 r r 14
R31 = 331 - 31L11 _A32L21 —A33L31 ’

r 14 [ [ ’ ’ ’ ’
Ry, = B, - uly, — A3, L5, ~Aypnly,,

L ;1 ' [ r 4 ' '

33 = B3 "A31L13 — ALy, - 33133

(3.10), (3.12) ifadaleri (1.15) ve (1.16) tenliklor sistermnin-
de yerine yazilaraq agagidan tenlikler sistemi alinir:

ke ,az¢+r, GRS S/ o%d 5, D®w ., 9w

axdy “Mox? 75,2

r +r———r -
22 ) 2 axay axay [ 316}?2 32 axz 3 axay
0w 82w 22w d%w 02w
- R, R, R, - ~2T -
£ 32 6y2 3 6x6y] 1 PY: 12 oxdy
2 2
1,0 1074, (3.14)
ov? R ox
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1. a¢ i i I 02w, 3w

o+ -} + L] +
o I_ 1 lzaxz B 5%ay PR oy’
2 2 2 2 2 2
+ Ly, o w + o [0'2 0 ¢+c,226 ¢—c'23 o ¢ +L'Zla w+
Oxoy E}yzl 2 ox? cxdy ox?
2 2 2 2 2
+L'226w ,aw]_za [C,a¢ ,a¢c,a¢

+ —
Oxady L " oy? Pox> 7 oxdy
3w, tw ., azw} 10%¢ _

315
R 202 (3.15)

Ixilayh qabiglann (Iovhelerin) her ixi lay plastiki deformasiyaya
ugradiqda dayanigliq tenlikler sistemi (3.14) ve (3.15) gexlinda
alnir,

53.3. Ikilayli plastik I6vhaelerin
bir taraefli sixiimada dayanigligs

icilayll ortotrop plastik materialdan hazwlanmig
diizbucagh lévhelerin bir terafli sxiimada dayanigliq masalasini
tedqiq edex (gexil 2).

Baxilan halda esas istifade olunan amsallar (3.5)
sadelasir.

0‘1_31
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1 —l
%2 , Uy =agz =0,
a, —B;
1 _ cl
gy = 22—,
Y1
2
0]
2 c2 2 x
ay 3 (‘lz“Bz 1 gty |,
o, —p; Cp
2 _ 2 Ee2
Up =0y = 7B
a; — P,y
2 _ .2 2 2
A =ay =0y =030,
2 _ Ec?.
®3 7
Ay =P,
2 __ZECZ
Oy =
T2

Bu halda (3.14) ve (3.15) dayaniqliq tenlikleri sistemi
sadslegir ve bu sakilde ahnir.

! a4w r ! r a4w r a4w
Ry— +(R12 +R3 +2R33)T‘2+R22_"“‘“
Ox 0x“dy

oy*
0% ¢ )
—r,————\riy +ryy —2r; - (3.17)
12 ax (u 22 33)W
4 2
2 f’+1rua Z=0;
oy ox



4 4 4
Y 97 o°¢

c; +{c), +¢5 +2¢ f

2 ax* (lz A 33”E)xzayz oyt

(3.18)
=0

dtw \
+ Ly ——+(L] + LY, - 2L
21 ax4 ( 11 22 33}axzay

4 4
0 w2+L;26 ?
dy

Bu tenliderdexi emsallar teyin edilerxen (3.16) ifadelori
nezere alinr. Gérundiyd ximi (3.17) ve (3.18) tenlideri (1.26)
ve (1.27) tenliklerinden yainiz samsallan ile forqlenirler. Buna
gore burada ve sonra gelan paraqgraflarda 1-ci fosildexi
naticelerden istifade edorok uygun emsallan deyisdirecik.
Umumi haida dayaniqliq iterse, xritix giivve tcln aling:

o, =o} K] (3.19)
burada

4 2 2 4
, [ m=w , , , YmnY (nx , { nm
21(‘] +(L11+L22 '2L33(‘“) [“) +L12(*‘J

. a a b b
fo= mr)* mx\*(nm)? )
Cp|— | +C+Cy+20u 1 — | | ZE s | P

) et iy (7 () )

10



§3.4. ixilayh plastik I6vhalerin stirisme
qavvasinin tasirinden dayanighiy

lkilaylh plastiki materialdan hazifanmis  diizbucag
lovhelerin surigma quvvslerinin tesirinden dayanighgini tadqiq
edak.

Bu halda esas istifada olunan (3.5) emsallan sadslosir.

Ecl

2
a, —B;

1
oy = oy,

Uy =750y, (3.20)

M



Burada (1.37) ve (1.38) dayanighqg tenliklon asadidax
sekilde alinirlar:

L otw ,y 8w , ofw 0%
11"_4‘+(R12 +Ry +2R33)_ﬁ+R22 Bl Ve
ox ox oy

oy? 0
2o xa4¢ azy (3.21)
w
Iy +7, —2r, r, +2T =0;
(II 22 337 2 2 21 ay4 2 axay
’ 64 ' ' ' ¢ ’ 64
‘722‘“‘“21*(012 ey +20% ) ¢ 7 TCu ?'*
x oy
iy 9y y (3.22)
r w ! r r \ w r “’
+ Ly ——+\L+ L5 =21 ={
n-3 ( nt Lo 33}6x26y2 22 oy

Bezi cevirmelerden sonra lovhamin ksnarlan oynaqih
lezxidildiyi halda «ritik quvve ucuan agagidax formul alimir:

9 n*ibf., a
Tm:_'—z{ [R11+"12fol]+ [

324%|a b +(r1'1+r£2-2r;3)f01

() T fo']}

(Riz +Ry +2 R33)+

}
(3.23

Burada sag terefdexi ifadelerde (3.20) emsallan nezere
alinir, ‘
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§3.5. ixilayh plastix 1ovhelerin ixi terafli
sixilmada dayanighi§

ixilayh ortotrop plastic materialdan hazirlanmig
dizbucaql lovhelerin iki terefli sxximada dayanighhdimi tedgiq
edak (gokil 6).

Bu halda {(3.5) amsallan bu gaxla dugur.

2
a:l: Fa (al—-ﬁl)z[giJ g+ao, |,

2
o — By

E g, .0

1 .1 _ cl 2 x Yy

Ay =0y =~ 3 (al_Bl)'__q+Bl ,
u’l_Bl 9,0,

11 _
o =ay =0

(3.24)

1 cl
Oy =2,
Y1
2
E o
2 2 2 x
oy = 71 @2 i) — | a+a, |,
2’"62 G,
E G, O
2 22x 9y
Ay =0y = 3 (‘12 -B3 —q+B,
(1.2‘* 2 Gn n
2
o =ay =0,
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Baxilan halda dayaniqliq tenliler sistemi bu saxte dasur:

4 4 4
a’la¢+a3 6¢2+a;6¢+
ox*  “axtoy oy*
4 4 4
+A{6T+A’2 62WZ+A36 v:zl)
ox Ox“Oy ay
otw *w *w 0%
b} +b) + b5 - B -
ox? 26x26y2 38y4 'ox*
, 0% ,0% 9w d%w
—‘Bz 5 5 _B3 3 +T1 2 +T2 P :0
dx*“Qy ay ox oy

(3.25)

burada agagidaxi avezlemeler edilmisdir:

’ ’ ro_ 2 ’ 1) o
@y =, 8y =€y + €y + 205,03 = ¢},

Ay =Ly, Ay =Ly + L5, +2L%, Ay =L}, (3.27)

b = Ry, by = iz + Ry +2R5,by = RS,

r
B = ﬂzaBz =ry +p —2ry, B, =Ty

(3.25), (3.26) sistemlori heoll edilorex kritik quvvalerin
kombinasiyasi bele tayin edilir:
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o, =01K] (3.28)
burada

(3.29)

§3.6. Ixilayh plastix dairavi qabiglarin
oxboyu spxaimada dayamighds

Ikilayl ortotrop plastik materialdan hazifanmig dairavi
silindrix qabiglarin oxboyu sixilmada dayaniqhq messlesini
tadgiq edok.
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Bu halda dayaniqliq tenlixler sistemi agsagida kimi ahnir:
4 4 4 4
P SO BN L
ox ox“ 0y oy
otw o'w 10w
+ AS + A} + =0
2ax20y? " ay*  Rox?
4 4 4 4
b;a w+b§ 6w2+b38w oA )
ax* ox2dy ayt
4 4 2 2
e e B
Ox oy oy ox* Rox

+
(3.30)

(3.31)
0

r
2‘B3

buradaxi emsallar (3.27) formullarinin vasitesi ile (3.16)
ifadslorini nezoera almagla teyin edilir.

Qabigin xenarlan sarbest oturdugu haida ve ya oynagi
berxidildiyi halda 51.6.-ya analoji olaraq kritik qivvae {i¢iin belo
bir formul alinir:

2 2
(28] b i) 2) 65 )

N
+(—L-J [1) (b;+B;-d{,)+%d{,

(3.32)

mn R

burada
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§3.7. ixilayh plastik silindrik Srtixlarin
sixalmada dayaniqih@

ikilayh plastik dairavi silindrik ortiiklerin ox boy siximada
dayaniqliq meselesini inceleyex (sakil 8).

Bu halda ortiyiin dayaniqlg tenliklor sistemi (3.30) ve
(3.31) sexlinde olur. Dger ortiik planda kvadrat saxlinds olursa,
onda ayintini ve gerginlix funksiyasint (1.59) seklinde gabul eda
bilerik. (1.59) ifadelerini (3.30) ve (3.31) tenliklerinde nezera
alaraq bazi gevirmoalarden sonra kritik quvva g¢in alinir:

1{n)’
A + A5 + A —E[—)
a

2
n r ] r
T]l: - b1+b2+b3+ ; T ;

- . (333)

1{n)’
A+ A5 + A —E(—J
a

r 14 r 1
X(BI+BZ+BJ)VR ay+al +a%
1 +Ha;

Buradakl a),b,4;,B; - emsallan (3.27) formullannin vasitesi ile
(3.16) ifadslari nazere alinmagla tayin edilir.

§3.8. ixilayl plastik silindrik qabiglarn oxboyu
sixiimada ve xarici tazyiq altinda dayaniqh

ikilayh plastik dairevi silindrik qabigin oxboyu tesir eden

sIXICi quvvanin (Tn) va mintazem paylanmig xarici tazyiqin
(Tn) tasinndsn dayaniqghq maesalasini tadqiq edaxk.
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Baxian halda gabigin dayaniqlig tenlider sistemi bu
soxilde alinir.

0%, 3% , 0% otw

a +a +a + A} +
"ax4 ZaxZa 2 36}’4 ! 4 (3 34)
, O%w ,0% 1 9%w .
+ Ay 57 T+ 7 =0
Ox~3y dy® Rox
4 4 4 4 4
P _—_ 32 w2+bga :"—B;a ¢—B§~—-~————i *__
Ox ox 3y oy ax* ox*oy? (3.35)
4 2 2 2 )
—B;-————a ?+Tua ':+T226 ;v——l—a ?:0
oy ox oy* Rox

Buradak a),5],4! B! — emsallan (3.27) formullarinin vasitasi ile

(3.24) ifadeleri nezere alinmagla tayin edilir.

Qabiglann kenarlan oynagh berkidildiyi halda ayinti ve
garginlik funksiyasi (1.56) sexinde qobul edilir.51.6. ya analoji
olaraq «ritik giivvalerin kombinasiyasini tapmaq Ggiin asagidaxi
xarakteristik tonliyi alaniq:

2 2 2
c:1+[ nlk J GZzz(%n‘) (b{+B;-f{)+(%) (b'2+Bi-f{)+
N nL Z[QT(’JrB'-f’)——l-f' (3.36)
maR R 3 sh)-gh .
burada
* ? 2 4 t mm’
Az Al o) A
. L L R R R\ L
Ji= 4 2 2 4
| T y § MR n n
GEGIAER
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iV FasIiL UCLAYLI ELASTIK-PLASTIK ORTOTROP
LOVHS VO QABIQLARIN DAYANIQLIQ
M3SSLOLSRI (Il VARIANT)

54.1. Uglayl: I6vhe ve gabiglar
ugun asas manasibatiarin alinmasi

Uclayh dairavi silindrik gabiglarin (Iovhalerin) dayaniqliq
mesalesini tadqgiq edek.

Ferz edilir ki, qabigin laylann miixtelif bircins ortotrop
materialdan hazirlanib va kanar laylar elastix oblastda orta lay
ise plastixi oblastda deformasiyaya ugrayir. Koordinat sistemi
§2.1-do oldugu kimi gsbul edilir (gakil 5).

Bu halda gerginlik ve deformasiya tenzorlannin komponentieri
arasindaxi asiliiq uydun laylarda agsadidaxi secilda olur.
alt layda:

E
1 1 1
0-.(1') = 2 (alsx +Bl£y)’ Txy =2 sxy’

E h h
U(yl):_—_lﬁz (ey+Blsx), (—hl—ESZSHEJ (4.1)
1

Gy
orta layda:
E E.
o, =——lae, +Be,), 1,,=2— (4.2)
a-f y
E, h h
= + , | —=<z<—
ust layda:
E? E,
2y _ _
6 = o€, +Pre b, =2—¢,,,
az_Bg( 2 2 y)’ ¥ 7, ¥
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2

E h _h
@=L, +Be,), (Esz£5+h2) 43)

a; —B;
burada hy,h, h, —uygun laylann qalinhqglaridir;
o;, B,y —laylann matenallannin ortotropiya
xarakteristikalandir. E_ = Z" , ©,=0(c,) diagrammin cari
modufudur. "

Yuxandak formullardan istifade edsrex her bir layda
gorginliierlo  deformasiyalann  variasiyalan  arasindaki
asililiglan teyin eds bilerik.

alt layda:
3 :&{;85,5 +&}255, +ai388xy ,
8o = 5;158 +312258y +ande Xy (4.4)
S‘r“) —Omﬁe +a;288y +a;388xy ,

orta layda:
oo, =auf58x +a1258_,, +61388xy ,
3o, =azlﬁax+§223€y +6358xy, (4.5)
81y, = o ude, +a325£y +&335$Iy ,

ust layda:

—2 —2 —2
36® =ande, +anpde, +ande,,,

86D = ande,, +ornde, +ade (4.6)

Xy

ot ()—anﬁs +a3288 +a3388
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Bu formuliarda asagidax igaralemeler gabul edilmigdir:

—1
om =an =0

- E,
an = 5
o, —By
—1 —1 —1 E]
axn=an =0, an=2—

Y1

- E 2
an = : (a -B { ) g+a
ap =0 = \—{(a Bz)ciqdr[i]

s =y = azf[;z (ﬂ “BZ)E%Q}

G,
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—2 E,
oLy = —————0,
a;—PB;
-2 —2 E,
ap =0n =

B,
2
L0 Tt * 2

—2 -2
o3 =03y =0
—y E,

o = 5
o, —§

an=an=0,
— E
asw =22 (4.7)
Y2

Forz edexk i, Kirxhof -Lyav hipotezasi Gglayl elementin
butin galinkg: G¢iin dogrudur, yoni

be, =1, +2y,, o¢ , :Iy"'zxy’ o¢ ., :Ixy"'z?(.xy (4.8)

Bu halda qiivve ve momentlarin variasiyatan agagidax
formullardan teyin edilir:

_E E ﬁ-g.h,,
) 2 2
8T, = [60dz + [56,dz+ [8oPdz, (4.9)
P A L
) 2 2
_f : by,
2 2
M, = Iﬁc?)zdm Iﬁo,-zdz+ Iacfz)zdz i = x,p,xy)
P A h
2 ) 2

(4.4)-(4.6) ve (4.8) ifadalorini (4.9)-da yerine yazsaq quvve ve
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momentlerin variasiyalarini tapa bilorix:

1 1 ' 1 i 1
wly tnynl, +dyx, +dpX, +dpX .y,

3T, =nyl, +n
8T, =nyl, +nl, +nyl  +dyx, +dyy, +d by, (4.10)

1 1 1 1 i 1
STxy =nqyl, +n3zly +"331xy +dyy . +d321y +d33xxy,

8M, =Nyl +NLl, +NiI +Dlx, +Dhy , +Dhy .,
SM, =Nyl + Nyl + Nyl + “11)
+D4x, + Dyt + Dyt o,

8M,, =Nyl +N3,l + Nyl o+ Dyx +Dyx , +D3x
Bu formullarda agagidak evazlemaler edilmigdir:

ny = E"(ailax +a;1 +°‘;1282)’
ny ZEh((l:zl31 +oty +‘11.2252):”51s
njy = Eh(agﬁl +ag +a;3282): ny,

nly = Ehlah8, +o), + 0328, )
";3 :”;2 =Eh(a;_!,81 +°~;3 +a;§52)’

EJ * *

Entl o1 21 Ll 2
d‘i:T{“‘;[T[fﬁ‘J }ra“{[?sz) 4
Er?| .1 11 1 Ll 2
dé:d%‘:T{“‘;{T(_ﬁw‘] ]m‘;[[?s’) 4’
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Eh’{
Dllz =D;1 = 3 a
*2
]
3 f
Dll3 :Dsll Z_E:_*a




3 . a*
D§3=D12-—_E;;l_ﬁ 3;{*1+(1+81] et 2N

sk iy,
(1.,-1- - E ,
Gorlindlyi kimi kenar laylar elastiki, orta lay ise plastiki

deformasiya edon iiclayh lovhe ve gqabiglar Uglin asas
minasibetler (4.1)-(4.12) ifadeleri gexlinde alindi.

h
8, =—38, =— (4.12)

§4.2. Tarazhq tenliklerinin ainmasi

Baxilan halda da Uglayl qabiglann tarazhq tenliklen
(1.14) ve (1.16) tenlidarinden ibaret olur. Gerginlik funksiyasi
(1.17) formuillan ile daxil edilerax (1.14) sistemi eynilik kimi
odonilir.

(1.15) va (1.16) tenliklerini tertib etmex ucun (4.10)
miinasibatiarinden 1,1, 1, xemiyyatiori quvvalarin

xsfys “xy

variasiyalan ve ayintilerle avez edilir.

I = vlllﬁTx + vl'ZSTy + v:_,,BT,y - klllxx —k:zxy - kfsxxy ,

115



I, =v8T, +v3, 8T, +v3,8T,, ~ky X —kp %, —kiy% s, -(4.13)

1 1 1 1 1 1
Iy, =vy8T, +93, 087, +v3,87,, —ky ¥, ~k 35, LYY

Burada agagidax evezlemsler edilmigdir:
4o 1 ' ' ’ ! )'
Y= _(A’ MyaMyy — Ny3ftyy
1
r _ I r t (4 1 l
Vip = \iphyy —Aphy
Ay

1
ro_ r ot '
Vi = _(,A 113133 _”22"13)’

’
1

1
ro_ Py ro_
Vo = —‘(’A Tyylyy — ”21"33)’

f
1
' 't -
Vay =— "11"33—"13"31)’
A

_ L
Aj

1
' _ [N ’ [
Vy = ‘.‘("21”32 - ”22”311
Ay

1
' ror r oy
Vo =—F ("12"31 _"u"sz),
A]

[ r 1 r ?
Va3 (”13"21“"11"23)’

1

r ot ror

Viy = —,("11"22 _"12”21)
Aj

1
s r ’ r r !
2= [du(”zz"as ”"23"32)—
A}
r r r r [ ! ! r r
—dzz(”12"33 —"13”32)+d32 ("12”2-3“”22"13)]
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1
r [ ' ' ' '
B ——A'-[ 13(”22”33 —”23”32)‘
1 ,
r ' ) r ’ ' ' ’ ' v
—dzs(nu"n —”13”32)+d33("12”z3‘"22"13)]
i
r ] o ' ’
a= ot 11("21”33 —”23”32)+
1

14 r r r r ’ ! 4 14 ’
+d21("n"33 ‘"13”31)—d31(”11"23 “"13”21)]
1
TR ' [ ] [ ’
K3, A [‘du("zl"ss ‘"23"32)+
1

r ’ r r r ! r r r ’
+d22(”n”33 _”13”31)‘d32("u"23 “”13"21)1
K = 1 [_ r ( o ' ' )+
23 =314 Ny A3z —Np3ng,
1
14 r r r r r r 1] r r
+d236’11”33 “”13"31)" 33("11”23 ""13”21)1

1
' [] ’ ’ ' '
31“["*', 11("12"32 _"22"31)"“
1

A

’ r ! r r r r [ 4 r r
—dzl(”u"sz "”u”31)+d31("11”22 ‘"12”21)1

1
r_ 4 ’ ’ ' '
32 —‘{d, 12(”12"32 —”22"31)‘

A}
! r ’ r 14 r r r !
—dzz("n”:sz —"12"31)+d32("n”22 ””lz"zl)ls
' 1 d’ ( r ! ' )
33 = A“'? I B3~y iy -
1

r

! r r r ! r ’ I F
23("11"32 —"12"31)+d33("u”22 _"12"21)]
r r ’
up np
P b r
Al =y nyy 0, (4.14)

r r r
3 Ny My
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(4.13) formullanni momentlerin  (4.11) ifadelerinde
yerine yazsaq alang:

dM, =q,,8T, +q1,07, +q’l35Txy +ON A "‘Q;zxy +Qi31¥.xy s
M , =q5 8T, +q'225Ty +q5 8T, +

+ON%» +Q'zzx,, +Q'z3xxy ’
oM, =q5dT, +q%5, 08T, +q;}36Txy +QuX +0nh, +Q;}3xxy

(4.15)

Burada agagidaw isarslemeler gabul edilmigdir:

qu = Nivy + Nipvy + Nppvyy,

g2 = Nyvip + Ny vh, + Npvl,,

4 = Nuvis + Nipvin + Njpvys,
Q1'1 =Dy, ‘NilK;I‘“ ;2 '21*N13 o
Qiz =Dy —NilK;l “NizK'zz —N;3K32a
O =Dy, - hKia - izK.:es “NisKés ’

45 = Nyviy + Napviy + Nbyvyy,

43 = Nyvpp + Ny vy, + Nipvl,,

g2 = Ny vis + N)yyviys + Ny,
Q:‘IIZD,ZI_ '21K;1_N:22K§1‘N53K51s
0% =D - Ny K3, - 2K% ~NukKy,
Qis =Dy - nKiz— '22K§3‘N§3K§3,

i r L ! I [ r
Gy = Nyvy + Nypviy + Nypvyy,
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r — r r I r [ r
g3 = Nyviy + Nyvy, + Nyvi,,

g3 = Nyvig + Nypvyy + Niyvy,,
Q§1 =D§1—N§1K21—N§2K51—NésK:fu,
Qéz =D§2—N§1Kiz_N52K32 N33K3-»: (4-16)

r_ ' r ’ '
Q33 “"D33_N31K13_ 32K23—N33K33

(4.13) ve (4.15) ifadelerini (1.15) ve (1.16)-da nezere alsaq
agagidax: tenliklar sistemi ahnar.

52 l' ' az¢ 62¢ ' az‘b 92w 2w
2 [‘1’118y2 +‘hzax2 413 oxdy Qu(,3 ~0h oy?
, 0w az[,a% , %%, 3%
—_— + —_——
Q13 8x8y] 6y2 I. 21 92 o2 93— axav

2w %w PE: 2 a2
"Qzl Q22 -0% w] +2 0 [‘1'31 ¢+ (4.17)

0x0y | pxoy oy’
, 52¢ , az¢ 52 2w , 0w
+
d3 o2 ~q33 oxdy Q31 Qsz ~On oxdy
a*w otw d'w 182 ¢
-T -2r ~T +—
| G 25y 2 oy”  Rox?
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62 , 62 , 62 , 62¢ , aZW . aZw
P {"ng}%*‘"uﬁ“’ngﬁ tRy 5 +Kp——+
y o
2 2 2 2 2
v KW, 0 (vgla LA B I (4.18)
Oxy | ap2| T op? Ox? dx0
, 0w 3w Bw o |, % ., 82
+Ky——5 +Kyp——+ K5, ~2 Va ?"""32—?“
. Ox ay oxdy axay ay ox
% ow *w *w | 19w
—V + K +K; +K; — =0
Boxdy | WG > “axdy | R ax?

Belolide kenar laylar elastiki, orta lay ise plastixi
deformasiya edan iiglayll gabiglarin dayanighq tenlikleri sistemi
(4.17) ve (4.18) sexlinde alind.

§4.3. Uglayh I6vhalerin bir
terefli siimada dayanighig

Kenar laylan elastiki oblastda, orta lay ise plastiki
oblastda deformasiyaya ugrayan dglayh Iévhalerin bir terofli
snalmada dayamgqliq mesalesini tadqiqg edak (goxkil 9).

Bu halda (4.7) emsallan sadelegarex asafndax sexlo
dasarier:
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o, =P,

—2 =2
a=a =0,

—_3 E2
A2 = 3
a, -B;

—2 —-2 E2
U2 =01 :_"—"_‘E"Bz,

a,~f

2

2

{4.19)
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-2 =2
as=oa3x =0,

—3 E
[0 %] —2—
Y2

(4.19) ifadeleri tanlidlera daxil olan bitin emsallarn

ifadalarinds nezere alinir ve netice de amsallann bir grupu o-a
baraler olur:

Ry =Ny =Ny =ny =0,
p=dy = '23:d§2 =0,
N;1=N§1=N'23= '32'—“0,
13—D:'51 D£3:D§2:0

Bu halda dayaniqhq tenlikler sistemiari (4.17) ve (4.18)
sadolagirlor:

Qu +(Q12 +05 +2Q33)‘_ sz (4.20)

, a“¢ s —24%) a“¢ : 6“¢ a*w
“q ’(‘111‘“122 =243 ) Ayt —=0;
ox* o ox

x2oy? dy
, 8 C oy 0" , @
vy, :b+(v12 +vy +2v33) 5 ¢ 5P T+
Ox ox*ay oy
24 54 5% (4.21)
, w w ’
+Kn— (K11+K Kss} 5+ Kp_—=0
ox? ax? oy cy
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Bu tenlikler sistemi (2.20) va (2.21) tenliklerinden yalniz
emsallan ila ferqlendiyi Ugtin oradaw neticelerden istifade
edilir. :

Umumi halda dayaniqlq iterse kritik qlivve Ggun alimir:

o) =6y K (4.22)

burada asadidaxi igarelar gebul edilmigdir:

2 2
[[ze) |
_n’D|\a
NG
a
—_— 4 -
Ki:{ i1*¢'o‘fu( )+[Q;2+Q'21+2Q53+¢'ox

a2 )2 s o) [(2) ]

a

Jh=h +h, +h

=

(OB~

1¢

S

2 2 4
(=) ()
’ A (4.23)
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54.4. Uglaylt l6vhalerin siriisme
qglivvesinin tasirinden dayamqh

Kenar laylan elastiki oblastda, orta lay ise plastixi
oblastda deformasiyaya ugrayan Uglaylt dazbucagi l6vhslerin
surGsme qiivvasinin tesirindan dayanigh@ini tedqiq edak.

Bu halda (4.7) emsallan sadalesir:

1 E
oy = 2'0(1,
a;— Py
—1 —1 El
an =y = B
0'l"B]
-1 -1
ap=ay =0,
_ E,
(IZZ: [
2
oy -y

—1 -1
az;=asn =0,

o33 =—
Y1
—_ EC
an = 2 o,
a-
_ _ Ec
o =y = 5B,
a-§
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o _BZ Gn Y
-2 E,
ay = T,
a, 2
—2 -2 E,
o =02 2‘32,
o, —p;
2 —2
oap=axn =0
-2 E,
022 = > (4.24)
Ay —P,

ay=up =0,

1 =

Dayamigliq tenliler sistemi bu sekilde ahnir:

4

w
Qn +(Q12 + 0 +2Q33)_é—2+

¥y
4w a4¢ a4¢
+ r _ ' [ + r _ r _ 4.25
053 y4 4126 P (‘Iu 92 2‘733)W ( )
a* o*w
‘?21—"4)“‘27'12 =0,
ay oxay
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r 64 r r r 64
vy, ax? +(v,2 +vy +2v33)———¢+

ox2oy?
¢ 0w otw
+vy——+ Ky ——+ K}, + K, - 2K, + (4.26
P ( nt+ Ky 33%7 (4.26)
4
oy

Bazi gevirmelerden sonra lévhenin kenarlan oynagh
berkidildiyi halda writik glivva igin asagidax formul alinir:

2.8
2 9 n | b r ¢t oy
T12:(§ o ;[Qnﬂhzf 0]+

+2[(0h +0n +200 b e - 24007+ @27)

‘{%)3 béz +q'217'o]}2

§4.5. Uglayl l6vhalerin ixiterefli
shtimada dayanighi

Kenar laylan elastiki oblastda, orta lay ise plastiki
oblastda deformasiyaya ugrayan {glayh dizbucaqgh lévhalarin
iiterefli siximada dayanigh@ini tedqiq edex (sexil 12).

Bu halda (4.7) emsallan asagidax sexle disir:
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—1 E,
o2 = ,
c"1 _ﬁl
—1 —1
a2z =an =0,
on=-—,
Y1

_  2E
33 =,
.y
(¢ 5]} :“"‘_—“5*-{12,
o, —PB;
-2 —2 E
o, —B;

127



-
ap=ay =0,

2 E,
X = 3
a, - B3
—2 -2
o2z =a3n =0,
—2 2F
o33 =—=
Y2
Baxilan halda I6vhanin dayamighq tonliklori  sistemi
agagidaki gokilds ahmr:
o A , 0
Wt 2¢2+r3 f+
Ox Ox“Jy oy (4.29)
,otw . otw L 0tw '
+R—+R) 5+ Ry—=0
Ox x“ 0y oy
00w 9tw Otw9°
d} ! PN I e 1 ?_
ox Ox 0oy dy ox (4:30)
4 4 2 2 '
0
Ox*“ oy oy oy
Burada agagidaxi avazlomolor edilmisdir:
r =V, ry =V Yy H 20, = vy,
Ry =K5, Ry =K}, +K% +2K;, Ry =K}y,
dy =0, dy =00 +05 +204;,d5 =05, (431)

D, =qi,, Dj =qy +q% —2q%, D} =qy
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(4.29) vo (4.30) tonlixlori holl edilorox kritik qiivvalorin
kombinasiyasim 19yin edon xarakteristik tonlik alipar:

c,=0;-K'1 (4.32)
burada

§4.8. Uglayh dairavi silindrix gabiglann
oxboyu sixilmada dayanighiy

Konar laylan elastiki oblastda, orta lay ise plastiki
oblastda deformasiyaya udrayan (lgclayh dairavi silindrik
qabiglann oxboyu sxiimada dayaniqhdini tedqgiq edex.

Bu halda qiivwe ve momentlanin ifadslerine daxil olan
emsallar (4.19) ifadelori nezere almmagla hesablanir.
Dayanighq tenliler sistemi bu gexilde ahmr.
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(4.34)

4w 9% L0 %
dl——+a'2 2+d3 P ~ D] Yo
oy Ox

ox*

4 2 2

0% Ow 12 ¢ g
oy ox® Réx

0x>0y (4.35)
-D _QL_D'
26x26y2 ’

Buradaxi 1/, R], 4, D; -amsallan  (4.19) ifadolori

nezera alinmagqta (4.31) formullan ile toayin edilir.

§2.6-ya analoji olaraq qabidin kenarlan oynagh
berxidildiyi halda «ritik quvveni tayin etmek ucln asadidax
formulu alang:

7= {2 i)

]

. (4.36)
+[—L—J [fh) ( 3+ D} D'y )——lmﬁo
mn R R
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54.7. Uglayh dairavi silindrix qabiglann
oxboyu sualmada ve xarici tazyiq altinda

Kenar laylan elastii oblastda, orta lay ise plastiki
oblastda deformasiyaya ug§rayan lglayh dairevi silindrix gabigin
oxboyu swict qiuvvenin (Tn) ve mintezem paylanmig xarici
tezyigin (1, ) tesirinden dayanigliq mosolesini tadqiq edex.

Bu halda qtivwa ve momentlerin ifadelerine daxil olan

emsallar (4.28) ifadeleri nezere alinmagla hesablanir. Qabign
dayaniqliq tanlikler sistemi bu sexilde alimr:

*e
ox?

4 4 4
624) 5 +r3fa ?+R;a f+
ox“oy oy Ox

3w 0w 197w

+ =
ax?ay? 36y4 R ax?

n +1r5
{4.38)

14
+ R,

L%, dtw ,o'w 0% ., 2%

ox*  Cax?oy? oy

4 2 2 2

-Juaf+nf3f+2faf~iaf=o
ay ox ay R ox

(4.39)

Bu tenliklere daxil olan amsallar (4.28) ifadeleri nazera
alinmagia (4.31) formuilan ila tayin edilir.

§2.7-ye analoji olaraq «ritik qdvvelerin kombinasiyasint
tayin etmex G¢iin agagidax xaraxteristix tanlik alinr.
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2 2
- nL - mn n
G+ —— d'+D' D'
. (mnR) 2" (L} k ) (RJ "

— 1\ ( aL Y (nY —\ 1
x(d’2+D§,-D'o)+[ ) [Ti) (@3 +D3 D)= D

mnR

Burada D' (4.37) formulu ila teyin edilir.
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