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UZET

Bu calismada, elastik mesnete oturan yapistiriimis, elastik sabitleri
ve ylikseklikleri farkli sonsuz iki bilesik tabaka problemi elastisite
teorisine gore incelenmistir,

Birinci bolim giris bolimii olup ikinci bdlimde, elastisite teorisine
ait temel denklemler ve integral donusim teknikleri kuilaniiarak geriime
ve yerdedistirmelerin genel ifadeleri elde edilmistir,

Oclinci bollimde, probliemin tanimi yapiimis, kiitle kuvvetleri ihmal edi-
lerek gerilme ve yerdegistirme ifadeleri elde edilmistir. Yine ayni bolum-
de geriime ve yerdegistirme ifadeleri sinir sartiarina uygulanarak elde
edilen denklem takim coziilmis, geriime ve yerde§istirme ifadelerindeki
katsayilar hesaplanmistir.

Dordincii bolumde, katsayilar gerilme ve yerdedistirme ifadelerinde
yerlerine yazilmis, gerilme ve yerdegistirme ifadelerini bozan singiiler
terimler ayiklanmis ve buniarin képa11 integralleri hesaplanmistir. En bi-
ylik normal gerilmelerin simetri ekseni iizerinde oldugu bilindiginden
cx(x,y) ve oy(x,y) normal gerilmeleri; singliler terimlerin c¢ikartilip, bun-
Tarin kapali integrallerinin ilave edilmesi ile hesaplanmistir. Dis ylike,
malzeme ve yay sabitlerinin oranlarina ve tabaka kalinliklarinin oraniari-
na dedisik sayisal dederier verilerek y simetri kesitindeki gerilme dagi-
Timiar1 hesaplanarak grafikleri cizilmistir.

Calismadan ¢ikarilan sonuglar besinci bolimde 6zetlenmis olup, bu son
b61iimii yararlanilan kaynaklar izlemektedir,

Anahtar kelimeler: Elastisite, Degme mekanigi, Elastik tabaka, Kompozit,
Elastik mesnet, Serit.
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SUMMARY

The problem of stuck layered composite made of two materials with
different elastic constants and heights resting on an elastic foundation is
solved according to the Theory of Elasticity.

For the solution, the upper elastic layer is assumed to be subjected
to symmetrical distributionand concentrated loads.

This study consists of five main chapters. The first chapter
introduces the work done. In the second chapter, general expressions of
stresses and displacements are obtained for two-dimensional continuum by
using governing equations of Elasticity and the integral transform
technique,

In the third chapter, the problem is described and expressions of
the stresses and displacements are studied without gravity forces. Eight
Tinear algebraic equations are written under bourdary conditions and the
unknown coefficents in the expressions of the stresses and displacements
are calculated from these equations.

In the fourth chapter, singular terms which spoil the convergency of
the kernel of normal stresses Oy and o for values of y around h1 are
subtracted and their closed integral forms are added. The distribution of
the stress on the y symmetrical cross section are calculated and plotted by
giving different numerical values of the external load, ratios of material
constantsand spbring constant and ratios of layered heights. The results
obtained from the study in general are summarized in the fifth chapter.
This chapter is followed by a 1ist of references,

Key words: Elasticity, Contact mechanics, Elastic layer, Composite.
Elastic foundation , Strip.
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SEMBOLLER

: dik koordinatlar
: X, ¥y ve z eksenleri dogrultusundaki kiitle kuvveti bilesenleri
¢ yercekimi ivmesi
: yogunluk

: X, ¥y ve z eksenine paralel normal geriime bilesenleri

kayma gerilmesi bilesenleri

: yerdegistirme bilesenieri

: X, ¥y ve z dogrultusundaki birim uzamalar
: hacim degistirme orani

: kayma sekildegistirme bileseni

: elastisite modliliu

: kayma moduilii

: Poisson orani

: Lame sabiti

: 1 nolu elemanin kayma modiilu

: 2 nolu elemanin kayma modiilii

: 1 nolu elemana ait elastik sabit

: 2 nolu elemana ait elastik sabit

: diizglin yay111 yiikin uzunlugu

: diizgiin yay111 yikin siddeti

: elastik yay sabiti

: 1 nolu elemanin yliksek11gi

: 2 nolu elemanin yiiksek1igi

: bi]esik tabakanin toplam yiiksek1igi
: tekil yiik

yerlerde aciklanmistir.



f.6GIRIS

f¢inde bulundugumuz yillarda Elastisite teorisi mihendislik problem-
lerinin coziminde kayda deder bir uygulama alani bulmustur. MihendisTik
yapilarindaki gerilme, yer ve sekildegistirme problemlerinin c¢oziimiinde
Mukavemetin elemanter metodlarinin yetersiz kaldigir pekcok durum vardir.

Kirislerde yiiklere ve mesnetiere-yakin bolgelerdeki yerel gerilmeler-
le i1gili bilgileri vermekte elemanter teori yetersiz kalmaktadir. Uzel-
Tikle isaret degistiren gerilmelere maruz yapilarda iceriye girik kdseler-
de yiiksek geriime yi1§ilmalari olur ve bunun sonucu olarak catlaklar muh-
temelen bu kdselerde baslar. Calismakta olan makine parcalarindaki kiril-.
malarin biiylik bir cogunlugu bu cesit catlaklar yiiziinden olur. Boyle hal-
lerde elastisite teorisine basvurmak gerekmektedir (1).

Kirislerin edilme problemi ile ilk olarak Galilei (1654-1722) ugras-
mistir. Ancak Galilei kiriste ¢ekme ve basin¢ gibi iki bolgenin bulundu-
gunu farketmemistir. Kuvvet ve sekildedistirme arasindaki ilk matematik
bagint1 Robert Hooke (1635-1703) tarafindan kuruldu. Egilmeye calisan ki-
rislerde iki ¢esit normal gerilme bulunacagini i1k farkedenler arasinda
Mariotte (1680) ve Leibnitz (1684) sayilabilir. Bernoulli 1694'de egrilik
ile moment arasindaki orantililigr ve 1705°'de kiris kesit]erin{n.e§i1mede
dizlem kalmasi gibi onemli bir hipotezi ortaya koydu. Kiris teorisini ge-
Tistiren ve ¢esitli miihendislik problemlerinin c¢oziim metodlarini ise
Navier ortaya koymustur (2).

Bilesik cubuklarin kullanilmasi ve bunlar lzerinde yapilan calismalar
cok eskiye gitmemektedir.Unceleri bilesik cubuklarin dogrudan yapi elemam
olarak kullanilmasinin dedisik sebeplerle koti sonuc¢lar verebilecegi diisii-
nulirdd. Bu nedenle bilesik yap1 tarzi sadece ilave bir emniyet ve yerde-
gistirmenin azaltilmasi i¢in kullanilirdi. Bilesik cubukiar Uzerindeki 11k
calisma 1941 y1linda Maier-Leibniz tarafindan yapilmistir. Maier-Leibniz,
plakla celik kirisin kama ve pliye demirieri kuilanarak bajlanmasi ile
meydana getirdigi bilesik kirisler Uzerinde deneyler yapms ve bu deneyler



olumlu sonug¢lar vermistir. Ikinci Dinya savasindan sonraki yillarda c¢elik
k1t11g1 ve ongerilmeli betondaki hizl1 gelisme c¢elik insaatlari biitin im-
kanlari1 sonuna kadar kullanmaya zorlamaktaydi. Bu arada bilesik yap1 tar-
zinin da teorik esaslari, bu insaatin biitiin imkanlarindan planli bir se-
kilde yararlanilmasini saglayacak derinlikte arastiriimaktaydi (3).

Elastik mesnete veya zemine oturan tabakalarla iigili calismalar i1k
olarak Winkler tarafindan 1867 yilinda yapiimistir. Winkler'e gore tabaka-
nin lizerine oturdugu elastik mesnet veya zeminden gormiis oldugu reaksiyon
cokmelerle orantilidir. Winkler'in kendi adiyla anilan bu hipotez c¢cok ten-
kitler gormesine radmen bircok miihendislik problemlerinin yaklasik ¢ozlimii-
ni olusturdugundan bugiin dahi kullaniimaktadir (6).

Elastisite problemlerinde ifadelerin karisik ve hesaplarin uzun olma-
s1 nedeniyle son yi1llara kadar bilesik tabaka problemleri izerinde calisan
biTim adam1 sayis1 azdi. Ancak bilgisayar teknolojisinin ve sayisal ¢oziim
yontemlerinin gelismesi ile bu tiir problemler lzerindeki calismalar yogun-
luk kazanmistir,

Elastik mesnete veya zemine oturan tek tabaka problemleri lizerinde
cok calis1imis olmasina karsin elastik mesnet veya zemine oturan bilesik
tabaka problemleri lizerinde yapilan calismalar azdir. Bu calismalarda ba-
z1lari asagida verilmistir.

Cok kat11 bilesik tabakalarda i¢ catlaklarin gerilme analizi ve taba-
kall kompozitlerde i¢ catlak (7,8). iki ceyrek elastik diizleme dayandirii-
mis elastik tabakada temas problemi (9). Rijit yari sonsuz bir diizleme
oturan bir tabakanin y simetri ekseni lzerindeki tekil yiikle kaldiriimasi
durumunda siirtiinmesiz degme problemi (10). Yarim dizlem ve yarisonsuz ta-
baka i¢in elastik temas problemi (11, 12). Simetrik yiikiu elastik tabaka-
da siirtiinmesiz temas (13). Yayil1 yilikle bastirilan ve tekil yiikle kaldi-
rilan, yayil1 yiikle bastirilan ve simetrik tekil ylikle kaldirilan elastik
zemin lizerindeki elastik tabakaya ait temas (14,15). Yarisonsuz diizgiin
yay1l1 yiikle bastirilan ve simetri ekseni lizerinde tekil bir yiikle ceki-
len yapisik iki tabaka arasinda meydana gelen ayrilma ve kayma (16).

Sonlu bir bdlgede elastik mesnete oturan demiryolunun sabit bir hizla ha-
reket eden rastgele trafik yiiklerine karsi davranisi (17). Birbirine ya-
pisik iki yar1 diizlemde olusmus catlaklarin uclarindaki gerilme siddeti

faktorieri (18), Elastik yarisonsuz mesnete oturan hareketli yiiklere ma-
ruz elastik tabaka problemi (19). Bilesik cubuklarin elastisite teorisine
gore edilme problemi (22). Yarim diizlem ve yarisonsuz tabaka icin elastik



temas problemi (23). Simetrik silindirle bir tabaka arasindaki elastik
dedme problemi (25). Sinir yilikleme durumuna maruz iki sonsuz izotrop
elastik tabaka arasindaki yarisonsuz bir ylizey catladr (26). Biitin ylizey-
leri siirtinmesiz elastik yari sonsuz bir diizleme oturan bilesik tabakala-
rin siirekli ve siireksiz degme problemieri (27, 30). Egilmeye maruz kompo-
zit kirislerde kayma gerilmelerinin yaklasik metodla belirlenmesi (28).
Siirtlinmesiz bir elastik tabaka ile elastik bir kirisin dinamik dedme
problemi (29).

Elastik mesnete oturan elastik sabitleri ve ylkseklikleri farkli iki
bilesik tabakanin gerilme ve yerdegistirmelerinin incelendigi bu calisma
bes bolumden olusmaktadir.,

Birinci bolum giris bolumi olup, ikinci bolimde elastisite teorisine
ait temel denklemler ve integral doniisiim teknikleri kullanilarak iki boyut-
Tu duruma ait gerilme ve yerdegistirmelerin genel ifadeleri elde edilmistir.

Oclincli bolumde kiitle kuvvetleri ihmal edilerek gerilme ve yerde§istir-
me ifadeleri verilmis ve elastik mesnete oturan bilesik tabaka probleminin
tanimi1 yapilmistir. Yine ayni bGlimde gerilme ve yerdegistirme ifadeleri
sinir sartlarina uygulanarak sekiz bilinmeyenli sekiz cebrik denklem elde
edilmistir. Elde edilen sekiz bilinmeyenlii sekiz denklem ¢oziilerek gerilme
ve yerdegistirme ifadelerindeki katsayilar hesaplanmistir. Ayrica problem
elastik mesnete oturan tek tabaka probiemine doniistiiriilerek bu duruma ait
katsayilar hesaplanmistir,

Dordincl boliimde cx(x,y) ve oy(x,y) normal gerilme cekirdeklerinin
y+hq durumunda yakinsamalarini bozan singiiler terimler cikartilarak bunla-
rin yerlerine kapali integralleri yazilmak suretiyle gerilme alanlari he-
saplanmistir. Yine bu bdlimde, en biuyiik normal gerilme dederlerinin y si-
metri ekseni lzerinde oldugu bilindiginden d1$ yuk, tabaka kalinliklari,
malzeme ve yay sabitlerinin oranlarina degisik sayi1sal dederler verilerek
normal gerilme alanlari hesap]anm1$ ve bunlara ait grafikler ¢izilmistir.

Besinci boliim bu calismadan ¢ikartilabilecek sonuc¢lary kapsamakta
olup, bu son bolimi yararianilan kaynakiar listesi izlemektedir.



2, GENEL DENKLEMLERIN CIKARTILMASI

Elastik mesnetlenmis bilesik tabaka problemi elastisite teorisine
gore coziilecek, geriime ve yerdedistirme ifadeleri bulunacaktir. Bu
amacla once elastisitenin denge denklemleri, blinye denklemleri ve yerde-
gistirme ve sekildegistirme bagintilari kullaniimak suretiyle yerdegis-
tirmeler cinsinden yazilarak Navier denklemleri elde edilecektir. Yerde-
gistirme-sekildegistirme bagintiiari ve biinye denklemleri kullanilarak
gerilme bilesenlerine ait ifadeler elde edilecektir.

Oc boyutlu halde; X, Y ve Z hacim (kiitle) kuvvetlerini, Oy» cy, a, s
Txy, Ty, Ve Tyz de gerilme bilesenlerini gostermek lizere denge denklem-
leri asagida verilmistir.

Box oT T

Xy . °°xz .
T oy Tt X=10 (1)

. 0T .90 9T

yx ..y yZ o

% oy taz t ¥ =20 (2)
oT 9T 30

zX zy _

T 5 A =0 (3)

Bu denkiemlerdeki gerilme bilesenleri, biinye denklemlerini ve yerdegistir-
me-sekildedistirme badintilarini kullanarak asagidaki gibi yazilabilir,

U

o, = re + Zp X (4)
- oV

o, = Ae + 2u 5 (5)

o_. =Ae + ZU‘Eﬂ- (6)
Y4

Zz

_ . (ou oV
Txy™ ‘.1(';')‘9' ) (7)



. (OW 9V

Tyz © P(gy'+ 0z (8)
_ .. fow , du

Tax "“(§§'+ ?z (9)

_du , ov , ow

e--é-)—(-‘FTT-—E (10)
_ vE

A € VY (11)
. __E 2

L (D] (12)

dir. Yukaridaki ifadelerde gecen e, v, E ve u sirasiyla hacim degistirme
orani, Poisson orani, elastisite modiili ve kayma modiiliinii gostermekte olup
A da Lame sabitidir. u, v ve w ise sirasiyla x, y ve z eksenleri dogrultu-
sundaki yerdegistirme bilesenlerini gostermektedir. Ayrica;

Xy yx * Txz T Tzx i Tyz = sz

dir,
Biinye denklemlerinin gerekli tiirevieri alinip (1) ifadesinde yerleri-
ne yaz111rsa,

oc . 2
X _ ,0€ 3 u
i i (13)
.. 9T 2 a2
XY _ . (90U , 3%
=gy + ) (184)
oy ayZ 9X3y
9T 2 2
XZ _ 49U , O°W
9z P(a 7+ axaz) (15)
z
2 2. .2 W2 A2 2
oe 3°u , 9°u ,'3u 3°u 3V d W :
A= + + Y+ u( + + ) + X =0
9xX - sz 8y2 a22 axz X0y = 9Xdz
oe. 2 ‘3e o
)\W+UVU+U"§;+X—0

(a+u) %;‘% Py X = 0 (16)



olarak elde edilir, Benzer yolla;

(A+u) %‘3 + pvzv +Y=0 (17)
(A1) %g; + uvzw +72=0 (18)

bulunur ve Navier denklemleri olarak adlandirilirlar., Burada, V2 Laplace
operatori olup;

dir.
tki boyutlu Elastisitede Navier denklemleri;

oe

()\ﬂ:l) = +pV2u +X=20 (19)
\ oe 2 :
(A+n) v UV + Y=0 (20)
y .
seklini alirlar.
Eder kiitle kuvvetleri ihmal edilirse bu ifadeler;
() 22 v = 0 (21)
i X
oe 2
(hn) 5o +u7v = 0 (22)
] y il
veya
2 9 (oU  OVy _
Uy + (x+p)—§§(§-)-(—+5~j =0 (23)
2 9 (ouU , Ovy _ .
wov + (o) §§-(5§-+ 5 © 0 (24)

halinde yazilabilirler. Problemin y eksenine gore simetrik oimasi halinde
U(x,y) ve V(x,y) yerdegistirme bilesenleri,

U(xs.Y) 'U('XQY) - (25)

Vix,y) = V{-x,y) (26)



~I

bagintilarini saglarlar. U(x,y) ve V(x,y) yerdegistirmeleri Fourier siniis
ve kosinilis doniisimleri seklinde asagidaki gibi yazilabilir.

Ulx,y) = % S o(a,y) sin(ox)da (27)
0

V(x,y) = % I yla,y) cos(ox)da (28)
0

Bunlarin ters fourier donlisimleri ise;

sla.y) = 1 U(x,y) sin (ax)dx (29)
0]

w(a.y) = 7 V(x,y) cos (ax)dx (30)
0

olarak yazilabilirler. Burada @{a,y) ve ¥(a.,y) fonksiyonlari U(x,y) ve
V(x,y) fonksiyonlarinin ters Fourier doniisim fonksiyonlari olup, bu fonk-
siyonlar bilinmemektedir. Bu fonksiyonlarin belirlenebilmesi icin (23)
ifadesini sin(ax)dx, (24) ifadesini de cos(ax)dx ile carpip (0,+) arali-
ginda integre etmekle,

f[u(a —-Z)m u) gy + $]sin(ox)dx = 0 (31)
@ 3% aby 33U . AV
Iy + 2+ (asn) 537(5? w)]cos(ax)dx =0 (32)

ifadeleri elde edilir. (27) ve (28) ifadelerinin (31) ve (32) ifadelerinde
kullanilacak gerekli tiirevieri;

w 2

J 9——[-}-%—’—)'—)- sin(ax)dx =-oz2<1>(a,y) (33)
0 93X

=y BZU(X ) SN, dz

;2= sin(ax)dx = — [0 (oY) ] (34)

o 3y dy
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! Lg;)%z)_ sin(ox)dx = - aa%[‘l‘(oa,y)] (35)
® 3%V(x,y) 2

s —-——TTSX— cos{ax)dx = -a"¥(a,y) (36)
o] 99X

< azv(x ) 'd2

f-a—-jfﬁl-cos(ax)dx = 5 [¥ (a,y)] (37)
o 9y dy

7 22000Y) cosax)ex = a-datany)

! Sy cos (ox)dx = ogyle(a.y 1 (38)

olarak yazilabilir. Burada kismi integrasyon uygulanmis ve

T
X oX

| o ™
XK =c0 X =00 X=0

U(o) = U(w) = V(w) = ==

sinir sartlari dikkate alinmistir,
Yukaridaki tirev ifadeleri (31) ve (32) denklemlerinde yerlerine ya-
z111p gerekli diizenlemeler yapilirsa;

1
o

_()\+2u)on2<1>(oc,y)+1_1¢“(a,y)—()\-i-p)oz;‘l" (a,y) (39)

|
(=)

(Our2u)¥" (0,y ) =0fu¥ {0,y )+ (M) (0y) = (40)

adi diferansiyel denklem takimi elde édi]ir.”Bu diferansiyel denklemlerde-
ki Usler y 'ye gore tirevieri gostermektedir. Denklemleri c¢tzmek i¢in (39)
denklemi y fye gore iki defa, (40) denklemi de y ‘'ye gore bir defa tlreti-
lirse,

-(A+2p)a2®f(aay)+p® "(asy) - ()™ (a,y) =0 (41)

(2 )¥™ (0,y) -2 (oY) + ()" (a,y) =0 (42)

denkiemieri elde edilir. Bu denklemlerden;



¥ (a,y) = Tx%ﬁﬁgfué""(a,y)-(k+2u)a2®“(a,y)]

A +2]J ] 2}\"'311 "
¥ (a,y) S 0" (a,y )~ —T——~—)-fl> (a,y)
a3(k+u) a{A+p

ifadeleri elde edilir. ¥'(a,y) ifadesi (39) denkleminde yerine konulur ve
gerekli dizenlemeler yapilirsa,

0™ (a,y)-2070" 0,y )+ 0(c,y) = 0 (43)

?(a,y) ‘'ye gbre dordiincii mertebeden sabit katsayili, lineer, homojen dife-
ransiyel denklem elde edilir. Bu diferansiyel denklemin c¢oziimi <I>(a,y)=emy
olarak aranir ve gerekii tlirevleri alinip (43) denkleminde yerlerine konu-
lursa,

m*-20%ml+a’ = 0 (44)

karakteristik denklemi elde edilir. Kokler; m1=mé=u' ve m3=m4=-a olarak
bulunur, Diferansiyel denklemin cﬁzUmU;

oay)=(Ay +Ay)e™™ + (A3 +A,y)e™ (45)

olur. ¥(a,y) bilinmeyen fonksiyonunun coziimii ise (39) denkleminin y 'ye
gore gerekli tlirevieri alinip (40) denkleminde yerine yazilmasi ile ayn1
yolun izlenmesi durumunda,

¥ay) = [y + (X o y)aJe™al-age(X -y)a ]e (46)

oiarak elde edilir. Burada x bir ma1zeme sabiti olup,
(3-v)/(1+v)
3-4y

H

diizlem gerilme halinde : X

diizlem sekildegistirme halinde : X
sekTlindedir. (45) ve (46) ifadelerindeki Ays Ay Ag ve Ay simir sartiarindan
belirlenecek olan sabitierdir.

o(a,y) ve ¥(o,y) (27) ve (28) denklemlerinde yerlerine yazilirsa,
U(x,y) ve V(x,y) yerdegistirme ifadeleri,
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U (x.y) = £ STy +hpy)e™ oAy +Agy)eVIsin(ox)do (47)
NERD =-12; g{ [A1+(§ +y)A,] "W, [-A3+(-§- -y)A4] e™1cos (ax)da (48)

olarak elde edih'r]er.,ax, oy, Tey geriime bilesenleri (4), (5) ve (7) ifa-
delerinden u ve v yerdegistirmelerine bagii olarak

_ “3u oV
Ux = ()\"'2].1) 'é‘)f(- + Aé‘i (49)
_ oV ou
_ qou 9V

yazilirlar. (47) ve (48) ifadelerinde gerekli tiirevier alinip (49), (50) ve
(51) ifadelerinde yerlerine yazilir ve gerekli diizenlemeler yapilirsa, ge-
rilme bilesenleriy

1 ‘ 2 o ; ‘3_' _
7 Oxn(Xs¥) = % A [o(Ay +Ay)- =2 A)Je™
+alAy +A4y);~'-§%2i Ayle¥1cos (ax)da (52)
| 2% c‘ryh(x,y) - % é'{ [a(A +A2y)+ X'” 0] e W

+ [a(Agray )+ X1 X1 076V 1cos (ax)da (53)

| "?%‘rxyh(x,y), = 27 {-[alapapy)e Bl a1e

+[a(A3+A4y)~ qu e¥ }sin(ox)da (54)
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olarak bulunuriar. Yukaridaki ifadelerde gegen h indisi kiitle kuvvetsiz hal-
deki gerilme ve yerdegistirme bilesenlerini gdstermektedir,

Kutle kuvvetinin olmasi halinde geriime ve yerdegistirme bilesenieri
asagida verilen sekilde hesaplanirlar.

Sekildegistirmelerie yerdegistirmeler arasindaki bagintilar,

ou

Sx = '5*)—(' (55)
L

€ = 3y (56)
_ ou , ov

Yxy™ 3y T (57)

olarak yazilabilir. Burada, €y ey ve ny sirasiyla X, y dogrultusundaki
birim uzamalari ve dik koordinatliarda kayma sekildedistirme bilesenini
gostermektedir. Gerilmelerle sekildegistirmeler arasindaki badintiyi ifade

eden Hooke kanunlari da,

€x ":f[ox 'Wy] (58)
ey = %[cy -vo, ] (59)
ny='_2_(_1£:31 Txy (60)

olarak yazilabilir. Yerdegistirme fonksiyonlarinin sec¢ilmesi ve gerekli
tiurevierin alinarak Navier denklemlerinde yerlerine yaziimasi ile;

U= U(x) (61)
Vv = V(y) (62)
2 2. 2 2
9 U 9 V. o u 3 Uy
() ( + )ERTR + —y) = 0 (63)
. 8x2 axay ' ax2 Byz
2 2 2 2
Y Y] LoV Y
Q) (S 200 (@Y + 2Y) =pg (64)
DA OX3Y 8y2 g 8x2 ayz

olur. Burada, p ve g sirasiyla yoguniuk ve yercekim ivmesini gostermekte-
dir, (63) denkleminden,
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& -a (66)
Uu=ax+b>b (67)

(64) denkleminden de,

vl o) (68)
y T
dy — Taau)

(70)

olarak bulunurlar. Yukaridaki ifadelerde gecen a, b, c ve d integrasyon sa-
bitTeridir, Kiitle kuvveti pg ve kalin11gi h olan tek tabaka i¢cin x ekseni
tabaka altindan gecmek Uzere asagidaki sinir sartlari yazilabilir.

U(o) =0 (71)
V(h) = 0 (72)
o, = pg{y-h) (73)
To dy=0 74
5 Oy oY (74)

Yazilan bu sinir sartlarinin (65),(66),(67),(68),(69) ve (70) denklemieri-

ne uygulanmasi ile;

_ 3-X Pgh i} __pgh p1ax , X=1+ _
a—TT’ b—OA, C %[B-F-)_(:'T] ve d—U

olarak bulunur. Yer degistirme ifadeleri ise;

_3-X pgh
boBuw 7 (75)
_Pg ., X1y 1X .
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olarak hesaplanir. Sekildegdistirmelerden yararlanarak gerilme bilesenleri,

Oy = o P90 -3) (77)
p = p g(y-h) (78)
Tyyp = 0 (79)

olarak elde edilir. Yukaridaki ifadelerde gegen p indisi kiitle kuvvetinin
olmas1 durumunda tzel ¢ozimi gostermektedir. Genel gerilme ve yerde§istir-
me ifadeleri homojen ve 6zel cOzimlerin toplamlari olacagindan;

Ulx,y) = U (x.y) + Up(x,y) (80)
V(x,y) = Vo (x,y) + vp(x,y) (81)
o (x2y) = 0, (x,y) + 0 (x:¥) (82)
oy(xsy) = oyh(x,y) + cyp(x,y) (83)
Ty (¥s¥) = Teyho¥) *+ Ty (x,y) (84)

olarak yazilabilir. Sonuc olarak elde edilen ifadeler asagidaki gibi yazi-
labilir.

3-X pgh

U(x,y) = %-g[(A1+AZY) "W(a +A4y)eay]s1n(ax)du+g—— X (85)
Vix,y) = ;ZT- Z {[A1+(-§ +¥)A,] e'ay+[-A3+(é -¥)A,] e™¥}cos (ox )da
+ 59 y (XL (y-n)- L0 (86)

| ?’ji 0, (x,y) = ;2; g{ [oz(A1+I’\2y)'—'§;S Az]e’“y+[oa(A3+A4y)

;-25& queay}cos(ax)da 4'?%3%i§:pg(y'-%) (87)
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a4 _2 7 X g ooy
7 OyXay) = % é{ [0y #AY )+ 55 A, ] 4

[olAgegy ) % a1 Joos (ax)das i pgl(y-h)
1 _ 25 X=1 -
Z Ty o)=L (R ehpy)e S Agle™

+[oz(A3+A4y)- -)—%l A4] e™1sin(ax)da

(88)

(89)



3. ELASTIK MESNETLENMIS CIFT TABAKA (SERIT) PROBLEMI

3.1 Problemin Tanimi

Ara ylizeyleri birbirine baglanms farkil iki malzemeden yapilms,
elastik mesnete oturan bilesik tabakalarin gerilme ve yerdegistirmeleri
elastisite teorisine gore c¢ozilecektir., Coziimlerde kiitle kuvvetinin ol-
mad1§1 kabul edilecektir. Bilesik tabakalar (-a,a) araliginda diizgiin ya-
y1l1 yiikle yiiklenmis olup, tabakalar ve elastik mesnet x ekseni boyunca
(-=,+~) arasinda uzanmaktadir (Sekil 1), Diizgiin yay111 yiik, elastik mes-
net ve tabakalar y eksenine gbre simetrik oldugundan hesaplar yayili
yik (dis yiik) icin (o,+a), elastik mesnet ve tabakalar ic¢in ise (o, +»)
araliginda yapilacaktir, Elastik yay sabiti ko (ko=sabit) olarak alinmis-

tir.
% y

P(x)
+—a —1+—a —4;///r—— ——W\\\x i
TOTnnn 1 Il 4 4
UasX
12X1 ® ) ALY
& ezl y
o 2 X 2 @ h 2
1 3 T T
d\\j P NNINLLNE NI NN NN 7 Nl NN N7 \\V\V/\jé M 7
i

Sekil 1. Diizgiin yay111 yikle yuk1u elastik mesnetlenmis bilesik
tabaka (serit)

(0,+a) araligdindaki diizgiin yay11i yiikin araligini daraltmakla (a 'y3
cok kiiciik almakla); problem tekil yiikle yiiklenmis elastik mesnete oturan
bilesik tabaka problemine donilismis olur ($eki1.2); Problem diizlem hal
i¢in inceleneceginden z dogrultusundaki kalinliklar birim olarak alinmis-
tir (Sekil 1,2).
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Sekil 2. Tekil yiikle yiikli elastik mesnetlenmis bilesik tabaka (serit)

3.2 Kullanilacak Denklemler

Kiitle kuvvetleri ihmal edildigi i¢in c¢cozimde (52), (53) ve (54) ifa-
deleri kullanilarak her iki tabaka icin bu ifadeler yeniden yazilacaktir,
1 nolu tabakanin yliksek1igi hq, elastik sabitleri uq ve vq dir.

2 nolu tabakanin ise yliksek1igi hp, elastik sabitleri up ve v, dir.
Bu verilere gore gerilme ve yerdegistirme ifadeleri;

T nolu tabaka icin (Osysh; , 0sxs+e):

2
U1(X».Y) - ;‘.'

°© 8

[(Ag+A,y)e™ e (Ag+hy)e™ s in(ax)da (90)

~ 8

vy (x,y) =

=1[r\>

{[A1+(——-+y)A2]e e -ag +(——--y)A pe¥ycos (ax)da (91)

P 0 _X
1 _ 2 i =0y
§§?~0x1(x,y) = E-é{[a (A +A2y) —§—*- 2]9

+[a(A+A y)+'3?x1 A 1e™}cos (ox )do (92)
374 2 4
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s ‘i+><1 -ay
f['OL(A,i"'AZ.Y)' 5 Az]e

SO
© 38

1
o, (x,y) =
2y,

1+X1 o,
+[—a(A3+A4y)+ > A4]e Y}cos (ax)da (93)

1 2% X4~ ey
'5"1- (X9Y) —;T'g{[a(A,‘#\ZY)“‘-—Z—‘—AZ‘Je

Xq=1
+[a(A3+A4y)- -—;—— A4] e™¥1sin(ax)da (94)

2 nolu tabaka icin (-hzgygo » 02xsw):

U, (x,y) = ’1'27 7i(s (*ByY)e Y. (8 5*Byy)e W1sin(ax)da (95)
0
U, (xoy) = 2 FI[ B+ 02 +y)B e Wal-Bot (2 -y)B,]e® Jcos (ax)da (96
g Xo¥) = 5 LB+l +y)B, 3+ ~Y)Ble™ eosax)da (96)
o (y) = 2 f{fa(B 8 )-'fl)iz.s]e'dy
Ay Txp Y T SHOETRYIT o B
.3=X
+[a(By*B y)+ B4] cos (ax)da (97)
S (xy)=2‘~°;[(B+By XZB]e_ay
a5 Y, To 2 2
X, o
+[-a(B +84y)+ B,4]e™ cos (ax)do (98)
-y 2o et
'2“5 Xyz(XsY) = "ﬂ'_ é{ ['G(B1+Bzy)" -*'2"‘ BZ-JG
2" o
+[a(B +B4y)- B,le Y}sin(ax)da (99)

olarak yazilabilir,
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3.3 Sinir Sartlari

U(x,y), V(x,y) yerdegistirme, Ox(x,y),:cy(x,y) ve rxy(x,y) de gerilme
bilesenlerini gostermek lizere sinir sartlari:

cy1(x,h1) = -P(x) 0sxsa (100)
Iyp(xs=hy)= koVyp(x,=hy) (101)
cy1(x,0) = Oyz(x,o) (102)
Txy1(x,h1) =0 (103)
Ty, (x,=hy)= 0 (104)
Txy1(X50) = TxyZ(X,O) (105)
Ug (x,0) = Up(x,0) (106)
V,(x,0) = V,(x,0) (107)

olarak yazilabilir.

3.4 Katsayilarin Belirlenmesi

Sinir sartlarinda 1 ve 2 nolu elemanlara ait gerilme ve yerdedistirme
ifadelerinin kullanilmasi ve ters integral donlisiim alinmasi sonucu bu ifa-
delerdeki bilinmeyen A1, Az, A3, A4, B1, BZ’ B3 ve B4 katsayilarini iceren

8 denkliem elde edilir.

2ch 20h
~20A, - (x,+1+20h, JAy-20e 1 Ag+(14X,-20h, Je 1 Ay

..éahj oo
= - SP(x) cos{ax)dx (108)
U1 o
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_ Iy - 20.h - 2ch _
2mA1 (x,I 1+2ah1)A2+2cxe A3+(1 X1+2ah1)e 1 Ay =0

12 ¥2
_20LA1-(X,§+1 )A2-20LA3+(X1+1 )A4+20L —= B1+(x2+1 )"’51— B

My 2
+ 20 % By-(Xy+1) g-f- By = 0
H2 H2
~20A, = (X, =1)A,+20A 4= (X, ~1)A,+20 vy B, +(X,=1) ™ B,
- 20 ;2 B3+(X2-1) EE B, =0

1 Wy 4

GA1+X1A2-GA3+X1A4-aB1—X282+aB3-XzB4 =0

- By =0

A1 + A3 - B1 3

(v 1o =20hon _(y ~20h2 o _
-ZocB1 (X2 1 2ah2)82+2ae B3 (X2 1+2ah2)e - B4— 0

Burada;

X2 -20h
- X ook 2 i} 2
(2a+k)B1+(2ah2 X2 1-k = 4 kh2)82+( 20+k)e ,B3
+(X,+1+2ah -kﬁ-kh ye~2eh2 g _ g
X o~k — —khy 7
k
k = -2 dir.
Ha

(109)

(110)

(111)

(112)

(113)

(114)

(115)

Bu denklem takiminin ¢oziiimesi ile bilinmeyenier A1, A29 A3, A4, B19

B3 ve 84

verilmistir.,

o. nin fonksiyonu olarak hesaplaniriar. Katsayilar asagida
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p* e-ah

1 -2ah1
oA, =- — *-er{AO.{ (X1-1+2@h1)Y\F\e

! % +{Z\+2ah1 ZZ+e-2ah2

2 2

Z4+4ahy 2,2

[Z3+20h 75 + 722 71420hy (26+20h, Z7+4a”h5 Z8+e 2%M272)]})

2

~-20h

+k{ (X, ~1+20h )Y 1Ke 2+ {79420h, 710+e72N2 [ 71142 20h, 712

_e-20h 29+20h, (213+2 2ah, 714-e720M2 710)]31) (116)

1+{Z15 (1+20h, )+e2*"2 [716-2ah, 27

2, 2

+4a%n5 217+e72%02 715420h (216+40%h5 71742722 715)] 1

s2k{¥1Ke 2M4{Z18(1+20h, )+ 2¥N2[-713+2 20h, 719

-e7292 71820, (2 2ah, 219-e"2%2 718)]}33 (117)

.. =oh y , b
ah, = —gg-225?1{4d{-(1-x1+2@h1)Y2A+e 2°‘h1{z1-2ah1 72+e~2002

[23-2ah, Z4+4o’hs Z5+e™2%2 71420h, (-26+20h, Z7-40?h5 78-e72%M272)T1)
+k{-(1-X, +2ah, Y2kee 2M1{79-20n, 210+e™2M2[-71142 20h, 712

-20Lh2 —ZQhZ e
-e 29+2h, (2132 2ah, Z14+e 210)]11} (118)

. =ah , ,
_P* e ong _ —Zah1 _ ~20h2 r_74po
Ay =1 ﬁﬁg__-{Ba{ Y2h+e {z15(2ah=1)+e [-Z16-2ahy Z7

~4ah2 717-e729M2 715320, (216+40705 717 + €722 715)] 1}
+2k{-Y2kse M (218(20h, ~1)4e 22 [-713-2 20h, Z19+e72%N2 718

+2ah, (2 20h, 219-e"2%"2 718)]1}} (119)



21

0B, = --E-_%--{4a(x1+1)e 2eh2{-Rg-R9-20hy R7+4a’h’ R11+2ah, (-R12+20h,R4)
+e2%"2(Rgs20h, R10)+e 2N [Re-R7-20h,R9+R3 (20, ~4a2h2)
+20h, (20hzR10+4a’h; R3)+e 222 (R7+20m, RAY] 1ok €72%M2( (x, +1)
{R13-2 2ah, R5+20h,R14+e™>*"2(R16+2ah, R17)+e 2N [-R16+2 20h,R6 (1-2ah, )
+20h, R17+8°%M2(-R13+20h;R14)] 1+R15 (1+e729N2) (1¢"2001)}y (120)

~ohq

* ) - _
B, = BZ\-—*Z-—-e T (X1+1){80Le 20Lh2{-R4(‘I+Zoah1)+Zozh2R‘i—e Zah2R3(1+2uh1)

+e-2(lh1 [_R2+2ah2R3(1 _zah1 )_e-zah2R1J }+2ke-2ah2{R5+e-2a’h2R6(1 +2(1h1 )

+e"2%M [ R6(20h,-1)-e"2%"2 p5]1) (121)

~20h 2
oB, = -F¢ ~?———{4a(X +1){R7-20h, Ré+e™>"2 [R8-R7+2ahpR9-4 N5

R3
+2ah, (-R3+20hyR10-40"h3R3)] ve M {R9-20h, R10+e™2*N2[-Rg-Rg
+20h,R7+40”h5 R11+2ah, (R12+20h,R4)] }}+k{ (X, +1){R13+2ah, R14
+e2%N2[R16+2ah, R17+2 2ah,R6(1+2ahy )] +e™2M [-R16+20h,R17

+e~20h2¢ _pi3-2 2ah2R5+2ah1R14)]}+R15(1+e-2ah2)(1-e-zah1)}} (122)

* ~2ah
By $§-~z———(x +1){8a{R1+e™2*"2[R2+2ah, R3(1+2ah,)]
+e 2 (R3(1-20h, )+e ™22 [RA(1-20hy J+2ah, R1]})

s2k{-R5+e"2#N2[-R6(1+2ah, )] +e M [R6 (1-20hq )+e 292 5]} (123)
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Katsayilarda gecen notasyonlar asagida tanimlanmistir.

A= 16a{Y1A e %M iv2nse 2" (72046722 (221-2 20h,20h,27+40hS 222
+e~20N2 zzo)+4a2hf[215+e'2“h2(z16+4a2h§ 717+e72802 715)]13

YK e %M ay2Kee 200 (723406 72N2 2 20h, 724 + 2 20hy 225

-e720h2 7037 140%h2 [218+e™22(2 20hy 219-e72%2 718)]1)

YIA = 226+e”20M2(z227 1405 728 + €22 729)
Yon = 729+e”2%M2 (727440202 728+e72%"2 726)

2

YIK = 230+e"2%2(2 20h, 231-72%2 232)

Yok = 732+e"2M2(2 2ah, 231-e72%N2 730)

Ho - Hp 2
Z1 = 2%y =2XyXp * i [-4x; *+ XX, + i (2x,-2x3)]
H2 - Hp
12 = 2% Xy * E- (-2><1 + 2 X, + 2% 171— )
2 2 - Hp My 2
I3 = 22X, * 2X; = Xy + ™ [8X, - 8%y * ™ (-4x, + 4%])]
78 = 22 (2aax, - 28%, - 22 )
o= gy (K - B4R T
Wy Lo 2
75 = 22X, + i [8x, + ™ (2%, + 2x7)]
. 2 ¥ Hp
26 = =2X; - XXy * i (4%, %, = 4% W )
Mo
77 = = (2+2x, + 2%, + 2X1X2)

1
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Ho
+——(4x - 2X II“)

78
My 1 uy

=2X

[}

1

2 2 U 2 M 2 2
710=2X, %, - 2X.X2 +—-—[ 2%, + 2X,XC + ——uz (2%, +2X, %, )]
=M A 142 1 12 T i 1 172
Hy 2 .2 2 2.2
Z11= W (-2-4)(2 + 2><1 -2X, + 4X1Xz + 2><1><2 )
2
Z12= 242X, 42X, Xp=2X, + —_[ 8X, -8, X, + (2x,i -2 42X, Xy -2 %, )]

713= u—2(-2-2>< 4 4x X, -2 2x x2 )
i, 17 %% " 2 Xz 2
"o

H M
215= -2x, + = (-242%, + 2 £ )

1 Hy
2 M2 - Ho
Z16= -2-2X5 *+ =3 (4-4x2 -4 ™ )

1 ™1

u U
Z17= -2+43-(4-2;?-)
Hq Hyq

2 W2 2 M2
218= -2X, - 2X; * ™ [-2 + 2x; + W (2 + 2x,)]

S Hp 42
= e b - Y, = (2 + 2
Z19= 2+ 2X, + " [ X * T (2 + 2x,]]
720= -4% +‘P.§ [-2 + 2X, + 2X, = 2X, X +E¥2‘ (2 + 2)(2)]
= 2 1 1 2 172 My i
2

‘Ha 2
Z21= -4 - 45 + [4 By = * Xy (-4-4x77]

Ho
z22= -4 + £ [4-4x, - £ (2 + 2]
H % !
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224

125

126

27

728

729

730

731

732

R1

R2

R3

R4

]

i
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2 2 2

My
-4)(2 -4, + o= [ 2+2x1+2)(2 2)(1)(2 + == (2+2%

M

4 + 4y +4X

2 1

Ha
+ r ["4"4X2+4X 1

1 1

Ho 2
— (2+2X1 +4>(2+4X,I X+ 2)(2

2
™ + 2X1X2)

Ho Ho

: 2
2+2X2+———(2+2X1+2X2-2X

Hy

X

172~

2+ 2 (o4 oy -2y, 2
= (-2 + - =
" % 1y

"o Ho

2

u
2X, + 205 + ;Tf‘ [-2%, = 2X, = 2X;%, = 2%

-2 - 2X2 i,

2
2% Xy * 2X5 +—-[2 + 2)(2 + ZX'IXZ + 2X1X

M

Ho
X2 + ™ (2 + 2X2,+2X1

Ho

2 M2

2

2*"‘

2+2X +2X

2 2
+ 2X%,)]

)

+ Wy (2x; + 2%%,)]

H2
+ 24 2x, - 2 - 2XyXp + o (2x, + 2%4%,)]

(2X, + 2x,%,)]

»)]
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Ho

_ Hy
R6—2+2x2--ﬁ1—(2+2)(2)
Uy
R7 = —]_I; ("‘2 + 2)(1)(2)
RS = -2 + zxg
2 2y -2

Ha
R10= -2X, + 2X, ™

1

Ho
R11= 2 + 2x, =

1

o2 U2
Ri2= 20 + 2 o
u
R13= -2 (-2 + zx1x§)

Hy

_ 2 M2
R14= -2, - 2%, ™ (2 + 2x,)

Ha

R15=
Yy

2
(-2><2 + 2x1x2)

Ho 2
R16= ™ (zx1 - 2,

1
o
R17= 2, + zxg - {I% (2x, + zxg)

P(x) = Py/2 = Sabit

alinirsa, yiik fonksiyonunun Fourier dontistmi;
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ahy o e0h1
Po J cosfox)dx = - 5~ Po
i

1 0

e
Pd = -

olarak bulunur. Egder,

sin(oa)

P* = Py

olarak yazilirsa, yiik fonksiyonunun Fourier donusiimig
eah1

Pq = - P* ™ (124)

olur.
3.5 Elastik Mesnetlenmis Tek Tabaka Problemine Gecis

Elastik mesnetlenmis bilesik tabaka probleminden elastik mesnetienmis
tek tabaka problemine geciste katsayilarda bir takim dedisiklikler yapmak

gerekir,
Elastik mesnetlenmis bilesik tabaka probiemindeki katsayilarda,
h1 = h2 ='0,5h,x1=X2 =X vey, = pz = U olarak alinirsa problem tek tabaka

problemine doniismiis olur. Burada eksen takiminin kirisin ortasindan gectigi
kabulu yapilmistir,
Bu sekilde hesaplanan katsayilar diizenlenerek soyle yazilabilir;

oDy = - E.i e {_4@{T3 +ah T4 + T1 [2a2h2 + (x—1+qh)e'2°‘h]}

+k{T5 - T2[3oh +(X-1 + oh) e 2%M 1}y (125)
0, '=‘-P-; “oh o1 (e72%N-1-20h)-2k T2(e72%N-1)] (126)
o= -gé{ ba[e” 2N (T3-gh T4)+T1 (2070021 4x-ah)]

+k[-T5e 2% 472 (-30he 2 14x-0h)] } (127)
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~20h

Dy = B3 (8aT1 [-1+e ™2 (1-20n)] -2k T2(1-e"2%N)} (128)

4

Yukaridaki ifadelerde gecen notasyonlar asagidaki gibi yazilabilir.

ps = £ o70-5oh
k

k==

a* = 16aT1 [1+e 2 (~2-002h2+e 2] 44k T2[14e72% (4gh-e"22)]

T1 =2 + 4x + 2X2

T2 = 2 + 6X + 6X2 + 2X3

T3 =242 -2 - 20

T4 = 2 - 6%% - 43

4

T5 =2 - 4y + 4X3 + 2X



4, GERILMELERIN BULUNMASI

Onceki bolimde hesaplanan A1, AZ’ A3, A4, B1, BZ’ B3 ve By katsayi-
lar1 gerilme ve yerdegistirme ifadelerinde yerine konarak ox,oy, Txy ge-
rilmeleri ve U ve V yerdegistirmeleri bulunmus olur. Hesaplamalarda in-
tegrasyon isleminin sadlikl1 yapilabilmesi i¢in gerilme ve yerdegistirme

ifadelerinde c¢ekirdeklerin yakinsama durumunun incelenmesi gerekir.

4.1 Gerilme ve Yerdegistirme Cekirdeklerinin Yakinsama Kontrolii

Katsayilarin gerilme ve yerdegistirme ifadelerinde yerlerine konul-
masi ve integra] icinin ¢ikartilarak o'ya artimlar verilmesi ile cekir-
deklerin yakinsayip yakinsamadigt kontrol edilmistir.

incelemeler sonunda y—>h1 durumunda ox(x,y) ve oy(x,y) normal geril-
melerine ait cekirdeklerde yakinsamanin bozuldugu goriiimiistiir. Diger du-
rumlarda geriime ve yerdegistirmelere ait cekirdeklerin yakinsadigir yani
siirek1i olarak sifira yaklastiklari gorliimistiir. Gerilmelere ait cekir-
deklerin bozulmasinin nedeni; bu ifadeler icerisinde yakinsamayi bozan
terimlerin olmasidir, Yakinsamayi bozan bu terimlerin (singiiler terimler)
gerilme ifadeleri icer151ndén ¢ikartilmast ve yerine bu terimlerin kapals
integrallerinin eklenmesi gerekmektedir.

0X1(x,y) ve oy (x,y) normal gerilmelerine ait cekirdekleri bozan

singiiler terimlerin e~olh1=y)

ortaya ¢iktigr gorulmistir, Bu singiiler terimler arastirildiinda;

nin katsayil olarak bu]undugu ifadelerde

y-%h1 durumunda;

cx1s(x,y) == 5 g ( = + hy y) e sin{ga)cos(gx)da (129)
_27P0 T 1 ~a(hy=¥)g;
0y1s(x,y) == —2'-5 é' ( ) h1+)/) e 1 STn(OLa)COS(OLX)dCL (130)

olarak bulunur. Bu singiiler terimlerin kapali integralleri ise;
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ICR 2 (g7 Rt (B3

+(h,-y) [- ax + a-x } 131
! [(h1—y)2+(a+X)2 (h1-y)2+(a-x)2] (131

P
_ 0 o =T,a+xy _ o -1, a-x
0y1K(XsY) = 15'{ tg (h1=y) tg (F?TY)

-(h,-y) atx azx } (132
1 l:(h1-.y)2+(a+x)2 ' (h1-y)2+(a-x)2] )

olarak yazilabilir.

Yakinsamay1 bozan (129) ve (130) ifadeleri ile verilen singiiler terim-
lerin gerilme ifadelerinden cikartilarak bunlara karsi gelen (131) ve (132)
ifadelerindeki kapali integrallerin ilave edilmesi ile cekirdeklerde meyda-
na gelen bozulmalar giderilmis olur. Eger bu islemler yapilirsa sonucta ge-
rilme ifadeleri;

0:1(X,.V) = 0X1 (xsy) = Ox1s(x,y) + ox“((x,y) (133)
0;1(X,Y) = 0y1(st) - 0y1s(x,y) + 0y1K(x,y) (134)

olur.,

4.2 Gerilmelerin incelenmesi

Yukarida yapilan yakinsama kontrolu sayisal integral isleminin sag-
11k11 yapiimasi ve integral sinirlarinin belirlenmesi amacina yﬁne]iktir;
Bunun ic¢in Oncelikle geriime ve yerdedistirme ifadelerinin sag taraflari
yluksek1igin oranlari sekiine getirilmis ve hesaplar boyutsuz olarak ya-
pilmistir,

Onceki boliumde hesap]anm1s olan A1, AZ’ A3, A4, 10 BZ’ B3 ve B4
katsayilari gerilme 1fade1er1nde yerlerine konulmus ve bu ifadeler,
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icerisindeki singliler terimierden ayiklanarak belirienen integral siniriari
icerisinde sayisal yontemle (Laguer) integre edilmistir. Daha sonra gerilme
ifadelerinden ¢ikartiims olan singller terimierin kapali integraileri ile
sayisal integraller toplanarak gerilme alanlari hesaplanmistir,

Sonucta gerilme alanlari ox/PO, oy/Po ve Txy/P0 seklinde boyutsuz ola-
rak hesaplanmistir.

4.3 Gerilmelere Ait Tablolar ve Grafikler

En buyuk normal gerilme degerlerinin tekil veya yayili yukiin altinda
ve y simetri ekseninde olacagil bilinmektedir. Bu nedenle incelemeler y si-
metri eksenindeki cx(o,y) ve cy(o,y) normal gerilmeleri ilzerinde yogunlas-
tiriimistir. Boyutsuz hale getirilen gerilme alanlari dis yik, malzeme ve
yay sabitleri ve yiiksekliklerin oranlarina dedisik sayisal degerier veri-
lerek, y simetri ekseninde kesit boyunca de§isimieri elde edilmistir.

g, veo normal gerilmelerine ait gerilme alanlari iki ayri durum
icin incelenmistir. 11k olarak a yayili yiikiin uzunlugu sifira yaklastiri-
larak tekil yiik durumu incelenmis, ikinci olarak da duzgun yay1l1 yuk ol-
mas1 halinde gerilme alanlari hesap]anm1$t1r;

Malzeme olarak Celik-Bakir ve Celik-Beton sec¢ilmis, bunlarin degisik
durumlari i¢in gerilme alanlari hesaplanmistir,

Tekil ve yayily yik durumlar1n1n her ikisi i¢in de: tabaka kalinlik-
tares M 20,20, Mg 50 ve ™ 20,80 bitleri ises k =<2 =0,001, 0.05
ar1; -5 =0.20, —£=0.50 ve —«-=0.80, yay sabitleri ise; -ﬁE-- . s 0.

ve 1.0 olarak secilmistir. Secilen bu dederlere gore ox/Po ve cy/P0 gerilme
alanlarina ait tablolar verilmis ve grafikleri ¢izilmistir,

Grafiklerde gerilme dagiliminin daha acik olarak goriilebilmesi icin
baz1 durumlarda G1cek degisikligi yapiimistir, dX/PO geri]me a]gn]ar1 tekil
ve yay1li ylik durumlari i¢iny k=0.001 olmas1 durumunda 1/2, k=1.0 olmas1
durumunda ise 2 ile carpilmistir, dy/P0 gerilme alanlari tekil yik durumun-
da 1/2, yayi1l1 yiik durumunda da 4 ile carpilmistir.
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Tablo 1. a/h=0,0001, pz/u1=1.7778, v1=0.34, v2=0.30 ve k=k0/u2=0,001 olmasi

durumuna ait x/h=0 kesitindeki o, veo normal gerilme degerleri

y
h1/h = 0.20 h1/h = 0,50 h1/h = 0.80
Z=% -P-:—)-ox 'Piooy Z=% -F-%-cx %oy Z=%- I—%—cx %oy
0.15 -2.8754 -12.7310 0.45 -3.2258 -12.7310 0.75 -3.2201 -12.7310
0,10 -2.5728 -6.3627 0.40 -2.8976 -6.3620 0.70 -2.8774 -6.3616
0.05 -2.2767 -4.2364 0.35 -2.5763 -4,2351 0.65 -2.5417 -4.2344
0.00 -1.9862 -3.1697 0.30 -2.2609 -3.1675 0.60 -2,2120 -3.1666
0.00 -3.3409 -3.1697 0.25 -1.,9506 -2,5230 0.55 -1.8874 -2,5217
-0.05 -2.8303 -2.5256 0.20 -1.6447 -2.0894 0.50 -1.5671 -2.0879
-0.10 -2.3256 -2.0917 0.15 =-1.3426 -1.7761 0.45 -1.2502 -1.7744
-0.15 =-1.8256 -1.7775 6.10 -1.0436 -1.5376 0.40 -0.9362 -1.5359
-0.20 -1.3294 -1.5378 0,05 -0.7472. -1,3489 0.35 -0.6244 -1,3473
-0.25 -0.8360 -1.3479 0,00 -0.4529 -1.1949 0.30 -0.3141 -1.1938
-0.30 -0.3445 -1.1928 0.00 -0.7225 -1.1949 0.25 -0.0477 -1.0659
-0.35 0.1461 -1.0630 ~0.05 -0,1870 -1.,0662 '0.20 0.3041 -0.9574
0,40 0.6365 -0.9533 ~0.10 0.3476 -0,9567 0.15 0.6132 -0.8639
-0.45 11,1276 -0.8588 -0.15 '0.8824 -0.8622 '0.10 0.9229 -0.7827
-0.50 1.6204 -0.7768 -0.20 1.4182 -0.7802 0.05 1.2339 -0.7114
-0.55 2.1156 -0.7054 -0.25 1.9562 -0.7086 '0.00 1.5466 -0.6487
-0.60 2.6142 -0.6433 -0.30 2.4973 -0.6462 0.00 2.6985 -0.6487
-0.65 3.1170 -0.58% -~0.,35 3.0425 -0.59217 -0.05 3.2656 ~0.5939
-0.70 3.6249 -0,5436 -~0.40 3.5930 -0.,5457 -0.10 3.8380 -0.5470
-0.75 4,1390 -0.5050 ~0.45 4.1497 -0.5068 -0.15 4.4171 -0.5077
-0.80 4.6602 -0.4735 -<0.50 4.7138 -0.4753 -0.20 5.0042 -0.4761
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Tablo 2. a/h=0.0001, uz/u1=1,77789 v1=0,34, v2=0.30 ve k=k0/u2=0,05 olmas1
durumuna ait x/h=0 kesitindeki o  ve cy normal gerilme dederleri

X
h1/h =0,20 h1/h =0,50 h1/h =0.80
Y i 1 Y 1 1

Z=F -ﬁ-;ox FO-O)’ Z='ﬁ Fo-cx Fgcy Z=F:£ T%Ox %oy

0.15 -0.6062 -12.7320 0.45 -0.6416 -12.7320 0.75 -0.6327 -12.7310
0.10 -0.5396 -6.3647 0.40 -0.5686 -6.3644 0,70 -0.5550 -6.3633
0.05 -0.4778 -4,2408 0.35 -0,5005 -4.2402 0.65 -0.4823 -4,2389
0.00 -0.4201 -3.1772 0.30 -0.4365 -3.1763 0.60 -0.4137 -3,1748
0.00 -0.6376 -3.1772 0.25 -0.3761 =-2.5362 0.55 -0.3486 -2,5345
-0.05 -0.5322 -2.5371 0.20 -0.3187 -2.1078 0.50 -0.2865 -2.1059
-0.10 -0.4308 -2.1082 0.15 -0.2639 -1.8001 0.45 -0.2267 -1.7982
-0.15 -0.3325 -1.,7997 0.10 -0.2113 -1.5678 0.40 -0.1688 -1.5660
-0.20 -0.2367 -1.5665 0.05 -0.1607 -1.3856 0,35 -0.1125 -1.3840
-0.25 -0.1428 -1.3834 0.00 -0.1117 -1.238 0.30 -0.0573 -1.2373
-0.30 -0.0503 -1.23%5 0.00 -0.1215 -1.238 0.25 -0.0030 -1.1164
-0.35 0.0415 -1.1133 -0,05 -0.0219 -1.1168 0.20 0.0509 -1,0148
-0.40 0.1330 -1.0106 -0,10 0.0798 -1.0143 0.15 0.1047 -0.9282
-0.45 0.2248 -0.9230 -0.15 0.1799 -0.9269 0.10 '0.1586 -0.8535
-0.50 0.3174 -0.8477 -0.20 0.2804 -0.8515 0,05 0.2131 -0.7885
-0.55 0.4112 -0.7825 -0.25 0.3821 -0.7861 '0.00 '0.2683 -0.7316
-0.60 0.5069 -0.7260 -0.30 0.4855 -0.7292 0.00 0.5175 -0.7316
-0.65 0,6049 -0.6766 -0.35 0.5910 -0.6798 -0.05 0.6286 -0.6817
-0.70 0.7059 -0.6340 -0.40 0.699% -0,6370 -0.10 '0.7428 -0.6388
-0.75 0.8104 -0.5976 -0.45 0.8117 -0.6004 -0.15 0.8607 -0.6020
-0.80 0.9190 -0.5969 -0.50 0.9282 -0.5697 -0,20 '0,9831 -0.5712




35

twijipep auliaeb 3/%0 1yepuiyisey 0=U/x ULdL g0*0=1 ‘0e*0=%n *vero=tn grzsm1="n/8H <Lppoto=u/e g REES

NN AN NI N PN N

(+) N (+)
02°0=4/4y
5

(-)

05°0=u/y

(+)

< A

08" 0=4/"y

Ay

L




36

Tablo 3. a/h=0.0001, u,/u,=1.7778, v;=0.34, v,=0.30 ve k=ko/u,=1.0 oimas1
durumuna ait x/h=0 kesitindeki o, Ve o normal gerilme dederleri

y
hy/h = 0.20 hy/h = 0.50 hy/h = 0.80
Z=:(ﬁ -F-,jo—ox %oy Z=-}(]~ -P-:-)-Ox 'P%cy Z=% 'l'%cx %oy
0.15 -0.1707 -12.7330 0.45 -0.1646 -12.7320 0.75 =0.1555 -12.7300
0.10 -0.1511 -6.3665 0.40 -0.1416 -6.3662 0.70 =0.1304 -6.3638
0.05 -0.1347 -4.2445 0.35 =-0.1218 -4.2442 0.65 =0.1086 -4.2417
0.00 -0.1214 -3.1834 0.30 -0.1048 -3.1832 0.60 -0.0804 -3.1806
0.00 -0.1206 -3.1834¢ 0.25 =-0,0901 -2.5467 0.55 -0.0726 -2.5439
0,05 -0.0947 -2.5466 0,20 -0.0774 -2.1223 0.50 =0.0576 -2.1195
-0.10 -0.0712 -2.1217 0.15 -0.0665 =-1.8191 0.45 =0.0442 -1.8164
0,15 -0.0496 -1.8180 '0.10 -0.0572 -1.5916 0.40 =0,0321 -1.5891
-0.20 -0,0295 -1.5901 0,05 -0.0493 <1.4146 0.35 =0.0211 -1.4124
-0.25 -0.0107 =1.4126 0.00 <0.0426 =1.2728 0.30 =-0.0110 -1.2711
-0.30 0.0071 -1.2706 0.00 0.0074 -1.2728 0.25 =0,0017 -1.1556
-0.35 '0.0243 =1.1544 <0.05 10,0261 <1.1568 0.20 0.0071 -1.0595
-0.40 '0.0410 -1.0576 =0.10 °0.0442 <1.0600 0.15 '0.0153 =0.9784
-0.45 '0.0575 -0.9759 =0.15 °0.0620 <0.9783 0.10 '0.0232 =0.9090
-0.50 '0.0740 -0.9061 -0.20 0.0796 <0.9085 0.05 '0,0309 -0.8491
-0.55 °'0.0907 -0.8459 =0,25 °0.0973 -0.8483 0.00 '0.0383 -0.7968
-0.60 '0.1078 -0.7938 -0.30 0.1154 <0.7960 0.00 '0.1396 -0.7968
-0.65 0.1256 -0,7484 <0.35 '0.1341 =0.7505 <0.05 '0,1588 -0.7512
-0.70 '0.1442 -0,7088 <0.40 10,1537 <0,7108 =0.10 '0,1789 =0.7114
-0.75  0.1640 -0.6742 -0.45 0.1744 <0.6762 =<0.15 0.2002 -0.6767
-0.80 0.1852 -0.6442 =0.50 '0.1967 <0.6462 -0.20 °0.2231 -0.6467
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Tablo 4. a/h=0.0001, u2/111=0,5625, v1=0,30, v2=0.34 ve k=k0/u2=0,001 olmas1
durumuna ait x/h=0 kesitindeki o, ve o, normal gerilme dederieri

X y
h1/h = 0.20 h1/h = 0,50 h1/h = 0.80
Y1 1 Y 1 Y |
—F POGX 'pgcy Z—H .P;cx .PB-G.Y —-ﬁ- 'P‘(-)-Ox -p—O—O'y

0.15 -5.0464 -12,7300 0.45 -4.7661 -12.7310 0.75 -4.7419 -12.7310
0.10 -4.,3663 -6.3588 0.40 -4.1156 -6.3594 0.70 -4.1455 -6.3598
0.05 -3.690 -4.2285 0.35 -3.4738 -4.2296 0.65 -3.3575 -4,2305
0.00 -3.0307 -3.1571% 0.30 -2.8391 -3.1586 0.60 -2.9766 -3.1601
0.00 -1.8043 =-3.1571 0.25 =-2.2101 -2.5103 0.55 -2.4016 -2.5122
-0,05 -1.4376 -2.,5089 0.20 -1,5855 -2,0729 0.50 -1.8311 -2.0752
-0.10 -1.0742 -2.0721 0.15 -0.9639 -1.7560 0.45 -1.2643 -1.7584
-0.15 -0.7131 -1.7562 0.10 -0.3443 -1.5145 0.40 -0.7001 -1.5167
-0.20 -0.3538 -1.5158 0.05 0.2747 =-1.3237 0.35 -0.1375 -1.3252
-0.25 0.0043 -1,3258 0.00 0.8941 -1.1688 0.30 0.4244 -1.1692
-0.30 0.3621 -1.1714 0,00 0.4887 -1.1688 0.25 0.9866 -1.0393
-0.35 0.7199 -1.0430 -0.05 0.8308 -1.0405 0.20 1.5500 -0.9295
-0.40 1.078 -0.9346 -0.10 1.1740 -0.9321% 0.15 2.1155  -0.8357
-0.45 1.438 -0.8418 -0.15 '1.5187 40,8596 0.10 2.6840 -0,7552
-0.50 1.8004 -0.7618 -0.20 1.8655 =-0,7598 0.05 3.2564 -0.6861
-0.55 2.1649 -0.6925 -0,25 2.,2151 -0.6908 0,00 3.8338 ~-0.6270
-0.60 2.5326 -0.6323 -0.30 '2.5678 -0.6309 0.00 2.208 -0.6270
-0.65 2.9042 -0.5803 -0.35 2.9244 -0.5792 -0.05 2.5375 -0.5764
-0.70 3.2802 -0.5356 -0.40 3.2854 -0.5348 -0.10 '2,8705 -0.5329
-0.75 3.6615 -0.4979 -0.45 3.6514 -0.4973 -0.15 °3.2079 -0.4959
-0.80 . 4.0487 -0.4668 -0.50 4.0232 -0.4663 -0.20 '3.5504 -0.4650
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Tablo 5. a/h=0.0001, u2/u1=0.5625, \)1=0,30s \)2=0,34 ve k=ko/u2=0,05 olmas1

durumuna ait x/h=0 kesitindeki o

ve g, normal gerilme degerleri

X y

hy/h = 0.20 hy/h = 0.50 hy/h = 0.80
:% -p:—)-ox “Pjo‘cy Z=-\F:- 'P'})'Gx T%-oy Z=-E- ?’:’;cx 15‘:’)‘0),

0.15 -1.0923 -12.7310 0.45 ~-1.0691 =-12,7310 0.75 -1.0810 -12.7310
0.10 -0.9192 -6.3620 0.40 -0,9078 -6.3623 0.70 -0.9332 -6.3619
0.05 -0.7524 -4.2354 0,35 -0.7527 -4.2359 0.65 -0.7915 -4.2358
0.00 -0.5903 -3.1687 0.30 -0.6027 -3.1693 0.60 -0.6548 -3.1696
0.00 -0.3913 -3.1687 0.25 -0.4568 -2.5262 0.55 -0,5222 -2.5269
0,05 -0.3095 -2.5260 0,20 =0.3139 -2.0947 0.50 -0.3930 -2.0956
0,10 -0.2300 -2.0952 0.15 -0.1732 -1.7841 0.45 -0.2663 =-1.7851
-0.15 -0.1524 -1.7855 0,10 -0.0338 ~-1.5492 0.40 -0.1415 -1.5501
-0.20 -0,0761 -1.5515 0,05 0.105¢ -1.3651 0.35 -0.0179 -1.3654
-0.25 -0.0008 -1.3681 0.00 0.2442 -1.2169 0.30 -0.1050 -1.2163
-0.30  0.0741 -1.2202 0.00 0.1040 -1,2169 0.25 0.2280 -1.0932
-0.35 0.1488 -1.0983 =0.05 0.1739 ~-1.0951 0.20 0.3515 -0.9899
-0.40 0.2238 =-0.9961 -0.10 0.2444 -0.9930 0.15 0.4762 -0.9022
-0.45 0,2995 -0.9093 -0.15 0.3157 ~-0.9063 0.10 0.6027 -0.8272
-0.50 0.3762 -0.8347 =0.20 0.3881 -0.8320 0.05 0.7316 -0.7628
0,55 '0.4543 -0.7703 =0.25 0.4621 -0.7678 '0.00 0.8635 -0.7076
-0.60 0.5343 -0.7144 =0.30 ~0.5379 <=0.7122 0,00 '0.4729 -0.7076
-0.65 0.6165 -0.6660 <0.35 0.6160 -0.6640 <0.05 0.5457 -0.6599
-0.70 0.7014 -0.6240 -<0.40 '0.6966 =0.6222 =0.10 '0.6209 -0.6186
-0.75 0.7895 -0.5880 -0.45 °'0.7804 -0.5864 <0.15 '0.6988 ~0.5831
-0.80 0.8813 -0.5575 =0.50 '0.8676 =0,5559 <0.20 10,7798 -0.5527
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Tablo 6. a/h=0.0001, pz/p1=0,5625, v1=0,30, v2=0;34 ve k=ko/p2=1.0 olmasi
durumuna ait x/h=0 kesitindeki o, Ve o normal gerilme degerleri

Y
h1/h = 0,20 h1/h = 0.50 h1/h = 0.80

Z=% 5%0x ?%Cy Z=% $%0X 5%0y Z=% ?%Ox F%UY
0.15 -0.2256 -12.7320 0.45 -0.2445 -12.7320 0.75 -0.2513 -12.7290 -
0.10 -0.1710 -6.3650 '0.40 -~-0.1966 ~-6.3650 0.70 -0.2086 -6.3626

0.05 -0.1203 -4.2417 0,35 -0.1528 -4.2416 0.65 ~0.1700 -4,2394
0.00 -0.0725 -3.1793 0.30 -0.1123 -3.1789 0.60 -0.1347 -3.1770
0.00 -0.0928 -3.1793 0.25 -0.0744 -2.5405 0.55 -0.1020 -2.5388
-0.05 -0.0717 -2.5414 0.20 -0.038 -2.1142 0.50 -0.0715 -2.1127
-0.10 -0.0523 -2.1158 0.15 -0.0040 -1.8093 '0.45 -0.0427 -1.8078
-0.15 -0.0343 -1.8115 0.10 '0.0295 -1.5804 '0.40 -0.0152 -1.5787
-0.20 -0.0173 -1.5832 0.05 0.0627 -1.4023 0.35 0.0114 -1.4001
-0.25 -0.00t2 -1.4055 0.00 0.0958 -1.2600 '0.30 0.0373 -1.2572
-0,30 0.0142 -1.2634 0,00 0.0108 -1.2600 0.25 0.0629 -1.1401
-0,35 0,0293 -1.1472 -0.05 0.0247 -1.1439 '0.20 0.088 -1.0427
-0.,40 0.0441 -1.0505 -0.10 0.038 -1.0473 0.15 '0.1144 ~0.9606
-0.45 0,0588 -0.9689 -0.15 '0.0524 -0.9658 '0.10 '0.1409 -0.8906
-0.50 0.0737 -0.8992 -0.20 0.0665 -0.8964 '0.05 0.1683 ~0.8305
-0.55 0.0889 -0.8393 -0.25 '0.0808 -0.8366 0,00 '0.1969 -0.7788
-0.60 '0.1046 -0.7873 -0.30 0,0957 -0.7848 '0.00 0.0746 -0.7788
~0.,65 0.1210 0.7421 <0,35 0,1113 -0.73% -0.05 °0.0893 -0,7340
-0.70 0.1382 -0.7026 -0.40 '0;1277 -0.7003 -0.10 '0.1047 -0.6948
-0.75 '0.1565 -0.6681 -0.45 °'0.1452 -0.6659 -0.15 '0.1211 -0.6605
-0.80 0.1762 -0.6382 -0.50 ‘0;1639 -0.6360 -0,20 '0.138 -0.6307
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Tablo 7. a/h=0,0001, u2/u1=6.400,'v1=0,20, v2=0.30 ve k=ko/p2=0,001 olmas1

durumuna ait x/h=0 kesitindeki o, ve

o, normal gerilme dederleri

Y
h1/h = 0,20 h1/h = 0.50 h1/h = 0,80
=% ﬁ%cx ?%oy Z=% ﬁ%Gx ﬁgoy Z=% F%Ox 5%oy
0.15 -1.0247 -12,7320 0.45 -1,7380 =~-12.7320 0.75 -1,9473 -12.7310
0.10 -0.9287 -6.3662 0.40 -1.5916 -6.3644 0.70 -1.7815 -6.3622
0.05 -0.8364 -4.2439 0.35 -1.4502 -4,2401 0.65 -1.6214 -4,2368
6.00 -0.7475 -3.1824 0,30 -1.3132 -3.1760 0.60 -1.4662 -3.1713
0.00 -4.8474 -2,1824 0.25 -1.,1801 -2.5356 0.55 -1.3154 -2.5292
-0.05 -4,1906 -2,5431 0,20 -1.0505 -2.1066 0,50 -1.1684 -2.0983
-0.10 -3.5428 -2.1125 0.15 -0.9240 -1.7982 0.45 -1.0246 -1.7879
-0.1%5 -2.9026 -1.8003 0.10 -0.8003 -1.,5648 '0.40 -0.8836 -1.5526
-0,20 -2.2684 -1.5616 '0.05 -0.6793 -1.3813 '0.35 -0.7450 -1.3671
-0,25 -1.6391% -1.3716 0,00 -0.,5607 -1.2325 '0.30 -0.6085 -1.2165
-0.30 -1.0130 -1.2158 0.00 -3.6244 -1.2325 '0.25 -0.4737 -1.0912
-0.35 -0.3897 - -1.0849 -0.05 -2.6536 -1.1073 '0.20 -0.3402 -0.9847
-0.40 0.2328 -0.9731 -0.10 -1.6893 -0.998 '0.15 -0.2079 -0.8928
-0.45 0.853 -0.8764 -0.15 -0.7293 -0.9027 '0.10 -0.0765 -0.8123
-0,50 1.4789 -0.7922 -0.20 '0.2286 -0.8177 °'0.05 '0.0544 -0.7410
-0.55 2.1049 -0.718 -0.25 '1.1864 20,7422 0,00 °'0.1848 -0.6771
-0.60 2.7344 -0.6542 -0.30 '2.1463 -0.6754 '0.00 '1.4301 -0.6771
-0.65 3.3685 -0.598 -0.35 '3.1103 -0.6170 -0.05 2,5317 -0.6201
-0.70 4.0086 -0.5510 -=0.40 4.0806 -0.5669 -0.10 '3.6374 -0.5703
-0,75 4.,6557 -0,5113 -<0.45 '5,0593 -0.5253 -0.15 4.7507 -0.5286
-0.80 5.3114 -0.479 -0,50 '6.0488 40;4928 40;20 '5.8746  -0.4959
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Tablo 8. a/h=0.0001, uZ/p1=6.400, v1=0,20, v2=0.30 ve k=k0/p2=0,05 olmas1
durumuna ait x/h=0 kesitindeki o, ve o normal gerilme dederleri

y
hy/h = 0.20 hy/h = 0,50 he/h = 0.80
L
0.15 -0.2307 -12.7330 0.45 -0.3144 -12.7320 0.75 -0.3322 -12.7250
0.10 -0.2097 -6.3671 0.40 -0.2826 -6.3660 0.70 -0.2946 -6.3583
0.05 -0.1918 -4.2457 0.35 -0.2543 ~4.2436 0.65 -0.2609 - -4.2354
0.00 -0.1767 -3.1854 0,30 -0.2292 -3,1821 0.60 =-0.2305 -3.1731
0.00 -0.8861 -3.1854 0.25 -0,2068 -2.5448 0.55 -0.2029 -2.5351
0,05 -0.7543 -2.5483 0,20 <0,1867 =-2.1195 0,50 <0.1777 -2.1090
-0.10 -0.6284 -2.1215 0.15 -0,1689 -1.8153 '0.45 =0.1545 -1.8040
-0.15 -0.5074 -1.8144 0.10 -0.1532 -1.5865 '0.40 -0.1332 -1.5745
-0.20 -0.3902 -1.5820 0,05 <0.1393 <1.4079 0.35 <0,1133 -1.3954
-0.25 -0.2761 -1.3991 '0.00 -0.1274 -1,2644 0.30 -0.0948 =1.2515
-0.30 -0.1643 -1.2510 0.00 -0.5855 =-1.2644 0.25 =0.0774 -1.1332
0,35 -0.0541 -1.1283 -0.05 -0.4203 <1.1453 °0.20 =0.0610 -1.0340
0,40  0.0553 -1.0248 -0.10 <0.2591 -1.0441 '0.15 -0.0454 -0.9496
-0.45 0.1645 -0.9364 -0.15 =0.1005 -0.9567 '0.10 -0.0306 -0.8766
-0.50 0.2742 -0.8600 <0.20 0.0566 -0.8805 '0.05 -0.0165 -0.8129
-0.55 '0.3850 -0.7937 =0.25 °0.2135 -=0.8137 °0.00 =0.0029 -0.7566
-0.60 '0.4976 =0.7360 -<0.30 0,373 =-0.7551 '0.00 '0.2151 -0.7566
0,65 '0.6128 =0.6858 -<0.35 °0.5311 <0.7039 -0,05 ~0.4070 =0.7067
-0.70 0.7312 <0.6425 <0,40 '0.6941 =0.6595 <0.10 '0.6006 -0.6629
-0.75 0.8536 -0.6056 -0.45 °0.8615 <0.6217 <0.15 '0.7977 -0.6252
-0.80 0.9808 -0.5747 =0.50 °1.0347 .<0.5906 <0.20 °1.0002 -=0.5940
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Tablio 9. a/h=0.0001, uz/u1=6,400, v1=0°20, v2=0,30 ve k=ko/p2=1.0 oimas1
durumuna ait x/h=0 kesitindeki o, ve cy normal gerilme degerieri

h1/h = 0,20 h,/h=0.50 h1/h = 0,80

Z=% ?%ox ﬁgoy =% 3%°x #&cy Z=% F%OX 5%cy
0.5 -0.0883 -12.7330 0.45 -0.1012 -12.,7330 0.75 -0.1020 -~12,7180
0.10 -0.0811 -6.3680 0.40 -0.0879 -6.3670 0.70 -0.0858 -6,3527
0.05 -0.0763 -4.2473 0.35 -0.0772 -4.2459 0.65 -0.0723 - -4,2313
0.00 -0.0739 -3.1879 0.30 -0.0688 -3,1861 0.60 ~0.0610 -3.1712
0.00 -0.1711 -3.1879 0.25 -0.0623 -2.5508 0.55 -0.0517 -2.5356
-0.05 -0.1383 -2.5526 0.20 -0.0577 =-2.1279 0,50 -0.0439 -2,1125
-0.10 -0.1088 -2.1288 0.15 -0.0546 -1.8263 0.45 -0.0375 -1.8107
-0.15 -0.0821 -1.829 0.10 -0.0531 -1.6005 0,40 -0.0323 -1,5848
-0.20 -0.0576 -1.5984 0.05 -0.0530 -1.4252 0.35 -0.0282 -1.4095
-0.25 -0.0350 -1.4212 0.00 -0.0506 -1.2850 0,30 -0.0250 -1,2696
-0.30 -0.0136 -1.2792 0.00 -0.0584 -1.2850 0.25 -0.0227 -1.1555
-0.35 0.0066 -1.1630 -0.05 -0.0301 -1.1702 0.20 -0.0212 -1.0607
-0.,40 0.0261 -1.0661 -0.10 -0.0035 -1.0743 0.15 -0.0204 -0.9808
-0.45 0.0451 -0.9841 -0.15 0.0218 -0.9930 0.10 -0.0203 -0.9125
-0.50 0.0640 -0.9141 -0.20 0.0463 -0.9233 0,05 -0.0200 -0.8534
-0.55 0.0829 -0.837 -0.25 0.0703 -0.8631 0.00 -0.0182 -0,8018
-0.60 0,1022 -0.8013 =-0.30 0.0942 -0.8106 0.00 0.1268 -0.8018
-0.65 0.1229 -0.7556 -0.35 0.1185 . -0.7649 -0.05 0.1524 -0.7565
-0.70  0.1429 -0.7158 -0.40 0.1435 -0.7249 -0.10 0.1784 -0.7168
-0.75 0.1650 -0.6811 -0.45 0.1697 -0.6301 -0.15 0.2052 -0.6821
-0.80 0.1885 -0.6511 -0.50 0.1975 -0,6600 =-0.20 0.2335 -0.6520
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Tablo 10. a/h=0,0001, u2/“1=0'15625” v1=0.309v2=0.20 ve k=ko/u2=0,001 olmas
durumuna ait x/h=0 kesitindeki o, ve 9y normal gerilme degerieri

h1/h = 0,20 h1/h = 0,50 h1/h =0.80

Y 1 i - 1 1 Y 1 1
-K -ﬁg-()x 'F(;O'y Z—F T)*-;O'x -ﬁ-o—O'y Z--ﬁ -p-aO'x —]5}-)-0),

0.15 -7.8174 =-12,7290 0.45 -8.1784 -12.7290 0.75 ~7.1661 ~-12.7300
0.0 -5.9613 -6.3525 0.40 -6.5861 -6.3539 0.70 -6.1672 -6.3574
0.056 -4.1157 -4.,2168 0.35 -5.0059 -4.,2184 0.65 -5.1782 - -4,2259
0.00 -2,2752 -3.1408 0.30 -3,4347 -3.1407 0.60 -4.1974 -3.1526
0.00 -0,3700 -3.1408 0.25 -1.8698 -2.4854 0.55 -3.2232 -2.5016

-0.05 -0.1397 -2.4897 0.20 -0.3082 -2.0415 0.50 -2.2540 -2.0611
-0.10 0.0899 -2.0511 0,15 1.2627 -1.7191 0.45 -1.2885 -1.7409
-0.15 0.3191 -1.7343 0.10 2.8158 -1.4740 0.40 -0.3252 -1.4958
-0.20 0.5483 -1.4938 0,05 4.383% -1.2822 0.35 0.6371 -1.3013
-0.25 0.7778 -1.3044 0.00 5.919% -1.,1299 '0.30 1.5998 -1.1427
-0.30 1.0081 -1.1510 0.00 °'0.8376 -1.1299 0.25 '2.5642 -1.0109
-0.35 1.23% -1.0242 -0.,05 1.0416 -1.0061 0,20 3.5316 -0.9001
-0.40 1.4723 -0.9176 -0.10 1.2470 -0.9024 0.15 4.5033 -0.8064
-0.45 1,7070 -0.8268 -0.15 . 1.4540 -0.8144 0.10 5.4806 -0.7272
-0,50 1.9439 -0.7489 -0.20 1.6629 -0.7391 0.05 '6.4651 -0.6608
~-0.55 2.1833 -0.6816 -0.25 1.8739 -<0.6742 0.00 '7.4580 -0.6062
-0,60 2.4258 -0.6234 -0.30 2.0874 -0.6180 0,00 °1,0653 -0.6062

-0.65 2.6717 -0.5731 -0.35 2.3036 ~0.5694 -0,05 '1.,2033 -0.5605
-0.70 2.9214 -0.5298 -0.40 2.,5229 -0.5274 -0.10 '1.3429 -0.5208
-0.75 3.1755 -0.4930 -0.45 '2.7456 -0.4914 -0.15 1.4842 -0.4862
-0.80 3.4343 -0.4630 -0,50 2.,9720 -04609 -0.20 1.6274 -0.4562
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Tablo 11. a/h=0,0001, uz/p1=0,15625, \)1=0,30p v2=0,20 ve k=k0/u2=0.05 olmas

durumuna ait x/h=0 kesitindeki o, ve oy normal gerilme degerleri

h1/h = 0.20 h1/h = 0.50 h1/h = 0,80

- na 1 Yy 1 1 1 1
Z= ¢ Pocx p-aoy L= Pocx ‘P‘g"y Z'F ngox T"Scy

0.1 -1.9112 -12.7310 0.45 -2.0891 -12.,7300 0.75 -2.0147 -12.7250
0.10 -1.3698 -6.3582 0.40 ~-1.6631 -6.3582 0.70 -1.7221 -6.3547
0.05 -0.8358 -4,2273 0.35 -1.2460 -4,2274 0.65 -1,4369 -4,2265
0.00 -0.3047 -3.1572 0.30 -0.8356 -3,1557 0.60 -1.1579 -3.1577
0.00 -0.0884 -3.1572 0.25 -0.4296 -2.5072 0.55 -0.8838 -2.51%9
-0.05 -0.0350 -2.5123 0.20 =-0.0260 =-2.0706 0.50 -0.6134 -2.0774
-0.10 0.0177 -2.,0801 0.15 0.3770 -1.7556 0.45 -0.3459 -1.7634
-0.15 0.069%9 -1.7696 0.10 0.7815 -1.5176 0.40 -0.0801 -1.5250
-0.20 0.1219 -1.5353 0.05 1.1895 -1.3322 0.35 0,1849 -1,3372
-0.25 0.1739 -1.3520 0.00 1.6029 ~1.1852 0.30 0.4501 -1.1851
-0,30 0.2262 -1.2045 0,00 0.2006 -1.182 0.25 0.7162 -1.0596
-0.35 0.27917 -1.0833 -0.05 0.2454 ~1.0660 0.20 0.9843 -0.9545
-0.40 0.3327 -0.9820 -0.10 0.2909 -~0.9667 0.15 1.2554 -0.8658
-0.45 0.3873 -0.8961 -~0.15 0.3374 -0.8827 0.10 1.5302 -0.7907
-0,50 0.4432 -0.8227 -0.20 0.381 -0.8110 0.05 1.8100 -0.7275
-0,55 0.5006 -0.7594 -0.25 0.4339 -0,7493 0.00 2.,0956 -0.6747
-0.60 0.5598 -0.7045 -0.30 0.4843 -0.6959 0.00 0.2812 -0.6747
-0.65 0.6211 -0.6570 -0.35 0.5363 -0.6495 -~0.05 0.3188 ~0.6300
-0.,70 0.6848 -0.6157 -0.40 0.5902 -0.6092 -~0.10 0.3574 -0.5909
-0.75 0.7511 -0.5802 -0.45 0.6461 -0,5743 ~0.15 '0,3971 -0.5568
-0,80 0.8206 -0.5499 -0.50 0.7043 -0.5442 -0.20 0.4382 -0.5270
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Tablo 12. a/h=0.0001, uz/u1=0.15625,v1=0.309v2=0.20 ve k=ko/u2=1°0 olmas1

durumuna ait x/h=0 kesitindeki ¢

ve o, normal gerilme dederleri

X y
h1/h = 0,20 h1/h = 0,50 h1/h = 0,80
Z=% p%ox 5%0y Z=% 3%GX F%Gy Z=% F%Ox ﬁ%Oy
.15 -0.4360 -~12.7360 0.45 -0.5253 -12.7310 0.75 -0.4612 -12.7090
0.10 -0.2515 -6.3659 0.40 -0.4040 -6.3622 0,70 -0.3856 -6.3413
0.05 -0.0715 -4.2395 0,35 -0,2887 -4,2360 0.65 -0.3148 -4.2168
0.00 0.,1073 -3.1750 0.30 -0.1777 -3.1699 0.60 -0.2479 -3,1527
6.00 -0.0317 -3.1750 0.25 ~0.0696 -2.,5278 0,55 -0.1842 -2.5125
-0.05 -0.0183 -2,5359 0.20 10,0367 -2,0979 0.50 -0.1230 -2.0842
-0.10 -0.0056 -2.1095 0.15 0.1427 -1,7898 0.45 -0.0636 -1.7769
-0.15 0.0064 -1.8047 0.10 0.2494 -1.5584 0.40 -0.0054 -1,5454
-0.,20 0.0179 -1.5769 0.05 0.3581 -1.3790 0.35 '0.0521 -1,3646
~-0.25 0.,0291 -1.3984 0.00 0.4701 -1.2369 0.30 0.1094 -1.2195
-0.30 0.0401 -1.2563 0.00 0.0292 -1.2369 0.25 0.1671 -1,1005
~-0.35 0.0510 -1.1402 -0.05 0.0379 -1.1219 '0.20 '0.2256 -1.0015
-0.40 0.0619 -1.0438 -0.10 0.0468 -1.0264 0.15 0.2855 -0,9182
~0.,45 0,0730 -0,9625 -0,15 0.0559 -0.9461 0.10 '0.3472 -0.8476
-0.,50 0.0844 -0.8932 -0.20 0.0653 -0.8777 0.05 0.4115 -0.7876
-0.55 0.0961 -0.833 -0.25 0.0750 -0.8189 0.00 0.4788 -0.7368
-0,60 0.108 -0.7819 -0.30 0.082 -0.7680 0.00 0.0383 -0.7368
-0.65 0.1214 -0.7370 -0.35 0.099 -0.7236 -0.05 °'0.0461 -0.6932
-0.,70 0.13%2 -0.6978 -0.40 0.1072 -0.6849 -0.10 '0.0542 -0,6550
-0.75 0.,1500 -0.6635 -0.45 0.1192 -0.6509 -0.15 '0.0628 -0.6214
-0.80 0.1660 -0.6336 -~0.50 0.1329 -0.6291 -0,20 '0.07i8 -0.5917
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Tablo 13. a/h=1.00, u2/u1=1.7778, v1=0,34s v2=0,30 ve k=k0/u2=0.001 olmas1

durumuna ait x/h=0 kesitindeki o, ve

g, normal gerilme dederleri

h1/h = 0.20 h1/h = 0,50 h1/h = 0,80

Z=% ?%Ox F%Gy Z=% ﬁiox F%Oy Z=% ?%Gx F%OV
0.20 -2.9965 -0.5000 0.50 -3.3516 -0.5000 0.80 -3.,3520 -0.4990
0.16 =-2.7107 ~-0.2490 0.45 -3.0435 -0.2489 0.75 =-3.0318 -0.2488
0.10 -2.4291 -0.2461 0.40 -2.7401 ~0.2457 0.70 -2.7162 -0.2455
0.05 -2.1512 -0.2416 0.35 -2.4408 -0.2406 0.65 =-2.4048 -0.2403
0.00 -1.8767 -0.2356 0.30 -2.1451 -0.2339 0.60 -2.0971 -0.2335
0.00 -3.1697 -0.2356 0.25 -1.8527 -0,2257 0.55 -1.7925 -0.2253
-0.05 -2.6889 -0.2279 0.20 -1.5631 =-0.2163 0.50 -1.4908 -0.2159
-0.10 -2.2125 -0.2184 0.15 =1.2760 =-0.2059 '0.45 -1.1913 -0.2054
-0.15 -1.7393 -0.2075 0.10 -0.9909 -0.1946 0.40 -0.8938 -0.1942
-0.20 -1.2687 -0.1955 0.05 -0.7074 -0.1826 0.35 =-0.5977 -0.1824
-0.25 -0.8000 ~-0.1826 0.00 -0.4252. -0.1701 0.30 -0.3027 -0.1702
-0.30 -0.3326 -0.1692 0.00 -0.6847 -0.1701 0.25 -0.0082 -0.1578
-0.35 0.1342 -0.1556 -0,.05 -0.1773 -0.1572 0.20 0.2860 -0.1454
-0.40 0.6010 -0.14217 -0.10 0.3296 -0.1442 0.15 0.5805 -0.1332
-0.45 1.0684 -~0.1291 -0.15 0.8367 -0.1313 0.10 '0.8756 -0.1213
-0.50 1.5371 -0.1167 -0.20 1.3447 =0.1191 0,05 1.1717 -0.1101
-0.55 2,0077 -0.1053 -0.25. 1.8545 -0,1077 0.00 1.4693 -0.0996
-0,60 2.4810 -0.,0953 -0.30 2.3666 ~-0.0975 0.00 2.5627 -0.099%6
-0.65 2.9574 -0.,089 -0,35 '2.8819 -0.0890 -0.05 3.0967 ~0.0905
-0.70 3.4378 -0.,0805 -0,40 3.4011 -0.0824 -0.10 3.6348 -0.0805
-0.75 3.9228 -0.0764 -0.45 3,9250 -0.0782 -0.15 4.,1778 -0.0790
-0.80 4.4130 -0.0750 -0.50 4.4543 -~0,0767 -0.20 4.7267 -0.0774
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Tablo 14. a/h=1.00, uz/u1=1,7778, \)1=0°349 v2=0,30 ve k=k0/u2=0.05 olmas1

durumuna ait x/h=0 kesitindeki o_ ve

o,, normal gerilime dederleri

X Y
h1/h = 0,20 h1/h = 0.50 h1/h = 0.80
Z=% ﬁ%ox ﬁgoy =%- ?%Ox ﬁioy Z=% ﬁicx F%Oy
0.20 -0.5592 -0.4999 0.50 -0.5912 -0.4999 0.80 -0.5813 -0.4993
0.15 -0.5046 -0.2495 0.45 -0.5331 -0.2494 0.75 -0.5202 -0.2487
0.10 -0.4523 -0.2480 0.40 -0.4774 -0.2478 0.70 -0.4617 -0.2471
0.05 -0.4022 -0.2457 0.35 -0,4240 -0.2453 0.65 -0.4054 -0,2446
0.00 -0.3539 -0.,2426 0.30 -0.3725 =-0.2420 0.60 -0.3510 -0.2412
0.00 -0.5409 -0.2426 0.25 -0.3228 -0.2380 0.55 -0.2984 -0.2372
-0.05 -0.4544 -0,2386 0.20 -0.2747 -0.2334 0.50 -0.2472 -0.2327
-0.10 -0.3700 -0.2338 0.15 -0.2280 -0.2282 0.45 -0.1974 -~0.2276
-0.15 -0.2874 -0.2283 0.10 -0.1824 -0.2227 0.40 -0.1486 -0,2222
-0.20 -0.2062 -0.2223 0.05 -0.1379 -0.2168 0.35 -0.1007 ~0.2165
-0.25 -0.1260 -0.2158 0.00 -0.0941 -0.2107 0.30 -0.0534 -0.2106
-0.30 -0.0466 -0.2092 0.00 -0.1020 -0.2044 0.25 -0.0065 -0.2047
-0.35 0.0324 -0.2024 -0.05 -0.0166 -0.2044 0.20 0.0401 -0.1987
-0.40 0.1122 -0.1957 -0.10 0.068 -0.1981 0.15 0.087 -0.1929
-0.45 0.1903 -0.1892 -0.15 '0.1535 -0.1918 0.10 10,1334 -0.1872
-0,50 0.2699 -0.1831 -0.20 0,2389 -0.1858 0.05 '0.1805 -0.1818
-0.55 0,3503 -0.1774 -0.25 0.3250 -0,1802 0.00 0.2281 -0.1767
-0,60 0.4319 -0.1725 -0.30 0.41219 -0.1752 0.00 0.4440 -0.1767
-0.65 0.5150 -0.1683 -0.35 0.,5007 -0.1709 -0.05 0.5359 -0.1723
-0.70 0.5999 -0.1651 -0.40 0,5910 -0.1677 -0.10 0.6298 -0.1689
-0.75 0.6870 -0.1631 -0.45 0.6836 -0.1656 -0.15 0.7260 -0,1667
-0.80 0.7767 -0.1623 -0.50 10,7788 -~0.7648 -0.20 0.8249 -0.,1659
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Tablo 15. a/h=1.00, uz/u1=1,7778, v1=0.34, v2=0.30 ve k=ko/u2=1,00 oimas1

durumuna ait %x/h=0 kesitindeki o

ve o, normal gerilme dederieri

X Y
h1/h = 0,20 h1/h = 0,50 h1/h = 0.80

Z=;,-{" T":;Ox -l-,-l—oy Z=-E— T,—:;-ox T%oy Z=-Yﬁ T%ox -p%cy

0.20 -0.1302 -0.4999 0.50 -0.1246 -0.5000 0.80 -0.1150 -0.4993
0.15 -0.1183 -0.2499  0.45 -0.1116 -0.2498 0.75 -~0.1010 -0.2481
0.10 -0.1074 -0.2494 0.40 ~-0,0996 -0.2493 0.70 -0.0881 ~-0.2476
0.05 -0.0976 -0.2485 0.35 -0.0887 -0.2485 0.65 -0.0761 -0.2467
0.00 -0.0887 -0.2474 0.30 -0.0787 -0.2474 0.60 -0.0650 -0,2457
0.00 -0.0822 -0.2474 0.25 ~-0.069 -0.2461 0.55 -0.0548 -0.2444
-0.05 -0.0659 -0.2460 0.20 -0.0617 -0.2445 0.50 -0.0452 -0.2430
-0.10 -0.0507 -0.2443 0.15 -0.0535 -0.2429 0.45 -0.0363 -0.2414
-0.15 -0.0361 -0,2425 0.10 -0.0465 -0.2410 0.40 -0.0280 -0.2397
-0.20 -0,0223 -0.2405 0.05 -0.0401 -0.2391 0.35 -0.0202 -0.2380
-0.25 -0.0089 -0.2384 0.00 -0.0342 -0,2371% 0.30 -0.0128 -0.2362
-0.30 0.0039 -0.2362 0.00 0.0088 =-0.2371 0.25 -0.0059 -0.2344
-0.35 0.0165 -0.2341 -0.05 0.0220 -0.2350 0.20 0.0008 -0.2326
-0.40 0.0287 -0.2320 -0.10 0.,0348 -~0.2329 0.15 0.,0071 -0.2308
-0.45 0.0408 -0.2299 -0.15 0.0474 -0.2309 0.10 0.0133 -0.2291

-0.50 0.0529 -0.2280 -0.20 0.0599 -0,2290 0.05 0.0193 -~-0.2274
-0.55 0.0650 -0.2263 -0.25 10,0724 -0,2273 '0.00 0.0251 -0.2258
-0.60 0.0772 -0.2248 -0.30 0,0850 -0.2258 0.00 0.1080 -0,2258
-0.65 0.0896 -0,2235 -0.35 0.0978 -0.2245 -0,05 0,1208 -0,2245
-0.70 0.1024 -0.2226 -0.40 0.1109 -0.2235 ~0.10 0.1340 -0.2234
-0.75 0.1156 -0.2219 -0.45 '0.1245 40;2229 -0.15 0.1476 -0.2228
-0.80 0.1293 -0.2217 <0.50 '0.1386 40;2227 20,20 0.1618 =-0.2225
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Tablo 6. a/h=1.00, w,/u;=0.5625, v,=0.30, v,=0.34 ve k=ko/u,=0.001 olmas1
durumuna ait x/h=0 kesitindeki o, veo normal gerilme degderlieri

y
h1/h = 0.20 h1/h = 0,50 h1/h = 0.80
Y 1 1 Y 1 1 Y 1 1
Z= w— =—C = o o = = o
P oUx Py R P "x  Pyy h Pyox By

0.20 -5.4177 -0.4999 0.50 -5.1267 -0.5000 0.80 -5.0646 -0.4999
0.15 -4,7797 -0.2483 0.45 -4.,5125 -0.2484 0.75 -4,4997 -0.2484
0.10 -4.1484 -0.2436 0.40 -3.9045 -0.2439 0.70 -3.9407 -0.2440
0.05 -3.5226 -~0.2362 0.35 -3.3019 -0.2469 06.65 -3.3871 -0.2372
0.00 -2.9016 -0.2266 0.30 -2,7038 -0.2278 0.60 -2.8379 -0.2283
0.00 -1.7200 -0.2266 0.25 -2.1095 -0.2170 0.55 -2.2927 -0.2177
-0.05 -1.,3728 -0.2157 0.20 -1.5180 =-0.2049  0.50 =-1.7505 -0.,2057
-0.10 -1.0277 -0,2038 0.15 -0.9287 -0.1919 0.45 -1.2108 -0.1926
-0.15 -0.6842 -0.1913 0.10 -0.3408 -0.1784  0.40 -0.6728 -0.1788
-0.20 -0.3417 -0.1785 0.05 0.2466 -0.1647 0.35 -0.1360 -0.1646
-0.25 0,0001 -0.1654 0.00 0.8343 -0.1513 0.30 0.4008 -0.1503
-0.30 0.3416 -0.1523 0.00 0.4586 -0.1513 0.25 0.9377 -0.1363
-0.35 0.6834 -0.1394 -0.05 0.7866 -0.1382 0.20 1.4756 -0.1228
-0.40 1.0259 -0.1270 -0.10 11,1154 -0.1257 0.15 2.0152 -0.1103
-0.45 1.3695 -0.1151 -0.15 1.4455 -0.1139 0.10 2.5571 -0.0990
-0.50 1.7147 -0.1042 -0.,20 '1.7772 -0.1030 0.05 °'3.1020 -0.0892
-0.55 2.0619 -0.0942 -0.25 '2.111% -0.0932 '0.00 °'3.6508 -0,0814
-0.60 2.4116 -0.08% -0.30 '2.4475 -0.0847 0.00 '2.1032 -0.0814
-0.65 2.7643 -0.078 -0.35 °'2,7868 ~0.0777 ~0.05 2.4171 -0,0753
-0.70 3.1204 -0.0731 -~0.40 '3.129% -0.0724 -0.10 2.7340 -0.0706
-0.75 3.4804 -0.0697 -0.45 '3.4763 -~0.0691 -0.15 '3.0542 -0.0677
-0.80 3,8449 -0.0685 -0.50 3.8273 -0.0679 -0.20 3.3782 -0.0667
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Tablo 17. a/h=1.00, u2/u1=0.5625, v1=0,30, v2=0,34 ve k=ko/u2=0,05 olmas1
durumuna ait x/h=0 kesitindeki o, ve o, normal gerilme degerleri

X Yy
h1/h = 0.20 h.i/h = 0,50 h1/h = 0,80
Y 1 1 Y i 1 Y 1 1
= 5O o Z= o o = o o
R P,ox B,y h P, ox P’; y h P)ox P,y

0.20 -1,0656 -0.4999 0.50 -1.0414 -0,5000 0.80 -1.0513 -~0.4993
0.15 -0.9246 -0,2492 0.45 -0.9067 -0.2491 0.75 -0.9266 -0.2485
0.10 -0.7872 -0.2466 0.40 -0.7756 -0.2466 0.70 -0.8053 -0.2461
0.05 -0.6530 -0.2427 0.35 -0.6476 =-0.2428 0.65 -0.6871 -0.2423
0.00 -0.5215 -0.2376 0,30 -0.5223 -0.2378 0.60 -0.5715 -0.2375
0.00 -0.3418 -0.2376 0.25 -0.3990 -0.2320 0.55 -0.4581 -0.2317
-0.05 -0.2725 -0.2318 0,20 -0.2775 -0.2254 0.50 -0.3466 -0.2251
-0.10 -0.2044 -0.2256 0.15 -0.1572 -0.2184 0.45 -0,2365 -0.2180
-0.15 -0.1372 -0.2190 0.10 -0.0377 -0.2111 0.40 -0,1275 -0.2105
-0.20 ~0.0709 -0.2122 0.05 0.0814 -0.2039 0.35 -0,0192 -0.2028
-6.25 -0.0050 -0,2053 0.00 0.2007 -0.1968 0.30 '0.0888 -0.1951
-0,.30 0.0607 -0.1984 0.00 0.0837 -0.1968 0.256 0.1969 -0.1875
-0.35 0.1263 -0.1916 -0.05 0.1460 ~-0.1899 0.20 0.3054 -0.1802
-0.40 0.1922 -0.181 -0.10 0.2084 -0.1833 0.15 0.4148 -0.1735
-0.45 0.258 -0.1788 -0.15 10,2719 =0.1771 0.10 0.,5253 -0.1673
-0.50 0.3256 -0.1730 -0.20 10,3359 -0.1714 0.05 °0.6374 -0.1621
-0.55 0.3937 -0.1678 -0.25 0.4009 -0.1661 ‘0,00 0.7514 -0.1578
-0.60 0.4629 -0.1632 -0,30 0.4672 -0.1617 0.00 0.4095 -0.1578
-0.65 0.5336 -0.1594 -0.35 0.5349 -0.1580 -0.05 '0.4732 -0.1545
-0.70 0.6060 -0.1565 -0.40 0.6044 -0.1552 -0.10 0.5385 -0.1521
-0.75 0.6805 -0.,1547 -0.45 0,6758 -0.1534 -0.15 '0.6056 -0.1505
-0,80 0.,7373 -0.1541 -0.50 0.7495 -0.1528 -0.20 '0.6746 -0.1499
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Tablo 18. a/h=1.00, uz/p1=0,5625, v1=0,30, V2=0.34 ve k=k0/u2=1,0 olmas1

durumuna ait x/h=0 kesitindeki o

ve cy normal gerilme dederleri

X
h1/h = 0,20 h1/h = 0,50 h1/h = 0,80

Z=% '?%Ox 5%oy Z=% ﬁ%cx p%cy Z=% ﬁ%GX ?%GY
0.20 -~0.1753 -0.4998 0.50 -0.1914 -0.5000 0.80 -0.1998 -0.4996
0.15 -0.1424 -0.2499 0.45 -0.1608 -0.2497 0,75 -0.1722 -0.2476
0,10 -0,1110 -0.2490 0.40 -0.1318 -0.2488 0.70 -0.1461 -0.2467
'0.05 -0.0810 -0.2476 0.35 ~-0.1041 -0.2473 0.65 -0.1214 -0.2454
0.00 -0.0520 -0.2459 0,30 -0.0777 -0.2455 0.60 -0,0979 -0.2436
0.00 -0.0710 -0.2459 0.25 -0.0522 -0.2434 0.55 -0.0754 -0.2414
-0.05 -0.0567 ~0,2440 0.20 -0,0276 -0.2411 0.50 -0.0539 -0.2390
-0.10 -0.0432 -0.2419 0.15 -0.0035 -0.2386 0.45 -0.0330 -0.2364
-0.15 -0.0302 -0.2397 0.10 0.0200 -0.2361 0.40 -0.0128 -0.2337
-0.20 -0.0178 -0.2374 0.05 0.0433 -0.2336 0.35 0.0070 -0.2310
-0.25 -0.0057 -0,2351 0.00 0.0665 -0.2312 0.30 0.0265 -0.2282
-0.30 0.0060 -0,2327 0.00 0.0002 -0.2312 0.25 0.0458 -0.2255
-0.35 0.0175 -0.2307 -0.05 0.0112 -0.2289 0.20 '0.0651 -0.2230
-0.40 0.0288 -0.2282 -0.,10 '0.0221 -0.2268 '0.15 '0.0845 -0.2206
-0.45 0.0400 -0.2262 -0.15 0.0330 -0.2247 0.10 0.1041 -0.2185
-0.50 0.0513 -0.2242 -0.20 0,0439 -0.2228 0.05 0.1241 -0.2167
-0.55 0,0626 -0.2225 -0,25 0.0548 -=0,2211 0.00 '0.1446 -0,2153
-0.60 0.0741 -0.2209 -0.30 0.0660 -0.2196 0.00 10,0481 -0.2153
-0.65 0.089 -0,2197 -0.35 0.0774 -0.2184 -0.05 '0.0591 -0.2142
-0.70 0.0980 -0.2187 -0.40 0.0892 -0,2175 -0.10 °'0.0704 -0.2134
-0.75 0.1106 -0.2181 -0.45 0.1014 -0.,2169 -0.15 °0.0820 -0.2129
-0.80 0.1237 -0.2979 ~0.50 0.1142 -0.2167 -0.20 '0.0941 -0.2127
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Tablo 19. a/h=1.00, uz/p1=0,15625, u1=0.30, v2=0,20 ve k=k0/p2=0,001 olmasi
durumuna ait x/h=0 kesitindeki o, ve oy normal gerilme dagilim

h1/h = 0,20 h1/h = 0,50 h1/h = 0.80

1 1 1 i 1
= — —— Z: [} g Z: —— [e)
R Pyx P,y hP,x PV h by X P, Y

0.20 -9.1341 -0.4999 0.50 -9.2917 -0.5000 0.80 -7.8229 -0.499
0.15 -7.4061 -0.2474 0.45 -7.7764 -0.2473 0.75 -6.8654 -0.2476
0.10 -5.7866 -0.2401 0.40  -6,2708 ~0.2399 0.70 -5.9154 -0.2420
0.05 -3.9763 -0.2294 0,35 -4,7732 -0.2288 0.65 -4.9719 -0.2334
0.00 -2.2695 -0.2166 0.30 -3.2816 -0.2148 0.60 -4.0340 -0.2223
0.00 -0.3613 -0.2166 0.25 =-1.7941 -0.1990 0.55 -3.1004 -0.2091
-0.05 -0.1407 -0.,2031 0.20 -0.3089 -0.1821 0.50 -2.1704 -0.1943
-0.10 0.0795 -0.189% 0.15 1.1759 ~0.1651 0.46 -1.2428 -0.1784
-0.15 0.299% ~0.1761 0.10 2.6621 -0.,1490 0.40 -0.3168 -0.1616
-0.20 0.519% ~-0.1628 0.05 4.1515 -~0.1346 0.35 °'0.6088 -0.1452
-0,25 0,7402 -0.1498 0.00 5.6461 -0.1228 0.30 '1.5348 -0.1288
-0.30  0.9614 -0.1373 0.00 0,7951 ~0.1228 0.25 '2.4621 -0.1133

-0.35 1.1836 -0.1253 -0.05 0.9926 ~0.1129 0.20 '3.3919 -0.0989
-0.40 1.4070 -0.1140 -0.10 1.1912 -0,1035 0.1 4.3251 -0.0863
-0.45 1.6319 -0.1035 -0.15 1.3910 -0,0949 0.10 '5.2626 -0.0759
-0.50 1.858 -~0.0939 -0,20 1.5924 -0.0871 0,05 '6,2054 -0.0683
-0.55 2.0873 -0.0854 -0.26 1.7954 -0.0801 0.00 '7.1547 -0.0638
-0.60 2.3183 -0.0781 -0.30 2.0005 -0.0742 6.00 1.0219 -0.0638

-0.65 2.5521 -0.0722 -0.35 2.2077 -0.0694 -0.05 1.1549 -0.0614
-0,760 2.7888 -0.0678 -0.40 2.4174 -0.0658 -0.10 1.2890 -0.0596
-0.75 3.0289 -0.0650 -0.45 2.6298 -0.0635 -0.15 1.4245 -0.0585
-0.80 3.2725 -0.0641 -0.50 2.8451 -=0.0627 -0.20 1.5615 =-0.0581
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Tablo 20. a/h=1.00, uz/u1=0,15625, \J1=0,303 v2=0,20 ve k=k0/u2=0,05 olmas1
durumuna ait x/h=0 kesitindeki o, Ve o normal geriime degerleri

y
h1/h = 0,20 h1/h = 0,50 h1/h = 0,80
Y 1 ( Y 1 i Y i 1
= =0 —O = s o Z= O o
1 P, " x P, Y h P'(; X 'P'; y 1 P, X T"g y

0.20 =-2,0740 -0.4988 0,50 -2.1892 -0.5000 0.80 -2.0685 -0.4992
0.15 -1.6338 -0,2497 0.45 -1.8186 -0.2484 0.75 -1.8071 -0.2431%
0.10 -1.1992 -0.2454 0.40 -1.4541 -0.2440 0.70 -1.5505 ;0,2397
0,056 -0.7686 ~-0.2393 0.35 =-1.0943 -0.2374 0.65 -1.2981 -0.2343
0.00 -0.3406 -0.2321 0.30 -0,7382 -0.2292 0.60 -1.0492 -~0.2274
0.00 -0,0855 -0.2321 0,25 -0.3846 -0.2198 0.55 -0.8031 -0.2193
-0.05 -0.0380 -0.2246 0.20 -0.0325 -0.2099 0.50 -0.5593 ~0.2101
-0.10 0.0091 -0.2171 0.15 0.3194 -0.2000 0.45 -0.3172 -0,2003
-0.15 0.0560 -0,2097 0.10 0.6729 -0.1906 0.40 -0,0760 -0.1901
-0.20 0.1028 -0.2023 0.05 1.0268 -0.1823 0.35 '0.1647 -0.1799
-0.25 0.1498 -0.1951 0.00 1.,3845 -0.1757 0.30 0.4056 -0.1698
-0.30 0.1969 -0,1881 0,00 0.1722 -0.1757 0.25 '0.6473 -0.1602
-0.35 0.2445 -0.1815 -0.05 0,2137 -0,1702 0.20 '0.8905 -0.1514
-0,40 0.2927 -0.1752 -0.10 0.2557 ~0.1650 0.15 1.1356 -0.1436
-0.45 0.3415 -0.1694 -0.15 0.2984 -0.1602 0.10 1.3833 -0.1372
-0.50 0.3913 -0.1641 -0.20 0.3419 -0.1559 0.05 '1.6343 -0,1325
-0.55 0.44217 -0.1593 -0.25 0.3862 -0.1520 0.00 1.8892 -0.1298
-0.60 0.49417 -0.1553 ~0.30 0.4316 -~0.1487 0.00 '0.2522 -0.1298
-0.65 0.5475 -0.1519 -0.35 0.4782 ~0.1460 -~0.05 '0.2865 -0.1283
-0.70 0.6025 -0.1495 -0.40 0.5260 -0.1440 -0.10 °0.3215 -0.1272
-0.75 0.6593 -0,1479 -0.45 0.5752 -0.1428 ~0.15 '0.3573 -0.1265
-0.80 0.7181 -0.1473 -0.50 0.6261 -0.1423 -0.20 °'0.3940 -0.1263
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Tablio 21. a/h=1.00, “2/“1=0°15625° v1=0.30, v2=0.20 ve k=ko/u2=1.00 olmas1
durumuna ait x/h=0 kesitindeki o, ve o, normal gerilme dederleri

X Y
h1/h = 0,20 h1/h = 0,50 h1/h = 0.80
Y 1 i Y 1 i Y i 1
Z= — g Z: e} —— (J Z'—' o e
h Poox Py h Poox Py R P,ox Py

0.20 -0.398 -0.,4992 0,50 -0.4606 -0.5000 0.80 -0.4046 -0.4989
0.15 -0.2822 -0,2532 0.45 =-0,3741 -0.2493 0.75 -0.3489 -0.2309
0.10 -0.1712 -~0.2514 0.40 -0.2905 -0.2474 0.70 -0.2955 -0.2295
0.05 -0.0619 -0.2490 0.35 -0.2091 ~0.2445 0.65 -0.2440 -0.2272
0.00 0.0464 -0.2463 0,30 -0.1296 -0.2409 0.60 -0.1942 -0.2243
0,00 -0.0319 -0.2463 0.25 -0.0512 -0.2369 0,55 -0,1457 -0.2208
-0.05 -0.0216 -0.2436 0.20 0.0263 -0.2327 0.50 -0.0984 -0.2169
-0.10 -0.0118 -0.2409 0.15 0.1037 -0.2285 0.45 -0.0519 -0.2128
-0.15 -0.0022 -0,2381 0.10 0.1813 -0,2246 0.40 -0.0060 -0,2085
-0.20 0.0070 -0.2354 0.05 0,2597 -0.2213 0.35 0,039 -0.2042
-0.25 0.0161 -0.2328 0.00 0.3394 -0.2187 0.30 0.0851 -0.1999
-0.30 0.0250 -0.2302 0.00 0.0147 =~-0.2187 0.25 0.1309 -0.1959
-0.35 0.,0338 -0,2278 -0,05 0.0224 -0.2167 0.20 0.1770 -0.1922
-0.40 0.0426 -0.2255 -0.10 0.0300 -0.2148 0.5 0.,2239 ~-0.1890
-0.45 0.051%5 -0.2233 -0.15 0.0378 -0.2130 0.10 0.2718 -0.1864
-0.50 0.0604 -0,2214 -0.20 '0.0456 -~0.2114 0.05 0.3210 -0.1844
-0.55 0.06% -0,219 -0.25 0.0535 -0.,2100 0.00 '0.3717 -0.1833
-0.60 0.0789 -0.2182 -0.,30 0.0617 -0.2087 0.00 0.0249 -0.1833
-0.65 0.0886 -0.2169 -0.35 '0.0701 -0,2078 -0.05 '0.0312 -0.1828
-0.70 0.0986 -0.2160 -0.40 0.0788 -0,2070 -0.10 '0.0377 -0.1824
-0.75 0,1090 -0.21%% -0.45 0.0878 -0.2066 -0.15 '0.0443 -0,1821
-0.80 0.1200 -0.2153 -0.50 0.0972 -0.,2064 -0.,20 '0.0511 -0.1820




71

twi{1pep augtasb %g/%0 1yepurqisey g=y/x uLst

00°1=% “02°0=00 *gero=*a *5z9617p="11/%0 pgti=y/e w22 (1998

02°0=y/4y

—

= B

05 0=4/"y

< A

= A

08" 0=4/"y

£ 5

Ay



72

Tabio 22. a/h=1.00, uz/u1=6,400s v1=0.209 v2=0.30 ve k=k0/u2=0,001 olmasi

durumuna ait x/h=0 kesitindeki o, ve

oy normal gerilme degderieri

hi/h = 0,20 h1/h = 0.50
=% F%Gx F%Oy Z=% ﬁ%ox 3%cy
0.20 -1.0473 -0.4999 0.50 -1.7575 -0.5000
0.15 -0.9574 -0.2494 0.45 -1.6231 -0.2493
0.10 -0.8693 -0.2485 0.40 -1.4917 -~0,2474
0.056 -0.7829 -0.2468 0.35 ~-1.3629 -0.2443
0.00 -0.6981 -0.2445 0.30 -1.2366 -0.2402
0.00 -4.5743 -0.2445 0.25 -1.1126 -0.2352
-0.05 -3.9608 -0.2403 0.20 -0,9907 -0,2293
-0.10 -3.3533 -0.2334 0.15 -0.8706 -0.2226
-0.,15 =2.7509 -0.2241 0.10 -0.7523 ~0.2152
-0.20 -2.1526 -0.2129 0.05 -0.6354 -0.2073
-0.25 -1.5576 -0.2002 0.00 -0.5200 -0.1988
-0.30 -0.9651 =~0.1865 0.00 =-3.3891 ~0.1988
-0.35 -0.3741 -0.1721% -0.,056 -2.4825 -0.1888
-0.40 0.2162 -0.1574 -0.10 -1.5804 -0.1767
-0.45 0.8066 -0.1429 -0.15 -0.6812 -0.1633
-0.50 1.3980 -0.1290 -0.20 0.2167 ~0.1493
-0.55 1.9912 ~0.1161 -0.25 1.1146 -0.1354
-0.60 2.5871 -0.1045 -0.30 2.0142 -0.1224
-0.65 3.1866 -0.0948 -0.35 2.9168 -0.1110
-0.70 3.7905 -0.0873 -0.40 3.8240 -0.1019
-0.75 4,399 -0.0825 -0.45 4,7373 -0.0958
-0.80 5.0151 -0.0807 -0.50 '5.6583 -0.0936

h1/h = 0.80

Y 1 1
Z.—. [s) e (J
h ﬁo X P0 y

0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0,10
0.05
0.00
0.00
-0.05
-0.10
-0.15

-0.20

-1.9566
-1.8065
-1.6599
-1.5163
-1.3757
-1.2376
-1.1018
-0.9681
-0.8362
-0.7059
-0.5770
-0.4492
-0.3224
-0.1963
-0.0706
10,0547

0.1799

1.3820

2.3943

3.4101
4.4313
'5.4600

-0,4989
-0.2481
-0.2458
-0,2422
-0,2372
-0,2312
-0,2242
-0.2164
~-0.2078
-0.1985
~0.1887
-0.1785
-0.1679
-0.1571
-0.1461
-0.1350
-0,1239
-0.1239
-0.1134
-0.1047
-0.0988
-0.0966




73

0
LwL|tbep 3u[L43b ~d/%0 1APULILSI 0=Y/X ULOL 100 0=Y ‘0E’0=Sa *02°0='n C00p*9='m/OH <0oti=y/e "£2 [1%9$

(+)

02°0=u/'y

(+)

05°0=4/4y

(-)

(+)

ol i}

= A

AN

08°0=4/"y




74

Lt pep awtusb %4/% pispuiaisey g=u/x uidt 100°0=1 og 0=%n <02 0=

!

& “0opr9=tr/on fgpti=u/e pz (1423

02°0=4/y

(=)

05°0=4/'y

A

=< A

08-0=4/'y

(-)

AN

£\

AN



Tablo 23. a/h=1,00, u2/u1=5e4009 v
durumuna ait x/h=0 kesitindeki Oy ve

i

=0,20, v

2=0.30 ve k=k0/u2=0.05 olmas1
o, normal geriime dederleri

h1/h = 0.20 h1/h = 0,50 h1/h = 0,80

=% ﬁgox ﬁﬁcy Z=% ﬁ%cx ﬁgoy Z=% 5%0x F%Gy
0.20 ~0.2038 ~0.4999 0.50 -0,2727 -0.5000 0.80 -0.2822 -0.4992
0.15 ~0.1873 -0.2499 0.45 -0.2501 ~0,2497 0.75 =-0.2565 -0.2437
0.10. -0.1720 =-0.2494 0.40 ~0.2290 -0.2489 0.70 -0.2325 -0.2428
0.05 -~0.1577 -0,2484 0.35 ~0.2093 -0.2476 0.65 -0.2099 -0.2413
0.06 ~0.1445 -0.2472 0,30 ~0.1909 -0.2458 0.60 -0.1887 -0.2393
0.00 -0.7329 -0.2472 0.25 ~0.1737 -0.2436 0.55 -0.1687 -0.2369
-0.05 ~0.6283 -0.2451 0.20 -0.1576 -0.2410 0.50 -0.1499 -0.2341
-0.10 -0.5267 -0.2417 0.15 =-0.1426 -0.238f 0.45 -0.1320 -0.2311
-0.15 -0.4277 -0.2372 0.10 -0.128 -0,2350 0.40 -0,.1150 -0.2272
-0.20 -0.3308 -~0.2318 0.05 -0.1153 -0.2315 0.35 ~0,0989 -0.2241
-0.26 -0.2356 -0,2257 0.00 -0.1029 -0.2279 0.30 -0,0834 -0.2203
-0.30 -0.1417 -~0.2192 0.00 -~0.4660 =~0.2279 0.25 -0.0686 -0.2163
-0,35 -0.0487 -0.2123 -0.05 -0.3348 -0.2234 0.20 -0.0543 -0.2122
-0.40 0.0439 -0.2054 -0.10 -0.2056 -0.2i82 0.15 ~0,0406 -0.2080
-0.45 0.1364 -0.198 -0.15 -0,0778 -~0.2123 0.10 -0.0272 -0.2037
-0.50 0,2292 -0.1919 -0.20 '0.0492 -0.2063 0.05 -0.0141 -0.1994
-0.55 0,3228 -0.188 -0.25- 0.1761 -0.,2003 0.00 -0.0013 -0.1950
-0.60 0.4175 -0,1803 -0.30 0.3036 =~0.1946 0.00 10,2031 -0.1950
-0.65 0,5138 ~0.1757 -0.35 0.,4322 -0.1897 -0,05 0.3480 -0.1909
-0.70 0.6121 -0.1722 -0.40 0,5627 -0.1857 -0.10 0.4939 -~0.1874
-0.75 0.7127 -~0.1699 -0.45 0.6957 -0.1831 ~0.15 0.6419 -0.1850
-0.80 0.8163 -~0.1690 -0.50 0.8319 -0.1822 -0.20 0.7927 -0.1841
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Tablo 24. a/h=1.00, pz/u1=6.400, v1=0,20, v2=0,30 ve k=k0/u2=1e0 oTmas1i
durumuna ait x/h=0 kesitindeki o, ve oy normal gerilme dederieri

h1/h = 0.20 h1/h = 0.50 h1/h = 0,80
Z=% F%OX ﬁioy Z=% piox F%Oy Z=% ?%Gx F%Gy
0.20 -0.0670 -0.4997 0.50 -0.0740 -0.5000 0.80 -0.0717 -0.4997
0.15 -0.0629 -0.2502 0.45 -0,0677 -0.2499 0.75 -0.0642 -0.2396
0.10 -0.0595 -0.2500 0.40 -0.0622 ~0.2496 0.70 -0.0574 ;0.2394
0.05 -0.0568 -0.2496 0.35 =0.0575 ~0,2492 0.65 -0.0513 -0.2389
0.00 -0.0547 -0.2491 0.30 =-0.0534 -0.2486 0.60 -0.0459 -0.2383
0.00 -0,1087 -0.2491 0.25 -0.0500 -0,2479 0.55 -0.0411 -0.2376
-0.05 -0.0899 -~0.2483 0.20 =-0.0472 -0.2471 0.50 -0.0368 -~0.2368
-0.10 -0.0722 -0.2472 0.15 =~0,0450 -0,2461 0.45 -0.0331 -0,2359
-0.15 -0.0555 -0.2457 0.10 -0.0435 -0.2451 0.40 -0.0299 -0.2350
-0.20 -0.0397 -0.2441 0.05 -0.0425 -0.2440 0.35 =~0.0271 -0.2339
-0.25 -0.0246 -0,2422 0.00 -0.0420 -0.2427 0.30 -0.0248 -0.2329
-0.30 -0.0100 -0.2403 0.00 =-0.0278 ~0.2427 '0.26 -0.0229 -0.2318
-0,35 0.0040 -0.2383 -0.05 -0.0106 =-0.2414 0.20 -0.0215 -0.2306
-0.40 0.0177 -0.2363 -0.10 '0.0059 -0.2398 0.15 -0.0204 -0.2294
-0.45 0,0312 -0.2343 -0.15 0,0219 -0,2383 0.10 -0.0197 -0.2283
-0.50 0.,0445 -0.2324 -0.20 '0,0376 -0.2367 0.05 -0.0194 -0.2270
-0.55 0.0577 -0.2307 -0.25 0.0530 -0.2352 6.00 -0.0190 -0.2258
-0.60 0.,0711 -0.2292 -0.30 0.0683 -0.2338 '0.00 0.,1905 -0,.2258
-0.65 0,0846 -0.2279 -0.35 0.,0838 -0.2326 -0.05 '0.1251 -0,2247
-0,70 0.0984 -0.2269 -0.40 0,0993 -0.23i6 ~-0.10 0.1399 -0.2238
-0.75 0.1127 -0.2263 -0.45 0.1152 -0.2310 -~0.15 0,1550 -0,2232
-0.80 0,1275 -0.2260 -0.,50 '0.1316 =-0.2308 -0.20 0.1706 -0.2230




5. SONUCLAR

Elastik mesnete oturan, elastik sabitleri ve yiikseklikleri farkls

.....

Tismadan elde edilen sonuclar asagidaki gibi Gzetlenebilir.

Son yi1llarda bilesik yapi tarzina olan talebin artmasi bu tir ca-
Tismalarin Snemini artirmaktadir. Bilesik tabaka (serit) seklindeki yap1
elemanlarinin kesin ¢oziiminu yapabilmek icin elastisite teorisini ve in-
tegral donlisim teknigini kullanmak ¢ok uygun olmaktadir. Bi]gisayar1ar~
dan yararlanilarak cesitli integrallerin hassas bir sekilde hesaplanabii-
mesi bu ¢oziim yontemini cok kullanislt duruma getirmektedir. Elastisite
teorisine ait temel denklemler ve integral doniisiim teknigi kullanilarak
elastik mesnetlienmis bilesik tabaka problemine ait kismi tlirevli dife-
ransiyel denklem sabit katsayili, homojen adi diferansiyel denkleme in-
dirgenmis, yukleme durumu ve sinir sartlari da kullanilarak gerilme ve

Bu calismada 0zellikle en biiylik normal geriimelerin olustudu y si-
metri kesitindeki o, ve oy normal gerilmeleri hesaplanmistir. Gerilme
ifadelerinde gecen integrallerde y koordinatinin h1 civarinda meydana
gelen singller terimler nedeniyle gerilme ifadelerine ait cekirdeklerde
yakinsama iyi olmamaktadir. Ancak bu durum dordiincli bolimde gosterildigi
sekilde sézkonusu singlilfer terimlerin gerilme ifadelerine ait cekirdek-
lerden ayiklianmasi ile gideri1mistir; Gerilme ifadelerinden ¢ikarilan bu
singller terimlerin yerlerine yine dordiincli bollimde veriimis kapali in-
tegralleri yazilarak o, ve oy normal gerilmeleri hesapianmistir.

Elastik mesnetlenmis bilesik tabakanin tekil yiikle yuklenmesi duru-
munda yiikiin altinda yukarida belirtilen sebeplerden dolayi tekillikler
meydana gelmektedir., o, normal gerilme dagilim her tabakada kesit bo-
yunca lineerlik gostermekte olup tekil yiikiin aitinda bu Tineerlik bozul-
maktadir. cy normal gerilme degerleri;teki1 yuke.yaklasildikca hizla bii-
yimekte, kesit boyunca derine inildik¢e azalmaktadir. o normal gerilme
dagilwm tabaka kalinliklarinin oranlarinin farklil secilmesi durumunda
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de§isiklik gostermemektedir. Oy normal gerilme dagiTimini en ¢ok etkileyen
faktor elastik yay sabitidir. Elastik yay sabitinin biiylik se¢iimesi duru-
munda 9y normal gerilme degerlerinin azaldig§r, tersi durumunda da arttigi
gorulmistiir. Ancak elastik yay sabiti o, gerilme dagilimnda etkili oldugu
kadar ay gerilme dagiliminda etkili olmamaktadir. Elastik yay sabitinin
bliyiik se¢iimesi durumunda cy normal geriimelerinin alt tabakalarda yay
sabitinin kiiclik se¢ilmesi durumuna godre azda olsa bliyldligu gorilmustir.
Ust tabakalarda ise hemen hemen dedisiklik gostermemektedir.

Elastik mesnetlenmis bilesik tabakanin yayili1 yiikle yliklenmesi duru-
munda ise Oy normal geriime dagilimi kesit boyunca her tabakada 1ineer
olup, tekil yuk durumuna gore daha kiicik dederier almaktadir. o normal
gerilmeleri yiizeyden derine inildikce lineere yakin bir sekilde azalmak-
ta, yiikiin altinda yiikin siddetine esit olmakta ve bdylece sinir sarti sag-
Tanmaktadir.

Tekil ve yayilir yiikieme durumlarinin her ikisinde de elastisite modi-
1 bliylik olan tabakada o, normaj gerilmeleri daha bilyiik dejerler almakta-
dir. Elastik yay sabitinin kiclik se¢cilmesi durumunda etkin olan oy normal
gerilmeleri olmasina ragmen yay sabitinin biyilik se¢ilmesi durumunda Oy
normal gerilme dederleri azaldigindan oy normal gerilmeleri etkin olmakta-
dir. Her iki ylikleme durumunda da Txy kayma gerilmelerinin kiiclik oTmas3
nedeniyle asal normal gerilmeler, her yerde g, ve oy normal gerilmelerine
yakin dederler almaktadir. Farkll malzemelerden olusan farkli ylkseklikte-
ki bilesik tabakalarda hesaplanan Oy normal gerilmeleri tabakalarin birle-
sim noktasinda siireksizlik gostermekte ve elastisite modulii bliylik olan
tabakalardaki Oy normal gerilmeleri daha buyiik degerler almaktadir. Elas-
tisite modiileri arasindaki fark biiylylince slireksizlik miktarinin farki

da artmaktadir.
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