


(»(Z/ YILDIZ UNIVERSITESI

J ‘ FEN BILIMLERI ENSTiTUSU
(50

TEK YONDE SUREKL.I DIK PLAKLARDA

TESIR YUZEYLERININ HAZIRLANMASI VE Cizimi

YUKSEK LiSANS TEZi

iINSAAT MUH.AYHAN GUNDOGAN

ISTANBUL- 1989



YILDIZ TEKNIK UNIVERSITESI
KUTUPHANE DOKUMANTASYON

DAIRE BASKANLIGI !
R 150
Kot T StLEReE
Alindig Yer ;. FEN BiL ., ENS,..........
Tarih Adeim
Fatura Chaeere st 1E e
Fiyat AR
e AR
Kayit No B 7 0o TS it
UDC .. 9240 | 378.242, ...










OZET

ICINDEKILER

SUMMARY

GiRrRis
BOLUM

BOLUM

BOLUM

I. PLAK TEORiIsi

I.1. Sekil Degistirme Bajintilara
I.2. Gerilme Bagintilari

I.3. I¢ kuvvetler

I.4. Genel Plak Denklemi

II. SONLU FARKLAR YONTEMI

II.1. Sonlu Farklar Katsayilarinin Cikarilmasi

II.2. Sistemin Belirlenmesi ve Denklem Katsayilarinin
Genellestirilmesi

1I.3. ic¢c kuvvet ifadelerinin Sematik Olarak Gdsterimi

II1.4. Bilgisayar Programinin Aciklanmasi

III. ABAKLAR

III.1. Abaklarin Hazirlanmasi ve Kullanilmasi
I11.2. Bilgisayar Programi

III.3. Bilgisayar Cikisi

III.4. Abaklar

KAYNAKLAR

OZGEGCMIS

Sayfa No

eI N R

(o)}

10
11
14

15
15
17
24
26

44



OZET

Stirek1i plaklarin statik c¢6zimii glic ve zaman alici calismalar
gerektirir. Bu nedenle ayni tip problemlerle tekrar tekrar uprasmak
yerine, cubuk sistemlerde kullanilan tesir c¢izgileri y&nteminin
benzer sekliyle tesir ylizeylerini olusturmak akillica bir yoldur.

Bu yol biiyilkk zaman tasarrufu saglar.

Bu calismada tek ydnde siirekli dik k&prii plaklarinin tesir

yiizeyleri bulunmaya calisilmistair.

Giris boliimiinde tesir ylizeyleri hakkinda aydinlatici bilgi veril-

mistir. Ayrica hazirlanis yontemi de anlatilmistair.

Daha sonraki bdliimlerde genel olarak plak teorisi ve sonlu farklar
yontemi anlatilmistir. Bu bdlimlerde ayrintiya girilmemis yalnizca for-

miiller ile yetinilmigtir.

Son bdliimde ise bilgisayar programinin calismasi, bazi bilgisayar
cikislari ile abaklar yer almaktadir. Ayrica bu bo6liimde abaklarin

kullanilmasi da anlatilmigtir.



SUMMARY

Static solution of continuous plates is quite diffucult and
requires work that takes a lot of time. For this reason, insteed of
studying the same typed problems. It is more mentallier way to
use the influence surfaces just 1like used in method of influence

lines. This provides us a great advantage from time.

In this study, it has been tried to find the coordinates of
influence surfaces of perpendicular bridge plates continued in

one direction and figured.

In the first part, some knowledge about influence surfaces
has been given and dealt with the preparation method. In the latter
parts, it has been told the plate theory and finite differences

method, generally, not in detail but giving necessary formulas.

In the last part, some outputs and abacus have been given and

told how to use these abacus.



GiRris

Yol kopriilerine ait genis agiklikli betonarme plaklarin trafik
yikleri bir kismi kiiglik bir alana yayili olan cesitli tekerlek yiikle-
rinden olusur. Bu plaklafln i¢ kuvvetlerinin hesabi giic ve uzun zaman
alici c¢alismalar gerektirir. Ciinkii kuvvetin olumsuz yiikkleme durumu-
nun saptanmasi gerekir. Cubuk seklindeki elemanlardan olusan sis-
temler icin sorun tesir c¢izgileri yardimi ile ¢éziimlenmistir. Diiz-—
lemsel tasiyici sistemler ic¢in ise benzer ydntem olarak tesir ylizey-

leri  diisiinililmiistiir.

Tesir yiizeyleri herhangi bir noktaya bir kuvvet etkimesi sonucu
diger noktalarda olusan i¢ kuvvetlerin tesviye egrileri benzeri
epriler ile gosterilmesinden ortaya cikar. Buradaki her tesviye
egrisi belli bir deperdeki i¢ kuvveti gdstermektedir. Bu ig¢ kuvvet-
ler herhangi bir noktaya birim kuvvetin etkimesinden olusan i¢ kuv-

vetlerdir.

Burada yapilan calisma tek ydnde siirekli plaklarin tesir yilizeyle—
rinin hazirlanmasina yonelik bir calismadir. Statik ¢dzim y®ntemi olarak
sonlu farklar yontemi secilmistir. Cdziim sonuglari olarak iki aciklikli

plak ig¢in bilgisayar cikisi ve program listesi son bdliimde yer almistir.



BOLUM I- PLAK TEORiSi

I.1. Sekil Depistirme Bagintilara:

2
A
e=%(b -u(s +L))=a—=-z.aW
X X y z X 5%
2
1 ; d 0
e, =2 b ~uilb +b))= Frmale s
4 y 3y
1 :
. w = {Li mpll s )
V4 z X
2
oU LAY 32w o w
e e O = =2z
o SIS b Sel dxdy 3x0%y

I.2. Gerilme Bagintilari

Sekil degistirme bagintilarinda gerilme terimleri bilinmeyen

olarak kabul edilir ve ortak ¢dzim yapilirsa gerilme ifadeleri;

E
e |ex+ u(sy+ ez)|
1= 3
E
L =—_ e +ule_+e)
2 z
Y - y »
E
= — +
Lz 2 [ez+ u(ex ey)|
=}

sekline gelir.

(1)

(2)

(3)

(4)

G)

(6)

(7)



Eger [,z= 0 ve ez= 0 kabulii yapilir ve bu ifadeler diferansi-

yel olarak yazilacak olursa;

E 82 32
A
£ l LGP W |
5 ' 2 2
1-u 3 x dy
2 2
ot 9 w 0 W
i Sl .
1= 90X oy
2
I
T = - g i 4% olarak bulunur.
~ 1+yu dx0dy

I.3.- Ic Kuvvetler

Gerilme bagintilarindan yararlanarak ve

BT
D= 2 kisaltmasi yapilirsa;
1-u
52 S
- | B
& 90X oy
2 2
u ek |U 0w 8 9 Z l
y 3x 9y
a2
M =B {ln). ~—
y 9 x3y
3 3
¢ 9w 9 w
Q. =Dt
9x dy 9x
3 3
Q x-—D.' 3W+ a .

(8)

(9

(10)

(11)

(12)

(13)

(14)

(15)



83 a3
V=Dl ¢ @-u). S | (16)
X

9 x 3y 9x

3 3 3
V. ==bl== + Gl | (17)
2 oy 9x 0y

seklinde yazilair.

I.4. Genel Plak Denklemi

Diferansiyel elemanda denge kosullari vyazilir ve birlegtiri-

lirse sonu¢ olarak diferansiyel plak denklemi agagidaki gibi olur.

(18)

Bu plak denklemi ikinei mertebeden iki diferansiyel denkleme

ayrilabilir. M , M , M egitliklerinden vyararlanilarak momentler
gl Yy
toplami yazilirsa;
2 2
9 w .90 w
M *+¥M == (1+U),D, ( =1 )  olur, Buradan
X y 2 2
3 x 3y
, O |
M= sl yazilarak, M= =D, \.w olur,

1+ p)






BOLUM II.

SONLU FARKLAR YONTEMI

II.1. Sonlu Farklar Katsayilarinin Cikarilmasi

Bu ydntem plak {izerindeki sistematik dizili noktalarin yiikleme
durumunda olusacak 1i¢ kuvvetlerin, noktalar arasindaki bagintilar-

dan yararlanilarak bulunmasi esasina dayanir. k noktasi icin;

m W T

Sw . k¢l ke

2l U |44 [e2 [4 S

%4&45 k4l ka2 x LR 240 x

i-2 li-) |i |in |iv2 i

L-z hot|h |hat]hez h

W, - w.

e 3 i
3y 2AY
yazilabilir.

Sekil 13

Bu iki temel bagintidan yararlanarak;

2 w T
3w _ k-1 k ke

y.J i
9 x (AX)

2 W o=2w +W
g ¥ _ i k

2 2
Yy (1Y)

3 w - 2.w + 2.w -w
3w k+2 k+1 k-1 k-2




3 w - 2.w1 * 2M. - W

9 w e i

3
oy 2.(AY)3

s +6. -4

YT e i k=1 7 ka2

4 4
dx (AX)

4 W T b w e~ A,
S % i k b

4
3y (AY)4

Karisik tiirevler ise;

i AT 1-1 i-t i+1
9x9y 4. AX. AY
9 w =N W - W, + w, - w,
W e 1 1+1 i=1 i i+1
2 2
9x dy R AAX) iAW
- - + 2 =2 -
st seifarphil g i o e~ ¢ CRR T e T
5 2
X3y 2.AX.(AY)
4 w -2.w +W - 2.w +hew = 2w + w, =2w.+w,
3w o T et S 1+1 k-1 k k+1 i-1 il
2 2 2
axzay 4.(AX) . (AY)

olarak yazilir. Bu deperleri (18) denkleminde yerine koyarsak k noktasi

icin sehim denklemi diper nokta sehimlerine bagli olarak yazilmig olur.



s SGE Ry e 53 1
(AX)4 k k+1 k-1 k+2 k=2
= | 4 & ) + (
B e T W= w + w +w, +w)+(w +w +w +w
2 2 pat . - c_ e
A, (A7) k+1 k-1 : 3 1 141 1~ 1+1 1-1
1 P
+ : ot 5 Vi3 4.(w1 + wi)-+ (w + wh) }oow -
(AY) 5
.. 3 AX
Bu baginti diizenlenir ve Z;— - ve 6zel olarak g = 1 alinirsa
denklem k noktasi icing
20,w -8 + + + + 2, +
S RS 2.t e X T Ny
o +w +w o +w) P'AX4 ol
b S, e R . 9

Sinir gartlarindan yararlanilarak defisik mesnetlenme sekilleri

icin sehim degerleri ifade edilebilir,

a) Serbest Mesnet :

=0
oy b
-~ 1.~'

At }..: g M =0

L LI : *k

(0 o [N

. (I 2 2

'h_i“.‘h Aw --a——v.ﬁu—a—lz ao
.! k 2 N"k
l.q ax Ay

Sekil 2,




Yukarida hesaplanan tiirev deperleri burada yerine konursa;

w + w =0 ve w =-wk olur.

b) Ankastre Mesnet:

ow
wk =0 ve = 0 sartlari yazilirsa;
9 X
oW olarak bulunur.
k k

c) Serbest Kenar :

iy
Jrcs ot o et 1ot
i
tajet e e " v
|
g fuer i 1t T K

"

O ‘yazilirsa;

/-2 ji-f ;_'i'_"i"

halnrln 1y lh“
B 2.(1+ WmW -

! s LRE % S

~

- adaw

(w1 + wi)

Sekil 3.

Vi = 2.(6+u)wk-2(2- M)wk_1 o (3—21J)wk_2 + 2.(1+2u).(w1+wi)

= (‘wi_1 + wi_”) 1 (wtn 5 wh) olarak bulunur.




—— iv

II1.2. Sistemin Belirlenmesi ve Denklem Katsayilarinin

Genellestirilmesi

Tek yonde siirekli dik plaklarin ¢oziimii icin Sekil 4'de goriilen
basit mesnet iizerine oturan ve kirigsiz képrii plaklari diisiiniilmiistiir.

Bu plak iizerine muhtelif noktalara birim kuvvet etkitilerek c¢c&ziim

bulunacaktir.

r 3 / . /

N

7

Sekil 4.

Simdi gesitli noktalar icin sematik olarak sonlu farklar katsayi-
larini bulalim. Serbest kenar igin bulunan sehim dejerlerinden

yararlanarak;

K1 - -

J

K3

Sekil 5.



2
16-: = 18U~ 411

Burada; K1 =
2
K2 = -2 + 16 u- 2 u
K3 =2u- 4

R4 = 214 -2 dir:

Serbest kenara paralel birinci sira icin Sekil 6'da goriildiipi gibi;

Ké Ks Ké
Burada;
o o
: -3 Yu R K5 = 2p- 6
K6 = 2-q dir.
2 -y S
44
Sekil 6.

Herhangi bir ara nokta ic¢in ise;

4
> o) Sekil 7'de gdriildiigii bicimiyle
A20 e yazilir.
‘ -9 3/ -8 A
a2 - 2
4
Sekil 7.

I11.3. I¢ Kuvvet Ifadelerinin Sematik Olarak Gosterimi:

a)M egilme Momenti
X




- pt -2 (4-m? 4-pm2
-p “r(” M

1 ) 4 - ©
-2-gp
IM
Herhangi bir nokta ig¢in Serbest kenar icin
b)M egilme momenti : ri
- D
¢ rap M
Ly

' Herhangi bir nokta ic¢in

c) M burulma momenti:
Xy
-{ 1
el ~2-2M ~ 2tam i
3/ s s
D
U
1 -4 - R
Herhangi bir mokta icin Serbest kenar igin

d- Q Kesme Kuvveti :
- ;



&d |
ol mem o ew e
4 1
Herhangi bir nokta icin P R W L

e)Q Kesme Kuvveti:

1
4 i 4 : (-M-4)  KF ;: K7 (~p-1)
3/ £
D
. o -3 Ka -3
hemas ~cear K40
e-4
Herhangi bir nokta icin Serbest kenar icin
Burada;
2
(=) (2p-2) (1-p) K7 = =21 + 10U+ &4
K8 4 . 8 4
= e = >
at H "
Ay
K9 = 2u+ 4
= 4 -4 .
J—4 K10 =2u-.4 olacaktar.

Serbest kenara paralel

birinci sira igin



14

II.4. Bilgisayar Programinin Aciklanmasi

Hazirlanan bilgisayar programi basic programlama dili ile
yazilmistir. Program bir ve daha ¢ok aciklikli plaklar icin c¢dziim
yapmaktadir. Cdziim yapilan plak basit mesnetler lizerine oturan ki-
rigsiz bir plaktir. Veriler direkt programin c¢alismasi sirasinda
girilmektedir. Burada dikkat edilmesi gereken nokta x yoniinde en az
alti1 y ydniinde ise en az ddrt b6liimleme yapilacak sekilde veri

verilmelidir.

Program dért ana b&liimden olusur. Bunlardan ilki verilerin
girilmesi asamasidir. Daha sonraki bdliimde katsayilar matrisi yazil-
makta, {iclincli bodlimde ise denklem takim ¢Oziimi yapilmaktadir.

Son béliimde ise i¢ kuvvetler hesaplanmaktadir.



15

BOLUM III- ABAKLAR

III.1. Abaklarin Hazirlanmasi ve Kullanilmasi

Abaklar i¢ kuvvetleri bilinen noktalar arasinda dojrusal enter-
polasyon yapildiktan sonra ayni defere sahip noktalarin birlestiril-
mesi ile olusturulmustur. Coziim sirasinda daha hassas degerler elde

etmek amaci ile kuyvet 100. kN olarak secilmig biitiin ¢6ziimlerde;

210.000 kN/m2

E=
H=0.15
AX =AY = 1 olarak alinmistir.

Abaklardan cesitli tipler icin ic¢ kuvvet degerlerini bulmak ic¢in
yikiin yay1ldigi alanin altinda kalan n de@erlerinden yararlanarak
hacim hesaplanir. Bulunan V hacmi hesaplanan i¢ kuvvet icin verilen
yayili yiikk ile carpilir. Cizgisel yiikkler icin ise cizgisel yiikiin altin—
da olusan kesitteki alani hesaplamak ve c¢izgisel yiik ile carpmak

yeterlidir.

Alana yayili yik
Sekil 8.

P : Yayila yiik

V : Hesaplanan hacim ise Srnefin;






10 PRINE IARGY7); "YILDIZ UNIVERSITESL”

11 LPRINT TARC2Y7); “YILDIZ UNIVERSITESL"

10 PRINT TAR(25) "FEN BILIMLERT ENSTITOSOY

1A LPFRINT TARZS) "FEN BILIMLERT ENSYLTUSU"

17 PRIMY TOE C21) "INSAAT FUHENDISLIGE VAT BOLuM) ™

13 LPRINT TARCA) "INSHAT MUHENDISLIGI YART poLuUm®

20 PRINE TARCIO) "SOMLU FARELAR YOMTEMY JLE TEE YONDE SURENKL FIRISG17 LAk kI

21 LPIRINT TARGIO0) "SONLU PARELAR YONTEMI JILE TEK YONDE SUREELT KIRISS1E Lokl

20 PRINT TARCIOY"1 EM GIE71CT YUKE GORE 1C KUVYWETLERINI BULAR FROGRAMD Y
26 LPRINT TAR(10) "1 KN BEZICTI YUKE GORE IC LUVVL1I[hIHl BULAN PROGHAMD R
100 IMPUT “acilklilk na/x«xn) giriniz"31ACS
105 LPRINT "aciklik savisi Jooe. ="jA08
110 INPUT “"plalk gnnisligini Qiriniz (mebre) " KEE
115 LFRINT "plak genisligi ......="3KBE3" metre"
120 INFUT "plak kalinligini giriniz (cm) "iFEA: PRA=FKNA/100
25 LPRIMT “plak kalindigl oeoveu="gPKAs" cm"
120 DI AR ACSH)
140 FOR I=1 TO ACS
150 FRIMT I:".";:INPUT "aciklik boyunu Qiriniz (metre):"iABR(1)
155 LPRINT I3".%;"aciklik boyu =":AD(1)3" metre"
160 NEXY 1
170 INMNPFUT "elostisile sabilin girini:(hn/m})";fl
175 LLPRINT “"elastisite sabiti ....=";ELS;" kn/m2"
100 INPFUT "poisson oranini giriniz";F0O18
185 LPRIMT “"poisson orani ........=";P0IS
190 INFUF "baresel aglama dcin dx genisligini girinmiz (melre) " DX
175 LFRINT “du=dy genisligicecccccassa="3DX;" metre"
200 INPUT "tekil yulk siddetini giriniz (knd " TEKP
205 LPRINT “teki)l yuk siddeti..ocec..="3TEKF;" kn"
210 PRINT"tekil yulk koordinallarini giriniz:" 4
215 LPRINT"tekil yuk koordinatlar-iz"
220 INPUT “x="j Xz INPUT "y="gY
225 LPRENT . Sy s L y="3Y
230 D=ELSAFEATZ/ (12% (1-FOIS™2))
240 N=0:FOR 1=1 TO ACS:N=M+AEB(I) /DX-1:NEXT 1
250 M=KEE/DX: A= (M+1) ¥N
260 DIM WA A41):FOR I=1 TO A:FOR J=1 TO -A+1:W(1,3)=0:MEXT J:NEXT T
270 pN=0:FOR I=1 TO ACS:BO=RO+AR(ID) : IF X<RO THEN GOTO 290
200 MNEXT 1
290 Ni=)
00 N2=Y/DX
310 END= (ME1) X (X /ZDX-NT ) N2+ 1
TG W RO, A1) =TEKFXDX ™4 /D
ITO KI=-AP01 ST 2 1BXPOISH 16
240 EZ==2%P01572416X¥F0O16-2
350 K3A=F0IS-4
THO EA4=ZYFO)15--2
370 KS=240015-6
280 KH=2-PN15
EG0 KE7=0164 2
400 KE8=-11F01S5 .
410 REM balsayilar matrisinin olusturulmasi
420 FOR I=3 TO N-2
ALO == 1) k(M4 1) 41
ARG W (P B2 M0 3 W, Ji-M-- 1 ) = e VECIR, ) ==kl 2 W O3, TR0 1) =50 W Ot Jd 2k M 2) =l 83 e [ ER
1) =T W, R2) =AW (R, B-M) -1 s WD, B M42) =1
AL0 B=18iMrl)
A6 W RGE=2%M-2) =B WOk, TP =102 W O3, I = s WOR, BAMA 1) =020 WO, D220 =10 W (e, 12 -
1) =R Wk, [-2) =4 W (R, B-M-2)==112 WE, P+M)=~1 .
470 Fe=(I-1) % (MH1) 42




.

ABO WHUE, B=24M-2) =1 WAL, B-M=1 ) == Gz W (J3, 12) =1 G2 W (B, J14M4 1) ==B: W (B, N0 2R M122) 721

470 WIB,B+1)=-B:W (1}, B+2) =1: W (B, B-M) =2: W(B, B+M42) =2: W (B, B+M) =kbs W (B, B-M~2) =¥be b (2
S 3-1)=K5

G500 B=1¥(M+1)~-1 %

D10 PHE, B-2¥M-2) =1 : b (D3, B-M—1) 5= B: W3, B) =19 W (B, I+ 1) ==0: W (B, B+ 2¥M+2) =1 0 0 (2, )0 1)
=-8:WIB, B-2) =1 :W(B, B-M) =K&: W(B, B4M42) =1b: WE, BHM) =2: W (B, B-M-2) =2z W (2, 1 1) =K

520 NEXT 1 .

G20 FOR J=3 70O MN-2

540 F=§3—-1)% (M+1)42

S50 FOR I=1 7O M-3

560 E=K+]

STO WAR, B2k (M 1) ) =1 s W(B, B-M-1) ==B: W(B, B) =20: W (B, P41+ 1) ==Bs W ()1, 142814 2) =1 s W (2, ).
1) ==8:W (B, B+2) =1 : W(B, B-M) =2: W (1}, B+M+2) =2: W (B, B4+M) =2: W (B, B-M-2) =2: W (B B~ 1) ~—B: W ()2
JB-2) =1

S80 NEXT I:NEXT J

570 REM mesnetlere paralel noktalerin okutulmasi

&00 FOR 1=3 TO M-1

410 B=} !

620 WB,B)=1S: W (B, B+M+1) ==Lz W (B, B+ 28M+2) =1t W(B, B+ 1) =B W(B, B4+ 2) =1 s WL, 142 =0 W
(B, B+M}=D: W (R, B~1) =—8: W([, B-2) =1

630 B=1+ (M+1) ¥ (N-1)

6A0 WUE, D-C¥M-2)=1: W(B, B-M-1)=-8: W(, B) =19: W(B, B4 1) =—B: W (B, B4 2) =1 s W(E, B-1) =2 W
s B-M-23=2: W(B,B-1)=-B: W(B,B-2) =1

650 B=M+141 .

6460 WHE,B-M-1)=-C:W(B, ) =20: W(B,RB+M+ 1) =-B: W(B, B4 23M+2) =1 s WD, 11+ 1) ==Lz W (12, 4 2) =3 ¢
WB, B-M)=2:W(B,B+M+2) =2: W (B, B+M) =2: W(B, B-M~-2)=2: W(B,B~1)=-8: W (I, B~-2) =1

670 B=tM4 1) R (N-2)+1

LOO W, D-23M-2) =1 W, B-M= 1) ==8: W (13, 1) =20z WIR, B+ 1) =B WD, B4 2) = 1 2 W (I, B-M) =222 W ()t
S =2 WB, BIM) =2: W(B, D~1) ==8: W(R, B-2)=1: W(B, B-M-2) =2: W (I3, 14 M+]1 ) =-03

690 NEXT 1

700 KEM kose noktalarin okutulmasi

710 WAL, 1) =KI+22F016: W (1, 2) =K3: W(1,3) =AW (1, M+2) =2 W (1, 2HM+2) =Bz W (1, H43) =1
720 W2, 1)=KS:W(2,2)=18: W(2,3)=~B: W(2,4) =1 s W(2,M+3) ==B:W(2, 24M) mkHz W(2, M44) =2: 1,
2,21Me8) =1 g

730 WORI M 1) =K+ 2¥POISs WO+ M) =3 W (M1  M=1) =AW (M+1 , 2%M4 2) =12 W(F 2% 30 =
K3:W(Ms1,23M+]1) =~1

740 W, M) =18: WM, M+ 1) =K WM, M-1)=-B: W (M, M-2) =1 s WM, 244 2) =1 bz W (M, 2 M4 1) B 1 1
S 2¥M) =2 WM, T2 =1 s

750 B=iN-1)%(M+1)+1:C=(N-1)%(M+1)42

760 WIE,B)=KI1+42¥FO1S: W (B, B41) =KZ: W(B, B+2) =K4: W (E, B~M-1)=K2: W}, P~M) =] s W(B, T~ 29k
~2)=K8

770 WL, C)=18:W(C,C-1)=KS: W(C,CH+1 ) == W(C,C+2) =1 W(C,C~-M~1)=~B: WL, C--M~2) =6z W
s C-M)=Z:W(C,C~-2kM-2) =1

TRO B (M41) s C=NY (M 1) ~1

TF0 W, B)=K14 2470182 W (13, B~3) el W (B, B-2) =KAs W (13, B~M- ) ) =K2s W(E, 3-M~2) == 3 s W (B, ).
¥-2) B

BOO WC,C-M-1)==0s W (C, C~M) =K HsWIC, C-M=2) w2 VUL, C~2¥M=-2) =1 s W(C, C) =182 W (L, L4 ) =20
W(C,C-1)=~0:W(C,C~2) =1

B10 =142

B20 WB, E) =K W (B, Br1) sl V(B B42) =i W (B, B=M=1) =102 WO, B-M) m=e 1 2 W (08, 14 0 Ma 2 ) = 1 g2
WO, Bame 1) =K 2: W (B, DAMA2) =]

B850 WM, 2) ==Bs W (MIE, MAZ) =195 W (M4 72, 2HM4A) =B W (M4T, 2XMA5) 2=1 0 W (M43, M4 4) =3z W (1100
MG =R W (M T, 5) =2

055 W3, 20M45) =25 WM+ Z, 2014 3) =16 WM T, 1) wkb: W (M43, M4 2) =I5

B60 B=(N-2)¥ (M+1) 41

70 WOR,B) =K1 W I3, 141 ) wiCTg WAR, B4 2) 1A s WAB, M= 1) #1022 W (08, D-M) moe § 2 WA, B0 M-22) =00t
WOT, (1) =2 W (B, B4 2) we | ’
BIO P AN=2) ¥ (M4 1) 42

890 WA, - 20 M=2) @ L e (8, DM 1) B U (1, 0 m 3 D p W O3, K14 1) o3 b OB, 130§ ) vom s W0 CRE it 2) =1 -
WO, B9 =25 W B, BeMA2) w25 W (13, M) wichs W (B, B-M-2) =Kbt WL, B 1) =5

GOO DM+ 1) ¥ (N=1)

GLO WP, B-2¥M=2) wICHe W (1 B3 ) wbC e OB B bl g WO, DM 1) w28 W (18 e 3 w05 W (02 i) 51
430 (18, B-M=2) = L g W (1, M) ] ;

G20 BeMAL)H (N=1) =1

GZO WA, B ZWA=2) w3 E W CEy Bt g ) e B T B m G WA A MA 1) B2 W (2 Jaee ] ) mimefBg WOH, 05 02 ) e e
WL, Bt b s WO, TR 2) mhfoe W OB, TA1) w32 e WU, B-M=2) @25 W (15, 84 1) =55

'
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40 B0 (M)

250 WB B-M-1)=-0:N(B, D) =19: W (B, DI 1 ) =-B: W, B+20MH 2) =i c M (18, Jo~ 1 Y mmtig M (B8 Jor T =g =
WAR, B-M) =Ko W(B B M+ D) =Ko WI(B, B4+M) =2: WI(B, B-M-2) =2: W(B,B+1 ) =¥5

Y60 R=2t (M ))

Q20 MR B-M-1)=E2: WD, B) =K1 : WD, B+M+ 1 ) =K2: W(B, BAZEM 2) b B W, B~ L ) s ¥ s Ml Jo ) o ¥
A:NIB P-M-2) =W (B, B+M)=~]

280 REM ara seesnellerde katsayil dureltimi

990 pO=0

1000 FOK L=1 TO ACS-1 7

1010 BO=RO+ARIL)

1020 -NS=RO/DX

1030 NI=NG-1-

1040 B=N1#(Me1)

1030 N=KGE/DX

10&0 FOR 1=1 7O M+1

1070 B=Es+)

1080 MB-M-1 [ B4Me2) =0: W(B-M-1, D4+M) =0: W(D-M—-1, B+H+1) =0

1090 WD, BM2) =0: W (R, B+M) =0: W (D, B+M+1) =0z W (B, B+M+ 1) =W (B, B+ T8+ T) s, B 2PN LY o=
tNEXT 1 .

1100 B=(N1+1)8(Me))

1110 FOR I=1 TO M+1

1120 B=k+)

IS0 MOPAME ) B-20M-2) =03 W (B+M+1, D-281— 1) =0z W (B4M+ 1 B-20M~ 10 =0

1140 W(B, B-M-2)=0: W(B, B~M~1)=0: W (B, B~M) =0: W(B, B—M—1) =4 (B B-20-20 s W, 13-2008-20) =
1150 NEXT 1

1160 NEXT L

1170 BUM kotsayilar matrisinin yazdirilmasi

1180 PRINT TAB(DO) "Latsayilar matrisi™

1190 FRINT TAB(ZS) " ot
1200 PRINT

1240 FOR 1=1 TO A
1220 FOR J=1 TD A+1
1230 PRINT USING™#HHIf. #8";W(I,J); :PRINT ",";
1240 NEXT J

1250 PRINT

1260 NEXT 1

1270 CLS

1780 DIM X(A)zFOR 1=1 TO A:X(1)=W (]l ,A+1)sNEXT 1
1290 REM denklem takimi cozumu

1300 FOR 1=1 70 A-1

1710 FOR J=1+1 7O A

1320 ORAN=W (I 1) /W1, 1)

1330 X(I)=X(IJ-ORANEX (1)

1740 FOR K=1+41 70 A

1350 W(J,K)=Wid , 1K) ~ORANSW (1, K)

1360 MEYT K

iZ70 MEXT J

136805 MEXT 1

12960 FEM gerigw dogri cosuwmt bul ma

1460 KR =L AV /MIA, A

1490 FO 1=2 0 A

1420 Kefy=1+]

1420 W6y

1446 FOR d=¥+4 T0 A

SAGG Brpia v (V8 8K (3

1440 MEXT d

TAT6 F Y LY =081 V(1 1D

A6 XY |

$AG6 GAYE (1 11K (NIAEE 1) {
SEO6 BIM I BRI E R KN IBAY ) s DINM VIIGRY)

1640 FiR il ”\‘

1526 Wi (1) st |

i€ Kot el )o@

1566 FiW = L

FEAEy fej b i ot &

1550 H ¢



1560 FOR TE=1 7O NE-1)

1570 X=X+DX

1580 FOR J=1 TO M+1

1600 C1=C1+1

1610 K=CI1+1% (M+1)

1620 XN(K) =X

1630 YN =(J-1) ¥DX

1640 W1 (K)=X(C1)

1650 NEXT J

1680 NEXT TE

1670 X=)X+DX I

1680 FOR KAT=1 T M+1 "

1490 E=it+1

1700 XN OO =X: YN = (KAT—-1) ¥DX: W1 () =0

1780 NEXT KAT

1720 NEXT 1

1730 FOR I=1 TO M+1 S

1740 E=1: XN =0: YN = (1-1) ¥DX

1730 P=SAY-M-1+1

1780 XN(F)=RB1:¥YH(F)=(1-1)%DX

1770 NEXT 1

1780 REM kesit tesirlerinin hesaplanmasi

1790 DIM GX(SAY):DIM QY (SAY):DIM MX(SAY):DIM MY(SAY):DIM XY (5AY)
1800 KAT=N+ACS+1 3
1810 FOR I=1 TO KAT-2

1820 A=IX (M+1)+1

1630 MX (A)=- ((PH (1-FOIS™2) ) /DX"2) ¥ (=2%W1 (A) AW (A=M-1) 24T (A+1+ 1))
18080 A=(I+1)¥(14+1)

16850 MX (AY=— (DX (1-FDIS"2) ) /DX"2) X (=241 (A +W1 (A-M—1) +UW] (A4M+1))
1860 FOR J=2 TO M

1820 A=1X(M+1)+d

1880 MX (A) == (D/DX"2) % (W1 (A~M=1) = (24 Z2XFO15) ¥W1 (A) -+ (A+MH 1) +FPOTER (WT (A 1) 411 (A-10

18% MY (A) =— (D/DX"2) ¥ (POISE (W1 (A=M=-1) 441 (A+M41) ) = (242KF0T5) ¥W1 (AY4WT (4]0 (A=

1900 XY (A) =~ (DE (1=T'D18) / CAXDXA2) ) % (W1 (A—MI—W1 (A=M-12) +W1 (A+1) W] (A4H+23 )

1980 NEXT J:NEXT 1

1929 FOR 1=2 T0 KAT-3

1520 A=I1% (M+1)41:B=(I+1) X (M+1)

1980 XY (A)=— (D1 (1~FO1S) Z (AXDYX"2) ) % (2411 (A=M) —2¥ W1 (A+M+2) + (24+24POIS) ¥ (W] (A1 1) -1

1{A-1-1)) +F015# (W1 (A=2KM=2) ~W1 (A+24M+2) ))

1950 XY (H)=— (D3 (1-F018) 7/ (AXDXA2) ) H (=211 (B=M=-2) + 24 W1 (B4M) ~ (24 24FDIS) & (W1 (BHM+1) -

W1 EB—M-1) ) ~FOISE (W1 (B=2¥M=2) ~W1 (B+2KI11+2) )) :

1960 DX (A== (D/ (ZXDX"2) ) ¥ ((POIS=1) A1 (A-28M-2) +W1 (A=M—1) % (2=2¥FOIS) +W1 (A+M1 1) Y (7

FPOES~2) 4 (1-F0IS) kW1 (A+2%M+2) )

1970 QY (B) = (DFC2EDXAD) ) % ((POTE-1) ¥W1 (B-28M-2) 401 (B=M=1) § (2=2XFD1S) 401 (HaM+1) § (2

FFBIS-2) + (1-FOIS) ¥W1 (B+2XM4+2) )

1980 S=A-OXFO1S-4%F01672: C=14 10¥PO16-20FOIS"2

199 A=I1¥ (M+1)+1 :

2000 QY (A) == (DF (DX F) ) K (= (FOIG41) % (W1 (A-2¥M=2) +W1 (A+2X1142) ) = 2K (W1 (A=) W1 (A4 14

2)34W1 (A1) ¥ (20P0I5+4) +W1 (A+2) X (2XPOIS—4)+CH (W1 (A-M~1) +W1 (A+FI+1) ) +SXW1 (A))

20090 A= (I1+1) % (Me1)

200 DY (M42) 5= A/ (2ADX) ) % ((5=7¥PO1S=AXFO1S42) 1WT (M4 2) 4 (A4 10401524101 5°2) g ¢

2096T) — (POTS+ 10 AW] (3RM+4) + (4+ZAPOIS) AW (AT —-3RW1 (2HM+4) + (2¥FO15-4) W) (1144))

2O QY (2HME2) == (D7 (ZADXAT) ) ¥ (= (57401 S-AXFOIS 2) KWL (24 M42) -~ (A+10%XP01 G- 2% P01 62

) AL (THM2) - (2801 G-4) KWL (2¥1M) )

oMo QY (SAY-2¥H 1) = (D7 GADXAZ) )8 ((E=7¥POES-ANP0152) ¥W1 (SOY-24H-1) + (44 10APO1S-

FEELSA2) XYW (GAY-TAM-2) = (POIS+1) XU (SAY=48H-3) + (4423 PULS) W1 (SAY-2HH) ~Z¥W L (SAY-3¥

Me-324 (2P0 G- 4D 01 (SAY=24M+ 1))

206y BY (BAY~M=1)== (D7 (ZEDXA3) ) ¥ (= (5= 7¥FOIS-A¥P01G72) #W1 (GAY=H~1) ~ (A+1 0RO 8- 241,

165°2) XW1 (SAY-28M=2) + (FOTS+1) ¥W1 (SAY=3¥M=-3) = (A+2¥POIS) ¥W1 tsav»n-‘)q.m (GAY—-2%M~-2
) —E2RF015-4) ¥ W1 (SAY=M=3) )

2055 A=(1+1) ¥ (K1)
S0 QY (A) s (DZCRRDYST) ) X CIPDIEHT) ¥ (W] (A=THM-2) 411 CASIIEMA22) ) 4730 (W1 (A4 M) AW (M -2

S - (A1) & GAFDIGHA) ~W1 (A=2) Kk (2APO1G-4) ~CK (W1 (A=1-1) +W 1 (A+M41) ) =531 (A))
2000 NEXT 1 ’
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2080 FOR I=1 TO KAT--2
2090 A=IX(M+1) 42 B=(I+1) % (M1) =1

2100 V(A =~ (D/ (2XDX"3) ) X (W1 (n) ~W1 (A~ M)~w1(h|H+“)44#N1(ﬂ41)+( ZEPOIE-Z) ¥W1 (A--1)
(1-PDI Y ¥ (W1 (A-M=22) +W1 (A+MD) ) ~W1 (A+2) )

Jln GV (B e (D/ (2FDX"2) )% (WL (4wl (- M—A)+w1(u0H) =4¥WE (B=1) = (Z2¥1018=2) #1T (Brd) ¢

=POISY ¥ (W1 (B=M) 4l (B4M+2) ) 4W1 (B--2))
21:0 FOR J=2 TO M-1
2130 A=1% (M+1)4J
2140 OV (A== (D/ (2ADX"Z) ) (~W1 (A+2) = W1 (AFM42) =1 (A=M) =4XW1 (A= 1) 400 (A1) AT (N1
2) +Wl (A-2) ] (A4M) ) p
2150 NEXT J:NEXT 1 ;
2160 X M) =~ (D/(2XDX"F) ) ¥ (= (POIS=1) ¥W1 (M42) 4 W1 (ZAMA4) % (1--FO)E) WL C2RM ) ¥ (24010,
15-2))
2170 QX AL¥MAZ) == (D/ (2XDX73) ) ¥ (= (FOIS=1) ¥WI (2K1+2) + W1 (4XM44) X (1-0IS) AW CIRMr 38/
2¥POIS-2))
2180 AX(SAY-2%M-1)=-(D/ (2¥DX"3) ) X ((FO1S—1) X (W1 (SAY=2%1M—1) + W] (SAY=4¥M=2) ) 1] (GAY
SEM-D) ¥ (-2XF0OIS+2) ) g
2190 X (SAY-M=1) == (D/ (2¥DX"Z) )X ((POI1S-1) ¥ (W1 (SAY=M=1) +W1 (GAY=-2%M-3) Y+l (GAY- 20K
2) ¥ (—-2%P0IS+2))
2200 FOR 1=2 10 EAT-3
2210 FOR J=2 TO M
2220 A=1X (M4+1)+J .
2220 X (A)==(D/ C2XDX"3) ) % (=W (A-2FM~-2) =W (A-HM~2) ~W1 (A=M) +AT W1 (A-=M—=1) =A% (ALY
W1 AEM) WL (AHMH2) AW (A+ZAM+2) )
2240 NEXT J:NEXT 1
2250 QX(!)=—(D/(4xDX“1))t((4!P0]s-4)th(N+L)4wl( PHEM4TI) X (2-241P01S) )
2260 DX (Mr)) == (D/(2¥DX™3) ) ¥ ((AXFOIS—4) ¥W1L (2%M42) + W1 (ZkM13) ¥ (2-2%FP01S))
2270 DX AGAY-M) == (D/ (2EDXAZ) ) K C(=4¥'01544) ¥W1 (SAY=20kM=1) 4 W1 (SAY-ZRM-2) ¥ (2101 6-2)
)
2280 QX (SAY) == D/ (2¥DX"Z)) ¥ ((=AXFOIS+4) ¥ W1 (SAY=M=1) 4 W] (GAY-28M=2) ¥ (2% P01 5-2))
2290 FOR I=2 TO M
2200 A=5AV-M-1+]
23240 AX (1) == (D/ (Z2XDX"Z) ) ¥ (-G¥W] (I+M+ 1) +20 W1 (1AM 4201 (1428 M 2) 4281 (T 0M422) )
2320 DX (A) =~ (D/ (2XDZ3)) ¥ (B%WL (A-M—1) ~2%W1 (A-1M) —24%W1 (A-2%M-2) ~2¥W1 (A-M-2) )
2EEO B=14M )z A=A-M-]
2210 ux(ﬂ)r—lD/(?tDX*i))l(Nl(R)+N1lH+H)4W1(hiN+z)-4lN1ln4nil>'N11V4ztn*
250 OX(N) =~ (D/ (24DX3) ) ¥ (=W1 (A) +W1 (A-M—1) ¥4-W1 (A-M) ~W]1 (A-M-2) ~W1 (A-2%M1- ‘))
2360 NEXT 1

2370 XY (M+2) = (D% (1~ POI“)/(4#DX“ 2) )4 (~FOISHWL (M) 4 (Z4+2KP015) X (2RME2) 2065 (),
+4)-FOIGEWL (3¥M+4))

200 XY (D¥M42) == (DY (1~ PDI&)/(A:DX““))*(PO) SHWL COXMA2) = (24 24P0TS) R WL (FFLE 3D A 0kl ¢
ZIMADIAFPOISAWL (4XM+4) )
2390 XY (SAY-Z2EM—1)=- (DX (POJS-1) 7/ (43DX"2) ) X (FDISKWI (SAY-2¥M- 1) ~ (242%F018) ¥ W01 (51Y -
IEM=2) 25 W1 (SAY=T¥M=-1) +FPOIS¥WI (SAY~4KM-3) )
2400 XY (SAY-M-1)=— (DX (1 -FPOIS) / (AXDX"2) ) % (~FOISHWI (EAY-M—~1) + (24 2%FDIG) YW1 (SAY-2#1,
~2) =AML (BAY-2%kM-3) ~FOISXWI (BAY~I¥M-3) )
2410 XY (1)=—(D¥ (1-FOIS) /7 (AXDX"2) I ¥ (=4%W]1 (M+3 )4!4:!01 +4) ¥ W1 (M+2) =2%F01SH W (28117

»
24220 ¥V(M01)=—(D$(1~POI")/(4‘DX”“))#(4¥N1(2!"+1)—(4'P015*4)¥N1(23H+2)*2tPUIDIH!(
TAMEE) )

2470 XY (SAY=M) == (DX (1-FO1S) /7 (4AXDX"2) ) ¥ (AXWL (SAY=2¥M) = (AXFO1S4-A4 ) 21 (GAY =24 1) 42y

POISHYL (SAY=-3%M-2))

2440 XY(ng)r—(D#(1~FOIQ)/(4tDX“ 21 ¥ (—A4FWL (BAY-M-2) + (AXTO1S4 M) LWL (SAY- M- 1) - 2o
S¥WI ACAY-2XM-2) )

2450 FOIRR 1=2 T0 M

2860 H-SAY-M-14] A

YV AA) - (DN (]~ POYGY Z (AXDYXS2) DK (= 2HW 1 CA-M-22) 420011 (A--1))

XY (1) == (D& (1-17P018) / (A¥DX"2 PN KWL (LM - 22%WT T+ 22))

O NEXT I
CLS
REM kesit tesirlerinin yazd:r:lmasi
PRINT TAB(25) "¥¥¥¥ IC KUVETLER ¥Xxx"
o LPRINT TAR(20) "kt 1C KUVWETLER »¥r™
3 FRINT TAR(ZS) "Rk onkrpkxs”
o L PRINT TARCGAS) "FER kb e e

FRINT .
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550 PRINT TARCI) "No™i:PRINT TARMD® X “;:FRINT TARMIE)" ¥ “;:FRINT TAB(2O" W~
s:FRINT TAR(TEI™ Mx “;:FRINT TAB(4B)™ My “;:FPRINT TALB(S6)"™ Mxy ";:PRINT TAz(LL)™
D ";:PRINT TAR(76)" @y * :

2555 LPRINT TAB(1) "No";:LPRINT TAR(E)* X "3:LPRINT TAR(16)" ¥ ";:LPRINT 1ARCo) "
W ";zLPRINT TAB(IB) " Mx ";:LPRINT TABRMB) ™ My “;:LPRINT TAR(S6)™ Mxy “;:LFRINT
TAR(LEY ™ DBx ";:LPFRINT TAR(7&6)™ By

25460 PRINT TAR(1)"——":;:FRINT TABE(B) "——="; :FRINT TAR(16) "~——"; s FRINT TAR(28) "= "
:tFRINT TAL(EM) “"———=": : PRINT TABR(48) "m——="; s FRINT TAE(56) " ————m " FRINT TAB(L6) ™
=" PRINT TADR(76) " ——e e

2560 LFRINT TAR(1) "——"3;: LPRINT TAE(D) “——"3:LPRINT TAR(16) "———"; :LFRINT Takc2mn
——="3; 2 PRINT TAB(3IB) "———="; : LPRINT TAB(48) "———="; : LFRINT TAB(56) ¥ ——mmm Yo LPRINT
TAL(bs) "———=": : LPRINT TAB(76) =" ‘

2570 FOR 1=1 TO SAY ¢

2500 PRINT TAE(III;:PRINT TAB(B)XN(I) 3 :PRINT TAB(I&)YNCI) 3 s PRINT TAL(20) 3 s FIRIN
USING™####. ## ;W1 (1) 3 :PRINT TAE(35) ;s PRINT USING"##H#. #3" ; MX (1) 5 tPRINT TAR(45) ;3
PRINT USING #8838 88" ;MY (1) 5 : PRINT TAE(53) ; :FRINT USING" st 4" 5 XY (1) 3

2TBI LFRINT TAR(1) I;:LFRINT TAB(8)XN(I) ;:LPRINT TAB(16) YN(I); s LFRINT TAB(25) z: LK

HINT USING"#883. #8": W1 (1) : LPRINT TAE(35) 3 :LPRINT USTNG"#4Hdi4, 8" MY (1) g 2L FRINT
AN(AS) ; :LFRINT USING“####. ##" ;MY (1) ; :LPRINT TAB(SI) ; :LPRINT USING"##idH. ##"; XY (1)

3
2585 PRINT TAD(ST);:PRINT USING“ #4414, 41" 30X (1) ; : PRINT TAB(73) 5 s PIINT USING #0844,
#; OV

2587 LFRINT TAB(LT) ;s LFRINT US"I-;"M..!Q“;QX(I);:LF'RINT TAB(73) ; : LPRINT USINGY S

B4, A3 OY (1) -
2590 MCXT 1
2600 STOP
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kn/m2

metlre
bn

R XKROKOR X KO OK KO X X

W M My My
0,00 0.00 0,00 4.78
0.00 0. 00 0.00 3.61
0.00 0.00 0.00 =0.00
0.00 0.00 0. 00 -3.61
0.00 0.00 0,00 ~-4.78
0.05 0.99 0,00 4.54
0.09 1.94 3.14 .63
0. 11 .77 8. 72 =000
0,09 1.94 3. 14 -%.63
0.05 0.929 0,00 -4, 54
0.10 3.07 0,00 .22
0,17 6.25 5.59 3. 27
0.22 &.73 13,049 0.00
0.17 6. 25 e Pt -Ze 27
0.10 .07 0.00 =3 22
012 6.98 0. 00 ~-0.19
022 135,82 5.58 -0,15
0,29 24,51 2591 Q.00
DuR2 12,82 5.58 015
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