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Elastik zemine oturan dogru eksenli stirekli kiriglerin c¢dziimiinde glic problem-
den birisi temel altindaki gerilmelerin hesaplanmasidir. Yaklasik hesap metodlarin-
da kiris rijit kabul edilmektedir. Bu metotta zemindeki gerilmelerin hesabi da, her
kolondan gelen yiikiin kolon etki boyuna bdliinerek elde edilen zemin gerilme degerle-
pinin ortalamalari alinarak yapilmaktadir. Yani lineer bir gerilme yayalisi kabul

edilmektedir.
. Béyle bir hesap téfz;nda kirisin oturdugu zeminin &zellikleri dikkate alinmaz.
Halbuki gerilmelerin yayilisi biliylik miktarda kirisin oturdugu zeminin dzellikleri-
ne baglidir. Kaldi ki yeni TS 500%, siirekli temellerin elastik zemine oturan sonlu
kiris olarak c¢dziilmesini Ongdrmektedir. Bu caligma elastik zemine oturan dogru ek-
senli kirislerin ¢&zim metodlaraini karsilastirmayl ve pratige ydnelik tablolar has
zirlamayl amacglar. .

Bilindigi gibi bu tiir kirislerin ¢dziimi yatak katsayisi kavramina dayanir. Bu
nedenle calismanin baslangicainda yatak katsayisinin anlami ve hesaplanmasl yontem-
leri iizerinde durulmustur. Daha sonra‘problemin differansiyel denkleminin genel ¢o-
zimli verilmis ve gegitli arastlrma01lér1n Szel c¢ozlimleri énlatllmlstlr. En son bo-
liimde de gercek ¢dziim anlatilmstir. Cozlm metodlarinin karsilastirailmasi BASIC
" programlama dilinde yazilan bilgisayér programlar: ile yapilmistir.

Uygulamada bilgisayardan faydalanma imkani olmayan ﬁﬁhendisler icin tablolar
yardimi ile ¢dziime gidilmesi zorunlu olmaktadir. Bu nedenle problemin kesin ¢&ziimi
iein herirlanan.bilgisayar programlarinin yanisira literatiirdeki tesir gizgisi tab-
lolara daha da genisletilerek eklenmistir.

Bu calismayi ydneten hocam Dog.Ruhi AYDIN'a ve kiymetli yardimlarini esirgeme-

yen Dr.Ahmet TOPCU'ya tesekkiirlerimi sunarim.

*TS 500: Betonarme yapilarin hesap ve yapim kurallari: Aralik 81.



BOLUM :1I

I-1- YATAK KATSAYISI TEORILERI:

Flastik zemin lzerine oturan kirisin, temas ylizeyi {izerinde verilen herhangi
bir noktadaki ﬁ(x) (t/m2) gerilmesi ile Y(x) (m) cdkmesi arasindaki sabit oran

yatak katsayisi olarak tanimlanir(l).

P : Elastik zeminin herhangi bir nok-
_ (x) %
P(X) 3 tasindaki gerilme (t/m”)
. C= Y(x) (t/m™y. ..o (1) Y(x) : Ayni ncktanin gékhesi (14)

C = Yatak katsayisi. (t/ms)

Yatak, katsayisy téorileri temel zeminin Hooke Kanununa uydugu ve merkezi yik-
le yiiklenmis rijit bir plagin her noktasinda yatak katsayisinin ayni oldugu kabuli
{izerine kurulmustur. Buna ragmen yatak dzellikleri ayni olsa bile C sayisi degisik
noktalarda.: farklidir. Clinkii ayni ylk altindaki ¢Skme; kuvvet altinda buyik kenar-
larda kiigliktiir. Eger C= ﬁ(x)/y(x)= sabit kabulii gecerli olsaydi o zaman rijit bir

plagin altindaki gerileme her noktada ayni olurdu (Sekil:l.a).

P

77722222 .
pRSTTT T) 70 B N

CNNNVZZLN AT bit O LT /T ONT /S NN NN T 77NN 7L /A
=S b= _
MO Sy B lPw - [P P fygg

(a) | (b) (c)

Sekil: 1. Yatak Katsayisinin Anlami.

Halbuki Boussinesq teorisine gdre gerilmeler ortada kiiclik kenarlarda biyik-
tiir (Sekil:1.b). Bu fark rijitligi fazla olmayan plaklarda oldukca biyiiktir.
Bundan dolaya yatak katsayisininsabit. dégildegisken olmasi gerektigi anlasilir(Se-
kil:l.c). |

Bazl arastirmacilar yatak katsayisini zeminin sikisma rijitligi, temel genis-
1igi ve derinligine bagli olarak ifade etmislerdir. Bdylece yatak katsayisinin de-

giskenlik dzelligini kaldarmislardir.
2



I-2 YATAK KATSAYISININ HESAPLANMAST:

I-2-1 KOGLER'e gdre kare bir temelde (2).
Burada:
B : Kenar uzunlugu (m)
= M, -—Ei~—~dir ......... (2) t : Temel cukuru derinligi (m)
M : Zeminin sikisma rijitligi. (t/m2)
(Tablo l'den alinabilir.)
Zeminin sakisma rijitligi: Zeminden alinan numunenin serbest ba51né deneyine

tabi tutulmasi sonunda, elde edilen eZrinin iki noktasini birlestiren, dogrunun egi-

minin cotg degeri olarak tanimlanir (Sekil:2).
' Ao

o (kg/cm2)

Sekil:2. Zemin Sikigma Rijitliginin Anlam.

coe—eowoo - TABLO:1l, Gegitli Zemin Cinslerine GSre Zemin Sikigma

Rijitligini Veren Tablo (3). -

ZEMIN MCkg /cm&
Iri kum 1000 ~ 2000
Sikt kum 500~ 800
Gevsek kum 100~'200
Marn ve sert kil 200~ 300
Orta sert kit 80 150
Sert plastik kil 40~ 80
Yumusak kil »15- 40
Yumusak akici kil 5~ 30
Turba 1=5




Ayni arastirmaci kiris seklindeki siirekli temeller igin yatak katsayisini:

C= ———F=—F5~ (t/ma) .......... (3) olarak verilmistir.

B : Temel genisligi (m)
t : Temel gukuru depinligi (m)
M : Zemin sikistirma rijitligi (t/m2)

I-2-2 JACKY'e gdre (2)
B : Temel genisligi (m)
._% (t/m3) ......... ) t : Temel cukuru deriniigi (m)

o
If
wlr

M : Zemin sikistirma rijitligi(t/m>)

Son arastirmalar yatak katsayilsinin kumlu zeminlerde; temel genisligin dért

kati derinlikte oldukca arttifini gdstermistir.

I-2-3 TERZAGHI'ye gdre (1)

Terzaghi yatak katsayisini temelgeniglifine bagliclarak killi ve kumlu ze-

minler icin ayri ayri vermistir,
I-2~3-a, Kumlu zeminler ig¢in:

B+30
2B

2

C= Co ( ) (kg/cma) e (5) O&nermistir.

B :Temel genisligi (cm)
Co:30¢m eninde serit veya 30x30cm boyutlarinda bir plagin yiikleme
deneyi sonunda bulunan yatak katsayisi Ckg/cma). (Tablo:2'den

alinabilir.)

TABLO: 2.Kumlu Zeminler l¢in Co Katsayilari (kg/cm3)

Gevsek kum | Siki kum]Cok siki kum
Yo(t /m3) 13 16 19
Yas veya islak kum Co= 13 4 16

It ttind -
Yeralt: su if%%Y&Sla inda co- 1.8 25 10
4
reqsit TEst
LNADOLU DXIVERS

m K“‘ % l}‘a.} e

M‘



I-2-3-b. Killi Zeminler Icin:

Sonsuz uzunluktaki kiriste: (B.L 2 «)
B : Temel genigligi (cm)
L : Elastik kirisin fiktif boyu (m)
4/y.m.1
-C.B

. . . . o e 2
E : Kirisin elastisite modlili (t/m”)

C= Co. —%9 (kg/cms) ........ (6) L=

. e . T
: Kirisin atalet momenti (m )

s Co: (kg/cmg)
o S 30 3. P
Eger B=L ise : C= Co. E—-(kg/cm )Yonermistir.

TABLO: 3.Killi Zeminler Igin Co Katsayilarini Veren Tablo:

N

Siki Cok stki| Sert

Serbest basin¢ dayamimi | 12 245 45

Cortkglem3)| 26 | 5 10

I-2-4 Ayni konuda SCHLEICHER'in yaptigi arastirmalara gdre yatak katsayisi orta-
lama bir deger olarak asagidaki gibi hesaplanabilir ().
- X : Degme ylizeyi boyutlarina bagli kat-
say1l (Tablo 4'den alinabilir)
Cort X-X (kg/cm%; ........ (7) F : Degme ylizeyi (cm2)
et F : E : Zemin elastisite modiili (kg/cma)

(Tablo 5'den alinabilir)
K = —2  i(kg/em®
N l—ug' (kg/em ™) y : Zemine ait poisson orani. Ortalama

bir deger olarak 0,333 alinabilir.

TABLO: 4. X Katsayilarini Veren Tablo:

1 ‘s
o 2 3 5 10 1100 ga=-5— 1 : Kiris boyu (m)

: B : Kiris genisligi (m)
x {109 |13 [ r22lve 2.
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TABLO: . 5.Zeminlerin Elastisite Modiillerini Veren Tablo. (5,6).

] } L ] 2
‘ ZEMIN  CINSI E (kg/cm?)
MICIR:
Keskin kenarli
Orta siki 3000~ 1500
... Gevsek
IRl KUM:
Orta daneli ve kaba
Orta siki 2000 - 1000
Gevsek
KiSLI KUM
Orta skt 2000~ 1000
Gevsek
KUM:
Kogels ]800 - 2000
Orta stki
Gevsek 400~ 800
KUM:
Yuvarlak daneli
- 200~500
Orta sikt
Gevsek 100 200
KIL:
Sert 80~ 500
Orta siki 60 ~ 200
Siki 10 ~ 60
Yumusak 15~ 30




1-3 CESITLI

I-3-1 Killi

ORNEK: Sert kil lizerinde, boyutlari 1,5x10

ARASTIRMACILARIN VERDIKLERI FORMULLERIN KARSILASTIRILMASI
Zeminler icin: Formiller bir Spnek iizerinde karsilastirilirsai;

m2 ve temel derinligi 3 m.olan Si-

pekli kirisin yatak katsayisinan hesaplanmasi:

KGGLER'e gére: (3)

C=

JACKY'e gore:

TERZAGH1'ye gdre: (6)

C=

C:

SCHLEICHER'e

Tablo 5'den

Ke -

ort

1-3-2 Kumlu Zeminler fc¢in: I.3.

M
B.1n 222" Tablo 3'den sert kil icin, M= 250kg/cm’
alindx.
250.10 3
o é:éiZﬁi = 1035,56 t/m
T 1,5
(4)
2 M2 250.10 _ 3
3 . —-B-"‘ =3 . 1.5 =1111,11 t/m
20 . . s 3
Co. 'S Co : Tablo 3'den sert kil ig¢in Co= 10 kg/cm
alinarak:
10. j%%:1,333 kg/cm® = 1333,33 t/m°
gdre: (7)

E= 250 kg/cm2 ve tablo 4'den 10/1,5= 6,67 dicin %= 1,30 alinarak;

_.250.10 "_ ,g11,80 kg/cm®
1-(0,33)

£L§9§2§£L£§ = 0,9438 kg/cm3=;943,80 t/m3'

1501000

1'deki kirisin bu kez siki kum zemin izerinde

oturdugunu kabul edelim;

KOGLER'e gdre: (3)

C=

M
B.1ln BEQt Tablo 1l'den siki kum icin M= 600t/m2
alinair.
600'105+2x3v=2u85,30 t/m
1,5 1In e

1,5



JACKY'e gbre: (4)

2 M 2 6000 3
= e——— | m——— D | —— = 6 N
C 3 ) 3 G 2666,7 t/m
TERZAGHI'ye gbre: (5)
o . 3
c= Co ( B+30 )2 Tablo 2'den sik: kum icin Co# 2,5 kg/m
B 2B
alinarak:
_ 150+30 (2 3 3
= 2,5 ( =5 9%p )= 0,9 kg/em” = 900 t/m
SCHLEICHER'e gdre: (7)
o= 10/1,5 = 6,67; Tablo 4'den 0=10/1,5 igin ¥= 1,30 ve Tablo §'
den E= 500 kg/cm2
K= ~§2994——§ =5611,04 t/rn2
l_(0a33) '
Copp= 22 30%61L,0% _ 4503 39 t/m°

15

I-3-3 YATAK KATSAYISI HAKKINDA DUSUNCELER

I.3.1 ve I.3.2 bdlimlerinden de agikgca anlagsilacagi gibi cesitli arastirma-
cilarin Snerdikleri formiillerin verdikleri sonu¢lar birbirine oldukga yakandair.

Kalda ki sonuglar farkl:i olsa bile denklemlere yatak katsayisinin dordiincii dere-
4 [UET

' C.B
kuvveti) Snemli bir degisiklik yapmaz. (Bakiniz b&llim V).

ceden koki girmektedir ( L = ) bu da statik degerlerde (c¢dkme, moment, kesme



BOLOUOM: II

I1-1 SUREKLI KIRISLERIN YATAK KATSAYISINA GORE COzZUMU:

Elastik zemin Gzerine oturan, izerinde P tekil yikd ve P(x) yayxli yikii olan

bir kiris alinarak differansiyel denklemin genel ¢Szlmi arastirilirsa:

Sekil: 3.Eldstik Zemine Oturan Sonlu Uzunlukta‘Kirig.
Burada: .
P :Tekil yik (ton)
P(X):Kiris lizerinde yazilar yik (t/m)
F(x):Zemin ylzeyindeki gerilmeler (t/m)
X :Kesitin P kuvvetinden uzakligi (m) dar..

Cokme fonksiyonunu Y(x) olarak alirsak:

yEx) = e(x) Dénmeler (radyan)

-E.I y" (= gi \ 1 (tm) cvvennnnens e
__-E, %) M(x) Egilme momenti (tm) (8)

- "t = i L R I L R I I I Y I

E.-Iyi Q) kesme kuvveti (ton) ...... . (9)

~EB. iV o= u . cee e Cee e 10

E.I Y60 P(x) yayili yik olur | (10)



Burada:

.o, L4
I : Kirisin atalet momenti (m )

. . . R 2
E : Kirisin elastisite modilu (t/m”) dar.
I1-1-1 Differansiyel Denklemin Elde Edilmesi:

(9) Denklemi gdz dniline alinarak:

2

4 My -
- = P, \- P B vviiiviiev.en. (11)  B: Kiris genisligi.

a2 (%) %)

Zemin elastik olduguna gdre zemindeki gerilmeler cBkmelerle orantilidir.*Yani,

C yatak katsayasi olduguna gore:

P(x) = C.y(x) OlUP,  ceirernnsnons .. (12)

Bu baginti (11) de kullanilarak:

2

d M)
" " (Paom SV )P
2
d™M
o) -
. 5 = P(X).B C.B.y(x)
X .
d2M(x)
—’-5;5——v+ C.B.y(x)= P(x)'B verernenees. (13) elde edilir.

Ayrica M(x) de yerine yazilirsa:

2
d (yzx))
E.1 T+C.‘B.y(x)= P(X).B
X
eyt
E.I dxq + C.B.y(x) = P(x)'B

+ WINKLER HIPOTEZ!: Bu baginti ilk defa Winkler tarafindan 1867 yilinda ortaya

atilmg ve Demiryolu traveslerinin hesabinda kullanilmigtar.




E.I + ys B
e axt ) c
Diger yandan;
dQM(x) _
-2 = ( - P B
o2 Py P’
X
n
d M(x) d2
m -B. ) (P( ) C
dx C~dx ®
In
dM C.B
2 My TP
dx .1 °
C.B
Burada; 1 = a olarak alinirsa:
d”'M(X) a%p
——"-—‘H‘—" +a.M(x)= -B.
dx dx
Baradan da;
ylv+ a.y = -B.z"
L v Vay = Buz" e

1I-1-2 Differansiyel Denklemin CozUmli:

1I-1-2-1 Homojen Cozim:

n

dvy
(%) _
m + q.y(x)— 0

4,B8.1

B.C dx

Ayrica Y= —%— olarak tanimlanirsa;

1

(%)

. P(xs) ........ (1)
y(x))
2
da°p
§X) (15)
dx
2
............... (16)
4 4.E.I
= "B.C
yfu.B.1
L=V=57¢

elde edilir.

denirsec.

olur.



d My
$ e + 4.M =0 iveeren Ceeea e (17)
4 (x)
d
Cozim MI(x) = e olarak secgilirse
uq eu +La\.el‘l =0

uq+ 4 =0 (18) bulunur.

................................

(18) Denkleminin kdkleri

= +q = e i
v, 1+i My (1+1)

li

My 1-i w, = ~(1-1) olarak bulunur.

Genel c¢ozim Homejen ¢ozlim Ozel c¢dzlm.
= +
Yix)~ Yo(x) T Y1(x)

Y(x)" Yoix) (Al.Cosw chy+ A Cosy .sh{+ AB.qu) .chy+ AL}SmlJl .sh¥ )

dy
'_Sle = -a—{q +-JI": (Al.(Cosxp .shy -Siny .chy )+ A2(Cosd) .chy -Siny .sh¥)

+{;3(Sinq) .shy -Siny.chy)+ AL‘(SinlIJ.chlP+ CosV¥.sh{))...(19)

{19) numarali denklemin bir kez daha tlirevi alinirsa momenti verecektir:

2 2
er. Y _ yegp.19¥0 o E:L (4 siny.shi+ A _Sin¥.chy -A Cos¥ .ship
2 2 2 M 2 3 ,

~A,COSPCRY ) wevnnii e (20)
(19) numarali denklemin liclincl tiirevi kesme kuvvetini verir:

3
g1 9Y_ - q=E.I
3
dx

3
dyo _ _2E.I (A (SinVy.chi CosV¥.sh¥)
dx g L3 1

+A,)(Sin fsh i +Cos theh P )~ A3(Cos P.ch¥ - Sin ﬂ).sh‘lp)
-U,, (Cos PshP-SinVch P )) uverriimnneernnnnnernonnnnaneees (21)

bulunur.



Buraya kadar kiris diferansiyel denkleminin genel ¢&ziimi verilmistjr. Baza
5zel durumlar ic¢in (kiris boyunun sonsuz olmasi, kiris uclarinda simetrik veya an-
timetrik kuvvet gruplari gibi) Cozlimler b&lim II ve III'de anlatilmistir. (21)
denkleminin.katsayilarzinin genel bir kiristeki, genel ylklemeye ait ¢dzimii bdlim

IV'de verilmistir.

II -1-2-2. Diferansiyel Denkleminin K. BEYER'e Gore Uzel Cdzimleri (7)

©

II-1-2-2-1. Kirisin Ortasinda Po tekil yiikiinin olmasi hali:

. Kipi s s
8 Kirls genisiigi (n) 3 L=" 4E lb———'“x olmak Uzere
C: Yatak katsayisi (t/m”) - C.B T L
¢ IR Veosw ) (22)
X L Y= 71 3c ‘e osy+e. CosP J)......
p
- - —1- %}% == =5 Q e?lp sin}
~~o . L L°.B.C
~o //
P L
~ -y .
M=—-—~9—4——— (e U.Coslp ~ e . Sin V)
Sekil: 4. Kirig Ortasinda P Tekil Po _
Kuvveti. =- 5 e \P Cosy olur.
Eger x=0 ise lp=-§—= 0 olur. Bu durumda kuvvetin altinda:
P ay P, .L P,
Y= 31B.C’ I T
II-1-2-2-2. Kirisin Ortasinda Moment Olmasi Hali:
M '
[ y = -—5—2—— .e_w.Sinlp e (23)
.I;_..L_ L .B.C
— d Mo -
LTI 7 -d% =3 .e " (Cosy - Sinyp )
B //,—Iy L".B.C
\)' -
Mq . Mo -
l M= 5 e - Cosy
Sekil:5.Kirig Ortasinda Mo Moment i.. Q =- -,;——E e—lp(Coslh +Sinp ) olur.



QX. Mo Mo Mo
y=0; = H M= = Q =- olur.
dx 3 p.c 2 2.L :
II-1-2-2-3. Kirisin Ucunda Tekil PO Kuvveti Etkirse:
2.
R X i . o V¥ o
e Yy = TFB¢c¢ - COSY  vvevnmnannenenns (2u)
I S—
| P2 ! P
|+ -
[// gy— = - 20 e v (CosV¥ - Sin¥ )
v . L°B.C
. .. . . = -P .L.e—(p. Siny
Sekil: 6.Kirig Ucunda PO Tekil Kuvvetl. o}
Q = —Po.e—w (CosV¥ - Siny )
x =0 da q,:—%— 0 olur, Bu durumda da;
2.PO QX 2.Po
y= H == ; M =0; Q= ~P
L.B.C dx 2.8.C o)
II-1-2-2-4. Kiris Ucunda Moment Etkimesi Hali:
2.4y
y =5 e (Cos¥ - Sin¥ ). (25)
Mo .\-\ ' L%B.C
-
~_ ¢ - y 4.M
~ - -
~-r - - —3{- =3 °_ e .LPCOS'W
- L.B.C
X
..1!} .
M =M .e (Cosy - Siny )
Sekil: 7.Kirig Ucunda M_ Momenti.
° Mo -~V
Q=‘— - —I_Q_ e . Sin‘P
x= 0 da W=%= 0 olacaktir. Bu durumda;
2.MO q L MO
y= - L oo, yenm; q-o
L.B.C * L°.B.C ° .

14



1I-1-2-2-5. Kirisin Ug¢ Nokkalarinda Simetrik PO Tekil Kuvvetlerinin Olmasi Halinde:

nl= Cosy .chy ; n2 = Cosy .shy
ng= Sin¥ .chy n, = Siny .shy ve A= T olarak
tanimlanirsa;
| 4P
R #X _‘k TR y =T E.C (Ul'-nl Uu,'nu) s eee e aasens (26)
: i b u.,p
1 l _C_l.y_—_- °

(Ul(ng-n3)+ Uu(”2+ n3))

E L Ty dx 1%p¢
P e _I*

# B LJ_ 1 M= 2.PO.L(U1.n4- Uu.nl)
Sekil:8.Kirig Uglarinda Simetrik P Q= 2'Po(Ul(r'Q+ ”3)—Uu(n2- nB))
Tekil Yikii. ©
Burada;
A .
Cos E'Ch % Sin % .sh-%
U1= shA +5inA ve UH T TShA + Sini dar.

II-1-2-2-6. Kirisin Uc Noktalarinda Simetrik Mo Momenti Etkimesi Halinde:

4.M

o
_me“x_“ - t_ y =—5—— (U .n_+U, n,) connnvnnnn. (27)
‘ LZ.B.C 101 4 4
A |
L | g M g
’ ’ &y - © _
\ . = (Uu_(n,-n )+ U, (n,+ n,))
- Lo
T
| M -‘2.Mo(ul.nu~_ul+ ni)
Sekil: 9.Kirig Uglarinda Simetrik
M Momenti. 2'Mo
o Q =—— (U (ny+ ny)-U,(n,mng))
Burada;
. A A A A . A A A A
Sin 5-.ch 5 Cos 5 .sh 5 B Sin E-.ch > + Cos > .sh >
U1= ve Uq— -
shX +8inA ahA+ SinA
dir.



I1I-1-2-2-7. Kiris Ug¢ noktalarainda Antimetrik Po Tek {1 Kuvvetlerinin Etkimesi Hali:

|

. \ i
b —%‘-——_—__._—x,. y —————L.B.C (U2ﬂ2+ U3n3 ) ..............
o
| Y
PN /'i' 4 4.P
I+ 7 |\\+___/ _X _ [e] -
1/ , = (U,(n_~ n )+ U (n_+n,))
y. l dx L?B.C 2' 1 L 37 1 Yy
[ -R
L] L -
| i T M —‘2.PO.L(U2.n3— U3.n2)
Sekil:10.Kirig Uglarinda Antimetrik _ _ _
P, Tekil Yikii. Q= 2.P (U,(n +n)-Us(n -n,))
Burada;
Cos é-.sh A Sin A-.ch A
2 2 2 2
U= = ———= ve U= - ———=
shA-SinA shA-Sin)

II-1-2-2-8, Kiris Uc Noktalarinda Antimetrik MO Momentinin Etkimesi Hali:

x| 4.
y == (U,.n, + U.ny) ...
’pc 2 7 33
,\\
. T~y
(»\'\:.,,/ = \‘G)’l - ~;:42— (U, (n_-n, )+ U (n_+ 1))
Mo \j Mo L .B.C .
| N P M= Q.Mo(Uz.ﬂs—Us.HQ)
" 2.4 .
Q = (U,(n_+ n,)-0_(n:-n, )
Sekil: 11.Kirig Uglarinda Antimetrik L 271 4T T3t
M  Momenti.
o] Burada;
A A A A
Sin §~.sh 5 Cos 5-.ch 5
U2= - ve
shA - Sin}
Sin A .sh A~+ Cos A .ch A
2 2 2 2
U3= dar.
shA - SinA



I1-1-2-3 Metodun Uygulanmasi: XK1

Sekil: 12, Differansiyel Denklemin Ozel ve Genel Gdziimiinin Probleme
Uygulanmasi. ' -

Cézlilmesi istenen, elastik zemine oturan silirekli kiris; {lizerindeki kuvvetle-
rin etkisi altinda sonsuz kiris gibi ¢dziiliir, Fakat gercekte kiris sonsuz uzunluk-
ta degildir. Bu nedenle sonsuz uzunluktaki kiristen sonlu uzunlukta bir kiris par-
casini ¢ikarmak gerekir. Bunun i¢in de sonlu uzunluktaki kirisin u¢ kuvvetleri he-
saplanir. Bu u¢ kuvvetleri simetrik ve antimetrik sekilde ayfllarak bunlardan ge-
len etkiler daha &nceki bdliimde anlatildigi gibi hesaplanir. Daha sonra da iki ¢d-

zimden gelen etkiler toplanir.

Bu metoda ait BASIC dilinde yazilmis bilgisayar proprami hazirlanmig akis di-

yagramive kullaniligi asagida sunulmustur.



I1-1-2-4 Akis Diyagrama.

( BASLA )

\

M,.N,U,C.1.B ve

X:P matrislerini
oku .

il

UG STATIK DEGERL.
YAZ

\

FOR X# TO LI
v Kesit dederlerint yaz

I

NEXT X

) —
- SON

FOR X=¢ 70 1
FOR I=8 TO N

Kuvve tlerden gel.etk.hes A

{ 91 = 0ol J—o

NEXT 1
NEXT X




I1-1-2-5

BiLGISAYAR PROGRAMININ KULLANILISI.

/
s
Bilgisayar programinda 1750. satirda sirasiyla,

Kirisin boliindigl parca sayisi. Srnek olarak kiris 10 m olsun ve her 25cm
de statik degerler istenmis olsun. Bu durumda kirisin bdliindlgl parca sa-

yisi 40 olur.

Kiris lzerinde bulunan kuvvetlerin sayisi
Kirisin boyu (m)

Elastik zeminin yatak katsayisl (ton/m3)
Kiris kesitinin atalet momenti (mu)

Kirisin taban genisligi (m).

1760. satirda kuvvetlerin baslangica olan uzakliklari verilir.

1770. satirda kuvvetler soldan safa dofru sirayla verilir.



K

£

B

S1ToND
ow tart RS FILE D
©LLHRS(E3H)

3ce plastik zemire cturan lrisierin
HER KURY

4iYeR e

79 3Em 1=atalet wom.

8@

[

110

REF c=yatak katsayisi
90 R

£Y liskiris boyu
JEY rexuvvet sa

tore

COZUWINY

RCW w=kirisin bolUuuuﬂu Jarca say

190 REX (xizkuvvetlerin baciergica olan uzakliklarini cepolayan matris
130 SE% 170.satirda istenen gegerleri 1730.satirda veriniz

140 REM kuvvetlerin baslangice o.er wzakliklarin: V760, satirca verinit
158 264 kuvvetleri 1778, satircs verinaz :
166 REM tp)=kuvvet!er: gewnlavan meiris
178 READ ®,N,LE,C 0B

£60 DI XN, 1), PN Dy MEEE, 0, DU, 2
138 Y fNOku(VQROOT(X(@,u 1))

- 2R Y=FNDKu fVARDOT (P1Q, @)}

¢ £=2. 15406

L ( A*E*‘)’(R*L‘l
230 6L
KL P
o, JEAE R ‘)*(ﬂ‘ B‘E) M2)
262 i: etz el
270 Pr=(-D) €01, 11-7')

26 PRINT w"‘Lc %ﬂume v, e el
CE50 PRIND BI
00 PRUNT ¥
310 PRINT 4t
20 BRINT 4L
338 PRINT 31

340 PRINT 4L

350 PRINT 31 "kesit
6@ PRINT #1 "abeex

uy‘ n‘qc_n(.,;n .

up1-n

x{.rq\h

kosrelton)”
FEFEEREEREY

mowent (S
EERFLYIFE

n2)
FEELEEEERRLRE
379 FOR X=8 TO Lt 57Ep (Li/%)

geriixe(s/

W=l s Me<D

FOR 1=t TO N
c=28.
F=F 3k
A=ptl, 1) /€
Bl=(D(I,1)*I)/4
Ci=t-0U1, /2
X1=ABS {X-X(1, 1))

se ARl

W6 Z=EXP(XD)

40 RI=EROOSUD)

B UEEERSINXD)

sae CisKiHRE

3o : (=0
398
500
§i0
429
439
L1
459

20

a u {ﬁ“ﬂ! e

» Ai [T&

IR0 A




910 EZMIME

520 WisheE)

530 WO=WdHN!

540 M3=BLHER

558 =M

560 (l=ClH

TR IF X{X(1, 1) 5070 639
580 1F X=X(N,1) GOTO 6R¢

590 Qt=—01

608 00=00+G!

BIB NEXT I

€20 0v=-00

£30 La=Li/L

£40 L2=L2/2

650 K1=COS(L3)

£88 H2=GINiL3)

€79 K3=SIHLY)

680 KA={ (EXPLLI4EAPI-L3)) } /2
B3R KS=((EXPILI)-EXP(-L3N) ) /2
108 Ke=((EXPILEYFEXF (L2 /e
{9 KT=K3HKE T

20 KE=KE-K3

T

F 730 I=(KIEKA) /X7

740 -f2= (K2K3) K7

750 fAb=({~1) ¥{K2#4A)) /XE

760 AS=((R1XKE) £{-1)) /43

778 A= LIK2EKE) + (R1¥KA) ) /44

780 A%={(K2444) - (K1#U5) ) /VT

792 AA= (=1} 1 (2ERE) +{KHKE) ) 4T
BB f7={~1) & (K2eAd5) - (Rirly; /Ad
819 X3=X-1LL/2)

828 Ne=X3

g3 Ti=COS(X2) -

£49 TZ=8IN(XD)

852 T3=((EXPIX)+{EXP(=XZ )00t

BER TA={{EXPIXRY=LEXP(-XE) I/

AN NI=TURTE

850 Ne=T1¥T4

99 N3=T2#T3

S9p0 N4=T2#T4

916 we=(4501) 7 (LxH)
920 WZ=WEH (A1 N1+R2ENG)

P30 1E XD THEN LE[, t-1)edg
;940 W3=(44D2) / (LB},

950 W3=W3E (RSEN2HAEIND)

AR

060 WA= (ARM1)/((LA2)4B)

979 WAl E (ARNLHRARNS)

989 IF X(B THEN LET ma={-1)enz
390 WS= (A#X2) /1L 2) £8)
1080 Wi=W5 (AT ENC+ABENG!

21



1010 WeuB+la+I3 I+
1026 MI=2&PLxl
130 WT=MTE(RLENG-RZENY)
1048 MATDEDZEL ~
1050 MAzM4E (ASENI-AERND)
1060 Mo=2HM:
107D ME=MSH (A3EN4-REENT)
1282 Mo=2EM2
1890 M6=Mb¥ (A7N3-RB¥NZ)
1100 M=O+MT b eNSHE
1118 02=(AL¥IN2NT) -AZE (RE-N3))
120 (E=EeP(a02
1130 (3= (RS (NLENG) —fidx, L -N4)
1140 G3=2802%03
1150 Oh= (A3# (NZ+N3) -R4% (N2-ND)
1166 Oh=((2en1} /L) 04
1170 Q5= (R7% (NLHNG) -RBR (N1 -Ng)
1160 5= (2e2) /1) ¥05
1199 0=0p+02+03+04+05
1288 PRINT 41 USING %5 <
1210 PRINT ¥1 USING "sid, fwstd o,
1220 NEXT X
{238 60T0 1750
1240 FOR Y=0 TD L1 STER LI
1250 W=l : ¥0=0 : 0@=0
1260 Me=0
{g7@  FOR 1=t TON
1288 F=24l
1299 F=Fsb
Coi300.. . A=PILIVE.
1318 BIE(R(n D74
Sz ClE=PHN/R)
1338 X1=fBS(X-X(1,1))
1348 Xi=xi/ i
1350 . E=EXP(=X1)
1368 Ki=E£COS(X1)
1378 Ke=EaSIN(XY)
1380 El=KIH2
1399 E2=K1-K2
1408 WI=REEL
1410 W=l
1420 M1=Bl#€2
1430 Mo=Mo+N]
1440 01=ClEKY
1450 IF X (X(1,1) GOTO :4bE
1460 IF X=Xy, 1) G000 sl
1479 O=-0
. 14ke _Ge=CRt0l
1492 NEXT I -
1508 (o=-00




i .

\
g

[510 16 X=B THEN LET ¥1(i,Ymve

1550 I° Y=Li THEX 'ET T

1530 IF %=0 THEN LET €11, =00

1540 IF X=L1 THEN LE7 &g, o=

1550 KEXT X

1560 RETUSN

1570 END

1580 REM tanitimi

1598 DEF FNSet (XiX,YiN)

1600  FOR [%=04 TO 174

10 POKE Yl%+1$,9EEK(X:%+1%)

1620 NEXT I% @ GETURN !

1638 FNEND

1640 REM nve n

1650 DEF FANIn(XX)=PEERE (Xx+@x) 1%
{668 DEF Fhmgim (XX) =PECKE (x4 ghy-1d

167@ SEM matris oky

1680 DEF FNChu (X%}

1690 YXeFNSet (X%, VARODT (Y3 ts, 4)))

1708 FOR Y¥=1% 10 FaNGsinh

1719 FOR Ii=1% 7O Furasias)

1758 READ Adalyx, TN

1738 NEXT I% @ NEXT Y& @ 32TURN &

1740 FNEND

1750 DATA 46,4, 11, 5,; 398, . 28, 9.52

1760 DATR 2,4.5,7.9.5 ‘

{778 DATA 83,91,99, 1%

1780 . END

23



II-1-2-6 ORNEKLER

ORNEK: 1

11.50m

Sekii:ld. Broek 1'e Ait Datalarin Verilig Sirasi..

Kirisin bolindigl parca sayisi

X

=1 l}[)

Kiris lizerinde bulunan kuvvet sayisi: N = 4

Kirisin boyu
Elastik zeminin yatak katsayisi
Kiris kesitinin atalet momenti

Kirisin taban genisligi

2.0
45

1><
]

95

25

L
1

C
¢ J
B

= 11,5 m,
= 20000 ‘t/m3
= 0,20 m‘1L
= 0,92 m.

83
9N
99
107



BRNEK 1 ICIN BILGISAYARDAN ALINAN SONUCLAR

G0 tesme Ruv. ve 4t Neeeny.er

M= 2l

= 21,9049 () o v Eads T
o= 15,7

£88 {ton) Sez=T, 97007 ond

kesit geriime(t/n2) - maneny (tn) (AAM D)
+XE%E ERERFREEEEREE ELEERFARE HERELEREEY
4,00 17. 56668 -, o @, vadee
3.25 19, 26484 3.52132 4, 23563
.50 20,9610 2, 15833 g.oei R
.75 22, 65084 4, 38462 1387728
1L a0 4, 32563 ERIEXT R
LI 25,97248 14,659522 25, 06493
L 27.575968 Cl.BHEDD gL ECE
173 29, 11342 3@, 25609 32.76537
2,0¢ Ju, SbsY 5@, 38500 - db, G
2.2 31.89742 31,8796 =il oubib
2.5 33.136863 25,4728 =25, Tm!
2.79 7 36, 30494 20. B4k ~1%, 96814
3. 4 35,411t AL A LR L
3.2 36. 46606 16, 68547 (ORCHA S
3. 56 37,4706 17,2283 Yty
30 38, 42737 “9.51313 RN
4,0 39. 32052 26, 81629 b, 48
4,23 42, 13567 33,7798 39,6313
4,50 40, 84975 43, B4 7 ~i, Qe
4,75 o i BARZ 33,5162 -36, S8k31
Y 41,93734 25, 56412
3.2 42, 33520 28, 825l AR LEH
L0 k2, 71224 16,3219 =naih?
75 43.91832 16.272719 2. 36263
. 43,275335 18,¢978b 12,261
.2 43,4779 22, 41039 22, 24533
. 43,61314 29,2237 32, ebes

2]

43, 66678 38,54393 42, 30060
43,59306 5@, 37421 -4E, BE2EY
43, 38711 33.960W ~36. 63732
43,06156 32. 04819 -26. 71508
42. 64010 26,5955 ~15,85633
42, 13885 23, 80317 -7, 105333

-« e

O~ Lo

:
tn I w =~ U e on Mo o ~d ~J
A N RN SBEHYE2GE R EGEREBGERE

C‘Jm\lw\l_\omawmmyl(.n

v 41, 56676 23,0330 2.52213

g, 49, 92552 24, 83260 tZ e
8. 42, 20972 29. 02506 21,3420
9. 39, 4694 a5, 5316 38, 49992
9. 38.43798 44, 25BE6 9006125
Q. 37. 45672 SS9, 22i? T EeREh
g, 36. 26384 41, 58687 -5, Jelse
18. 34, 94664 32,3876 T b
18, 33.53962 8, 49585 L W4
18, 32,7198 12, 4851 v, g le
10, 32.56375 7. 11448 =1y, et
i £9.0348; 3oy -0 kabd
1, 27,6962 @, 76437 -f. L 4EBY
VA C’b v

5, 95496 -3, G AR



ORNEK: 1l'e ait zemin gerilmesi Moment

g1z

ve kesme kuvvetl diyagramlari.

99t

5 e———— 107
95\

g\}‘ Gerilmeler(t/m2)

% o |
c? ) 2
2
o) o N ~ A o~
w2 o ~ ™ < ~
o = i @ o) ™ o
3 ~r 2 e ~N N
vh%

Moment alant (tm)

/ w

= N

w o~

(N 4 —— N0

_ ol + +

@ o N

T ~3 (ag] (\\7

~< ~ o 4
wn ™

Kesme kuvveti
alant (ton)



ORNEK: 2

250" 500 350 ¢

2100m

‘Lzl‘n L Gm 4# 10”\ 3m
T

Sekil:lS.' Ornek 2'ye Ait Datalarin Verilig Sirasi.

Kirisin b&lindligi parca sayisi. : M= 4?2

Kiris lizerindeki kuvvet sayisi : N=3

Kirisin boyu S Lf 21 m
. . . ‘ 3
Elastik zeminin yajcak katsayisi @ C= 10000 t/m
!
Kiris kesitinin atalet momeni | 1 J= 1,08 m*
Kirisin tab.n penigligi s B= 3,00,
n -
2.0 250
X=1 80 : P={ 500
i 1.8 i L350 R

28



ORNEK 27 ICIN BILOGISAYARDAN ALTHAH

L0 HPSHKE UV, Ve uC pouent.er

&S Gl G TO PO 2
S LT Y e .

o
RLELEELZER

wn
[+

wWoun e e
U
& &

on s
o =

)
Lan)

gerilme (t/ne)
FHEEEERREERS

-12, 43321

13,1289
13.81981
14, 48538
15, 24859
15, 63489
16, 13857
16, 62672
17, 15007
17.7126!
18, 31145
18, 92607
19, 52755
2005791
29, 65194
20, 62030
20,4615
19, 8379;
EN G
17.94139
16, 766
15. 58022
14, 45161
13, 43755
12, 58177
11,3614
11, 46134
11, 227173

©Ty

11, 4:3%
11,8041¢
12, 35599
13,0230
1377215
14, 52254
15, 20534
15, 73266
16. 03621
16, 16123

L]
PR =4

RURYAY[

LB, LT84

eoieent (i)
FHEREFEEE

RN

-0, 0002
5. 26582

-5, 78833
~36, 78724
-36.97374
-1%, 18357
14, 35620
g1, 85698
128, 33500
el 6T
296, 35120
47, Seah
245, 00368
178, 3975
86, 9932k
4,934
-53. 10999
~104, BASBY
-144, 49350
-173, 340¢0
-152, 19950
-20), 33150
-394, 36960
-192:4107¢
-174, 46550
~147, 37649
-110, 83310
-t $96849
-7.5327@
£, 30970
139, 84579
231, 49568
160, 71610
102, 75378
57, 71256
25, 50486
&, 28789
-, 00

cotue E A,

aesne (ton}
P REELIN R
B, W
20, 64910
42, 00915
b4, 65748
M TNEN
-ul, 0023

18, 05640
ey, BEBWG
1@, 5875
2 4385
2. Hiiu@
Loy
~az8, 1300
-], TEER
-ihi, i
e, Jl*l.‘.\'
RREITE N
i
~64, 20432
-4 7, 4123
~27, 84105
-4, 16889
§,95347
o6, 87871
44, IS0
550973
42, 81475
163, 10980
126, 5453¢
L7, 16680
174, 98160
9%, 5137
-158, 79690
-1ea, 31978
=77, 16870
-0, Gesy
. 58499

o
¢, P

4

-
[l

TR A
(4]

3.
()

’.
L

29



BRNEK: 2'ye ait kesme kuvveti, moment ve zemin gerilmenl diyagramlari.

At -~

[ew] o e

v I3 (o}

o~ t LA
™

Moment alart (L)

159 51

-}

8546 T
|
]
FIWE 407 5
+
+ .

190 49

(B3}
oy
Kesme kuvvet:
alant (ton)
™
T
o~ o ™ 75
o 3 o i
3 0
oy
Z.Gerilmesi diyagrarm

( t/md)

30



II-2~1 Differansiyel‘Denkleminin BRLIC e Gbpe Ozel COzimd (4) .

Bu metodda, kiris differansiyel denkleﬁinin homojen cﬁiﬁﬁﬁ yapildiktan sonra
sonlu uzunluktaki klrigin, sonsuz ununlulktalkid blreinten cikarilmasy dolne FAhedr keav-
vetler hesaplanir. Bu kuvvetler kirls ug noktalarindan belirli uzukliklarda eotki
ettipilir. Bu fiktif kuvvetler kiris uc noktalarinda moment ve kesme kuvvetlerini

sifir yaparlar (Seckil:16).

Sonlu kirigin ug noktalarinda moment ve kesme kuvvetinin sifir olmasi sartin-

dan fiktif kuvvetlerin degeri tesbit edilir.

Buna gdre;

a) MA = U ) HU .
: = ' y ), o= 0 acaktir. . alde
b) QA 0 d) QB { olacaktair. O halde
/ /
lkH F},
% /2 +
4 T i 1
-0 e | RPN --'—MJ !‘_ 1 ...... Y

—€

Sekil: 16 Fiktif Kuvvetlerin Sonsuz U?unluktaki Kirige
Yiiklenmesi.

n' = e_w(Co$w+Sin¢)
nt = e ¥(Cosy-Siny)
n'''= ehw Cosy » olmak Uzere;

= i v I’ ot (AN} RN AT . l;','_ W EE T S A AR e ."(:‘“JU
My= PronT, r 10", + Pant iyt Uty )

b~ QA= 0 sarti:
n
'nt! P' "' + PIn™! + L L M L R £ L | O I R (31
Q= Fyntapt B0 AV agt TN Pt )
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c- MB= 0 sgrtly

r

n : "
= 'n" P! 'n" 'n" ’.” ’::O on-;.u----o-ouuno-nl;.--4. 2
M= Pin"gy+ Pon' o+ Pan'pgt Pyn"p PNy, (32)
d- QB= 0 sarti:
Pl "t P ne t it P‘-”' {‘]])j "t
Qg= ~Pin"'py = Pan"po* Pgn'pg*t Pyntny TRPENTR= 0 U (33)
Cos ¥ = Sin I oldugundan n' =n"_ =0 olur
y ) AL B3 I
Ayrica Cos % =i oldufundan 0y onte e i ot

Yukaridaki denklem sisteminde 1ilinmeyenler [iktif kuvvetlerdir (P{,PL,P%.P&),

Bu lineer denklem sistemi matris not amyonunda yav lirsas:

[ 0 Yo a3 Al P 11 Tpi Nt |
N"A1 0 " ny P RN
51 B2 0 "By P3 “ZpiMpy
b om om0 | || e

elde edilir.

Burada kuvvetler sonlu kiris uc noktalarindan sirasiyla =~L/2 ve L/2 kadar
uzakliklarda etki ettirilirse Cos L/% Sin L/4 olacafjundan bu degerleri igeren

n" terimleri sifir olur.

Ayrica AB/L orani 5 den biyiik «lursa:

T o o !t ! ot = 0 alane 1ip. RBiith 1 itlestirmel Bz '-.-_
nBl n'Bl nBQ_n B2 ASrn Au_n Al ( ilinabilir. Riltlin bu basitlestirmeler gozonu
ne alanr ve g

ML= Nt = e Voo =e” B.cos E-: G5B LU L L, 2T L 0, 3224
T _ 0 m
LN | [, Voo an-ai e o Bleus X g T ye ve” 5o D o= -0.7079
N5 nA2 =e "(CosPp-SinP)= e 2(Cus = Sin 5 ) @ 2 5in 2 00,2079
e P

olarak hesaplanirusa:
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Lineer denklem sistemi gdyle yazilabilir.

P - - - . _Z Ve 1] .
0,2079 — — p! pi’" a3
_ P! ~ "
0,3224 —_ — _ 2 | Zpim Aj
—_ _— —_ =0, 207 Pz-'a —Xpi N5
— — + 0,3220 - I P piN"Bs
Buradan:
11
~0,3224 PIAEPLM =0 pro SBLOAL (36)
1 Ai 1 0 329m

. !W:JfAi

-0,2079 P!4+LPiy' . =70 Ple e S22 e . LA
2 AL ’ 0,079 )
(3]
\ - ,-c
0,3224 Pé ~).P1rP‘BT 0o Péx-~LL~£LD£ e hw e R (2 I
0,0224 .
n
e 1 .
-0,2079 P'+Zri.m . .=0 P'x=*~l~L¥umhi cr e i resecs s ner e {349)
Yy Bi 1 ,
L 0,2079

olarak hesaplanair.

Yukaridaki kuvvetler hesaplandiktan sonra biitlin kuvvetler sonsu: uzuntukta

kirise etkiyormus gibi ¢dziim yapalarak herhangl bir k noktasinda statik dejerler;

L n
= —"‘ZP.. " . i PO T I I R R SR R U B R ‘0
Mk T LPRL.M (tm) (40)
L ropg. v (41)
= e Pi. ! 0 e e e e e e e 1]
Qk 5 § iy {ton) 1
- { n
" e D 3 Yoe
lk— ' éll. Ki AT TSP S (u42)
AN
dir
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Yalniz (41) denkleminde kesitln kuvvete pire durumunun gbézdnline alinmas: pgerek:
lidir. Eger kesit kuvvetin solund. i:c Pi'”“ﬂi defieri toplama pozitif isarctle,sd-

ginda ise nega%if igarvetle katilair (Sekil:l7),

"=.
Kesit

Sekil: 17.Kesitle Kuvvelin Birbirlne Gorve Durumlari.

Metodun uygutbamasy ile 1lpiti ALTC AL Tnde e dan hilgisayar programina alt
akis diyagrami, batalarin verilis sirvasi, ve bilglsayar programi verilmistiv. Ayri-

ca ¢bziilmis iki Srnepe ait zemin perllwesi ve woment diyagramlara ¢izilmistir.

I1I-2-2 Bilgisayara Verilerin Verills Sirasi:

R b !

Sekil: 18.Kuvvetlerin ve Kuvvetlerin Baglangici Olan
Uzakliklarinin Verilig Sirasi,

Hazirlanan bilgisayar programinin 150. satirinda istenen;

a) Kirisin boyu L metre olaruk; -

b) Kiristeki ara sayisi. Ornefin kiris lizerinde ti¢ kuvvet varsa parca sayisi
dorttir.

¢) Kirisin bolindigi sayi. Ocnegin kirisin boyu 20m ise ve her 0,50 m de bir
statik degerler isteniyorsa kirigin hé1iindiijil parca sayisi R 20/0,50 4O
olacaktar. A

d) Kuvvet sayirer (N)

........... \ . o .
e) Kirisin clastik boyu (I.=*k/HI1/PH ) ty) verilip, Duperler L1I50.satirda
verilir.

Cow

F) 1160. sativda kuvvetler soldan saga sirayla vivrilie.

RIA



Akis Diyagrami.

BASLA

[}

CMRNZ ve PLXI
deflerierini oku ]

SRR, en o

Denklem sist olustur ve
oz

|

FIKTIF KUVVETL YAZ

For X=@ 10 N

R st e ka0 Lo B AP ot e bt i b e ST =4I s b

FOR li=g TON

Kuvvetlerden gclen etk.
‘ hes. YAz

!

NEXT I1: Sonuclart yaz

NEXT X

SON



18 EXTEND

28 RERD X$
36 OPEN X$ BS FILE 1

A® PRINT #1 CHR$(291)
98 PRINT M

68 REM 140, satirdahi L,M,R,N,Z.yi (150, satirda verinit ’
78 REM l=kirisin boyu(m) ;
88 REM M=kiristeki arasayisi :

93 REM Rekirisin bolundugu parca sayis)

108 REM Ne=kuyvet sayisi _

110 REX Zxkirisin elastik boyim)

128 REM 1168, satirda kuvvetleri soldan saga sir‘ayla veriniziton)
130 REN 1178) satirda data olarak dorttane sifir veriniz
149 REX 1189, watirda kuvvetlerin baxlanglea olan uwlt%!Hurim flifsln sol ucune refpraps alarsh yerinizim
l% REQD L,”’R,N,z :

168 Mi=N&4

178 N1=Nt4

188 DI P1INI, 1), X1INI, 1)

198 DIN P, K1), X1, N), A4, A BUA, 1), F (4,10, D04, 4),DLIA,4)

208 P=VARDOT(P(8,8)) : X=VAROOT(X(8,8)) 1 C=VARDOTIC(®,8)) + D=VARDOT(D(,0)) : M=YARDOT (D1 (&, 9))
218 A-VARDOT(A{8,0)) + B=VARDOT(B(Q,0)) 1 F=VARDUIT(F(e,8)) + PI=VAROOT(PL(@,8))
228 X1=VAR0OT (11 (8, 8))

238 YsFNOku(P)

249 Y=FNOku(X)

258 DEF FNN(Q)=EXP(-Q) w005 (Q)-BINIRN)

268 DEF FNM(Q) wEXP{- () (NS (D)
" 278 DEF FNPIQ)=EXP(-0) # (CUS (O 4GIN(R))
288 ALY, LI=FNNLPL/A)
-2 mz,munu 1

3% A1, 2)=FN(P1/2)

318 AL, )=, 2) -

308 L2, 1)=(FNN(P1/4)) ¢(-1)

338 A2, 2) SFNMIPI /&)

348 A4, 3)=FNR(PI/A)
358 A4, A)=R(2, 2)

368 Li={L+(Pl1e2/4))/1

378 L2={Le(PI#2/2))/1

380 Al1, 3)=FNNILL)

398 A(1, N=FNIL2)

400 NE,3)-¥M(L1)

A19 AL2, AYeFRA(L2)

422 A3, D=ALL )
> A28 AL3,2)=AtL,A)

M8 Atk D=(-1)#12,3)

A58 AlA,2)=(-1) A2, 4)

469 T1=

478 T2=8

489 T3=8

A9 TA=0
58 FOR 1=1 TO N
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510 Q=X(1,1)/1

520 Bi=FNN{B)

938 Bi=Bisp{], 1)

540 Ti=T1+B!

S50 BeFNM L)

568 Bo=B2sP(1, 1)
-578 TesTethe

580 Q2= (L-X{1,M-1))/1
599 BI=FWN{DX)

£68 B3I=B3+P(1,M-1)

619 T3=T34B3

628 BAsFNM(02)

630 -BAxBA#R (1 K-1)

6A8 TA=TA+BA

558 NEXT 1

668 Bil, 1)=-T4

678 BI2, 1)=-T2

680 BI3, 1)=-T3.

698 Bl4, 1)=Th

768 PRINT #1

718 Y=FNBir(D)

728 YeFNESsit (A, D1)

138 Y=FNSauss (A, D)

748 Y=FNCarp(D,B,F)
758 PRINT #1 "FIKTIF KUVVETLER®
768 PRINT #{ ¥ payprzeaszsszzes?
710 PRINT 81

~

788 PRINT #1 *P1="iF (1,1);" (ton)*, "P2="{F (2, 1) ;" (von)*
798 PRINY 41 "P3=":F(3,1)4" (tom)*, "PA="1F (4, 1} ;" (ton)*

888 PRINT 31

810 PRINT #1

828 P1{1,1)=F(1,1)

838 PLIZ, 1)sF (R, 1)

BA® PIINI, 1)=Fi4, 1)

B5R Pt (Nt=1,1)=F {3, 1)
868 FOR Us3 T0 Nt2

878  PHU, 1)=P{L,U-8)
800 NEXT U

898 X111,1)m-P1e1/4

980 X1 (2, 1)=-n1s1/2

918 X1(NI, 1)s+{P1a1/2)
528 X1(N1=1,1)=L+(P1e1/4)
938 FOR Uls3 T0 N+E

948 X1{UL, 1) =X(1,UL-2)
958 NEXT U1

968 PRINT #1 "KESIT(w) 1. GERILME It /u~2)

970 PRINT 4} ‘seeszxes FETTUTTEWLLLINLRS

988 PRINT #
998 FOR Y=8 10 L LItP L/R
1908 51=@ 3 530

WOHENT () *

sHweImE ek’
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1818 FOR Il={ 10 NI

1828 Xisxi(I4,1)-X

1832 Vi=ABS{X1/7)

1843 Ds(EXP(~VD))#{COS(VI)-SINIVY))

1858 . D2={EXP(-V1))#(COS{V]1)+8INIV]))

1060 S1=51+D#p1 (11, 1)

1878  S3=83+D2eP1 (11, 1)

1888 NEXT It

1830 S1=(1/4)351

1188 S3={1/(2#1)) 483

1118 PRINT #1 USING *¥%3. 49 o ¥

1120 PRINT ¥1 USING *#aie, sae4 * 43;51
1138 NEXT X

1148 DATA "pr:*
1158 DATA &1, 4, 42, 3, 4.
1168 DATA 258, Sev, 350
1178 DATA €,8,0,0
1180 DATA 2,81
1199 END

{203 REM tanitim)
1218 DEF FNSet (X1x,V13)

1229 FOR 11=0% T0 17

1239 POKE Y1%+1%, PeEK(X1%+]4)

1248 MEXT IX 3 RETURN |

1258 FNEND

1260 REM nve s .

" 1278 DEF FNNIN X1 £) = PEEKZ (X1%4+0%) -1X

1288 DEF FNotOw (X1X)=PEEK2 (X1X+14%) -1

1898 REM matris oku

1309 DEF FNOkuiXx)

1318 I%=FNSet (X3, VAROOT (R3a (8, 0)))

1320 FOR J¥=]% 10 FAN9niXX)

1339 FOR 1%=1X 10 FNa3m{X%)

1348 READ N9all%, %)

1350 NEXT Ix:3 NEXT J% 3 RETURN 1

1368 FNEXD .

1378 REM matrisbas

1388 DEF FNBas{XX)

1398 11=FNSet (XX, VAROOT (R9a (8, 8)))

1488  FOR Jx=i% TO FNNIN(XX)

1416, FOR I¥%=1% 70 FN#3a(XX)

1428 PRINT ¥1 UBING ™+, 4Ha0§#* * NafJK, 1%}
1438 MEXT I 1 PRINT #1 @ NEXT Jx : RETURN |
1448 FNEND

1458 KEX birim matris

1468 DEF FNBir(Xx)

1478 Jx=FNSet (X, VAROUT (R9a (9,0)))

§488  FOR Jixi% TO FANn(XX)

1490 FOR Tx=@x 70 FNNIn{XX)

1589 R9a(Jx, 11}=0

1

1}



1518 NEXT 1% 3 f9alJx, dxh=1 3 NEXT J3 3 WETutn |
1520 FNEND

1530 KEM esitle

1548 DEF FNEsit (XX, Y4)

1550  K¥=FNSet (Y4, VARDOT (B9b{8, 8)))
1568 Ka=FNSut (KX, VAROOT (R3a (8, 8)))
1579 FOR K¥el% TO FNNSniXX)

1588 - FOR It=|% TO FAMOw(XX)

159 BIbIKX, IX)=AGa (K, %)
1680 NEXT IX 3 NEXT KX @ RETURN I
1610 FNEND, . e

1628 REM matris carpini

1638 DEF FNCarp{X¥; Y%, 1X)

1648 I%xFNSet (X%, WIOT{R3a (8, 81))
1658  I%=FNBet (YX, VARUOT (BS018,8)))
1668  Ix=FNSet (14, VARDDT (C9c (@, 0)))
1678  FOR 1%=i% TO FNN3n(X2)

1680 FOR Ki=1X TO FNt3n(IX)

1690 54
1700 FOR Jxa1X 70 FNNI(YX)
1719 5a+Aa (1%, J%) £BIb(J%, KX)

1728 NEXT Jx 3 C9cil%,KX)=5 3 NEXT KX | NEXT 14 1 RETURN |
17308 FNEND ‘

1740 REX denklew sistew) cozumu ax=b
1758 DEF FNGauxs (X%, Y4)

1768 I<FNBet (X3, VIROOT (R9a (e, 1))
1778 14=FNSet (Y2, ARNOT (E3b18, €)))
1788 Na¥=FNNOn(XX) 1 Mbx=FNMOa{Y%)
1799 IF: Nax O FNnOm(XX) 2819

1808 IF Nax()FNNIn(YX) 2410

1816 6r=4

1828 Isi=ix%

1838 REM norm [wilkineon)

1848  FOR Ix«i% 70 Nax

1859 =8 :

1868 FOR Ji=1% TO Nax

1870 T=THAES(A9a (1%, J4))

1830 NEXT M
18% I e Gral
1908 NEXT I3

1919 Brebrs),E-88 o~
1320 REM eliminasyon
1938 FOR 1%=1% 10 Nax-1X

1948 T=8

1958 lvisd

198  FOR Jx=IX TO Nai

1978 IF ABSIA9a1Jx, 1%)))T T=RBS(RIa(JX, 1X)) ¥ Jva=J¥
1980 NEXT Jx

1999 IF T{6r 2390
2083 IF 1x=]v1 ¢14@
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2910 REM satir depistirve

2628 Is=-1s

2836 FOR Jx=1% 70 Nax

2048 T=R9allx, JX)

2859 Mallx, JX)}=R9allvy,J%)

208 APallv,Jx)=T

2078 NEXT Jx

2888 FOR Jix1% TO !M'

2830  T=B9b(Ix,JX)

2108 BIb(IX,JL)=BIb{Iv%, JX)

2118 BSb{lva, JX)=T

2128 NEXT JX

2138 REM eliminasyon

2140 T=ASa(1x, I%)

#1590 FOR Ji=1x+1% 10 Nax

2168  Al=A3a(JX, Ix}/7

2178 FOR Rx=1x+1% T0 Nax

2188 R9a {Jx, KX) =A3a (JX, KX) AL 6T {1 X, KX)
2198 NEXT KX

7200  FOR Kx=iX TO MuX

cels BIb{J%, KX)=B3b (%, K3) -AL BB (12, KX)
2220 KEXT RX 1 NEXT JX 1 NEXT IX

2238 REM peri hesap :

2249 Dat»A%a(Nax, Nax) .
2258 IF ABS{T) (Br- 2398 {
2268 FOR Jx=1% TO MbX

2270 BSbiNaX, JX)=bibiNax, )X} /Det
2200 NEXT J%

2298 FOR If=Nax-1% 10 % TP -1%
2382 T=H9allx, IX)

2318 Det=Detel

2320 FOR Jx=1% 70 Hbx

2338 AL=BIb(1X, J%)

248 FOR Kx=IX+1% TO NaX

2358 RUsDt~Ma (1%, KX) #BTb (KX, Jx)
8368 NEXT K%

2378 Babll%, JX)=AL/T

£380 NEXT J% 1 NEXT IX 1+ JETURN Detwlnd
2398 PRINT “#asmatris tekeil-gauss®
2400 ST0P

2410 PRINT *##xdiy hatasi-gauss”

2429 ST0P

2438 FREND



1I-2-3 ORNEKLER

ORNEK: 1

ait ot bt
‘ w20 3t 4
| 2| 25™] 2s™] 29 2™ | 1020
T 1 [ f Y
I 11.50m b B=0.092m
BRNEK: 2
t t t
250 500 350
N r TETIER S Laa ok A0 R Ve TN B - 'l‘ﬂmu!’l"'ﬂl‘mllm (:=][] ()x-) 1 /'n:i
| ym ! gMm ! 3m Jarun m
2 + e , N - }‘ B
%' SO ) ' # B=420m
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ORNEK 1'e AT BILGISAYARDAN ALIBAN LoNUCLAL

FIKTIF KUWWETLER

Pi= 43,7387 (ton) p==127.225 (ton)
P3= 67,4885 (ton) PA=-134,881 (ton)
KESIT (w) 1, GERILME (£/0"2) POMENT (tr)
2,098 11,579 f, foaop
8.25 J13.737% 8.383:7
.59 15, 94482 1, 68418
8.75 18.13974 3. 86352
1.08 28, 30703 7, 23500
.25 22, 42304 11,8763
1.5 24, 45509 1791855
1.75 26, 36159 25, 48794
2.98 8. BBE75 34.70431
2.25 29,596 74 B4, 950
2. 38, 92959 16, 99462
2.75 32. 14260 19.9%79
3.8 3L ET 1Y 7. 7.4
-3.85 34, 36255 5,890 40
3.5 35,1801 K. 4014
3.75 36. 40819 7. 1007k
4,0 3737190 12.51236
4,85 38, 238% 19,574
4,59 38, 964590 9. 62
4,75 39,51519 18, 16121
5,80 39,9369 - 4, 7650
5.25 40,2075 306617
5.5 40, 61045 0. 4847
575 A0, 92847 -, 35
b. 88 TR 1, 34l g
6,25 © b1, 55568 564740
.58 41, 82275 12,5363
6.75 A2, 02 22, 91908
7.8 A2, B it T 3L
1,85 AL, B3469 24, 16829
7.50 A1,47564 16. 7843
1.75 49, 99785 11, 99209
8.8 48, 43487 . 9,7A1%9
8.25 -39: 80214 B 19, 85809
8.58 -39 49778 12, 84167
8.75 14, e 10, 06849
9,09 3737924 25, 68054
9,25 3627540 35.64384
9,5 WYy A7, BR5SR)
9,75 KRN ol he
10.89 KYRKIR Y] TS
18,25 29, eb9/¢ 16. 9355
18.58 . 27, 96509 18. 45080
18,75 2478548 5, 66134
11,00 22, A6 FRATIE
11,25 29, 13869 0, 09 e
11,58 17,1091 S v
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BRNEK: 1'e ait momunt kesme kuvveti . semin porilmesd diyagramlar:.

- —— “— X
— (o] L
8 [Ma} o [on)

"} 08 W ]
g S © ) {:'w
—_ o ™ ™~ o o L;‘ ,‘\",
o~ ~ o« o [ of -
o™ :; “{‘ C; ‘¥ oM
f?x) Alani (t/m?)
-
[an] () ~ - w
~ I - Q T 3 ®
p=s I¥e) & ri o S
" ‘ﬁ-ﬁ‘ \ )
\ 4- L\
Al
' M Alani (tm)
& & 0 ©
LK} b
/ — | /- ) e
/
u‘ "‘ “'l'l 63305 ‘ i ' |
/ ' b d
\—6 + [Th} ) l" o ?“" .i. //
N
X % / ] Y &
e 1
1/ 9 Alart (ton)




ORNEK 2'ye AIT BILGISAYARDAN ALINAN SONUCLAR

FIKTIF KUWVETLER

RS AW IR
Pl= 336.957 (ton) pe=—119,4¢b ttonl
p3= 325,158 {ton) PA=-28, 4152 (ton)
KESIT{w) 1. GERILME Lt /ee) POMENT {tie)
8.08 52, 99810 R
9,58 5, 46787 . 6. GO
1.0 35,91432 26.907¢!
1.5 57, 86196 6. 60
2.0 58, 35 199, By e
2.5 54, 19547 YR RITT
3,09 59, 82074 1. BOBLG
3.5 0. 45365 ~31, 95973
4,08 61, 16405 AR M2
4.58 62, 07985 <44, Bt
5.9 63. 14689 -35. 795144
5.50 64, 31500 -h. 13541
6. 8@ 65.54176 39. 68014
6.50 6b. 68271 101 Tare
7.08 67, #9074 180, el
1.5 67, 34191 : B76. WLk
8. 03 6. AR1EY a8, 4bA4p
8.5 B4, €5933 _ 267. 46138
9.08 b1, 14013 . 162, AR3CR
- 95 TR R T3
18,82 53,4909 -2, 56584
8.5 49, 54953 ~64, 53658
11,08 " A5, 82488 ~114, 1150
11,58 42,5071 -152, 77914
12,89 39.71211 -179. 78619
12,58 37. 55654 -197, 24314
13.60 36, #9628 -0, 37549
13,8 39, 3004 -84, 46930
14,68 35, 34483 ~194, 70778
14,59 3h.BIEN) ~176, ¥ATQ
15,08 31, 4418 P ML
15.50 C39. e SHRLER
16. 88 AL, 32834 64, 74386
16.% - A3, 76851 -7.65139
17.08 - 46, 21655 £8. 38186
17.50 A8 A9 139, 304 /4
18. 00 58, 19554 23 RAIY
18.58 TR V. 2
19.88 51, bbid4 166, Bl
19,50 51, 74085 57, 81
20,80 51,6113 #5. 69144
26,58 51, 38718 b, 40055
21,82 51. 13661 -9, DO

/‘ [.



SRNEK: 2'ye ait zemin gerilmesi, mowcrt we becme kuvvetl alanlary,

e -
[ [an]
(4] (Ve
un (9]

+

© M Alam (trm)
C" .
(V3]
2 w
;
[
(Val
t~
= <
— ~J o
— [ee)
s 2

:r:: / I,-"' ’ ~~ /
2 7 o S| b
2 ' o 2|0 alaw Goni

(Y] ,
(KA 7
e / ‘J
’
o
.
WPyt it iy Oy
[vg]
« et (73]
o T ~ . ol o
n @ ~ + [} v
[Ya! w0 V2] o
X
- - B e

Ro Alami( t/m?)



BOML UM« III
III~1 Gercek (ozim:

Buraya kadar anlatilan bdlimlerde elastik zemine oturan kiris differanaiyel
denkleminin homojen ¢dzimil anlatilmig ve qeuitli:arastlrmalarln verdikler] &Hzel
¢oézimler arastirilmigtir. Bltlin bu metodlarda sonsuz uzunlukta bir kiristian sonlu

uzunlukta bir parcanin ¢ikartilmasl aua prenaiphir,

Bundan sonra anlatilacak metotta kirig "honlu kirisin kabul edilmis ve elas-
. tik egrinin denklemi buna gdre akartilmgtir, Denklem sabitlerini azaltmak igin

iki ayri koordinat sistemi seclimistiv (el 11:19).

Kiris tzerinde tekil P kuvveti ve moment olmasi halleri ayri ayri incelene-
rek denklem sistemlerinin ¢dzlmii verilmistir. '

ITI-1-1 Sonlu Elpig Uzerinde Tekil P Kuvvetinin Olmasi Durumu.

I“)

L . Zl’ i ;
7 L I
f-\(\ X L Ll BT " B OERCal 1‘|:;.~ ?(‘ -
i CoTmmT ) ‘ o L aE et ot x'
P A<x<b; i e
Y , T,

“

Sekil:19. Kirlg Uzerinde rekl! Kuvvetin Olmasi Hali ve Koordinat
Toplaminin Fabule,

:

Sinir sartlari yazilirsa:

1) x= 0 da M= 0 j Q= U

2) %+ 0 da . M=20, Q=

(@]

-t

: : i vt -
[AERTEAR A N N

L = Voo oyl e
4) x=a ., x* b de MI Moy yanl vy -y 0

3) xX=a , xt b dey

5) x=a , xtDb de QI+ 0y P olur.
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Kirise ait dilferansiyel denklewln homojen gEatmil agaprdakl gibl yazilabllie

Yix)y" AlCOHW nhW*Azcosw.shw+A3$1nw.chw+ A”Sinw.ﬂhw Pereeesenana e A lda)
Bir numarali sinir sarti dikhate alinaval

A

FO .t AT, 4“1_"”1 , bL__=CcC bulunur.

II II IT
U¢ numarali iy garta diklkrt- wlwnaquz

KR i ) " ' 0 1 1 1 1
BI(Sth'COSwA Ch¢A~SanA)*‘DI(Cth-COSVA)* BII(sth+ ost-+cth.Slan)

1 ah!
DII(cth.Coqu) ............. e res s (43)
Ayrica:

—BI(2ch\pA,(‘oml-’\'l—DI(shq;A.Cr,t':,'-s ”“WA-“*“W1*==“,](7-C“Uﬁ Coswé)

f ?llgshwé.COGWé~chwé Sinw;) .................. {ui)

Dért numarali sinir sarti kulblbaag lapak:

Bf(sth.ComWA c“wA'SinWA)”“L(”'wA‘“L“rq"'“[1(ShWﬂ'C°swﬁ - chWé.Sinwé)
| —DII(SHWé.Sinmé) PN 1D

Bes numarali sinir gartindan da

' 3 1
\BI(QsthSinwA) 4-DI(sth.CoswA + cth.SinwA)+ BII(Qsth.Slan)

1 ) t ot Y. P ..
DII(sth.Cost + cth.Slan)~ Pt (u6)

Ayrica:

—EIy"Ex) =Q oldugu dikkate alinip (43), (u44), (u5), (46) denklemleri mat-

ris notasyonunda yazilirsa:



-
(] (] <o [ap 2 ¥}
[ 8
.o
J
i
e 1
[ o]
[ [} ] [l
m [ w [} )
1
! .« o
Bt
[
ot
UM
.'f'i -E'r
[} (&
1 +
t ot £
B i S
te § if
-l P
[ (98]
) K]
}, K A 5
Q L ! 4}
] 1
KN
fia} b
> i
1
o]
%]
0
%.
| bl 4
A - PR A
=1 o 4 =
] < i 3
Q ¢ [l o
() ! v 4}
s - (] 0
] o %)
e i A2 A
2] (S 9] %]
[} i | o~
il 1}
I o
I jo
ol -
[ €3]
B} il
R
-1
'
ko] B
W , I n
9] ' v b}
Q) (o8] pp )
[ 1\ 18]
Bei] i3
N R . o
(&) ut (]
1 |
11
e
£l
wl
Vi
18]
=
£
Q
|
1] ool 3
K o = i
) . 1 ja
ul ‘ Ny o
Q (&) ] 93]
&) L @ U]
1Y - B
= By = o
Kol Q %} []
)] (o4} (o] o™~
|
SRR PR —- |

(47)
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IIT-1-1-1 Dent it o foatemfcti 1. ; TR B
1
y 3 —“l"""l,-"“" [' .............. (”8)
(x) WL I >y P
g, = uuv!«fr~< e ! . 2, ehhox.Cosh.x(shL.1.CosL.a.Cosl,b
yp VLl ahoooo e ot

-SinL.l.chL.a.Cosh.L)+(chL.x.8inl. % *nnL.x,Cu:h.u)ltﬂhh.L(SinL,a.chh.b«ﬁoahum it h)

SinL.1l(shL.a.CosL,b-chL.a.SinkL.b)

N 1

£ L 5 - % I 5 chli x.Cosl,.x{shL.1(SinL.a.CosL.Db
P (L.1) sh“L.1-5in"L.1 : :

~CosL.a.shL.b) +8inl.1(shL.a.Coal.bh -chlL.a.8irlL.b)-(chLx.Sinlx~-shLx.Casklx)

(shL.l.CosLa.chlb-8inlL.l.chLa.Cosl. b}

I T 5
MQ (x) P (50)
L 1 .
EMP ot wremee g Sk (b Cosha . chlb-31
IRLIEE SEEF) W PO

-SinL.l.chbLa.Coslli) + (chb.x.Sinlx-shibn coalx e {shLI <S5 tntacchlb-Cosha,shlb)

SinLl(shLa.CosLb-uliLa.Sinkb)

] = V. £ N edeeeas 5. ’
Q(x) ! &QP (51) ‘ o
gQP m ”'ﬂr“”;L s Ot L LRIl slil CosLix) (shL.1.Cos L.a.chlb
- sho11=-8In"L, 1

-8inL.1l.chla.Conli.t+} FahLx,SinLx (shlL.1(SinLa.chil;-CosLashlb) +SinL.1{shl.a.oslb

-chLa.SinL.b)
Tekil yilikten gelen tesir ¢izgllerini elde etmek igin kiris lizerinde 1 tonluk

ylik gezdirilir. Yukaridaki bagintilarda F =1 ton konursa:

44



FexyT THET Eyp.

. [2
eﬂ'{x)= "—-“)"‘ET EBP ......... . (53)
M(X) P.l ".MP f e e ey AP 1T

Q(x)“ E“ﬂ" et e e DB olde eddlir,

Uzerinde sadece tekil yikler oian bir problemin ¢dzilnd igin (47) denkloem sla-
temi ¢oziliir ve “1’ DI’ BII DII katsayilari bulunur. Statik etkileri hesaplamel
icin Sekil 18'dan da agakga anlagilacagi gibil AC arasinda B . Di katsaynlavl'ﬁﬁ

arasy icin de B katsayilari kullanilir, AC pargaslnda x,y koordindt taki-

- Il’ II
mi CB arasinda x', y! konrdinr‘ Pk g hullanelip. Ancak bu yolla ¢dzlm uzun ve

yorucudur. Bu nedenle bilgiUdyar]arddn iaydatanmak zorunlu olur.

Pratikteki m“hnndlaler icin bilgisayardan Faydalanmak her zaman miimkiln olma-
yabilir. Bilgisayardan faydalanma {mkany otv i uyguiayreilar lcin tesir ciuplle-
rinden faydalanmak bliylik kolaylik saglar. Bu nedenle son b&limde tesir c¢lugileri
L.1'ye bagli olavak verilmigtir.

Yukarida anlatilan ¢odzimler. igin BASIC dilinde yazilan bilgisayar programla-
r1 bundan sonvaki bdliimde verilmigtir. Bilglsayar programinin kullanilisi ve Data-
larin veriligi [1-2-2'de ;erildigi gibidir. Ayrica programin bastarafinda da acik-

lama yapilmigtir.

III-1-2 Sonlu ity Dzerinds ileiuangl Llr doht HC dure: abdindu OLadua las it
... T b o
AN ¢
- . ‘
8 T AT YU o g

g

Sekil: 20.Kirig Uzerinde Herhangi Bir Noktadd M_
Momentinin Olmasi Hali.
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Sinir sartlari yasuiipsa:

1) x = 0 [ M= 0 . 3 Bl
2) x'= 0 da M=0, Q=20
: = - f e R |
3) x = a ve b b dg¢in i Y11
4) x = a v x'= b faia ~r.l = Yyp ve
. MO
- + M = 1 -y R P
Mg Mppo=Moooyando Ty vYip T U

5) x=a ve x'=b dcin Q +Q;y O yanli y'I"+y'I'i 0

Ayrica,

=X e X! .
Y T ve Y T~ olsun:

1.ve 2. simir sartlarindan;

Ap= 0 App=0

B_.= C_ , BII=BII Tlunur.

3. sinir sartindan:

o P 3 1 1
2BI(chwa?oswa)+-DI(shwaCoawa chwa51nwa)+~2BII(chw bCOSLIJ b)

shy’ syt - T T T Vo o T 5l
+DII( by, Co vy chy' Sing’ ) {(51)

ve

1 o - a T 1 H 3 1
BI(shwaCoswa +chw881nwa) +D1(chwaCObwa) BII(ohw bCosq; W chy bSlnw b)
— 1 1 = '
DII(chw bCosw b) e T I (52)

4. Sinar sartindan:

: - i ) - s i ' ! ' —chy', Singt'
Bl(shwacoswa ch¢a81nwa, D]( hw381nwa) 4BII(shw bCosw b chy bSlnm b)

—ﬂ (shw' Sinw; ) = —Iﬁﬂ;: R R R I (53)
II b b 2.EI s !
Nihayet 5. siniy so-tanddin
Q< — o ) - - ] hd ]
2BI(shwaainwa2 DI(Shwacofwa + chwaSlnwa) QBII(shw bSlnw b)
(54)

- .”, r.‘.':'\ v~ l-q.r"!l' )2(‘4&!-‘6‘!!!!"4!!!"" ''''''
DII(shl b s b chy b i b

bulunur.
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-Q(Chwa(ioswé) shtpaCosgba—chwaSimpa 2chmp'bCosw’b shw"bCosaEy'b-ch\p‘bSin;:. "-3- ] B,
Sh’\PECOSlPa ChwaSinwa cl'x\]:afl‘cs‘l'3 —sh\y‘bCosw'b-chw’bSim,b'b ~chy 'bC-?s’l:‘}: | DI
"281’1‘4;£Si1'1‘1’a —shg,a-‘lc-_’;a—chwaSimpa —2Sh1’l"1bSi““":,b -shw'bf 'z‘y’bdrch:y‘bs_‘ Ty DII
shi .:oswa—ChwaSinwa -sh !.aS;:'; - s‘:‘.;y’bCos ({;’b—chw'bSin';)'b —Shw‘t_;mﬂ}'b BII

L I
. — Ceeeaaa




Bu dért denklewmde bilinmeyen BI, BII’ DI' DII sabitleridir. Yukaradaki denlce-

lemleri matrls notcsyonunda yararal bu katsaydar elde adilebilir.
III-1-3 Denklem Sisteminin Kapal:r CSzimi (8)
Cokmeler:
M_).l2
L, . e e 5
Y(x) TETT Eyn o oo (56)
1 1 )
chli, x,.Coal.x(shL.1(shL.b.SinLa

g = .
vt (L.1)° sh’L.1-8in°L.1

+shL.b.CosLa) +shL.1(shL.a.CosL.b+ chl.a.31inL.b)
~(chL.x.SinL.x+ shL.x.CosL.x)(SinL.1.CoskL.b.chL.a% shL.l.chL.b.CosL.a)

Dénmeler:
M .1 : .
et (57)

PR R R R R B S S A BN B SR R ]

o]
e‘(x) T 2.E.I & oM

L 1 2.chL.x.CosL.x(SinL.1l.CosL.b.chL.a

EgM = -3 5

(L.1) sh™L.1-Sin"L.1

+shL.l.chL.b.CosL.a)+ (chL.x.SinL.x-shL.x.CosL.x)
shL.1(chL.b.SinL.a shL.b.CosL.a)+ SinL.l(shL.a.CosL.b+ chL.a.SinL.b)

Moment:
(HR)

.....................

MM 5 = 5 shL.x.SinL.x(shL.1(chL.b.SinLa
sh"L.1-Sin L.1 .

+shLb.CosLa) +SinL.1(shLa.CosLb +chLa.SinLb) -(chL.x.SinL.x

-chLx.CosLx ){SinL.1.CosLb.chLa + shL.1.chLb Cosla)

Kesme kuvveti:

.....................

Q™ ~ 7T Eam
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Ornek: Uzerinde tane tekil P kuvveti bulunan bir kiriste cokme; moment ve
kesme kuvveti divaprami isetensin

S,

h (M) : s .
a) L= wederdd e L, L hesaplanar,

WLELT

b) L.l'e bagli olarak hangi etkl araniyorsa ona ait tablo secilir.
c) P, kuvverinin yerl x /1 4-n hesaplayiniz.
d) SeSe¢ilen tesir cizgisi tablosunun 1. alunundan xi/l degeri bulunur.
e) Birineci satirdan kesitin yerl tesbit edlliv.
£f) d sikkinda bulunan Xi/l yatayda e'de bulunan stun diiseyde uzatalir kesils-

tikleri yerden tesir cizgisi oordinati okunur.

¢8kme hesaplanmak isteniyorsa.

lS’n
= i, 1
Y(x)" TE.T L Syp)
Moment icin:
n
M(x)= l.% Pi. ( EMP)l

Kesme kuvveti icin:

n
Q)™ % Pi.(g QP)l hesaplanir.
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Ornek: Uzerinde tane tekil P kuvveti bulunan bir kiriste ¢Skme; moment ve
kesme kuvveti divagrami inetensin
.
. -
a) L= cededl. ye L. hesaplanmir.
H.E.I
b) L.l'e bagli olarak hangi etki araniyorsa ona ait tablo sec¢ilir.
c) P, kuvverinin yerl x, /1 d-n hesaplayiniz.
d) SeSe¢ilen tesir ¢izgisi tablosunun 1. alunundan xi/l degeri bulunur.
"e) Birinci satirdan kesitin yerl tesbit edllir.
£) d sikkinda bulunan xi/l yatayda e'de bulunan stun dliseyde uzatilir kesis-

tikleri yerden tesir cizgisi oordinati okunur,

CBkme hesaplanmak isteniyorsa.

l3 n
Y(x)” T.E.I § Pi. ( Eyp)1

Moment ic¢in:

n
M, = l.% Pi. ( EMP)l

(%)
Kesme kuvveti igin:

n
Q(x)= %'Pi.(g QP)i hesaplanir.
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18 REM KUVWETTEN DOLAY] DOKME

% OPEN "pri* AS FILE |

38 3 41 CHR${23%)

L EE )

58 DEF FNS{X)=(EXP{X)-EXP(-R)) /R

€8 DEF FNC(X)wlEXP(N) 11:XP(-X}) /8

78 FOR L5 70 12 87C0 8

88 PRINT #1 L

9 PRINT ¥1

188 PRINT ¥}

112 PRINT 34

122 PRINT #1 * 0.8 LN
lle .

13 PRINT #¢

148 FOR M=& 10 | STEP ,1

158 PRINT #1 USING *4. 4 o ¥

168 FOR N=8 T0 1 STEP .1

178 IF N(X BOTO 250

183 K=N

19 Bl

s feLE{t-¥)

218 N=ABS (N-1)

P} XNl

238 N=K

240 B0TO 288

250 Acie

268 BLa{i-¥)

& X=Rel

280 K=1/ LIFNBIL) ) ~2-(SINIL))*2)
29 K1=28FNC (X) 6COS (X)

308 K2sFNS (L) #COS {R) #NC(B)-SIN{L) #FNC (R #00S (B)

K3=FNC LX) ¥5IN(X)HFNS (X) #C0S (X)

| d
—
(.

PRINT 31 USING "H0. 334 Y;
CNXTN ;
"NEXT M
PRINT 31
PRINT 41
AB8  PRINT 41
410 NEXT L

FEIEEELER

KASFNG (L) & {SIN(R) 4FNC (B -COS {R) #FNS (B))
KS=SIN(L) #(FNS{R) #C05(B) FNC(R) ¢SIN(E))
Yo {1/ (LA3)) el ( (K1HKR) +K3# {KA4KS))

-'56
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33

8
0
38

E
[~

oy W

R

3 )
9 P18
£8 DEF FNS(X)={EXPLX)-EXP{-X))/2

KUWETTDEN DOLAYD KESME KUWWETI
N *prs® RS FILE |
CHR$ (29%)

78 DEF ENCIX)=(EXP(X)4EXP{-X)}/2
8@ FOR L=.8 T0-5 §TEP .2 '

35 PRINT 81 L
108 PRINT 8
118 PRINT ¥
128 PRINT M
138 PRINT 3¢ °* 0.8 8.1 A2
18"
143 PRINT ¥
{58 FOR Me8 O 1 STEP .1
168 PRINT #1 USING 4.4 " M;
170 FOR N=@ T0 | STEP .1
188 . IF NN BOTOER
19 e
) BeL(1-)
218 X=NK.
s 6OTO 99
23 KeN
) BedH_
s ALl
268 NeABS (N-1)
a7 Y=-NeL
2n Nk
2% Ked/{(FNG (L) £ (BINILY ) AE)
300 SL=FNC(X) #SIN(X) +FNS (X 40US (X)
310 S2FNG (L) 4005 10) #FNC (B) ~SIN (L) FNC (A) 4005 (B)
38 SENSINABINGD :
338 SAFNS(L) # (SIN(R) #FNC (B)-COS (R)FNS (B))
340 SS=GIN(L) # (FNSIA) C0S {B) FNCIA 4SIN(E) ).
358 -~ ----@1aK#{B1 #5245 (54+55))
360 PRINT 81 USING "H3n.¥8asd * Ol
318 IF NeM THEN PRINT 11
300 1F NO¥ 6070 550
3% RN
498 Ba-dHL
Al8 Fe-LE(§M)
28 N=ABS (N-1)
A3 Yo-NiL
M8 NeR
A5 Kel/(FNSIL))%2-(SINIL))*2)
40 BI=FNC(X)HSINIX) +FNSX) 1005 (X)
T8 Sa=FNG (L) #C0S (R) $FNC(B) -SIN{L) #FNC(R) 108 (B)
469 B3=FNG (1) #SIN(X)
19 SAFNS(L) # (SIN (R) #NC {B)COS (RYFNG (B) )
523 GS<SINIL)#{FNS(R) €COS(B) -FNCIA) ¥SIN(B))
518 Q1 =K#{81 ¥524338 {54455) )
520 PRINT #1 TRB(P)}
530 PRINT #1 USING "#44, 89488 * QI
549 Pept
S5 NEXT N
%8 NEXT K
578 PRINT 81
568 PRINT ¥1
58 PRINT #1
608 Pet®
618 NEXT L g

.3 8.4 8.5
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19 KEXM KUWETDEN DOLAT | MOMENT

26 OPEN *pra® A8 FILE )

38 1 41 DHRS(290)

48 ; 81

50 DEF FNS(X)=(EXP(X)-EXP(-X})/2

68 DEF FNCIX)={EXP{X)+EXP{-X)}/2

78 FOR L=12 TO 59 5TEP ¢

88 PRINT#LL

9% PRINT !

190 PRINT 81

118 PRINT 81

128 PRINT 81 " 8.9 81
.8

{38 PRINT 81

149 FOR ¥=8 T0 1 STEP .1

159 PRINT #1 USING *4.4 * N

16¢  FOR N=8 10 1 STEP .1

Ble a'J ai‘

178 IF N{=H 60T0 258
180 KeN

198,  BeMa

2 ALt (1)

218 NeABS (-1}

) Y=NKL

238 NeK

oK BOTO 282

25 AeeL

268 B (M)

218 YeMeL

2B Kai/ ((FNSIL) ) 2= (SIN{L) )2}

29 DI=24FNS () ISIN(Y)

3 DR=FNS (L) 4005 {A) # RC () ~SIN (L) 4FNC (A) #C0S (B

e D3=FNC{X) #SIN(X)-FNS(X) £C0S(X)

¥ DA=FNS{L) E{SIN{A) 6FNC (B) -COS (R) #FNS (B))
338 DS=SINIL) #(FNS (R} £C0S (B} FNC(R) ¥SIN(B) )
349 Pe(1/ (2000 ) #Kx {DEADR4DIN(DADS))

358 PRINT- #1 UBING 1¢4. 00t ' D

369 NEXT N

370 NEXT M

388 PRINT &

3% PRINT 8

B3 PRINT #1 R

418 NEXT L

58
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18 REM MOMENTTEN DOLAYD COKME

28 DPEN *pri” AS FILE |

38 1 #1 CHR$(29%)

LU )|

S8 DEF FRS(X)= (EXPIX)-£XDE-1)/2
- 68 DEF PNCUN = (EXR( IENPL- 1)) /2
70 FOR L=.8 TO 18 BIED é

80 PRINT ¥1 L

9% PRINT !
168  PRINT 31
118 PRINT-¥1
128 PRINT 81 * 8.8 B! P2 8.3

lle"'

138 PRINT 31 .
146 FOR =@ TO | STEP .
158 PRINT 41 USING K3 N
160 FOR Ned TO 1 STEP .1
178 IF N(=H 600 250
19 KN
19 . Be-ie
o PeLE(lN)
210 N=BS(N-1)
'm"’-" x,_N*L__ PR
2R Nk
2 OTO 288
"= U
268 B=Le{i-n)
a aeN
288 Kel/(IFNSIL))A2-(SINIL))*2)
28 LIS
3 LEsFNSIL) H{FNCIE) $SINIR)HFNS (B) KCOS(R))
30 L3BIN(L)¥(FNG(R)KCOS(B)+FNCIA) ESTHIB))
28 LASFRCIOSSINIX) NS X) KOS 1)

3R LSSBINIL)¥COS{B) #FNC(R) 4FNS (L) #NCB) +00S (R)
W8 Y=/ (L2 KHLIELZH3) -LARS)
3R PRINT #1 UBING "HE. 8RB " Y],
¥ TN .
I MENT N
388 PRINT ¥l
3% PRINT ¥
A PRINT 41
4O NEXT L

59
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18 HEM MOMENTTEN DOLAYD KESME KUWWET]
28 OPEN "pr:" RS FILE |

30
40

»
!
]
i

31 CHR${25%)

5B DEF FNS{X)=(EXP(X)-EXP{-XD)/2
68 DEF FNC(X)=(EXPIX)eF I Y1) /2
76 FOR L*7,5 T0 13 BTED .

88 PRINTHL

% PRINT ¢

108 PRINT 81

118 PRINT 41

‘128 PRINT #1 * 2.9 %1 8.2 8.3 8.4
e

138 PRINT #1

18 FOR w=@ T0 1 STEP .1

159 PRINT #1 USING 1.4 L H _ ‘

168 FOR N=@ TO | STEP .1 b ,

178 IF-N{X 6070 29

169 K=N

1R B=in,

280 Pl e(1-M)

210 N=RBS (N-1) .

28 XaNel

238 NeK

240 6070 2

250 Pl

268 B #{1-M)

21 o Yoo

269 K=1/L{FRS (L)) ~E-(SINILY)"2)

2% KI=FNCX) #5IN(X) +FRS(X) 005 (X)

308 K2=FNG (L) #(FNC (B} #SIN(R) +FRS{B) #C05A))

319 K3=BIN(L) #{FNS (A} €COS{B) +FNC{R}¥SIN(B))

KoL K4=24FNS (X) #SIN(X) # (SIN(L) $COS {B) £FNC (R)4FNS (L) #FNC (B)+CDS (R))

338 Dol K e (K] #{K24K3) -K4) .

e PRINT #1 USING "$¥8.4088 * )

e KEXT N '

368 MXTH

37@  PRINT ¥

388 PRINT ¥

392 PRINT i

AB8 NEXT L

60
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BOLUM:: 1V

IV-1 ELASTIK KIRIGILLEIN SINTIFLANL LxiLMASL

Kiris rijitligine bagli olarak kirisin fiktif uzunlugu L ile tariflemmistlr.
Tablolarda giris degeri L.1 katsayasi olarak alimnistir. Literatiirde L.1'in de-
gisik degerleri f¢in ) irdg Lipler: t - 12opmi=rir, L.l<nize zemindeki gerilmeler
hep pozitif olur. Efer L.l <1 ise kirdsin uc ve orta noktadaki gerilmeler yaklasik
oolarak esit alinabilir, (-9 ). Bu kabullerin agigil altinda elastik zemine oturan sii-

rekli sonlu uzunluktaki kirigler gdyle siralanabilir.
Kisa Kiris .v.venvineninarneas Lol </l
Orta uzunlukta kirds ......... %/ <L,1 <T
Uzun kiris....oveveieinvranee, LT
Ancak bu siniflandirma kesin degildir ve arastirmacilara gdre degisebilir.
Literatiirde tesir cizgileri tablolari L.l in 0,8 ile 8 arasandaki degerleri
icin verilmistir ( 8 ). Ancak eger L.l B8 ise uygulamaci mithendis zor ve karisik

denklemleri ¢&zmek durumunda kalir. I zorluklari ortadan kaldirmak amaciyla tesir

¢izgisi tablolari genisletilerek verilmistir.
Iv-2 TESIR ¢17GiSi TABLOLARININ KULLANILISI.
IV-2-1 Tekil P Kuvvetinden Gelen Etkiler Icin.

Tesir ¢izgisl tablolaranda biv e i ot Pivls ftmerlnde kesdtleyvio yeoTng be-
lirtir. Tablolarda kesitler kirl:; hoyucun ondabvir noktalarinda alanmigtivr. bleiocd
stun da kuvvetin yerini belirtir. Kuvvetin yerine bafili olarak kesitlerdeki tesir

¢izgisi oordinatlari okunur.

a/l Q 0.00 | 0J0 | 0.20{ 0.30| 0:40{050 | 060{0.70 |0.80 [0.90 | 1.00 ‘
000 4
0.0 ‘ ~ S/
0.20 &
0 | Vo
7
080 P ol KR 7 # S
0.90 ' s ‘
100 vl

L PO

Sekil:20, Tesir ¢izgisi Tablolarinin Kullaniligi.
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ORNEK:

Uzunlugu 1 30m egilme rijitllifil HI::U,?S.lOG tm2 taban genisligi b=1,40 olan

bir temel elastik zemine oturmaktadir. Elastik zeminin yatak katsayisi C =1000 't/m3

olduguna gdre 1,5,6 noktalarainda ﬁ(x) gerilmelerini 2,4,7,8 noktalarinda egilme mo-

mentlerini ve 5 noktauinda kesme loavie b bnd HasaslayInie,

a)

.b)

c)

35t 8st 7

Ll
—~

A e

-
l—,,_.£9£z>,_ | 60m
:

H0m

L 80m

L.1 katsayisinan hesabi,
Lo u\/ C.B _i/ 1400 0.198 mt
T.ex V0,92x10% T
L.1 =0,198x30= 5,94=6
L.1 = 6° tesir ¢izgisi tablolari kullanilacaktir.

Kuvvetlerin uygulanma noktalari.

a /1=0,0 a, /l= 18/30= 0,6
1 b

a2/l= 6/30= 0,2 a5/1= 24/30= 0,8

a3/l= 12/30= 0,4 a6/l= 30/30= 1,0

Zemin gerilmelerinin hesabz.

3 3
= = 30 5 = 293ulLgx10 6 m/t

4.EI  0,92%xl0

(1) noktasainda X1/1= 0,0
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4 noktasinda xu/l= 0,6

L.1=6,0 ve tablosu x/1= 0,6 koleonundan faydalanilarak

MP
M4P= 30(35.1985-84,5495-77.7289+ 6.41935~92.7732-43.10202).10—6
= 45,0 .
MuP B5,00  Lm
7 noktasinda x7/l= 0,5
L.1= 6,0 ve gMP tablosu »/17 0,5 kolonunda faydalanilarak
M7P= 30(-35.1170-84,8622+ 77.576 + 86.576 —92.8622—“3.1170).10—6
M7P= -20,06 tm.
8 noktaoirly x”/1= 0,4

L.1= 6,0 ve gMP tablosu x/1= 0,9 kolonundan faydalanilarik

M8P= 30(35,335~-84,56~77.1338~36.2u476+ 92.8597~u3.516u6).10—6 -52,16 twm.

e) Kesme kuvvetlepinin hesabs

X
5 noktasinda x5/l='0,8

L.l=6 ve § tablosu x/1= 0,8 kolonundan yararlanilarak

QP

51468

6
-ugsgy ~43-17163).1

Q5P= (-35.9834 +84,11074+ 77.38124-86,30670+ 92

Qo= 40.85 %
5P -51,15 t

b4



BOLUM: V- YATAK KATSAYISININ STATIK SONUCLARA ETKISI

Burada ayni Ornekte yatak katsaylslnlh farkli alinmasi sonucu statik deger-
lerin biiylik oranda degismedifi acikca goriilmektedir. Yatak katsayisi ilkdnce

1883,39 t/m3 sonra da 900,00 t/m3 alitmigtie,
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e kesse kuv. ve uc momentler

Mia-{,19928 (t») Mle 13,8193 (tw)
Pl= 48,8379 (ton) PR=-4,51831 (tom)
hesit perilee(t/ed)  wowemt(tn) keswe (ton)
TEEE HHHHEE L
8.0 28, 25624 -8, 00054 . _ 0, 60000
825 | 28,7583 9. 81687 6. 55672
8.5 £9,06813 328775 13.22884
.75 29. 76699 XTI 28, 91628
1,00 3,25973 13, 38563 26, 91871
1.25 30, 75469 29, 91085 33, 93545
1,50 324374 30, 28208 41,06549
1.75 31, 72428 AL ASE84 48, 6%
X 3219315 54, 4340 -7, 34233 _
2,85 2, 64769 4853973 ~19, 88535 83t ot 29t . 107t
2.5 33,9885 44, 51129 -1, 32543 '
T 3351695 42, 38537 4, 66556
1.6 33.93340 42, 18661 3, 89144 —
L85 3378 43,938%5 18, 94289 : "
3,59 T ) A7.66578 18, 88599
375 35,1008 53, 38931 26,9176 l l J 2o l
460 3547281 6Li369 - msem% L 2m | 25m | 25m L 25m :
4,25 35, 81942 9. 91362 . 43,2339 " L50m
45 36, 14612 02, 159 -39, 4693 | LA S e
4,75 36. 45064 7190487 -3, 14057
5,80 3. 7439 . 67, 19846 -£2, 723492 14020 ok J 3
5.2 3. 9337 B2, 56817 -14, 24421 =0.20 m® -~ - - :
5,58 37, 24654 69.07328 -5, 74562 B=0.92 m L"1883~39 t/m
5.75 37.476% 59,7193 2. 88791
6. 09 37.69056 . sl.se15e 11.53251
6.25 37.88688 B5, 49814 20,2245 . .
6.50 38, 86478 71.63728 | 28, 95985 , ' ¢
6. 73 38,2225 79.9728 37.73250 ,
- 1.08 38, 35788 9, 5622 .
1.8 38, 46894 78, 49509 43.32225
7- 59 mcm . B 68. 8”79 - -MQ
7,78 B.62765 . 6,116 -25. 84357
800 . 3A68016 SNTS6 -~ -16.99888
825 - BT ) a,mm .-@,m
S8 BT LNV %
8,75 38. 74656 53, 6209 9,728%
9,8 - 38.73915 S.56427  18.63210
9,25 38, 71563 62,3385  27.53974
9.5 367499 8. 3335 121, 5190
9,75 38. 61564 53, 8049 -61.67128
18,89 3854116 39, 49668 -52,79793
1825 38.455% 27, 49440 -43,94312
18,50 38,3022 17,5337 ~35, 10697
18,75 38, 86392 % 84898 -26. 29688
i1.e8 38, 16260 A 31290 “| 1. 5177
11.25 38. 86042 |- el g, Th

11,58 37.95767 ¥ iRl -B, 0 |



u hesse kuv. ve uc mowentler

K1w-39, 8989 (im)
Pi= 62,935 {ton)

Resit

= ax -
X

P E R
7

o
-

[0 [0 o = e
FEDEADL S

P g
3

1%
3.75
4,
4,25
4,58
4,75

5,25
5,50
]
5.8

6.2
6,50
§.75
7'%
.25
7.9
15
860
ala
8.5
875
9,60

Cogpg e

gl m
.7

19,80

18.23
18.5¢
18.75
11.®
1525
11.58

perilme(t/n2)
HHHHEEHH
23. 59108
23, 35083
39, 31291
38.67328
31, 03253
31, 39283
31, 74454
32, 83484
3. 43907
32, 71681
33, 187435
3343177
33, 75600
34, 86212
34, 38787
34, 66667
W, 95713
35.23998
35, 51285
35. 77283
36, 82382
36, 26345
36, 49473
6. 71719
36.93088
37. 1355%
37,3387
37, 51548
37.68881
37.84988
37.99374
38, 13975
38, 279%
38, 39414
38, 36976
38.61798
38.71868
38,81141
38, 89548
38. 97846
39. 83802
39. 18088
39, 13836

 39.21418

39, 26861
39. 32242
39, 37684

K= 15,3814 (tn)
P2a-~4,47867 (ton)

woment {tx)
HHEHEH
-8, 03ed7
8, 85419
3. 430714
7. 75008
13.83338

21, 70078

K PRI
42, b o7
56, 1447
5. 67034
47, 01544
45, 26008
43.43104
47, 54856
51, 60866
37, 63288
65,69438
T 13798
B7.81168

SN

72, 59392
£8.99375
635, 67074
65-§ﬁ&el
67, 13862
71, #5868
7789791
85, 29158
95, 54242
83, 41039
73, 3451
65, 48364
%9, b7
M. 3yt
0. B!
5. 9 4

- §9. 16832
" 64, D592

72, 18258
55. 2919
49, 64016
oH, B3I
18,0810
16, 17467
4,52421
113159
9. 60003

kesme {ton)

R
8. 80034
6. 84747
13. 777195
28.79137
27.88758
35. 86624
A2, 32676
4966849
-2, 1183
~18. 41886
~18, 83324
-3. 18112
4, 54490
12, 34342
28. 21301
28, 15211
36. 15987
A4, 23088
~38.631%
-30, 43315
-22. 17661
-13. 86351
“h. 49614
2.92348
11,3931t
19.91833
28, 47473
37, 88286
-33. 26993
-4, 58184
-33, 85893
-27.18213
~18, 31534
.-Q?B(ﬁz

N1

st
17. 10310
26, 5t
142, 14318
-53, 48338
58, l 12”
- 48, 18L%¢
~36. 12674
-27. 11385
~18, 88834
-9, 5034
-9, 00603
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2.5m J 25m J 2.mL
T ?

o
P B
' RPN

som R

C-90000 t/m?3

L R R
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SONUC: o o ’

Elastik zemine oturan kipli)eiln statik ¢dzlml bliylk oranda yatak katsayi-
sina baélidlb. Effer yatak katsayisi iyl tahmin edilebilirse bulunan statik sonug-

lar da gercege yakin olur.

Kany'nin galigmalari disinda bir ¢ok aragtirmaci yatak katsayisini sabit
olarak islemlere batmistir (10). B&lim I de yatak katsayisinin sabit olamayacagi
aciklanmisti. Ancak yatak katsayisinin kiris boyunca degisken alinmasi islemleri
cok uzatmakta ve sonug dgerlerde biylik bir degisiklik yapmamaktadir. Bu nedenle
yatak katsayisini sabit almak fakat degisik arastirmacilarin Snerdigi sekilde he-

saplayip bunlakrin drasindan ortalama bir deger secmek ujgun olur.
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L1=08

Yp
a»f-,l'f.f“ 2.8 2.1 2.2 2.3 2.4 e.5 2.6 2.7 0.8 2.5 L.
0.0 9,80362  A.31848  6.83645 535945  3.883% 2, 0.96215 , -0.43461 -1.94B85  -3.4218:  -4.B5435
“1or B 38es T 13869 5:95061 4, 77973 - 3,60385 2, 1.E6113 ¢ -0.09365 ~1.Q721B- -Z.23713 - ~3.40181 |
0.2 | 683645 535840 S.07976 419%S L3002 2, 00T . B.EBIE 013536 -LOTEIT  -1,34886
&3 5,3595 477980  4.19%5  3.61782  3.2338 2. 85847 LETES  REGI36  0.03385 -0, 43461
0.4 3.88826  3.60385  3.31%09  3.0338 274437 2. 2,15599 . 18847  1.56082  1.26%13  0.96215
8.5 242272 243101  2.43%06  2.44629  2.45163 2.4 245169 2.44623 243906 24310 242270
0.5 0.95215 126113 156000  1,65847  2,15539 2, 274437 303308  3.31923  3.60385 388824
o7 -0.49461  0,09365  €.68!9%  1,27825  1.8847  2.44523  3,@3308 361782  4.19%5 477380  5.35945
0.8 -1,94886 -1.97217 -0.1953%  @.6819%  1.56000  2.4397  3.31903  4.19965  S.07976  5.95941  6,B3645
9 | -3.4e181 -2.23713 -1.07218  @.09365  L26113 243101 3.60385 477973  5.95841  7.13B48  8,31848
L8 | -h.BS35  -3.40180 -1.94886 -0.A3461  @.95315  2.4E072  3.8B824  5.35945  6.B3645  B.31848  9,80362
X 0.1 8.2 2.3 2.4 2.5 8.6 2.7 0.8 0.3 .0
| e.ocece -0.0829¢ 012780 -0.18665 -2.14356 -2.10454 -8.@9539 -0.96270 -0.23183 -0.008%5  0.00902
0.02000  0.P1623 -0.03833 -0.05847 -D.Q7837 -RO7TAT5  -Q.06058 -0.24123  -B.Q2151 -D.006i7  @.00000
P.00000  ©.01368  0.05121  0.00382 -0.01436 -2.00495 -2.22555 -0.0197€ -9.21118 -9.00239  ©.00008
0.90000  ©.01058  ©.24074  Q.2981¢ 005028  ®,02488  0.00949  0.00(73 -.00084 -.2005  0.00000
B.00030  0.09777  £.03030 .66 D147 D746 0.@4459  @.023%%  0.0095!  0.20217  0.00000
| 0.00000  0.00437  0.21937  Q.0L4B1  @.27904  B.15477  @.Q7976  0.0668:  0.01389  0.98437  ©.00000
0.00000 BRI Q.S 0PI GBSH BN LINT AR RO LOTT 00000
0.00000 -0.80061 -0.00084  @.OA173  2.00343  2.37627  0.0502%  Q.€8312  0.04074  9.01¢38  0.gee0e
B0 00039 09116 0.0 20755 G035 -4 0000 RS 012 0,000
0.00000 -0.20617 -0.0I51 -Q.04157 -2.35050 -2.07475 -R.07697 -@.06842 -0.2383¢  Q.01683 ¢, 70000
C 000008 -2.00893 -2.03183 -0.06E70  -2.03TT -2 1%0SL -0 1LIS6  -BLMGEE -2.127BQ  -2.080%  0.20000
i 0.0 0.1 0.2 2.3 0.4 8.5 8.6 0.7 0.8 0 |
‘ ! . : . : . . . . .9 1.0
XY 0. 63200
-1, 00000 -0.62807 -9.31851 -0.06875  0.12062  8.24985  0.31915 @.32872  @.27867  B.16909 . 00000
o 0.00000 . 0,31656 ' ._
-0.68344  -0.41522 -8.19531 -0.02362  0,099%  @.17557  0.20331  €.18326  9.11549  ©.00008
a2 0.00000  0.26704  0.48811 o .
-8.51198 -0.32185 -0.16787 -Q.04994  0.83155  0.87787  0.08783° 0.06187 . @0000
83 0.00000  0.20765 8.39155 8,556
" -0.44834  -8.31212 -0.1999 -0.11173 -0.B4765 -0.80767  0.00821  ©.00000
0.00000 015344  0.29502  0.4253  0.5436
- - -8.45636 -0.34992 -0.25554 -0.17332 -0.10331 -0.04553  ©.00009
0.00000 - 0.0994@  0.19315 8.29%0  0.39352  0.50908 - , '
' 05000 0.3 LI 0115 -0.099% 000000
0.60000  0.04553 819331 817330  0.25554  0.349%2  @.45634 .
; , -0.54366 -0.42532 -.20522 -0.15344  ©.09000
0.00000 -0.08821  ©.00757  @.04765  0.11173 ' 0.19989  @.31212  0.44834
- -0.55166 -0.39155 -0.00765  ©.00008
1 a8 0.80000 -9.06187 -0.88783 -2.87787 -0.8319%  0.84%%%  0.16787  0.32185  @.51198
Al R -0.48811  -0.25204 0. 00200
0.9 0.00008 -8.11549 -0.1836 -0.20331 -0.17557 -0.899%  0.82362  £.19531  @.41522  0.68344
-8.3165%  ©.0000
1.8 | 0.00000 -,16909 -0.27857 -0.32872 -0.31315 -0.24985 -0.12062  0.86875  0.3185!  0.62887  1.00008
¥ 9. 26200
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L1-0.8

ym
! e.0 ¢! 2.2 0.3 0.4 0.5 0.6 2.7 2.8 0.9 e
o0 762873 5.89968  6.30937  Z.83B:0  1LAZIB6 -2.@41%E  -1,49497 -B.9A13e  -4.38335 -G5.82387  -7.26255
o1 7 A7p03  S.50077  4.39087 569881 L6236 -Q.04113  -1.43476  -2.94135  -4.38336° -5.823%3 -7.26317
0.2 739363 5.89812  4.396% 290364  1.42593  -0.03887 149371 -2.9415% -4, 38500  -5.82635 -7.26706
2.2 737077 5.88708 440274 S.916%6  1.43533  -0.23256 -1 4WOS  -Z.94150 -4, 38B11  -5.83259  -7.27643
o4 7.34143  S.87705  6.40703  2.99987 145333 -0.00078 -1.48390 -2.94048 -4.3927¢  -5.86282  -7.29208
2.5 731441 S.B5648  4.39730  2.937:9 47213 @.0000@ -1.47213  -2,93719  -4.39730 -5.83648  -7.31441
2.b 729528 5. 84287 4,39272  2.34R48  1.AB390  0.02028 -1.45333 -2.92987 -4.4Q203 -5.87205  -7.34143
0.7 727643 5.83753  h.38811 294150 1.A0S5  @.03257 -1,43539 -2,91625 -4.40274 -5.887¢8 -7.37077
0.8 756706 5.87635  4.30500  2.94158  1.49370  0.93607 142593 -2.90364  -4.3%6% -5.99812  -7.39863
2.9 796317 5.82363  4.30350  2.34135 149478  @.@419 -1.42836 -2.89881  -A.39087 -5.90077  -7.42002
1.0 756555 5.8937 430335 £.94130  1.A402  @.04152  -1.42184  -2.8981@ -4.38997 -G,89%0  -7.42874
gQM
e 2.0 0.t 0.2 e.3 0.4 2.5 0.6 0.7 2.8 2.9 e
.2 0.00000  .54588  @.96713  1.E6556  LA6Z3E 149884 143585 L.eS611  £.95607  Q.53660  0.00000
2 000000 030567  Q.96706  L.EESS1  L.4uZér  1.43WW 143593 L2541 Q.55404  0.536Q4 000000
0.2 000000 0.5AA5K  R.U6633  .ZBSES  L4aZA3  LA99P3 143639 1.ES66Y  O.95457  @.53631 @, 0000
0.3 Q00000 O.5A306  DUIBAST  0LEb633 LahieT T AY9R6 143761 1,256t 095553 0.53635 0. Qee0e
R4 Q00600 0.541E3 D925 L.b3@ 144197 S0 LA3BYE 1.25766 0.957¢7  @.53801 Q. Qoded
2.5 200000 0.53948  0.99950  1.25998  G.46062 L5003 L4bee? 125998 0.55951  .5398 @, peoee
26 0.90000  0.53801  8.957%7  ES766 143832 150053 144197 1.EbZ6d 9646 0.541Z3  0.000Q0
2.7 000008 0.53635  2.95553 125584 14374 4393 164248 1.26633  0.96452  0.54304  ©. Q0000
0.8 000000 053631 WOSAET  LES66T  LA3EXD  LATIES  1L64E43 1.2B535  0.96633  @.5u46e O, Q0000
2.3 Q.00000  0.53606  2.95614  1.2S19 163533 1.4%A90  1.o424! 126551 .96704  ©.54%62  ©, eoeel
12 P.00008  0.53600  2.95407 L2511 1.43565  1.49966 144238 1.26594  .96713  @.54580  0.00000
Sy
a/lX/l 0.0 0. ¢.2 e 2.4 s 0.6 .7 2.8 0.9 L
g.0 9, 02000
-1,20000  -2,37167  -D.834%%  -0.78236  -@,88597 -2, 43787 ~D.ISOIS <DL TU4GS - <P 103ET -BL@oT7R QL poeeR
0.1 ¢.00000  0,0083F '
S09TIER  -.B9R0T  -R.TEEET -RLBGSST SR ANTYL <@ ISR ~RIhOR - RIS -0.@Z7TB O, QOQe
2 P.20000  B.0%8%6 B, 1483
; -0.89517  -D7BEST -B.GHEIS 0L BBERT  ~Q.35037  -MZIATB L iW33Y - 280 . 00ged
2.2 aelme  e.pEsl7  aoeas  wEiTen
. D TBEEY - BAERA -BARRSE -fFIBE -0 IGMD QLIRS L 02I83 . 20wee
2.4 0.20000 202805 4wl 0.FIGES @, 3504Y
: REETEL 0 E¥RE SIS0 -REIS3R - 0360 -.00TAT . Qeoae
2.5 200000 @,22737 250390 2,755 2.35(3 730002
-,50000  ~0.3517F  -2,2158% -0, Q33 -.02737 Q. 00QQR
2.5 Q00000 0763 Q12364 .A1SH 23512 petEg pLeld
; SR ZIGAS -0, l@eEE -0,00806 Q. 0002
8.7 DORREOR  BLUETHI QRIS B FIRGD U AnihR v RN Q. 797
' 2 -2, 1005 -R,42817 Q. 20000
2.5 000808  B.BITER R.i1231F  R.ENATE @ 3S0EF CeEOY REGIZ 7 ¢, 3937
070483 -0.Q4B26 0. DONGD
8.9 00008 .BFTTE 20EER D.PIE Q33T @.4TTT LEWST 2.7BI3T 2,875 8.97168
-0.02832 0. 00000
e 0.00000  0.03778 210387 Q.EIEE  2.33015  .e9788  QeeSié QU7BE3A @SS Q97167 1.00000
, 0. Qe0ee




2.0 2.1 2.2 0.3 2.4 2.5 0.6 2.7 2.8 2.3 1.0
2.9 4.03784 341760 2.80050  2.1884%  1.582Q7  @.9814Q  .38566 -0.20629 -2.79575 -1.38391 -1,97168
8.1 TA1761 298953 244137 195665 LATEE!  Q.99965  B.5:164 Q83602  -0.43757 -2.9:108  -1,38391
0.2 2.80050  2.44137  2.08163 172043 1,33879  @.99767  0.63751  0.27835 -Q.28003 -D.43797 -0 73973
0.3 2.18850 195456  1.720A3  L4BASZ 124571 102486 0.7623%  D.5EA71  @.7835 0.9360%  -0.20629
2.4 158207  LA7061  1,35879  L.24S7:  L.12995  L.@10%  ©.B87S1 | 0.76298  .63751  @.51166 238566
8,5 |--0,98140— 0.98965 - -@.39767 - 102486 L.QUEZ4 . 10124 . LLR1GE6.. 1.004BE  0.33767  0.98%55 . 2.9814p |
0.6 | @.38366  @.51164  @.53731  0.76235  Q.867S1  LBIeE 112995 L2457t 1,3587B  L47R6! 158097
0.7 -0.20629  0.03602  0.27835  0.52070 076238 1.G¢4B6  LEASTL 148452 172043 1,95466  2.18849
2.8 -0.79575  -0.43797 -0.080€3  @.27835  @.6375t  @.99767 135879  L.7E043 208163 244137  2,0905
KX -1.38391  -0.9!1108 -0.437%7  0.03602  @.51164  G.98363 L4761 195466 244137 2.32953  3.41761
L@ -1, 97168 -1.38391 -0.79575 -@.20623  @.38366  0.98:40  1.58207  Z.18040  2.80050  3.41761  4,03784
ot e 0.1 2.2 2.3 e.4 2.5 8.6 2.7 2.3 2.3 1.2
09 0.00000 -0.08083 -0.12731 -B.146!7 -B.14234  -D,1F338  -2.09501 -R.06227  -3.03160 ' -0.20935  2.20200
2.1 D.00000  0.01627 -2.03516 -9.96%17 -0.2784  -Q.07M4Q -0.26025 -0.24093 -2.B2137  -0.00513 0,000
8.2 0.00000  0.@13¢0  2.05122  0.00385 -0.@143! -0.02689 -R.08548 -0.01971 -Q.01114  -0.00338  0.0020
ez 0.20200  0.€1055  .04065  @.29755  2.05002  Q.0247¢  Q.00930  Q.00167 -2.00939 -0.0053  0.00002
8.4 - | woepee  e.0772  2.03215  B.@SEI7 01066 B.7441  0.24428  0.0220F  L0R939  0.09214  ©.00000
jos 0.00008 000432 Q.BO74  QQMEI D757 QU3 R0TIT Q24453 QDIGTE Q.04SE  2.00000
e D.22020  0.00214 Q00933 Q.23 0.24428  Q.076L1  @,11486  B.9ERIT 223005  0.8277%  Q.pe0e2
0.7 0.00080 -0.00053 -2.02330 @026 L0034 Q.DEMTE R.ESRI2 0.98795 C Q.B4RES RL210S5  0.20000
2.8 0.00000 -2.00338 -2.01114 21970 -Q.02THR  -0.04ET D214} R.WSEE Q05152 Q21360 2.00000
2.9 0.00000 -2.00613 202137 -2.06057 -0.26035 -B.7640  -D.07864 -.2687 -0.2356  0.91627  0.20000
Lo | o.000e0 -0.00838 -2.03:62 -2.062E7  ~0.0956:  -0.1E383 -2, 145% -0 14617 -2.1275i -0.08085  @.00200
Sqp
A e 8.1 8.2 8.3 0.4 0.5 86 07 2.8 0.9 1.8
| e.e 2. 00008
-1.00080 -9.62725 -0.31638 -0.06698  ©.12150  8.24%3  ©.3179%  0.32689  0.27677  0.16778  0.@0000
0.1 0.00000  ©,31736
-0.68264 -.41418 -0,19432 -0.€2308  ©.89391  0.17495  B.ZE31  .1B221  0.11475  0.60000
8.2 0.00000  8.26209  ©.48625 .
-0.51175 -0.32163 -0.16767 -0.04985  ©.23189  0.87768  0.08759  ©.06169  .00008
0.3 0.00000  0.20715 0.39092  @.55119
: -0.44801 -B.31228 -0.19974 -0.11136 -0.04716 -0.26728  0,00851  ©.00000
0.4 0.00000 015263  8.29411  0.42435  0.54316 |
-0.45684  -0.34988 -0.25489 -0.17235 -0.1023 -0.04487  ©,00000
8.5 0.00000 0.09855  ©.1979%  0.29806  6.39883  ©.50000 :
: -0.50000 -2.39883 -0.29606 -8.19792 -0.09855  0.00000
0.6 0.00000  0.04487  0.182% °0.17235  6.25489  0.34980  0,45684
S -3.56316  -0.42435 -0.29411 -0.15263  0,00000
0.00000 -0,00851  0.80720  0.84716  ©.11136 .@.19974 - ©.31228 - ©,8488! ' -
S -8.55119 -8.39092 -0.20715  0.00000
8.8 0.00000 -0.86169 -0.68759 -0.€7768 -0.03189  ©0.84986  0.16767  .32163 Q51175
i : ' -0.48625 -0.26209  ©.00000
8.9 0.80000 -0.11475 -0.18221 -0.20231 -8.17495 -0.09%91  0.02308  B.19432  0.41418  8.68%64
-8.3173%  0.00000
1.8 0.00008 -0.16778 -0.27677 © -0.32689 -0.31795 -0.24%63 -0.12150  0.06697  ©.31637  0.62724  1.00000
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Lt =1
s 0.0 8.1 2.2 2.2 2.6 2.5 8.6 2.7 0.8 2.9 1.0
400 o | 310615 2,46012  1,79561  1.16852  B.55719  -2.04130 -0.62990 -1.24150 -1,78385 -2.36407 -2, 93867
et 309545 2.64120 179631 1.16923  @.55770 -0.04898 -0.62976 -1.21157 -1.76909 -2.36450 -2,93928
2.2 LO7H10 243857  1.BE233  L.i7604  0.5612%  -@.Q38E8  -0.6E71 ~LEMTS  -L.790S8  -2.36713  -2.94314
| 0.3 LO4B3 242757  1.BR819  1.1RSE3  B.57RST  -B.@3¢2  -.65S8  -1.2179  ~1.73362 -2, 37334  -2,95045
0.4 301709 2.41260  1.BO74B  1.2002  0.58835 -0.220%0 -0.61899 -1.21€76  ~1.73813 -2,3835! -2.96819
8.5 2.99019 239710 180337 1.20750  B.GeTE8  2.00000 -0.607%8  -1L.I7e  -1,80337  -2.39712  -2.93019
0.6 2.96819  2,3835¢  L.79813 1,217  0.61893 00700 -0.5E8SS  -1.2905  -L.BB748  -2.41%61  -3.B1709
a7 2,95245  2,373%  L79360  1.21:175  G.62558  Q.93242  -2.57057  -1.1BEG3  -1.B0815  -2.42757  -3. 84631
0.8 2.9431h 226713 L.79050  1.21175  0.6287% Q03858  -0.56I25 -1, 17404 -1,80240  -2.A26ST  ~3.07410
0.9 2,93928  £.3B4S0 178923 L.2NiS7  Q.60976  B.04098  -0.55778 -1 16922 -LT9E31  -2.46120  -3.9%5
o B | R 9RET - 2 36407 178885 1.E1I53 . 068530 0131 -B.55718 -1 16851  -1.79%1 -Z.44Q1;  -3.10415
2.2 2.1 2z 2.3 24 2.5 2.5 2.7 3.5 2.3 .
B, 00000  @.55410  2.97733  LETMS  LLWSTR 143705 1LAETSL O LAASRR  B.34539  LGIAEE  2.0000D
090008  @,55367  @.977i1 L2733 LASRG 145732 A3ae@ L.E4588  2.945TE A.53038 0. 020QR
900000  R.55127  D.97538 L2775 L.4AERA  .49811  1431P3  LEAT®T  @.94681  &.53103 2. 00020
000000  ©.54733  2.97297  LE7EST  LAASR 45563 LAZ3T LLA4988  .34939  2.33:58 0, 20000
0.90009  D.54297  0.95500 1AESEE  L&WAT9  1SAl4h 143738 LA%31  @.95336 @.53517  Q.00000
P.000P2  0.52873  2.55382  1.253%%  1.A4IS1 152838 L.4415¢ 7S99 @.93880  ©.53673 0. Q0000
0.22008  0.335!17  2.95313 . L8543 143733 LSPMAE 146473 L.PGS3T  .96500  P.54897 0. 00000
000002  0,53056  @.94520 L4588 L4337 nESSE3  LAAGX  LE7ASE B.9709%  .54733 O, 20000
050060  0.53103  B.946B1  L.2ATRI © LA3IZ3  L.A98T  LALER4  LETETS  2.97539 4.55127 Q. 20009
B.20008  2.53038  ©.94576  L.EASAE  LA3GIE LGDV3F Le6S34 LETEIS Q9770 BSSIET 020080
0.00000  0.53028 094555 1, 24%EG 142390 L4G7i5 L4ASTR LETIAS  2.97733  2.55410 200700
o W-/L X 0.1 0.2 0.3 8.4 2.5 2.6 0.7 2.8 2.9 1.8
Hall :
2.8 | o000
-1.00008 -2.97119 -0.89354 -0.779% -0.64298 -0.43483 -0.34758 -8.21275 -Q.10272 -0.@2747  O.00000
2.1 2.00000  0.02877
, -8.97123 -0.89361 -9.78004 -B.G4306 -0.49491 -8.34756 -0.21279 -8.10224 -0.@2743  0.00000
8.2 2.00008  ©,02862  ©. 10682
-3.89398 -0.78053 -0.6A357 -8.43536 -0.34791 -Q.2130 -0.10236 -0.02751  0.00000
2.3 2.00000  ©0.02848  ©.10535  Q.21B46
-8.78154 -0.64468 -0.49640 -0.34874 -0.21358 -0.1065 -0.02759  0.02000
8.4 0.00000  0.02816  ©.10656  0.21712  8.35367
-0.GAE33  -0.49881 -0.35087 -0.21458 -0.10314 -B.02773  ©,00000
0.5 0.00008  ©0.02792  @.12379  @.21572  @.35179  €.50000
-0.50000 -0.35179 -0.21572 -.10379 -0.0279%  0.00020
.6 2.00008  ©0.02773  @.10314  @.214%0  ©.35087  ©.43801  0.64633
-8.353%67 -0.21712  -0.10456 -0.22816 0. 00000
1 0.7 200008  0.00759  0.18265  @.21358 @.36874  @.49640  O.G4AGB  ©.78154 - .
i -0.21646 -0.10535 -9.02840  ©. 00000
1 a8 0.00008  ©0.02751  0.10236  @.21302  0.34791  0.49535  ©.64357  0.78053  0.89398
' -0.10602 -0.02862 0. 00000
0.00000  0.02748  0.19224  ©.21273  @.34756  0.A9491  @.6436  0.78004  0.8936!  0.97123
o : -0.082677 . 00000
0.00000 ©0.02747  @.10222  Q.21275  0.34758 0.43483  0.G4298 0.773%  0.89354  .97113 1,000
0. 06000
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Lt =12

Aar e e e.2 2.3 8.4 0.5 0.6 &7 2.8. 0.9 Le
KX 1.96658  1.ES712  1.35078  1.@4343  @.75381  @.46382  2.17872 -0.10%67 -0.38138 -0.65%21 -0.93645
01 LESTIZ  LAI763  L1TBOE  @.93991  0.70442  @.47I39  0.24248  Q.@1534  -0.21017 -0.43483  -0.6531

1ee 1.35078  1.17886  L.O@47t  @.8233  Q.65EE 047993  0.306l6  0.13339 -0.e38E2  -0.21017  -0.33158

0.3 LO4%3  2.93391  0.82991  0.71824  0.6037 Q48707  0.35346  0.25146 013333 0.01534 -0, 19967
o )eh | 875381 70442 @.65466  9.60367  0.55000  @.49242  0.43182  0.36346  0.30516  @.24248  Q.17870
0.5 8.46382  @.47199  0.47993  @.48707  0.49241  @.43436  0.49240  Q.4B707  @.47933  0.47193  @.46302
8.6 B17876  Q.24248 Q30516 36946 @.43182  Q.49240 55000 60367  Q.65466 070442 0.75361
0.7 -0.10267  0.01534  0.13333  Q.25146  0.36946  0.48707  0.60367  ©.71824  @.B2991  0.93931 104943
d.s -0.38158  -0.21017 -0.03862  9.13333  @.30616  @.47533  Q.B5466  R.GE991  LO@4Tr 117806 1,35078
0.9 -0.659%21 -0.43483 -0.2:017  @.01535  0.24288  @.47I53  R.TR44E  R.93990 L1786 LAITED  LLESTIZ
1.9 -0.93645 -2.65921 -C.3B138 -0.10267  Q.17870  0.46382  0.75331  1,@433 135078 185712 1.966%8
Sup
et ar e e s an 2.5 A 0.7 2.8 3 i
0.0 0.02000  -0.08068 -2.lE7RY  -Q.1ASP3 - 1ALED -Q1EETR -B23I% -06M30 -0.03117  -9.10873  0.00002
1ot 0.00000  Q.RU535 22379 -@.0677Z  -B.O724  -2.27376  -B.05%E8  -R.4037  -Q.02113  -R.O056  2.00800
0.2 0.00000  0.81341  R.5:3 Q2097 -D.214E2  -D.2E477  -R.0EE35 -2.1%!  -0.21109  -2.02336  2.00002
0.3 0.30000  0.01050  2.0443  Q.29765 Q04378 2.02635  2.00307  @.00163  -0.02180 -0.90035  0.90000
1o o | e.ocere 20075 2.82530 206572 2146 AB7I79 004373 0.02E62  @.00917  0.20007  2.00000
| 8.5 0.20000  0.00484  0.21946  @L40K Q. O7B7Y  QIZ3S3 Q.0787 QD404 @.PI345  2.00484  0.00000
Clas: | 00000 e.00207  0.003:7  @.22862  A.MITI Q.R7I9  QIARE D.96572  0.0239%  0.00764  €.00000
07 0] 000020 -0.00065 -0.20100  M.02143  £.00907  0.02t38  2.04978  €.08763  @.0449  0.01650  0.00200
a8t ] eceeee -g.00336  -0.21103  -0.21%61 -0.03536  -0.9477  -0.0:4%2  0.00531  0.05184  Q.01341  0,20000
69 000000 -0.00606 -0.02:13 -0.24057 -0.05%68 -Q.27376 -Q.07804 -2.0677Z -2.03730  Q.Q1635  0.00000

Ji60 | 0.0o002  -2.00875  -0.03117  -0.06132 -0.233% -0.12270  -0.14181 014323 -0.12700 -0.08068  ©.00000
Sop
; X/l .

all 8.0 8.1 8.2 0.3 0.4 8.5 0.6 .87 0.8 6.9 L@
8.8 | ..0.00000 , ‘
| -1.00000 -0.62434 -.3125% -0.86380  ©.12385  @.24922  0.31576  0.32359  @.27336  €.16544  0,00000
8.1 0.00000  9.31879
" -8.68121 -8.41210 -9.19255 -B.02211  @,89980  ©.17383  @.20053  0.18031  ©.11343  6.00000
&2 000000  .26219  0.48852 '
-0.51148  -@.32126 -B.16733 -9.84371  0.83178  0.8773%  0.08715  €.06135  €.00000
0.3 0.00008  ©.20626  ©.38977  @.5503
. -0.44%68 -8.31257 -0.19946 -0.11065 -0.04627 -0.00637  0.00905  ©.00000
04 0.60008  0.15119  8.29211  0.42261  ©.54228
-0.45772  -8.34958 -0.25371 -0.17061 -8.10056 -0.94357  ©.00000
8.5 0.00000  0.09703  8.195/3  0.29601  8.39768  ©,50000
-0.50000 -0.39760 -0.2961 -9.19573 -0.097e3  ©.00004
8.6 0.00008  9.843:7  0.10M5%6  @.17061  ©.25371  0.34938  @.45772
‘ . -0.54228  -8.42261 -9.29211 -8.15113  ©.00008
8.7 0.00008 -9.00905  0.08637  ©.84627  G.11065  ©.19346  0.31257  0.44968
L -8.55032  -0.38977 -9.20625  0.00000
0.8 | 0.00000 -0.06135 -0.88715 -0.0773% -0.03178  @.84970  0.16733  @.32124  0.51148
; : -0.48852  -0.26219 0. 60008
89 | 0.00000 -0.11343 -0.18031 -0.20053 -0.17384 -0.09981  @Q.6%211  0.19254 - 0.41209, €.68121
| -0.31879  0.00000
1.9 B.00008 -0.16544 -0.2733% -0.32368 -0.31577 -0.24323 -0.12308  0.06378  0.31254  0.62433  1.00000
. 8. 00000

74




X 8.1 8.2 2.3 2.4 2.3 2.6 2.7 2.8 8.3 1.2
| 155027 119719 R.B6343  Q.547T42  2.24688  -Q.M4PSZ  -0.31833 -0.59006 -.856%7 112181 -1,38603
154158 01,1982  0.86432 ' Q.54811  0.24738 -0.04061 -2.31850 -2.59012 -Q.B5721 -1.12EE3  -1,3BEE3
L.52029 119568 @.87042  .55290  0.250% -2.03634 -Q.3T77  -@.59031  -Q.BEGE! -1.12B4  -1,39044
LABRES 118675 0.87620  @.S6S545  0.26004 ~2.03216 -0.31A7Y  -0.593% -8.86170 -1.13097 -1.39%3
1LAG32  1.16383  2.87551 @578 0.27802 -0.22006 -0.30822 -0.58939 -D.B6627 L4104 -1.41519
LA3E%E  LISAS1 QA7 Q.58B15  .2362 0.0MP0R  -.E9E62  -Q.5BE!T  -0.871A2 115450 -1.436%
L4113 1.1AI06 Q86627  0.58333  0.30822  Q.02006 -0.27802 -0.57857 -0.8755¢ 1,159  -1.463E2
L3963 L1397 0.86170  0.5903¢  0.3470  0.03T16  -0.2602% -2.56545  -D.8720 -1.1B475  -1.43265
139044 1.12486  0.85861  0.5903t  0.31778  €.03835 -2.25090 0.0 087042 -1.19%8 -1.52029
L3866 112223 R.85721 CQ.SA0IZ M.318B1  R.PAGE! -0.273 D531 -D.BEA3L 113838 -1,54158
L3803 112081 R.85697  0.53007 031834 D.D4093  -2.2435  -.547HD  -O.35341 -1,19718  -1.550
0.8 TN 2.2 3 T 2.3 2.3 L2
Slee 20002 036303 1. e 2. . 53007
oo bt - |0 80200 —— BSEB - .5 : . o
! poRegR  .363:9 : ? | saemy
0.0028 055513 270 2.3 2,524
9.00000  0.54603 RENE 09683t AINNE o,02022
0.00000  3.53737 a7 57 6323 09575 L5 20000
LOBRR 0.7 . 1 E4B32 MR LETIN QST REER 2,00000
BODDE  RSATS L9 L2393 RN LEBIES  RGEESI LSESIY D.00000
DD 0.5MTT 253 1,234 JASED LIBEA! BUSIEE Q6B 200000
0.00008  @.52026  2.53075  :,230% L4396 LIATS 0.935ER .SeAle  .000%R
0.00000  2.52003 RS9 1,235 5186 128763 P.9ISEE ,55303  0.00000
e 8l 8.2 e.3 0.4 &5 86 &7 0.8 0.9 1.8
0. 00000

-1.00028 -0.97032 -P.89093 -8.77568 -0.63767 -0.48937 -0.34275 -8,2093 -@.18030 -8.00651  0.00009

8.00008  0.02939 ~
-9.97841 -8,89188 -B.77586 -0.637B4 -0,48%33 -0,34287 -0.209%40 -0.10839 -0.02693  0.000%

8.00000 @.,82920  6,18815
-9,89185 -0.77686 -0.63889 -0.49046 -0.34368 -0.20989 -0.10064 -0.02700 O, 00008

REE 0.00000  0.02882  0.10678  9.22107

. -0.77893 -0.64118 -0.49239 -0.34538 -0.21183 -6.10123 -0.82717  0.00909
4 8.00000  @.82832  @.18516  8.21829  0.35543
. -8.64457  -.49598 -0.34803 -0.21291 -9.10222 -@.82745  0.00000
es 0.00000  @.82784  @.18357  Q.21542  8.35157  0.50009
R I -9.50008 -9.35157 -@.21542 -0.18357 -0.82784  Q.000Q0
186 0.00008  @.02745  @,18222  0.21291  0.38803  0.49598  O.64437
i ~9.35543 -0.21829 -0.105i6 -0,02837  Q.00000
a7 8.00000  @.22717  0.10123  @.21103  @,34530  0.4923%  O.64118  B.778%
-8.22186 -0.19678 -0.02882  0.0%00
8.8 0.000080  0.02700  0,10064  ©,20989  08.34360  0.49846  0.63889  ©.77686  0.89185
-0, 10815 -0.82928  ©,00000
2.9 2.00000  @.00693  0.10@39  @.20940  ©.35287  @.48953  0.63783  0.77586  0.89183  0.97041
' -8.02959  0.00000
1.@ 0.00000  @.82691  8.10035  Q.20932  @.34275  Q.48938  0.63767  0.77568  Q.B30%4  0.97033  1.00000
2. 6oaee
»
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LI=14

gyp
anX“ 0.0 2.1 0.2 0.3 0.4 2.5 2.6 2.7 2.8 2.9 1,0
2.0 1.97835  8.90228  .72930 Q56127  ©.39893  @.25214  @.09014 -9.@5817  -0.20407 -0.34872  -0.49298
e.1 2.90228  ©.76943  ©.63643  @.50437  ©.37686  @.25019  0.12719  @.00653 -0.11254 -0.23076 -9, 34872
0.2 0.72938  ©.63543  0.54306 - ©.44818 - 0.35284.. @.25802  0.16414 .. Q.07176 . -0.07085 . -0.11254 -0.20487
0.3 0.56127  ©.50497  @.44818  @.38977  ©.32839  @.26505  Q.70072  0.13662  0.07126  @.00653 -9.05817°
0.4 8.39893  ©0.37606  .35284  @.32833  @.30131  0.27037  @.23639  0.20077 Q. 16414 @,19719  @.@9014
8.5 2.24214  9,25019 . 0.2580F  0.26505  0.2703%  @.27846  0.27032  Q.26505  0.25802  2.25019  @.24214 |
[ 2. 05014 2.12719 0. 16414 Q.20072 9.23639 Q. 2732 8. 30131 0. 32835 9.35284 2. 37606 9. 39893
07 -9,05817  0.00653  0.07126  Q.1360¢  Q.ZBO7E  @.26505  @.3°833  @.38972  0.44818  0.50497  @.56127
0.8 -0.20407 -@.11256 -9.02086  @.87126  @.16414  @.55802  0.35284  Q.4AB18  0,54306  0.63649  ©,72930
0.9 -0.34872  -0.23076 -0.11956  @.00653 @ 12719  2.25019  @.37606  9.50437  ©.63649  0.76943  ©.90208
1.9 -0.49298  -0.34872 -.2M407 -9.@5817  .09014  0.24214  @.33833  0.56127  0.7293@  8.98228  1.07836
Sup
T e a1 e w3 8h: 05 06 o7 @B 09 10
0.2 0.20008 -0.08842 -0.12616 -0,14387 -0.1400i -0.12879 -6.09227 -0.06026 . -0,03043 -0.08855  0.00000
o1 0.00000  0.01648 -0.03748 -0.86673 -0.97709 -0.97273 -0.@5875 -0.83988 -0.0075 -0.00594  0.00000
0.2 0.00008  0.01341 ~ D.05128  0.21000 -9.01486 -0.08457 -0.02516 -0.01945 -0.01093 -0.00333 " 9, 0000
0.3 0.00000  ©.01042  0.04024  0.08727  Q.04926  0.02386  ©.00864  0.00113 -C.00116 -8.00070  ©.00000
2.4 0.00000  2.0075°  0.07948  @.@6439  Q.11311  @.07273  0.04285  0.02193  0.00882  9.00137  9.00000:
2.5 0.00000  ©0.00470  0.01907  Q.Q4324  0.07764  ©.12261  0.@7764  0.84324  0.01902  @.00470  9.20000
0.6 0.00000  0.00197  Q.00882  @.02198  Q.04285  0.07279  @.11311  0.86499  ©0.02348  @.00752 9. 00000
0.7 0.16000 -0,00670 -0.00116  0.20113  ©.00864  0.02386  @.B43E6  ©.08727  0.042%4  0.01042  ©,00009
0.8 0.00000 -0.00333 -0.01899 -0.@1945 -0.02516 -0.02457 -0.@1406  0.01000.  0.05178  0.81341  ©.00009
0.9 0.00000 -0.0033% -0.Q2875 -0.03983 -9.05875 -.07273 -Q.@7709 -0.06693 -0.03748  0.01648 Q. 00000
R 0.00000 -0,00855 -0.03047 -0.06026 -0.03227 -0.12079 -0.140@1 ~9.14387 -0.12616 -0.08042  0.0000Q
Eqp
XnJ .
an e 0.1 e.2 2.3 0.4 0.5 0.6 .7 . o8 2.9 1.0
0.0 2. 00000
-1.0000@  -0.61966 -0.30642 -0.0587%  @.12555  @.24853  @.312%2  0.31828 Q.26786 Q. 1HI67  @.00000
0.1 0.00000  @.3211}
-0.67883 -0.40888 -0.18970 -0.02057  @.03963  0.17003  @.19766  Q.17726  ©.11130 8. 00000
8.2 2. 00000 0.7R235 Q. 48895 ’
‘ -0.51105  -8.32862  -0.16677 -0.04946  @.03160  0.07678  0.08645  B.06081  0.0P0w00
0.3 2.00000  0.20481  0.38792  Q,5489%
-0.85106  ~0.31384  -0.19901  -0.10352  -0.0A483 -0.00502  ©0.009%2  0.00000
04 0.00000  ©.14886  0.28889  ©0.41980  ©.54087
: -0.43913  -8.34322  -0.25182 -0.167B1 -Q.09771 -0.04175  0.00000
8.5 0.00000  0.09457  0.19220  @.29071  @.39562  @.50000
-0.50000  -0.39562 -9.29271 -0.1920  -0.09457  0.00000
0.6 0.00000  .04175  0.09771  ©.1678!  0.25182  Q.34322  ©.45913
-0.54087 -0.41982 -0.28089 -0.14886  ©.00002
2.7 2.00000 -9.00392  0.00502  0.@6483  ©,1895%  .19900  £.31304  0.45106
-9.54894 -8.38792 -0.20481  ©.00000
0.8 2.00000 -2,05081 . -0,@B645 -.07679 -0.83160  0.04945  O.16676  9.32061  €.51105 .
-0.48835 -0.26234  0.00008:
0.9 0.00000 -0.11131 -8.17727 -0.19767 -0.17205 -~0.09964  ©.02055  0.18968  0.49885  @.67889
-2.32111  9.00000
i, 0.00000 -0,16168 -0.26788 -0.31831 -0.31226 -0.74858 -@.12561  @.@5864  0.30636  @.61962  1.00000
: 0, 06000
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N 4 6.9 0.1 9.2 2.3 a4 2.5 2.5 .7 2.9 2.3 ie
a0 ] 0.88340  0.66399  @.46386  0.28142  @.11427  -0.04031 -0.1B534  -@.32346  -0.657S7  -0.58%67  -0.72117
[N% 0.87472  0.66508  0.46474  @.28207 11475  -2.04000 -0.18513 -0.32353 -2.4578: -.59008 -.72173
ez 0.85354  0.66253  0.4708%  2.28637 2,182 -Q.Q37B@  -0.1B415 -%.3EITS  -2.45320  -0.59264  -0.72548
183 0.B2613  0.65172 047653  0.29930  0.12743  -Q.0375 -0, 1B119  -0.32382 -D.463%6  -6.53867  -@.73447
8.4 879743 0.63703  0.47597  @.31273 Q14506 -.21383  -Q,17485 -0.32295 -0.466B0  -2.60858 -0, 74374
w05 R TS BrERIBT - 8-4718) - 031985 €. 1A345 - 2,00020 -0, 16345 .-0,31985  -0.47191 -0.62:85. -A.77US .
0.6 074976  0.60858  0.6668 ~ 0.32235  0.17485 Q21583 -0, 14306 -0.31872  -BATSY7 -0.63703  -2.79743
0.7 0.73447  0.59867 %4626 2.32382 6. (819 Q37T -0, 12TA3  -@.29930  -€.47663  -.5517%  -0.B2613
0.8 0.72548  ©,59264  9.43920  0.32375 218415  0.03750 0. 1l18%e  -0.EB68F  -.4788F -Q.EESZ  -0,8535h
109 872176 ©.59008  0.4576!  @.32354 0. 18514 Q04001 Q11474  -D.2820F -D.48473  -Q.GESOR -0, B7472
19 0.72117  0.58%67  0.45758  @.22348  @.18527  Q.D4@33  -D.11433 -D.ZB136  -0.463BF  -Q.66337  -0,8340
X/
LG | ve 8.1 2.2 2.3 2.4 0.5 2.5 0.7 2.8 2.9 1.2
0.0 - | 0.00000  0.59317 123583 L3104T L4133 148319 1.4B200  L2QE2F  2.90537  B.5A3SE 0. 0epeo
2! - 000000 2.39154  1,02438  1.31673  LABIT3  LABITZ  LGBETY  LSUASS  Q.90RSE  0.30357 0,000
Slee | 0.0e090 058243 LTI L3WBI  LAGZ3B LGSV LAPE%S  LENSP 091053 L.SEA38 0.00009
030 | o.beaee  @.3677H LeRd3 BSOS LAEERD 49365 LAIEZS  LLERIT QL3980 QIES  o.p0009
LERS 0.0000¢  0.55107  2.9787% L2813 L43813  L5ASSL L4308 LPBET Q93500 @.50487 2. oUQD
les 0.00092 053514 2.95540  (.BS9T6  LAASTR 132900 LABSTR 15975 2,950 R.53516 0,080
8.6 9.00802  @.52182  0.9330!  L.E3BER  L43E LIS L4583 LEBI9L 57872 L5072 00000
et 0.00002  @.51215 Q91373 LERIST LAMB3Z L4GER3  14B8RF 1,29958 LLORIRS @ SETIS 2. 20000
C1&8 | 0.00000  B.50638 .05 L2119 LAde3 LAV LAESSS 130783 LEM730 2.SAR42  9,P00e0
3 Q.00008  B.50397  A9PSEE  LAMETT  L42STr LABTFZ LG L3200 LAM3R 2.5515¢ B, 02020
<|ie 0.30000  2.58358  @.90SIT  L.2OB2Z  LARSAR  LABMT  LGA1Z3 L TURAI 188583 .39317 002000
. 0.8 8.1 8.2 0.3 0.4 0.5 8.6 0.7 0.8 0.9 1.8
0. 00000
~1.00000 -0.96891 -0.88670 -0.76876 -.6231@ -0.48058 -0.33518 -0.2381 -0.0973% -0.00607  8.00000
0.00008  9.03092 ~
-0.96908  -.88699 -0.76909 -0.62943 -0.48087 0.3353 -.70395 -0.09742 -0.02684  ©.00000
0.2 0.0000  9.03034  0.11159
-0.80041 -@.770%4 -0.6313% -0.48258 -.33665 -0.20484 -0.09787 -0.03517  0.00000
| e3 0.00000  0.02950  0.10708  0.2°525 :
-0.77475  -0.63554 -0.4BE45 -0.33375 -0.206%2 -0.09835 -0.02648  ©,00008
0.4 0.00000  ©.62858  0.10618  0.2PR18  ©,35825
| -B.BA175 -R.A9251  -0.34473  -D.20035 -0.10074 , -B.02699  8,00000
0.5 0.00000  0.02771  2.10320  0.21493  0.35121  ©.50000 :
-0.50000 -0.35121 -0.21433 -.10328 -0.02771  0.00000
0.6 0.00000  0.02699  6.10074  @.21835  0.34473  @.49551  0.64175
- . -2.35825 -9.22018 -0.10618 -0.02858  @.@0008
0.00000  0.02648  0.09895  0.P0692  ©.33975  0.48645  @.63554  B.77ATS : <
L -0.22525 -0.10908 -B,82950 O, 0200
8.8 0.00008  B.02517  0.09787  @.20484  0.33665  0.48258  0.6313¢  2.77095  0.88B4
. « -0.11159  -0.03034  2.00000
8.9 0.00008  8.,02604  0.09742  @.20335  ©.33532 0.46087  0.62944  0.76910  0.B8700  €.96908
-0.23092 . 00000
1.0 9.00000  0.02602  0.09734  0.Z038!  @.33511  @.48059  @.62912  0.76878  0.88674  0.95094  1.00009
L ]
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Ll=16

£
yp.
X 2.1 0.2 0.3 2.4 2.5 06 0.7 0.8 0.9 Lo
0.0 0.64683  0.53368  2.42762  @,32047  0.22631  ©.13480 . 0.04738 -0.03646 -0.117% -.19825 -9,27817
1 _ B.53568  0.45470  @.37362 €.29393  @.21681  @.14267  @.07135  9.00231 -0.06518 -0.13184 -B,19825.
8.2 Q42762 @,37362  0.31899  @.26291  @.20637  ©.15033  0.09524  @.@4111 -0.01225 -0.86518 -R.117%
0.3 0.32447  0.29333  0.26291  0.23024  ©.19473  @.15723  @.11877  0.073%  0.04111  @,00231  -0.03546
8.4 0.22692  Q.21681 . €.20637  2.19473  Q.1B048  @.16240  ©.14143  Q.11877  0.09524  0.87135  0.04738
0.5 0.13488  ©.14267  ©.15033  Q.15723  ©.16240  @.16450  0.16240  ©.15723  0.15033  @.14267  @.13480
&6 2.04738  0.27135. @.0952%  Q.11877  @.14143  @.16240  @.18048  0.19473  9.20637  0.21681  9.226%1
0.7 -2.83666  0.00231  .04111  @.0793%  @.11877  0.15723  ©.19473  0.23024  0.26291  0.29393  0.32M47
0.8 -0.1179% -0.06518 -0.81285  @.04111  0.89524  @.15833  @.20637 026091  @.31899  8.37362  @.42762
.9 -0.19825 -0.13184 -9.06518  @.0€231  Q.87135  @.14267  @.21681  0.29393  0.37362. 0.A5A7Q  ©.53968
1.0 -8.27817 -0.19825 -R.1179% -0.83p46  0.@4738  0.13480  @.Z2691  0.32447  0.42762  @.53568  ©.64683
Sup
IS 2.0 0.1 8.2 2.3 04 0.5 2.6 0.7 2.8 0.9 1.0
2.2 0.00000 -0.08002 -.12892 -0.14177 -0.1373% -2.11797 -0.08977 -0.05843 -8.02948 -0.00824 0. 00000
1 9.00000  0.01667 -0.03686 -1.0655%0 -0.@87567 -9.071%0 -0.05738 -0.@3886 -0.82018 -3.00577  0.0000@ |-
2.2 0.00000  ©.01342  R.05133  0.@1013 -0.01384 -2.02478 -0.80487 -0.01921 -0.01885 -0.€0329  ©.00000"
0.3 0.00002  ©.01030  9.03986  Q.@B6E4  ©.04843  @.02310 000800  ©.00068 -B.00133 -0.00077  ©.00009
0.4 2.00000  0.20733  8.02886  Q.0639!  @.11171  Q.@7131 Q04154  0.07183  Q.00830  ©.00181  0.00000
.5 0.20000  ©0.00450  0.01836  2.@4206  0.07685  2.12067  Q.@7605  0.04786  0.01B36  0.00450  9.00000 |
0.6 0.00000  ©,00181  0.00830  0.02103  Q.Q4154  @.Q7131  @.11171 Q.06391  0.828B6  0.00733  0.00000
8.7 9.00000 -0.00077 -0.00139  @.00063  ©.00800  2.023i8  0.04843  0.08664  0.03985 T 001830 0. o0eew |
0.8 0.00000 -0.00329 -0.01085 -0.01921 -9.02487 -0,02628 -0.Q1384  9.81013  @.05133  0.01342  0.00008 |
0.9 0.00000 -8.00577 -0.0201B -0.03836 -0,@5738 -2.2712@ -0.87567 -B.06530 -0.@3686  @.91667  ©.00000
1.2 0.00000 -0.00824 -Q.0Z348 -2.@5843  -0.08977 -0.11797 -0.1373%  -Q.14177  -0.12492  -0.08002  0.00020
EQP
X e 0.1 %2 03 b 2.5 66 07 8.8 8.9 1.0
0.2 0. 00000 s
-1.00008 -@.£1253 -0.29716 -0.05103  0.12933  @.24758  0.30705  @.31047  R.25977 15612  ©.pooee
2.1 0.00000  @.32454 ‘
-0.67566  -2.40411 -.1B549 -9.01829  .09935 . @.16935  2.19333  Q.17273  0.18816  O.00000
oz 0.00008  0.26256  0.48958 ,
-8.51042  -0.31963 -0.16533 -0.04923  €.03133  0.875%  0.08533  ©.06001  @.00000
0.3 0.00000  0.20264  ,38516  @.54689 .
' -0.45311  -0.31371 019331 -0.10784 -Q.Q4271 -Q.00304  0.01119 " O, (P00
0.4 0.00008  .1A341  Q.28411  @.41564  ©.53878 ‘ ' ’ '
-0.46122  -0.34867 -9.24899 -2.16366 -0.23351 -0,03831  @.@0000
2.5 0.00000  ©0.05¢33  @.18695  @.7B781  ©.33267  @.50000
g -0.50000 -0.39267 -0.28781 -0.186% -0.99233  @.00000
0.6 o.fo000  0.23891  2.09351  0.16366  0.24839  0.34867  @.46122
-0.53078  -0.41564  -0.28411 -0, 14541  @,00000
07 0.00000 -0.01113  Q.00304  @.@4271  0.10784  ©.13831  @.31371 @453
-0.54689 -0,38516 -0.20264  0,00000
0.8 0.00000 -0.06001 -0.08548 -@.@7597 -0.@313%  0.04%7  2.16531  0.31968  @.51042
-0,48958 -0.26256  ©.90089
2.9 0.00000 -0.10817 0.17275 -0.13342 -0.16939 -.03939  0.01824  0.18564  B.40406  @.67546 '
-0.32456 9, 00009
1.0 0.00000 -, 15612 -0.25977 -R2.31047 -0.30785 -Q.24758  -0.12333  0.@5104  @.29719  Q.61261 1. 0000Q
0. 60000
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Lt =16

/! 0.8 8.1 6.2 2.3 .4 2.5 0.6 0.7 2.8 2.9
all ' R .
0.8 8,55678  ©.42460  0.26973  @.15253  9.05039 -9,23943 -.11983 -0.19384 -Q.26385 -0.33193
.1 0.55006  0.40576  @.27873  @.15325  0.05091 -0.035¢! 811975 -0.19383 -0.26407 -8.33232
2.2 0.52903  @.40328  @.27681  @.157%%  0.05428 -@.03709 -2.11884 -0.19414 -0.06544 -0, 33481
0.3 @.5019  ©.39254  ©9.28°63  @.17031  2.86333 -Q.83113 -0.11603 -0.19428 -(.26847  ~0.34069
2.4 0.47375  ©.37821  @,2820%  ©.183%9 Q.80 -@.R1%49 -@.10992 -2.19352 -9.27295 -0.35835
0.5 0.54802  0.36332  0.27809  ©0.19056  ©.09882  0.@Q009 -0.098%0 -9.1%@% -0,27800 -9.36332
0.6 0.42715  ©.35035  0.27295  ©.19352  @.109%2  ©.21949 -0.88068 -9.18359 -@.20201 -0.3782%
8.7 0.41232  0.34069  0.26847  @.19478  9.11603  €.03113 -0.96333 -0.17031 -0.28263 -0.39264
2.8 0.40361  0.33482  0.26545  ©.19414  9.11885  9.23708 -0.05427 -2.15793 -Q.27681 -0.40328
.9 0.40092  ©.33233  0.26408  0.19330  @.11977  @.93313 -2.0588 -0.15322 -0.27071 -8.40576
1.2 0.39945  ©.33193  0.26385  ©.139384  ©.11989  0.03343 -0.05033 -0.15253 -0.26980 -0.40463
S
; & 2.9 2. 2.2 2.2 e,k 2.5 2.6 2.7 2.8 2.9
all ol
0.2 000708 262907 LBEFE L IGGIE 1 ATEED RIS LLI7E36 L UTRI7 RUBAST R.47934  Q.000Q0-
0. 2AQ02Y  A.67B42  LL2E7TF LIAITT  LATER 353 LITEER LTI39 2.87R%6 847997 o.peed: |
0.2 0.20002  Q.A1103  LOSAB8  1,3339F  LA7TSE LABTET  1.3B466 - 1,17857  Q.B7746  .48395  0.00008.
eI | £.22900 2.3883Q  1.22908 . 1,32R2% - L, AT7RG-- . L4377 - - 140037 - 1.19643--—@:A9285- -~ 8; 49351 - 0008 |-
0.4 .00202  0.55836  9.99117  1.2%%66  1.47050 50937 1.42366  1.22428  0.91B17  0.50956  @.00008 -|-
0.5 2.0000@  0.53:7¢  @.95217  1.25959  1,44983  1,51351  1.44382  1.23953  @.95217  @.53174  @.00008 |’
0.E 0.02000  0.50956  2,91817  1.20482  1,42366 50337 147052 1.29666  8.93117  8.55836  @.00000: |
2.7 TR.000%Q  0.49351  ®.89253  1.19643 140037 165770 LATFED 1,332t 1.00308  9.58630  @.00000 ||
£.8 _0.00002 Q48395 Q37746 L17BIF LL3BGGE  LL8TRT  LLA77ST 1.33333 1.@3688 0.61103  0.00008 |:
2.9 000000  .47997  @.870% 117139 .37733 LGBES3  L47ERI L2437 L6772 0.62642  0.00000 |:
12 2.00000  9.4733%  B.06370 L 17217 L3TE3L fLBMRD LATSED L 36412 L6314 0.62917 Q0w |
S
/1 0.0 e.1 8.2 0.3 8.4 2.5 8.6 0.7 0.8 8.9 1.0
all
0.0 ¢, 00080 o
-1 00000  -8.96692 -0.88043 -0.79853 -0.61643 -B.46759 -0.32381 -B.19568 -0.€9291 -0.02470 ' @.0000Q |
8.1 0.00000  ©.032% ' '
-8.36710  -0.88089 -0.75304 -0.61634 -0.46804 -0.32416 019591 -0.09303 -0.02474.%: 0. @000 |
0.2 0.00000  0.03192 TUU.41670 R
-9.88330 -0.76215 -0.62014 -0.47089 -0.32638 -0.19738 -0.09378 -0.02495  9.@002d |
0.3 0.00000  ©.03051  0.11248  0.23146
=, , -0.76854 -8.62717 -9.47736 -0.33153 -0.200B4 -0.09556 -0.82546  0,00000 |
2.4 0.00002  0.0289%  0.18743  0.22295  @.36244 ‘
¢ ) ‘ -8.63756 -0.48748 -@.33986 -0.20653 -0.09855 -0.02632 ¢, 00000
2.5 0.00000  8.02751  0.18264  0.21418  0.35065  @.50000 3
-0.50000 -.35065 -0.21418 -0.10264 -@,02751  0.@0008 |
o6 0.00000  9.02632  ©.09855  @.70653  ©.33984  0.48748  9.63756 . |
, -0.36244  -0.22295 -0.10749 -.0289  0.0ec000 |-
0.7 2.00000  2.62546  ©.095%  @.20084  @.33153  Q.47736  0.62717  0.76854 f
, b -0.23146  -0.11248 -0,83051  o.00008 |
8.8 0.00008  9.62495  ©.09378  0.19738  .32638  Q.470883  0.60015  @.76216  0.BA330 1
. -0.11670  -9.83192  0.00009 |
0.9 0.00000  ©.82474  0.89303  8.19531  @.32417  @.46805  0.616%  0.75906  €.880%2  0.9671@
-8.03290  0.00000 |-
e 0.00000  0.02470  0.@9291  @.19%68  0.32381  @.46753  @.61643  @.75853  @.BBO47  0.96686 -
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L{=18

gyp
al X/ 2.0 21 2.2 a3 A4 2.5 a.6 2.7 2.8 2.9 1.8
0.0 0.41661  @.34073  @,26703  @.19B60  @.13566  @.97821  @.0249%  -Q.02477  -Q.07219  -Q.11B46 Q. 1B438
ol 0.34029  0.28705  Q.23369  @.1817% @.13722 Q.@8363 Q@473 0.00014  -B,24008 -0.07935 -0.11846
2.2 2.26703  @.23369  @.19974 @ 16433  @.12844  Q,09306  .25868  @.07503 -Q.0¢767  -0.04000  -0.07219
8.3 2.19860  2.18170 _@.16433  ©,14532 . 0.12351  @.23975  0.Q7508  Q.95009  .02509  0.00014  -0.0a477
2.4 0.13566 813222 0. 12844  @,12350  €.11603  @.18679  @.09975  @.07508  .05862  @.24179  0.02490
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