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ONSOZ

Yiksek lisans tezi olarak sunulan bu ¢aligmanin
birinci bdliiminid Kuvvet Ydnteminin Etkin Kullanimi olusgtur-
maktadir. Bu bdliimde Kuvvet Ydntemine has 8zellikler ve
kolayliklar kullanilarak Ornek bir diizlem gercgeve sistem

degigik yiik durumlari ile boyutlandirilmistir.

ikinci bdlim betonarme kolon-kirig birlegim b&lge-—
sinin sonlu elemanlar yontemi kullanilarak incelenmesine
ayrilmistir. Daha sonra sonsuz rijit parcalari bulunan
gubuklara ait birim deplasman sabitlerinin bulunmasina y&ne-
lik parametrik bir caligma yapilmigtir. Kolon kiris bir-
legim bdlgesi sonlu elemanlar ile incelenirken 12 serbest-
lik dereceli bir dizlem levha alinmigtir. BOyle bir dizlem
levha eleman {izerine etkiyebilecek dedisik ylk tipleri se-
¢ilmis daha sonra her yilikleme ye ait ylik fonksiyonlari ve
yiikleme terimleri ¢ikarilmigstir. . Parametrik caligmada
kolon-kirig birlesim b&lgesine ait iki ayri model segilerek
her birime ait sonlu eleman ¢&zilimleri yapilmigtir. Agi ySn-
temi kullanilarak bu modellere ait denge denklemleri yazil-
mistir. Denge denklemleri ve sonlu eleman ¢dzilimleri kulla-
nilarak sonsuz rijit kisimlari bulunan kolon ve kiriglerin

birim deplasman sabitleri bulunmustur.
Galigmalarimin her agamasinda bana yakin ilgi ve yol
gdsteren sayin hocam Prof.Dr. Faruk KARADOGAN'a ayrica

arastirmamda yardimlarina bagvurdugum Aragtirma GOrevlisi

Ercan YUKSEL'e tegekkiiri bir borg¢ bilirim.

Temmuz 1992 Alp OZTEN
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OZET

Bu galigma iki ana bdlimden olugmaktadir: Kuvvet
Yonteminin Etkin Kullanimi ve Kolon-Kirig Birlegim Bdlge-

sinin Incelenmesi.

Kuvvet y&nteminin Etkin Kullanimi Bdlimiinde, diizlemi
igerisinde gegitli yliklerin etkisinde bulunan {li¢ agiklikla
bir dlizlem gergeve segilmis ve defisik ylikleme durumlarai
igin kuvvet y6ntemi kullanilarak statik hesap yapilmigtir.
Biitlin ytikleme durumlari ig¢in hiperstatik esas sistem kul-
lanilmigtir. Matris kuvvet yOntemi kullanilarak sabit
yikler ve sicaklik degismesine gdre hesap tekrar edilmistir.
Virtliel ig teoremi ve grup yiklemeler ile f kesitine ait
M, N tesir ¢izgileri ¢izilmigtir. Ayrica, elde edilen
kesit tesirlerinin en elverigsiz kombinezonlarina gdre

kesitler donatilmiglardir.

GCalismanin ikinci kisminda 12 serbestlik dereceli
diizlem levha eleman {izerine etkiyen defisik ylkleme durum-
larina ait ylk fonksiyonlari ve ylik terimleri elde edilmig-—
tir. daha sonra bu yik terimlerinin dodrulugu sab80 ile
kontrol edilmigtir. Bu galigmaya ilave olarak dQiigim nok-
tasini temsil eden iki matematik model {lizerinde galisilmis.
Buradan sonsuz rijit kisimlarai bulunan gubuklara ait birim

deplasman sabitleri elde edilmeye galigilmistir.
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THE EFFECTIVE USAGE OF THE FORCE METHOD-THE ANALYSIS
OF FRAME BEHAVIOR AFFECTED BY BEAM-COLUMN CONNECTIONS

SUMMARY

This study consists of two major parts. First of
these is the effective usage of The Force Method and the
second of these is the analysis, of reinforced concrete’
beam-column connection, which effects frame behaivour.

In the first part, the analysis of a three-span
reinforced concrete plane frame subjected to various external
effects are presented. Here, the advantages of the Force
Method has been explained and examlified.

The preliminary cross-—sectional dimensions of the
frame have been determined through the Force Method thinking
the combination of dead weight and live loads :

1.4G + 1.6Q
Depending on this calculations d imensions of frame have been
chosen. ,

In the first chapter of the first part, the structure
has been analysed by the Force Method for dead weight acting
on the structure. Here, firstly the axial deformations of
the tie has been ignored. A statically determinate base
structure has been chosen for this load case. After that
the unit loadings and external loads have been affected on
this structure. To make lesser the degree of static
indeterminancy, 1t is convenient to use aproperly chosen
indeterminate structure as a base structure. The terms of

§.. in the compatibility equations have been calculated
usihg reduction theorem. According to the reduction theorem
rotational deformations or any of the corresponding internal
forces that exist in the compatibility equations can be
taken from a statically determinate base structure. Because
of the finucular form of the structure; at the end of this
calculation it has been seen that the moments on the
structure are relatively small in comparison to the axial
forces.
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In the second chapter of the first part, the self
weight analysis of the structure for the second direction
by means of the Force Method.

A In the third chapter of this part the calculations
for dead weight have been repeated considering the axial
deformations of the tie. The compatibility equation have
been solved. And then the new moment diagram has been
drawn. At the end of this calculation it has been seen
that the moments on the structure became bigger.

In the fourth chapter of this part the lateral loads
due to earthquake have been taken account that the lateral
loads have been concentrated at the nodes of the structure
Since the lateral loads on the structure are antimetric,
the symmetric unknowns became zero. The compatibility
equations have been written again. So the antimetric
unknowns have been obtained. After writing the superposition
equations, M, N, T diagrams have been drawn.

In the fifth chapter of this part, the structure has
been affected by the uniform distrubuted snow load, P,. The
coefficients matrix for P. is the same as the coefficient
matrix which is obtained %or dead weight. The right hand
side of compatibility equation have been calculated for P
Then the new unknowns have been found. The diagrams of
M, N, T have been drawn for this load case.

1.

The snow can be accumulated in the roof middle part
of the structure. Hence it is necessary to consider a
second snow loading, P, for middle part of the structure
this loading is symmetfic too. The right hand side of
compatibility equation have been calculated in the sixth
chapter of this part.

In the seventh chapter of the first part the support
settlements have been considered. Since one bay one story
fixed frame have been used, the term of M__ in the
superposition equations is different from zero. Since the
support settlements have been given as symmetric, the
coefficient matrix is the same as the one for the other
symmetric load cases. After calculating the right hand
side of the compatibility equations the unknowns have been
found for support settlements. Then the diagrams M, N, T
have been drawn.

In the eighth chapter of the first part the uniform
temperature changes has been considered. Since one bay
one story fixed frame has been used, the term of M _ in the
superposition equations is different Erom zero. he
unknowns belong to this load case have been found. Then
the diagrams M, N, T have been drawn.
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In the sixth part, the structure has been reanalysed
by the Matrix Force method for dead weight. Firstly '
redundont forces, the numbers of elements and connections
have been specified. Axial deformations have been taken
into account for all elements except the middle part of
the structure, which is one bay one story fixed frame and
considered as a subsystem. The flexibility matrices have
been obtained for each element. The flexibility matrix
of substructure has been easily prepared using virtual work
theorem. After having orepared homogenous and partial
solutions, which are belong to redundont forces and
external loads, end forces have been obtained using the
algorithm given in [2] for the Matrix Force Method.

In the seventh parth, the structure has been
reanalysed by the Matrix Force Method for the uniform
temperature changes.. The way of calculation is the same as
the way which has been used for dead weight.

In the eighth part, the influence lines for bending
moment and axial force of section £ have been obtained
using virtual work theorem. A unit load has been affected
on the structure at each 2 m. For each position of the
unit load, the moments at section f have been found by a
program called gos 411. Hence the influence lines have
been checked.

In the nineth part, the influence lines for bending
moment and axial force of section £ obtained using group
loading and statically indeterminate system.

In the tenth part, the dimensions of the critical
cross—-sections obtained from the preliminary analysis,
have been checked using the most unsuitable loading
conditions, which are some combinations of different
external effects given by TS 500 . After that the
reinforcements for the sections have been chosen.

In the second part in order to have better
understanding of the beam-column connection regions, several
attempts have been made depending on finite element
solutions. After that idealisation a parametric work has
been carried out to obtain global stiffness coefficients
of beams with very rigid parts at the ends.

The beam-column connections especially reinforced
concrete of the plane-frame have been sffected by the
cyclic moments and shear forces. Due to this cyclic effect
of internal forces, the beam-column connection will
experience very big plastic deformations even total crushing
during on earthquake if they are not well confined especially
by stirrups. This is a kind of behaivour which can be
‘totally opposite of assumption. And it has to be taken into
account when it is dealt with earthquake response of systems.
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To reduce the amount of finite elements used in a
beam-column connection, elements with higher degrees of
freedom can be employed with several different type load
matrix for special load cases such as third order
distrubuted tensile and their force distrubution and a
concentrated load arbitrarily placed on any one of the
edges of finite elements. Load matrices for each specified
load case have been derived as much as in general formes.

Using the displacement function which has been given
[4] some terms of stiffness matrix have been obtained once
more using the following integration.

[]-f [2] *[D] [B] av

After that using virtual work the load matrices have been
obtained for three different distrubuted loads [q] employing
the following equations.

Tel= - £ (U7 amx) av

A sample structure which present the beam-column
connectlon has been chosen. distrubuted and concentrated
loads have been affected on the structure. The Matrix
‘Displacement Method has been used to solve the structure.
Firstly the region has been divided into four rectangular
elements. The element stifness matrices have been found,
then system stiffness matrix have been obtained by hand
calculations. The element load matrices calculated for
each element using the formula found before. After that
the load matrix for the structure has been obtained.

The nodal displacements have been found as a solution
of the following linear equation.

[s][a] + [p_] = o

The stress in each element has been calculated. After that
the avarage at nodes have been calculated for the structure.
Using the program called SAP30 the results have been
checked.

In order to examplify the efficiency newly developed
loading matrices a set of finite element analysis have been
performed by means of the famous SAPS80.- Equivalent
results have been achieved with SAP80 for a particular
example using only 27 unknown instead of 126 unknowns.



The member element stiffness coefficients effected
due to the existance of rigid parts at the ends of beams
have been obtained simply comparing the two kind of
solutions namely the finite elements analysis of a beam
loaded at the mid point by concentrated moment and simple
equilibrium equations (see Fig. 3.51). Using the same
mathematical models, the modulus of elasticty within the
connection decreased to represent the inelastic deformation
of beam~column connections and fictitious beam stiffness
coefficients have been obtained parametrically.. .

In addition to this a one story one bay frame have
been analysed for lateral loads to demonstrate the
influence of the decreasing rigidity of the beam-column
connection on the response of the structure.

At the end of this. analyses it has been concluded
that the materially nonlinear beam-column connection has
important the effect on the behaivour of the structures.
This results coincied with behaviour of flexible framed
structures . observed in 13 th marchy 1992 Erzincan
earthquake. The nonlinear behaivour. of beam-column
connections can be reflected to the design of the structures
through the change of the stiffnesses of beam and column
elements. Another mechanical model has also been employed
especially to have the fictitious column stiffness
coefficients taking in to account the nonlinear behaivour of
beam to column connections.
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BOLUM I

1. GIrig

Yilksek lisans tezi olarak sunulan bu galigma iki ana
bdliimden olugmaktadir. Birinci b&liimde geometrik &6zellik-
leri Sekil 1.1 de verilen tek katli, ilig agiklikli sanayi
yapisl ele alinarak 8nce On boyutlandirmasi daha sonra
degigik yUkleme durumlari igin farkli hesap y®ntemleri
uygulanarak kesin statik hesabi yapilmigtir. Bu hesaplar
sonucu elde edilen kesit zorlarinin en elverigsiz durumlari

g8zobnine alinarak kesit hesaplari yapilmigtair.

A
7
1 - ——
Je 24 . ,!’ & jb 24 ﬁf

Sekil 1.1. Hesabi Istenen Sistem

Ikinci b8limde sonlu elemanlar yéntemi kullanilarak
kolon-kirig birlesim b8lgesi incelenmigtir. Burada 12 ser-
bestlik dereceli bir diizlem levha ele alinarak eleman rijit-
lik matrisine ait bazi terimler yeniden bulunmustur. Daha
sonra dilzlem levha eleman Uzerine dedisik gekillerde yayil:i
ve tekil ylkler etkitilerek, bu ylkleme durumlarina ait

ylikleme terimleri bulunmugtur. Matris deplasman ySnteminin



uygulanmasina ySnelik olarak digim noktasini temsil eden
brnek bir sistem segilerek, sisteme ait sistem rijitlik
matrisi, ug kuvvetler matrisi, diiflim noktasi deplasmanlari

ve ortalama digim noktasi gerilmeleri hesap edilmisgtir.

Bu b&Slime ilave olarak kolon-kirig bdlgesinin rijit
alinmasi durumunda kolon ve kirig rijitliklerinin ne alin-
masi gerektidi amacina ydnelik olarak parametrik bir cgalig-
ma yapilmistir. Burada iki ayri model ele alinarak bunlara
ait denge denklemleri yazilmig, sonlu eleman g¢dzlimlerinden
alinan bilinmeyenler yerine konarak iki ayri yoldan sonsuz
rijit pargali gubuklara ait birim deplasman sabitleri elde

edilmeye galigilmigtir.



BOLUM II. KUVVET YONTEMININ ETKIN KULLANIMI

2.1. Sec¢lilen Sisteme Alt Karakteristik Degerler

T I 1T 1 T 1T 1T 1T 1T T 1T 11 1 11T 111 I T 1 T T 1 1 1]

T 1 1 1T 3 1

24 1

g

Sekil 2.1. Hesabi Yapilacak Sistemin Geometrik Ozellik-
leri ve Hesap Ytikleri

Hesabi Yapilacak Sistemin Geometrik Ozellikleri ve Hesap
Yitkleri
Sistem : Betonarme BS30, BCIII

Cergeve Araligi : b = Bm

1) Hiperstatik Esas Sistem Kullanarak Boyutlandirma
Sabit Ytkler
Kar Birikmesi
Deprem Etkisi

F 20°C Dtizgiin Sicaklik Degisimi

Mesnet C&kmesi



etkileril gézdniinde tutulacaktir.

2y a, b, ¢, d, e, £, g, h, 1 ve

Etkilere GdSre Kesit Hesaplarini

3) f Kesitindeki M, N, T Kesit

Ciziniz.

j kesitlerinde Elverissiz

Yapiniz.

Zoru Tesir

2.2. Déseme Statik ve Betonarme Hesaplari
|
— T
D101 D101 D101 Diot
h=18 h=18 h=18 h=18 l 6
| +
D102 D102 D102 D102 | 6
h=18 h=18 h=18 h18 |
i
! e,
D102 D102 D102 Di02 |
h=18 h=18 h=18 h=18 - s
R
D102 D102 D102 D102 !
h=18 | h=1® h=18 hzt | s
4 N
j -
D1N D101 D101 D101 |
h=18 h=18 heie | he 6
1 -+
L2 24 L 8 4
x [ g 5 T
Sekil 2.2. Sistem Plani
Désemelerde L “L . = 8/6 <2 oldugu
UzZumn kisa

cift dogrultuda calismaktadir.

L, (BOO+BE )

36000+5000m(1+ap)

Cizgilerini

dbésemeler



TT7Ox(800+0. O7x365a)

D101 i¢in hfz

i

17.16cm

F6000+5000x1.338x(1+0.71)

TTOx(800+0. 07x3652)

16. 48cm

D102 icgin hfZ
36000+8000x1.33x(1+1)

her iki ddseme icin hf= 18cm olarak belirlenmistir.

DOSEME YUK ANAL1ZY

Oluklu Sac = 0.25 kN m>
Sap (2em) O.02x22 = 0.44 kN.m?
B.A. Déseme (18cm) 0.18x25 = 4.5 kN./m>
Siva (2cm) 0.028x20 = 0.4 kN.m*
+
g = 5.59 kN/m”

4 Y -
Cati1 egimi tga = —— = 0.5 o = 26.856 <30 oldugu ic¢in

e
hareketli ytik : kar ytikd gq= 0.78 KNom® alinir.

DOSEMELERIN STATIK VE BETONARME HESABI

P = 1l.4xg+1.6xqg = 1.4x5.59+1.6%x0.75 = 9.026 KN/m?
M=c x p x L:

Tablo 2.1. Ddsemeye Ait I¢ Kuvvetler

1 dogrultusu y doprultusu

[ Honentler{kia/n) c Nomeatler b
AGi1k11k]SOrak] ]} Sireksiz| Acaklak) Sarek]}{Sireksi mkm[snmu StreksizjAGikE1k|STrek)]|Sireksiz
1.33{ 0,025 | 0.033 | — ] 8.12] 10.72§} — 0.0389] 0.0512) —— ] 12,64 16,63 | —
1.33] 0.031 | 0.048 { 0.021 { 10,07 | 13.32 | 6.82 0.0439! 0.0582{ — [ 12,46 18.91 | ——

0102(1)) 8
D101(2){ 8

o

o




Tablo 2.2. Aciklik Donatilara

Mo 100xd? Mo ,
Dogeme|Yon Kesit [(kNm/m){ d [K= ks e/ = A.=k.—d— Sec¢ilen Donati
[ 10.07 { 16 | 254,22 | 0,295 | 0.8/10 | 1.856 #8/18
ot Mya 14,26 | 15| 157.78 | 0.298 | 1.1/10 | 2.833 @8/17
o102 Hea 8.12 1 16 | 315,27 | 0.294 | 0.7/10 | 1.492 @8/18
Mva 12.64 | 15| 178,00 | 0,297 | 1.0/10 | 2.502 #8/18

Tablo 2.3. Siirekli Kenarlara Ait donatilar

100xd? Ma
Mesnet | Ms [ d [K= ks /s A.=k.T Mevcut Donati| Ek Donati
D101-D101{ 133.2 § 16 | 192.192 | 0.296 | 0.9/10 | 2.464 g8/18 -
D102-D102| 107.2 | 16 | 238.805 | 0.295 | 0.8/10 | 1.976 @8/18 S
D101-D102| 177.7 | 16 | 144.063 | 0.298 | 1.1/10 | 3.309 | 08/34+88/36 | 08/36
D102-D102| 166.3 | 16 | 153.938 | 0.298 | 1.1/10 | 3.097 g8/18 @8/36

Tablo 2.4. Siireksiz Kenarlarin

Mesnet Donatilara

100xd? M :
Mesnet | M4 d [K= i Re ef s |Bu=ks y Mevcut Donati| Ek Donati
D101- 68.2 | 16 | 375.366 | 0.29 | 0.7/10 | 1.253 08/36 —_—

Z.3. Sirekli Kiris

Yk Analizi:

0.30 % 0.42
2 x 5.859 x 6.2
"2 x 0.78 x 6.2

X 24

won i
T o Q

|

3.02 kN/m
33.54 kN m
4.5 kN/m

Statik ve Betonarme Hesaplar:




Kiris Ag;rl{g}ndan Gelen:
= 1.4%3.028= 4.228 kN/m

AT A 2 A3 A& 4 LS
J 4 !5.00:6.00

4 "}—-4

Sekil 2.3. Kiris Agirligina Ait Yikleme Durumu

M = 0.0779 x 4.228 x 6°= 11.857 kNm
M, = 0.0332 x 4.228 x 6= 5.053 kNm
M,= 0.0460 x 4.228 x 6%= 7.002 kNm
M = 0.0332 x 4.228 x 6%= 5.053 kNm
M_= 0.0779 x 4.228 x 6%= 11.857 kNm

B = 0.6053 x 4.228 x 6 = 15.355 kN

B = 0.5263 x 4.228 x 6 = 13.351 kN

M = -0.1083 x 4.228 x 6% = -16.027 kNm
M = -0.079 x 4.228 X 62 = -12.024 kNm
M = -0.079 x 4.228 x 6% = -12.024 kNm
M_= -0.1053 x 4.228 x 6% = -16.027kNm

V=B, +B = 28.706 kN
B r

Disemeden Gelen:
p= 2 9, 026%6./3= 36.104 kN/m

Sekil 2.4. Désemevye Ait Yikleme Durumu



p = 36.104 alinarak diizglin yayili ytike gébre hesap

miLstir.

X X

N

wwx XX

T 2 =

MKUO!

v
B

- a A

L

0 O ¢ O O O

.0779 x 36.104 x 62

.0332 x 36.104 x 67
.046 x 36.104 x 6>

. 0332
.0779

. 6053

. B263

X
X
X
xX

-0.1083
-0. 0079
-0.0079
-0.1083

Dbsemeden gelen
p= 2%9. 026%6.2=

36.
36.

104
104

36.104

36.

X X X X

104

36.104
36.104
36.104
36.104

X
X
X
X

B IR B )

2

2

245.131 kN

43,151
= Bg,788
= 43.1B1

114.009

yiik ticgen alinirsa
54.1856 kN/m

ATV AE T &2, &, AT A

}_6.00 , .00, 600 . 600
L) )
B

A

Sekil =.

5.

© O O O O O O

. 0827
. O26a
. 0340
.og26éa2
. 0827
. 3158
. 2664

C

X X X X X X X

54.
54.
54.
54.
54.
54.
54.

7]

D8semeye Ait

156
156
i86
156
156
156
186

1
1

E

6.00 ,
T
F

Ytikleme Durumu

X X X X X %X %

N N N N N

(0 ) I o) B o BN # N o B ¢

102. 7458
= B51.080
= 66.287
= 51.080
= 102.745
= 102.615

= 86.563 kN

101.25 kNm

kNm
kNm
kKNm

101.25 kNm
131.122 kN

kN

= —-136.863 kNm
= =-102.68 kNm
= -102.68 kNm
= -136.863 kNm

kKNm
kKNm
kNm
kNm
kNm
kN

yvapil —



M_= ~0.0658 x 54.156 x 6° = -28.285 kNm
M_= ~0.0493 x 54.156 x 62 = -96.116 kNm
M = -0.0493 x 54.156 x 62 = -96.116 kNm
M_= -0.0658 x 54.156 x 62 = -128.285 kNm
V=B +B =189.178

B L r

Kenar Aciklikta Betonarme Hesabui:
BS 30/BCIII

M= 102.745 + 11.857 = 114.602 kNm
b= 30 + 0.8x600.5 = 126 cm

h 18
= = —zg— = 0-321
b 126
E— = —xg— = 4.266
v
11.4602x10°
m = - = 0.0145 w = 0.01495
126x (56) 2x200
126x56 X
A = 0.0145 x = 6.062 cm
S 17. 4

segilen donaty. 3¢18

I¢ Aciklikta Betonarme Hesabi:
M= 66.287 + 7.002 = 73.289 kNm
b= 30 + 0.6 x 6008 = 102

hf
— = 0.321
b
_B_=3_4
\"4
7.3289%10°
m = ~ = 0.0115 , w = 0.01165
102%(56) %x200
102x56 N
A = 0.01165 X ————— = 3.8244 cm

17. 4
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se¢ilen donati 2¢16

Kenar Mesnette Betonarme Hesabi:
M= —-128.2885 - 16.027 = -144.312 kNm

Dikddrtgen Kesit Hesabi

30x562
KS oo = 65.192 kK = 0.305
1443.12 8
1443.12
A = 0.305 x = 7.859 cm?
56

se¢ilen donati 4¢16

I¢ Mesnette Betonarme Hesabi:

M, = -96.116 - 12.024 = -108.14 kNm
30x567%
K= —— . = 86.998 k = 0.302
1081. 4 S
1081. 4 .
A = 0.302 x = 5 832 cm
8 56

se¢ilen donati 3¢16

Ana g¢ercevenin sabit ytiklere gbére ¢ébziminde kirikla
cubuklarin ddglim noktalarina gelen tekil ytikleri bulmak
icin blUytittilmemis 8zagirlaik yitikld gbzdnlne alinirsa,

Af//r\lf//:\if//\\§§/<\\§()/\\\

- 6.00 ; 8.0 ; 6.00 i .00 = 6, 00
A B c D E

m -+ P

Sekil 2.6 Dbseme’ye Ait Ytikleme Durumu
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BL= 0.3158 x 33.854 x 6 = 63.552 kN
Br= 0.2664 % 33.854 x 6 = 83.610 kN
V=B +B =117.162 kN
B i r
L |
Ay & 2 & 3 & L4, A 5 &
A 3 Cc D E F

Sekil 2.7. Kirige Ait Ydikleme Durumu

B = 0.6083 x 3.02 x 6
B = 0.85263 x 3.02 x 6
vV = BL + Br = 20.5048 kN

10.968 kN
g9.8365 kN

i

]

Ana Mesnete Etkitilecek Tekil Yiuk Degeri
117.162 + 20.5045 = 137.666 kN

2.4. Yapyr Sisteminin Hesabinda Kullanilan Kuvvet Y&ntemi-—
nin Aci Yéntemi ile Karsilastirilmasy ve Onboyutlan-

dirma

Sistem simetrik oldugu ic¢cin kuvvet ybntemine gére
hesapta 7. dereceden hiperstatik sistem, hiperstatik esas
sistem kullanilmak yolu ile 4. dereceye indirilmistir.
Simetrik ve antimetrik grup yliklemeleri yapilarak, simet-
rik ve antimetrik ylikler i¢in bagimsiz denklem takiminin
boyutu 2x2’ye distrtlmistir. Ayrica denklem takiminin
katsayilarinin hesabinda hiperstatik esas sistemin,
izostatik esas sistem ile degistirilebilmesi kolayligain-—

dan yararlanilmistair.

Aci y8ntemi kullanilsaydi,sistem simetrik oldugu icin
simetrik ytltikler ig¢in asagidakli semadan gdérildigdt ttzere
bagimsiz uc deplasmalarinin sayisir 5 olacakta. Digtim

noktalarindaki dénmelerle birlikte toplam bilinmeyen sa-
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yisi 8 olurdu. Antimetrik yidk durumunda 654 si1fairdan

farkli olacagindan bilinmeyen sayisi 9 olurdu.

A2

45 i
=0
AI.S
A :0 e cv——
54 L Tao
§=0
54 : F 2
I—9545
45

Sekil 2.8. Sisteme Ait Kapali Stireklilik Durumu

On Boyutlandirma:
Once disey ytiklerin birim dederleri icin kesit tesirleri

bulunup daha sonra toplam yldklerden olusan tesirlere ge-—

Gilmistir.

Sekil =2.9. 1.4MG+1.6MQ (kNM)>
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1500.082 538.6589 1500.082

Sekil =2.10 1.4N _+1.6N_ (kN>
e} @

Kesit Tahkikleri:

a kesitinde:
M=20
N = ~1706.6016 kN = ~-170.660 t
m = 0
170. 66016

0.171

o
]
il

50x100x0. 20

b kesitinde:
M= -373.5964 kNm -37.35964 tm
N= —-1500.082 = -150.0082 t

|

3735. 964
0. 037

=
]
]

50x100%x0. 20
w= 0.04

150. 0082

50x100%x0. 20

50x1 00
A =004 x ———— =11.49 cm®
17. 4
c kesitinde:
M = -373.85964 kNm = —-37.3596 tm
N = -538.6589 kN = -53.8658 t
m = 0,037
n = 0.083
w = 0.08
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A_= 22.98 cm?

2.5. Yapi Sisteminin Kesin Hesaplari

Yapy sisteminin hesabina baslamadan 6nce sisteme etkiyen
yiikler gézdéniinde bulundurularak enkesit boyutlari sec¢il-
migtir. Her yitkleme durumu i¢in kesit zorlari bulunmug-—
tur. Daha sonra TS 500’de verilen yittk kombinezonlarina
g8re stiperpozisyon tablolari hazirlanip bu kesitler tah-
kik edilip donat:i hesaplari yapilmistir.

Tablo 2.8. Kesitler ve Atalet Momentleri

Kesit Kesit Boyutlari I(m=) Io/1
a 50/100 (Tablali) 0.06370 i
b 50/100 (Tablali) 0.06370 i
c 50/100 (Tablal1) 0.06370 1
d 50/100 (Tablali) 0.06370 1
e 50/100 (Tablali) 0.06370 1
3 50/100 (Tablali) 0.06370 1
g 50/100 (Tablali) 0.06370 1
h 50/92 (Dikdértgen) 0.03185 2
i 50/92 (Dikdértgen) 0.03185 2
J 50/100 (Tablali) 0.06370 1

2.5.1. Gergilerin Uzama Sekil Degistirmeleri Yok Sayilip
Hiperstatik Esas Sistem Kullanarak Sabit Yiuklere
Gbre Hesap

Simdiye kadar esas sistem olarak izostatik esas sistemler
kullanilmisgtyr. Halbuki, verilen sistemde yapilan kesim-
ler ile elde edilen herhangibir hiperstatik sistemde esas



15

sistem olarak alinabilir. Bu sisteme hiperstatik esas
sistem denir. Bu halde, daha 6nce yapilmis olan tanim-
nimlarda bir degisiklik olmamaktadir. Ornegin:

R T X : Esas sisteml elde etmek ig¢in yapilan ke~
simlerde kaldirilan mesnet reaksiyonlari-

n. ve kesit tesirlerini

M., N, T, Pox. = 1 ytklemesinden, yani esas sistemde
xi=1 diger x'ler ve yiikler safir iken,

meydana gelen kesit tesirlerini

M, N, T : x= 0 yUklemesinden, yanl esas sistemde
yvalniz dis yiiklerden meydana gelen kesit

tesirlerini

gbstermektedir. (I,1) stperpozisyon denklemleri gene yi-
rirliktedir. Ancak Mo, No, To terimleri yerine yine
sirasiyla
M+ M+ M » N+N+N , T +T +T
(<) t W o t 1% t

(=] v

terimleri gelecektir. Bunun nedeni, izostatik esas sis-
temde sifir olan sicaklik degismelerine ait Mt. Nt. TL
kesit tesirleri ile mesnet ¢dkmelerine ait Mv, Nvf Tv
kesit tesirlerinin, hiperstatik esas sistem kullanilmasi
halinde sifirdan farkli defer almaliridar. Buna goére,

sliperpozisyon denklemleri,

M=M+M +M +MX +MX + . ..... + M X
o t W 1 1 2 2 n n
N= N+ N + N +NX + NX + ...... + N X
o t W 14 1 2 2 n n
T=T + T + T +TX + T X + ...... + T X
[} t w i1 1 2 2 nn

seklini alir.

X bilinmeyenlerini tayin etmek ig¢in kullanilan (I,2) sit—
reklilik denklemleri ise, hi¢bir degisiklik olmadan aynen
yuriirltiktedir.
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& ..., + & x, + + &5 x + & + & =7
141 4 1) ) in n 10 1t 1

& +..... + &, x + + & x + & + & = 7T
11 4 iy in n Lo it i

& +..... + & x + + & x + & + & = J
nti 1 n) J nn on no nt n

Kisaltma Teoremi:

Ixi durumdan biri yilkleme, digeri sekil degistirme durumu
olarak alinsin. Yiikleme bir defa hiperstatik esas siste-
me uygulanip virtiiel is teoremi uygulanirsa dis kuvvetle-
rin yaptigdis is, sekil degistirme isine egit olacaktir.
Bu sekil degistirme isi 6Lj ifadesinin sag tarafina esit-
tir.

Yitkleme bir kerede, esas sistemde yapilms kesimler ile
elde edilen herhangi bir izostatik sisteme uygulanip vir-
tttel is teoremi uygulanirsa, gene dis Kuvvetlerin yaptig:
is, sekil defistirme isine esit olacaktir. Bu halde se-
kil degistirme isi, 6£j ifadesinde entegral i¢inde bulu-
nan terimlerden bir tanesinin izostatik bir sistemden
alinmasi: haline esit olacaktair. Tesir g¢izgilerinin tayi-
ninde de bir degisiklik yoktur [11.

Sekil 2.11°de gérildiigi gibi sistem simetrik oldugundan
sistemin yarisi ile hiperstatik esas sistem kullanarak

hesap yapmak mimkindir.

i
132667 kN 137667 kN gk N/m 137.667kN 137.667kN

ATV T Y Ty T YT T T T T

! }
1 21 | /21/ 2N 4
] I , X
Pay F T F AN
1 1 7
-:l—
L 24 L 8 | 24 L
L 1 4 %

Sekil 2.11 Sisteme Etkiyen Sabit Ytkler
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Cerceve Kirislerine Aktarilan Ylkler:

Kiris 6z agirliga 0.82 x 0.850 x 24 = 9.84 kN/m
Désemeden aktarilan 6l4 yik 6 x 8.859 = 33.54 kN/m
g = 43.38 kN/m

Désemeden aktarilan yilik

5.8 x 6 3 1
2 x - = 27.22 kN/m

2 2x(1.33)%

seklinde dizgiin yayili ylke gevrilir.
Bu durumda g= 9.84 + 27.22 = 37.06 kN/m halini alar.

Secilen Esas Sistem ve Kaldirilan Kesit Zorlarai

e
|
b X3 € =’ ] “f — X —
i
- -t

Sekil 2.12 Kaldirilan Kesit Zorlar:

Sekil 2.12'de gdriildiglti zere simetri ekseni {lzerinden
gecen ¢erg¢eve hiperstatiktir. Diger c¢ergeveler 1izosta-
tiktir, Hiperstatik bilinmeyenler asagdidaki gibi, simet-
rik ve antimetrik grup ytiklemeler alinirsa, simetrik sa-

bit ytk durumunda antimetrik bilinmeyenler sifair olur.
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x1= 1 Yiklemesi : Simetrik

Sekil 2.13 X = 1 Yitklemesi

x2= 1 Yiklemesi : Simetrik

Sekil 2.14 xz= 1 Yiuklemesi

x3= 1 Yiklemesi : Antimetrik

!
x
i
!

Sekil 2.18 xa= 1 Yuklemesi
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x4= 1 Ytiklemesi : Antimetrik

%
|
!
!

Sekil 2.16 x4= 1 Yiklemesi

Denklem takimi

[ & & 0 o 71 T x.7 [ &
11 12 1 10
& o 0 X ()
21 22 2] _ 2o
v 0 & o) x 0
aa 34 a
0 0 fs) S ® (0]
i 43 44 | | 4] i i
Buradan X, =%, = O oldugu gérilir.

x = 1 Ytklemesi : hiperstatik esas sistem

0333 0866

"

Qﬁa‘iE::z::j

\azes

Sekil 2.17 M1 Diyagram:
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Ankastre Cerceveye Ait Moment Diyagrami Cizimi:

~

1.. 1

§ f RN s

1. 41,

a = ot

Sekil 2.18 ad t1 yiklemesi
b) tz yiklemesi
c) ta yiiklemesi

ta yliklemesine ait diyagram antimetrik oldugu icin ta

bilinmeyeni sifirdir. Ttim ¢ubuklarda uzama sekil degis-—
tirmeleri yok sayilmistair.

2

EI_&, = 7x 1% x [2] + 8 x 12 111 + 7 x 1% x (21 = 36

1

1

EI 6 = —— x 7x(=7) x 1 x[2] + ——— x 7 x(=7) x[2] = -98
c 12 2 2
1 2 1 2
El & = e—- X TX(-7)"xX [8) + — x 7 X(=-7)"x [2]= 487,333
c 22 3 3
EIc610= 7 x 1 % (-1) x [2]) + 7 x 1 x (~1) x [2] = -28

_ 1 _ _ 1 _ _ =
EIcézo_—E_ X Tx(-7) x(-1) x[2]+—§— X Tx(=7) x(-1) xi2l1=98

36 -98 x £8 X, = 0466

-98 457.333 X, -98 X, = =0.1142857
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x1= 1 Ytklemesi : Izostatik esas sistem
K
0333 0.66 l
!
10 |
+. Y
1.0

Sekil 2.19 (M1> Dyagrama

X, = 1 Ytiklemesi : hiperstatik esas sistem

4. 4. ,>F‘
|
!
|

Sekil 2.20 M2 Diyagrami
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xz= 1 Ytklemesl : Izostatik esas sistem

4. 4. x
|
l
'.
I
!
!

Sekil 2.21 (Mz) Diyagramy

x= 0 Ytiklemesi : Hipertstatik esas sistem

137;5570 137.6 670 37,06 kN/m I |
i : .
CT T 1T 1 ¢ T T 1 & 1 T 1 ¢t | T T T Ty T TP TS T T T 11

K

P ——2 7 I 7 —

Sekil 2.22 x= 0 Yiklemesi

21 7
kK = % =1.7% , N=3.75 , N =11.8
1 2
1 8

37.06x8%
M= M = = 82.71 kNm

12x3. 75

37. 06x8°%

M=M, =- ——— = -105.42 kNm ,
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37. 06x82
max M = e — 105.42 = 191.06 kNm
8

3473.176

Sekil 2.28 Mo Diyagramu

x= 0 Yiiklemesi : Izostatik esas sistem

3473476 3473.176 54 3473.176 3473.176

! /

l + \ *_ i

| === -
!

]

VAY

Sekil 2.24 (Mo) Diyagram:

EI & = 10.8878
c 41

EI & = -33.876
c 1

EI &__= 223.4026
c 2
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weiBeATE FUSWOW USTTPE opTd uepursawWSTARA

e m
] TaeTewaTISTOEA TTASS ewezq "S2°2 TTI8S

o yoserTPE TEWY

€80LL'8

05.e-L!

0 ~
L198°Z81 ./ N
! £S81'S91

_
| 98L9°672 81L9°76]
|
|

X
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EI & = 38341.148
c 10

EI & = -207375. 346
c zo

10.5878 —33. 876 x, -32341.1480 x = -165.18573

—-33. 876 223. 4026 X, 207375. 3460 x,= 903. 21024

Kesit tesirleri ig¢in stiperpozisyon denklemleri

M= Mo - 168.185873 x Mi + 903.21024 % Mz

K.S.D. i1le kontrol sonucunda rélatif hata 2% 0.02 olarak

bulunmustur.

2.5.2. Hiperstatik Esas Sistem Kullanarak Y Dogrultusunda
Sabit Yiklere GO8re Hesap

Ytik Analizi

Kiris 8z agirliga : 0.30x0.42x24 = 3.02 kN/m

D8semeden aktarilan 8ld ytlik : 2x588. 9x6/3 = 22.36 kN/m
+

25.38 kKN/m
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| -25.38 kNAm
L 11 T 1 I 1 llill | 1t 1 E 4
i
!
I 7,00
+ L -1 — = - -.L‘
., 6.00 , 6.00 . 600 600 600
4 . L q A A
Sekil 2.26 Y Dogrultusunda Cozililecek Sistem
Segillen Hiperstatik Esas Sistem ve Hiperstatik
Bilinmeyenler
x =1 Ytklemesi : Simetrik

) 0

N
T

Sekil 2.27 x1= 1 Yiklemesi

xz= 1 Ytiklemesi : Simetrik

£

11 ! 1
! — -
|

Sekil 2.28 xz= 1 Yiklemesi



1 Yiiklemesi

X
i

27

Simetrik

T 1

i

Sekil 2.29 X, = 1

x4= 1 Yiklemesi

o
}
!

Yiiklemesi

Antimetrik

N s
’\d

h Py
P aaN

Sekil 2.30 X,= 1 Yuklemesi
X = 1 Ytiklemesi Antimetrik
1_1 ?C 11
- - — —p
!
|
1 Yiiklemesi

Sekil 2.31 X =
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x6= 1 Ytklemesi : Antimetrik
\ X
Ly ! 2
|
Sekil 2.32 X = 1 Yituklemesi
Denklem Takimi
[ &5 & S o) o] o] T 7 x 1 i
11 12 13 1
& o) & O 0 0 X
21 22 23 2
& & o) (0] 0 0 X
81 8z 33 3
0 0 0 S bel & X
44 45 46 4
0 0 0O & & S x
54 55 56 5
0 0 0 le) & o) x
- G4 1.3 6?7 4 L Tg L

Buradan X, = X, = X = 0 oldugu gbridlir.
x = 1 Yiklemesi : Hiperstatik Esas Sistem
!
,\ N ’ ? 1

x + l—-i—'-—l + m—

0.62171 )
0.37829 0.63158

. 0.22039 0.09539 0.31578

Sekil 2.33 M1 Diyagrami

10

20

3o
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x, = 1 Yiuklemesi : Izostatik Esas Sistem
1 CH | I
i
1.1+ +

Sekil 2.34 (M1) Diyagrami

X, = 1 Ytklemesi : Hiperstatik Esas Sistem

1.53125 ' >
D 1.53125

N
N A

-
1.96875 1.96875

Sekil 2.38 Mz Diyagram

X, = 1 Ytklemesi : Izostatik Esas Sistem
x
!
1
!
l
+ -+
-t — -
7 7.

Sekil 2.36 (Mz) Diyagram:
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X, = Yiuklemesi : Hiperstatik Esas Sistem

0.6612 0.2862 09473

Sekil 2.37 M3 Diyagram

X = 1 Yuklemesi : Izostatik Esas Sistemi
x
13_
8. ?. /4 ""i =
N /V i \]l\ +
ot .

Sekil 2.38 (Ma) Diyagram

x= 0 Yiiklemesi : Hiperstatik Esas Sistem
119.0939 114.21 90.1656
19.1601 U - FT -
Nl 4
\‘/ e -
l - N | +
4,9839 24.0441
4 i i B
1.1265 131497 12.021

Sekil 2.39 Mo Diyagrami
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x= 0 Ytklemesi : Izostatik Esas Sistem

N

l

4 Y JL -y
Sekil 2.40 (Mo) Diyagrami
Denklem Takimi
- 1T - . -
8. 09837 1.53125 —-0. 34545 x, £299. 4219
1.83128 19.6851041 4, 89375 x2 = 174.87365
-0.34845 4. 89375 36. 85869 X —~39. 4395
L o L J . J
[ 1T 7 B ]
8. 09837 1.53128 —-0.34548 X, 299, 4219
0 18.3614036 4.6859092 X, = 118.2376
0 0 35. 722793 X -5.511488
L. 4 L 3 J | J

X, = 35. 6956224
X, = 6. 4781396
X, = -1.5428492
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Stiperpozisyon Denklemi

M= M°+ 35. 6956224 x M1+ 6.478139 x Mz— 1.5428492 x M9

|
X
89.9595 83.1429  73.8858  75.3093

v T T

\\\l,// ) A =
- 1 4 1
6.7166 1.4236 l
18.4742 3.3593
&/ Z‘/ \L/0-7lo25
— i [ =

Sekil 2.41 Sabit Ytiklere Ait M Diyagramu.

K.S.D. ile kontrol sonucunda rélatif hata 0.000013

bulunmugtur.

2.5.3. Gergilerin Uzama Sekil Degistirmeleri Gézdnine
Alinip Hiperstatik Esas Sistem Kullanarak Sabit
Yitklere Gore Hesap

Yeni Denklem Takiminin Kurulmasi

Birinci adim olarak profil alan: 90cm? secilirse

EI & = 10.5878
c 11

EI & = -33.876
c 12
, 0.0637
EI &6, = 223.4026 + 24 x 1° x |———| = 393.269266
© 0. 009

EI & = 32341.148
< 40
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EI & = -207375. 346
c 20

10.8578 -33. 876 X -32341. 148

1]

-33.876 393. 2692266 X, 207375. 346

X, = -1895. 08401
x,= 364.0698431

Gergideki uzama sekil degistirmelerinin g6ézéniine alinmasi

ile gerginin uzadigi f digim noktasinin déndiiglt anlasil-

maktadir.

Gergi olarak alinan profil alani 180cm? alinirsa,

: y 0. 0637
EI &, = 223.4026 + 24 x 1° x = 308.3359
€ 0.018
10.8578 -33.876 x, -32341.148
-33. 876 393. 269266 x, 207375. 346

x, = -1398.1110
x_ = 518. 956484

Kesit tesirleri ic¢in sliperpozisyon denklemleri
M= M_ - 1398.111 x M_ + 518.956484 x M,
N= N° - 1398.111 x N1 + 518. 956484 x N2
T To - 1398.111 x '1'1 + 518,956484 x Tz

halini alair.

K.8.D. ile kontrol sonucu rdlatif hata % 0.044

bulunmustur,.

olarak
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Normal Kuvvet Diyagraminin Tayini

xi= 1 Yitklemesi

0.013633

A
Sekil 2.42 N1 Diyagrami
X, = 1 Yiklemesi
. LB .
0.894427 - 0.894427 q(\
e |
— L _ —+ | : [ == 1 =
]
Sekil 2.43 Nz Diyagram:
x= 0 Ytiklemesi
12.7861 12.78 61 7K\
!
= 26.0451 | __A..
26.0451 22.5&895 .
73.0627

Sekil 2.44 N° Diyagrami
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Kesme Kuvveti Diyagraminin Tayinl
X = 1 Yiklemesi

1124

\

0.0a7267 K
!
!
!
!

0.1143 +

Sekil 2.48 T1 Diyagram

xz=’1 Ytiklemesi

T
i
i
t

0.447213 0.447213

Sekil 2.46 Tz Ytiklemesi

x= 0 Ytiklemesi

255.723

148.24  148.24

520.9027

Sekil 2.47 T° Diyagramy
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9'31.7}90‘ - 466:1080 |
3 1398. 1112 !
- N T T 5 I i
7 |
639.773§ /-‘-
Z‘"/Ms.wn
.
Sekil 2.48 G Yitklemesine Ait Moment Diyagram
565.9786  578.9564 '
JI Vi 618.0796 ~
- |
698.5686 |
/ = Pl Sl 137.2151 !
788,8820
Sekil 2.49 G Ytiklemesine Ait Normal Kuvvet Diyagram
284S 89. 9853 206.4946
4656
3 f& \ 75.9232
236.7142 _ &( s
148.24 !
!
_ |> !
= 340,9232 F—- :

137.2151

Sekil 2.80 G Yiklemesine Ait Kesme Kuvvet Diyagrarm.
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2.5.4. Hiperstatik Esas Sistem Kullanarak Deprem Etkisine

Gobre Hesap

Kabul: Deprem esnasinda dbéseme tistiinde kar yigilmasa

yoktur.
W, W, *
\ 'l 4,
<+
|
I 7.
e dL
‘L 8.00 N 8.00 : 8.00 . 8.00 4 8.00 . 8,00 | 8.00 12.1
LN 1 T 1 A 1 T Lam
Sekil 2.51 Sisteme Ait Diéglim Noktasi Agairliklari
Gi’in Hesaba
Déseme Yiikleri : B5.59%(2+4.472)%6 =217.071 kN
Ana Kirig Agirligi : (2+4.472)x(1-0.18)x0.8Bx24= 63.684 kN
Tali Kiris Agirligi: 6x(0.60-0.18)x0.30x24 = 18.144 kN
Gerginin Agirlig:r : 1.41x4 = B.64 kN
-+
G1 =304.839 kN
Gz'in Hesabi
Doseme Yikleri : B5.859%(4,472+4)Ix6 =284 .1581 kN
Ana Kiris AGirlig:r :(4.472+4)x(1-0.18)x0.8x24= 83.364 kN
Tali Kiris Agirligi: 6x(0.60-0.18)x0.30x24 = 18.144 kN
Gerginin Agirligr : 1.41x8 = 11.28 kN
+
G2 =396.939 kN
Ga’ﬁn Hesabi
Déseme Yikleri : B.89%(4+4.4T2)x6 =284 .1851 kN
Ana Kirisg Agirligir :(4.47T2+4)x(1-0.18)Ix0.8x24= 83.364 kN
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18.144 kN
11.28 kN

Tali Kiris Aglfllgl: 6x(0.60-0.18)x0. 30x24

Gerginin Agarligy : 1.41x8

G_ =396.938 kN
G4’ﬁn Hesaba

Déseme Yiikleri : B.B9%(4.472+4)x6 =284.151 kN
Ana Kiris Agirligl : (4.472+4)x(1-0.18)x0.5x24= 83.364 kN
Tali Kiris A@irlaiga: 6x(0.60-0.18)x0.30x24 = 18.144 kN
Kolon Agirlaig: = 22.68 kN
Gerginin A@irlaigyr : 1.41x4 = B.64 kN

G =406.419 kN
Hareketli Yiikler

Q = (2+4,472)x6x0.75= 29.124 kN
Q.= (4+4.4T2)x6x0.75= 38.124 kN
Q.= (4+4.472)x6x0.75= 38.124 kN
Q. = (4.472+4)xBx0.75= 38.124 kN

W = Gi+Q1= 333.663 kN
W_= Gz+Qz= 435,063 kN
W = Ga+Q9= 435.063 kN
W = G4+Q4= 444.543 kN

ZW= W1+W2+W3+W4 = 1648.332 kN
F = C W= 0.1x1648.332= 164.8332 kN

Tablo 2.6 Digiém Noktalarindan Etkiyen Deprem Ytdkleri

i "3 h. W. xh. F.
1 18 1L L 1
1 333.663 7 |e335.641| 25.634
2 435.063| 11 |4785.693| 52.523
WLXht
3 438.063| 11 l4785.892| 52.523 Fo=Fx ————
Zthhi
4 444 .543 7 |3111.801] 34.182

Zwihi== 15018. 828
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x=0 Yiklemesi

52.523 52.523

— . —
—> 25.634 34.152 —> o

Sekil 2.82 x= 0 Yiiklemesi

3%2.658

K
!
526.746|

£ ,47 '_'

242.596

Sekil 2.53 M° Diyagram

Deprem ytiklemesi i¢in denklem takimi su hale gelir

[ & S o] o 1T x 1 [ 0 ]
11 12 1
& & 0 0 X 0
21 22 2
= X =x = 0O
1 2
(o) o & o] x e
a3 34 a 30
0 0] re] o) x &
- 43 44d L T4 - 40
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%, = 1 Ytklemesi : Hiperstatik Esas Sistem

0333 0.566 *

Sekil 2.84 Ma Diyagrami

X = 1 Yiuklemesi : Izostatik Esas Sistem
K
0.333 0.666 } '
v
b YRR ‘
]

[ N

Sekil 2.88 (Ma) Piyagrami

X, = 1 Yiklemesl : Hiperstatik Esas Sistem

x
|
|
!
i

Sekil 2.86 M4 Diyagram
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X, = 1 Yiuklemesi : Izostatik Esas Sistem
i
2
]
|
' - —_—
I ———
|
i
Sekil 2.87 (Ma) Diyagramx
19.81 -B7.752072 xa 4298.17296
-867. 782072 616.672 X -34920. 908

X, = 37.319917
X, = -B2.8e7770

Siperpozisyon denklemleri
M= Mo + 37.319917 x Ma - B2.82777 x M4

No + 37.319917 x N3 - B2.8B2777 x N4
'1'° + 37.318917 x Ta - B2.82777 x T4

= =
nu

K.S.D. kontrolu sonucu r&latif hata 0.0011 olarak bulun-
mustur.
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Normal Kuvvet Diyagraminin Tayini

xa= 1 Yiiklemesi

0.018633 ' 0.018633

i
|
|
|
|

0.2699

Sekil 2.58 Ns Diyagrami

x =1 Yiklemesi

4
0.994427 1. 0.894427
_/::,___I\A
4 +

Sekil 2.89 N4 Diyagram

x= 0 Yiliklemesi

15.0981
124,71338

114.1794 +

78.157 qic
|
i
|
i
|

Sekil 2.60 N° Diyagrami
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Kesme Kuvvet Diyagraminin Tayini
X _= 1 Ytklemesi

T

0.04167
: 0.037267 |

0.037267

Sekil 2.861 T3 Diyagram

x4= 1 Ytklemesi

0.447213 0.447213

Sekil 2.62 T4 Diyagram.

x= 0 Yiklemesi

42.78
27.1231 17.5076 28 j%f
|
A S
131.6864 '

t

-]

164.%32

+ | +
.

Sekil 2.63 T° Diyagrami
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20.0573 147.6918 N
i
37.3199
\1 5608265
a—
f |
l
. 523.5066
630.3173
w——
Sekil 2.64 E Yiiklemesine Ait Moment Diyagrami
311887 25.6292 alr
I
I
52:5277 |
— f
|
12¢4.2557

L

Sekil 2.65 E VYiklemesine Ait Normal Kuvvet Diyagrami

15.9526 '>:<‘
|

el

— |
2.2412 20.6823

!
l
ILOJ076i

164.8320 +

= =

Sekil 2.66 E Yiklemesine Ait Kesme Kuvvet Diyagramw
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2.5.5. Hiperstatik Esas Sistem Kullanarak Dizgiin Yayila
Kar Etkisine, Pi, Gore Hesap:

Yiik Analizi
Tali kiristen aktarilan yitk : 0.78x6 = 4.5 kKN/m

Bl= 0.3188 x 4.8 x 6 = 8.5266 kN
Br= 0.2664 x 4.8 x 6 = 7.1928 kN
Vn= 185.7194 kN
D8semeden aktarilan ytik
0. 75x6 3 1
2x x - = 3.680 kN/m
3 2 2x1. 332
X
1?J194 15,7194' kN ; 3.65kN/m
IR A N I % MY 2 rﬁ%l I Y D Y N P " Ilill 1.
|
!
!
= !
]

24.00 8.00 24.00 R

-
-

4
-

Sekil 2.67 Sisteme Etkiyen Dizgiin Yayili Kar Etkisi

359.3552 359.3552

Sekil 2.68 M° Diyagram



Denklem Takimui:

10.85578 ~33.876

-33. 876

x,= -143.593861
X_= 53.594838

2

308. 3359

46

x -38331.6140

X 21389. 6002

Stiperpozisyon Denklemleri

M= Mo - 143.8593861
N= N° - 143.593861
T= To - 143.593861

K.S.D. kontrolu sonucu

mustur.

X M1 + 53.8594838 x Mz
X N1 + 53.594838 x N2
x T1 + 53.594838 x Tz

rélatif hata O0.0008 olarak

bulun-



Normal Kuvvet Diyagraminin Tayini

x1= 1 Yiklemesi

0.018633

Sekil 2.69 N1 Diyagram

xz= 1 Ytklemesi

0.894427

0.894427

Sekil 2.70 Nz Yitklemesi

x= 0 Yiklemesi

13.5592 13.5592

26.6178

]

74.1194

Sekil 2.71 No Diyagram

—
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Kesme Kuvveti Diyagraminin Tayini

x1= 1 Yiklemesi

1724

0.0372678 0.0372678

+

Sekil 2.72 T1 Diyagrami.

1 Yiklemesi

X
|

0.447213;

0.447213

Sekil 2.73 Tz Ytiklemesi

x= 0 Ytklemesi

271184

27.1184 14.6 146 ~
|
|
|

53.2357

Sekil 2.74 T° Diyagramu



97.1591 49,3423
' 143.5938 X

66.1535 +

33.0049
4

—d

Sekil 2.75 P1 Yitklemesine Ait Moment Diyagrami

58.8202 53.594%
_64.1714 ’>K\

= |

» !
- 53.5948 = l
14.1880 |

.J/ / + \
L L‘q ]
>\/ 77.23N' :

71.8788

80.1024

=l

Sekil 2.76 P1 Yiklemesine Ait Normal Kuvvet Diyagram

8.61 .
6169 205831

I~ \ 8.5015 K

23.9159 N l

2.2013 . 146 i

- ) 1

i

34.6188 i

* |14.1880

b

.Sekil 2.77 1=’1 Yitklemesine Ait Kesme Kuvvet Diyagram
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2.5.6. Hiperstatik Esas Sistem Kullanarak Orta Boltimde
Kar Birikmesine, Pz, Gbre Hesap :

TS 498’e gére : Yapinin cati ditzeni geregince karin biri-
kebilecedi kisimlarda 150 kgf/ma yogunlukta karla dolaca-
g1 gbz6énlne alincaktar.

Pz= 2x0.18%x6 = 1.8 t/m = 18 kKN/m

~x
1BKN/m
LT T 1 | I O R I
) | :
} 4.
!
X ' | =‘ D
! 1.
_L 2[.. J 8~ J 21', J
T A -

Sekil 2.78 Kar Birikmesi Etkisine Ait Yikleme

25.6

Sekil 2.79 Mo Diyagram



51

Denklem Takim

10.58578 -33.876 X, -3613. 3944
-33.876 308. 3359 X, 17802. 2400
X, = —-242. 470331
x_= =31.0969757

SUiperpozisyon denklemleri

M= M° - B242.470331 x M1 + 31.0869787 x Mz
N= No —- 242.470331 x N1 + 31.0969787 x N2
T= 'I'° - 242.470331 x T1 + 31.0969757 x Tz

K.S.D. ile kontrol sonucu rdélatif hata 0.0014 olarak bu-

lunmustur,
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Normal Kuvvet Diyagraminin Tayini

x1= 1 Yiklemesi

0.018633 0.018633

Sekil 2.80 N1 Diyagramui

x2= 1 Yuklemesi

0.894427 1 0.894427

Sekil 2.81 N2 Yiklemesi

x= 0 Yiiklemesi

10.7330

53.6650

2

192.

Sekil 2.82 No Diyagram:y
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Kesme Kuvveti Diyagraminin Tayini
X, = 1 Yiklemesi

Sekil 2.83 T1 Diyagram

x2= 1 Ytklemesi

e

0.447213 0.447213

Sekil 2.84 T2 Yitklemesi

x= O Yiklemesi

21.466252

Sekil 2.88 'I’o Diyagram
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13.1305

é 383971

Sekil 2.86 P2 Yiklemesine Ait Moment Diyagrami

31.0969 ,>|<\
- — 5999 |

34.0290 7 $5.9969

16.7433
I —3F )

|
|
!

202.1029

-

Sekil 2.87 P2 Yitklemesine Ait Normal Kuvvet Diyagram

13.8971 26.3368
. 3 —

1.4771

102. 4606 ,&;
|

1697433

4

Sekil 2.88 Pz Yttklemesine Ait Kesme Kuvvet Diyagram
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2.8.7. Hiperstatik Esas Sistem Kullanarak Mesnet COkme-

lerine Go6re Hesap

X
|
!
]

171000 _
I8

ml’ 3
QO]& ‘

Sekil 2.89 Sisteme Ait Mesnet Cdkmeleri

>
|

8.4933

1
315466 ' 2

Sekil 2.90 Mo Diyagram.
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Denklem Takimi

10.5578 -33. 8760 x 19.118493

-33. 8760 308. 335933 x | o

x, = 2.7967616
X, = 0.3072723

Sttperpozisyon denklemleri

M= Mv + 2.7967616 x M1 + 0.3072723 x M
N= Nv + 2.7967616 x N1 + 0.3072723 x N
T= Tv + 2.7967b616 x 'I'1 + 0.3072723 x T

K.S.D. ile kontrol sonucu rélatif hata 0.00085 olarak bu-

lunmustur.
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Normal Kuvvet Diyagraminin Tayini
X, = 1 Yiklemesi

0.018633

=

Sekil 2.91 N1 Diyagram

xz= 1 Yiuklemesi

1.

0.854427 0.894427
1.

= 3 u

Sekil 2.92 N2 Yiklemesi

x= 0 Yittklemesi

Sekil 2.93 N° Diyagrami
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Kesme Kuvveti Diyagraminin Tayini

x1= 1 Ytklemesi

0.0372678 0.0372678

0.1143 i

Sekil 2.94 T1 Diyagram

xz= 1 Yidklemesi

0.449213

0.447213

Sekil 2.95 T2 Diyagramu

x= 0 Ylklemesi

572 |,

Sekil 2.96 T°= Tv Diyagram:



.
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0.29767 0.6335
- =
———]

2,7964

7.0017

9.79%%

Sekil 2.97 Mesnet C8kmelerine Moment Diyagrami

0.3072

0.3269 AT —

0.2227

0.1165

=

—d

Sekil 2.98 Mesnet Cékmelerine Ait Normal Kuvvet Diyagram

0.03318

'>iK
i
]
|

!
l

Sekil 2.998 Mesnet C8kmelerine Ait Kesme Kuvvet Diyagram
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2.5.8. Hiperstatik Esas Sistem Kullanarak Sicaklik Degis-

mesine Gbre Hesap :

X
!
!
!
A 2.912
=1
= i =
N4
4.57¢ -
Sekil 2.100 Mo Diyagrami
Denklem Takim
10.58578 -33. 8760 x, 4.217789
-33. 8760 309. 335933 x (o)

x, = 0.617002187
X, = 0.067788288

Sttperpozisyon denklemleri

M= Mt + 0.617002157 x M1 + 0.067788288 x M2
N= Nt + 0.617002187 x N1 + 0.067788288 x Nz
T=,T£ + 0.617002187 x 'I'1 + 0.067788288 x Tz

K.S.D. ile kontrol sonucu r&latif hata 0.00027 olarak bu-

lunmustur.
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Normal Kuvvet Diyagraminin Tayini

x1= 1 Yiuklemesi

0.018633 0.018633

Sekil 2.101 N1 Diyagrami

xz= 1 Yiklemesi

0.894427 . 0,894427

Sekil 2.102 Nz Yiklemesi

x= 0 Ytiklemesi

Sekil 2.103 N°= Nt Diyagrami
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Kesme Kuvvetl Diyagraminin Tayini

x1= 1 Yiklemesi

0.0372678 12 0.0312678 N
i
|
l
|

Sekil 2.104 T1 Diyagrami

xz= 1 Yiklemesi

0.467213 0.447213

Sekil 2.108B Tz Diyagram

x= O Yiklemesi

1.0697142 |,

Sekil 2.106 T°= TL Diyagram
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0.0656 0.1397 *
o 1
- R—p i
2.6238 .
0.6170 :
‘ -~ |
]
o
, hd |
" 3.2410
4.7405
+
L
Sekil 2.107 Sicaklik Degismesine Ait Moment Diyagram.
0.0677 7'?
= = — {
.07 .
0.072 0.0491 ' 1402
0.0257
Sekil 2.108 Sicaklik Degismesine Ait Normal Kuvvet
Diyagram
0.0257
pu % —1 ')k‘
3~ 0-0533 ]
0.0073 !
|
!
= !
1. 1402 -

[~ SN

Sekil 2.109 Sicaklik Degismesine Ait Kesme Kuvvet
Diyagramy
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£2.6. Matris Kuvvet Yé6ntemi ile Sabit Yiliklere G&re Hesap

Hiperstatik Bilinmeyenler, Eleman ve Digtim Noktasi Numa-

ralara, Qubuk Y&nleri ve Badimsiz Ug¢ Kuvvetleri

137. 667 137.667 kN ' 137.667  137.687
| | 3706 kN/m l |

| - 1 1 1 ¥ ] I 1 [ ] Py L J 1 1 [ J ) 1 1 ] 1 | i L& I 1 1 -1 o 1 1 1 )
-
/_\ &
A AT
7.
_ 24. - e, , 24, R

T G| 0

t

Sekil 110 Sabit Ytklere G&re Hesapta Gdzdnttne Alinacak
Ytikler

Sekil 2.111 a) Hiperstatik Bilinmeyenler,



R .
ﬁ ﬂ‘
% .

Sekil 2.111.b) Qubuk Yénleri ve Bagimsiz u¢ kuvvetleri
5 elemaninda uzama sekil degistirmelerini ihmal ettigi-
mizden dolay:i Pz ve Pa si1fir alinacaktzir.

[f]£ fleksibilite Matrislerinin Bulunmasi ve [f] Matrisi-
nin Kurulmasi

[ 13E1 1/6E1 0
[f]£= 16EI 1/3EI 9]
] 0 0 1/EF i
Eleman I(m4> F(mz)
1 0. 0637 0.6728
2 0.0637 0.6728
3 0.0637 0.6728
4 0 0.018

5 no’lu Eleman Ic¢in
X, hiperstatik bilinmeyeninin oldugu noktadaki doénmeyi,

f11’ virtiel is teoreminden yararlanarak bulacagiz ([(21.
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1. 1
]
o.sa:a"l 0.467 % 0.533 r

0.267 (a) 0.267 ‘ (b)

Sekil 2.112 &) Hiperstatik
b) Izostatik Esas Sistemlere Ait Moment

Diyagramlari
d 1 1
f = I M x(M ) ® _ oy 7x (-1)x (0.267-0.833)x =
11 S o ¢ 2 63700

= 1.4615x107°>

{2.34 [+
(o] 0. 668

1.093 1.047 0
-5 1.047 2.093 o0
{£]=10 ] 0 0.595

2.3¢ 1,17 ©
1.17 2.34 o0
Y 0 0. 6685
66,667
| 1.4615
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[(Px]; Homojen Cézimlerinin Bulunmasi ve ([Px] Matrisinin
Kurulmasi:

X1= 1 Yiklemesi

(a)

0.894427 L

0.894227 ')l(‘

'

I

= 3 T l
|

(b)

Sekil 2.113. a) X, = 1 Ytiklemesine Ait N& Diyagram
b) X = 1 Yiklemesine Ait N1 Diyagrami

—0.894427

[P 1=}-1.
x4 |mmme——————
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xz= 1 Yiklemesi

0.666 .

0.018634 0.018634

(b)

Sekil 2.114. a) x2= 1 Yiuklemesine Ait Mz Diyagram
b) X, = 1 Yiklemesine Ait N2 Diyagram.

[ 0.333
=0.018634

(p 1= .
X2 - T

=0
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[Pql, Ozel (Codztimlerinin Bulunmasi ve [Pgl] Matrisinin

Kurulmasa

3473.176 J473.176 f*f
|

127.861 127.861
!
260.451 260, L51 |
!
f
(b)

Sekil 2.115. a) x = 0 Yuklemesine Ait Mo Diyagrami
b)Y x = 0 Yiklemesine Ait No Diyagram

[ 3473.176]
-127.861_
3473.176
3473.176
Pl = fo._
3473.176

0.
-260.451

0.
-0' -
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[Voli Eleman Yikleme Matrislerinin Bulunmasi ve

Yiikleme Matrisinin Kurulmasi

1 Elemana

37.06x8°
Vo= Voo = 693.82x10" >
24x127400xCos26. 56
37. 06x8° Sin26. B6xCos26. 56
v3°= X = 35,28x10"
2 13458600

37.06x8° 5
v1°= v2°= = 620.857x10 , vao= o}
24x187400
3 Elemana
37.06x8° s

V.o Voo = 693.82x10

24x1287400xC0s333. 43

37.06x8° Sin333. 43xCos333. 43 )

A % = ~35, 25x10

2 1345600

5 Elemana

ds

=

]

X 7 x(~-1)Ix(82.71-1085.48)x%

vV = J(M } M
10 1 o

= £289.615x10" "

S

1

v

S

EI 2 63700

]
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2.7. Matris Kuvvet Yéntemi tle t= +20°C
Degismesine Gbére Hesap
x1= 1 Yiklemesi
0.894427

~

>$
i
!
I

[Px 1=
1
Sekil 2.116 N1 Diyagram
xz= 1 Yiklemesi
0.018634 g.018634
: l p
l-—bz ‘“—l
Jl
= HZL‘
e 'y
(Px 1=
2
) 01143 __, —

! 1724
Sekil 2.117. N2 Diyagram
B No’lu elemanda [Volt matrisinin bulunusu

P1 dodrultusundaki bilesen 0
Pz dogrultusundaki bilesen

P, dogrultusundaki bilesen 20x10"°x 7 =
0.
g80. | x 1077

(vl =
o =

140.

Sicaklik

-4.0
. 894427

—— . 1t s i s

st e i, ey e, o o

i i o, oty g S st

=3

0.333
-0. 018634

— e o o s e o

—— e n o T s e

20x10 °x8.-2= 80x10"
140x10°

S

S

-
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2.8. Hiperstatik Esas Sistem ve Virtiiel 1Is Teoreminden
Faydalanarak f Kesitine Ait M Tesir GCizgisinin

Cizilmesi

Secilen Esas Sistem ve Kaldirilan Kesit Zorlar:i .:

-~

-+
e

Sekil 2.118 Esas Sistem ve Kaldirilan Kesit Zorlar:

f Kesitine ait tesir c¢izgisi

Mf= (M°)f +(M1)f.X1 +(Mz)f'xz+(Ma)r'xa +(M4)f.x4

t.¢ t.¢ t.¢ t.¢ t.¢

Katsay:i Katsaylr Katsay:i Katsay:
(Mo)f= 0

x1= 1 Yiklemesi

Sekil 2.119 M1 Diyagram
(M) =0
1 f
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xz= 1 Yiiklemesi

.- 0.333 0.666

Sekil 2.120 Mz Diyagram.

(Mz)f= 1

xa= 1 Ytklemesi

0.666 0.333

N 4

0.176% 0,09

Sekil 2.121 M3 Diyagram

(Ma)f= 0



76

x4= 1 Yiiklemesi

L, 4
Sekil 2.122 M4 Diyagramis
(M4)f= o
EI & = 308.336
c 114
EI & = -33.87607
c 12
EI & = 10.231842
c 22
El & = 0. 324638
c 23
EI &6 = 10.231842
c 33
EI & = -38.87607
c 34
EI & = 308.336
c 44
[S] Matrisi
308. 336 -33. 87607 0 0
[&1= -33.87607 10.23184 0. 32463 0
0 0.32463 -10.23184 -33.87607

o) 0 -33.87607 308.336
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1 L.
Matrisi

[p1= (817
51.02047 169.18870 -8.437078 -0.9269594
169.18869 1539.9356 -76.79327 -8.437075
-8. 437075 -76.79327 1539.9356 169. 1887
-0. 9269594 -8. 437075 169.1887 51.02047

-4

[pl= =10

M) Diyagraminin Gizilmesi

Mf= (Mo)f +(M1)f.X1 +(Mz)f'xz+(Ma)f'xa +(M4)f.X4

Mf= Xz oldudu géritlir.

Xz tesir ¢izgisinin giziminde virtiel isteoremini kulla-

nacagiz.
Genel anlamda denge denklemi [6].[x]+[6°] = 0 dar.

[X1= -[817 %168 1= ~[B1LS 1]
o [=]

rx T F 0 T
1
xz —821601_ 612602_323609—324604
X = 0
a
X (0]
L 44 L o

x2=(_821601— 322602_323603—ﬂ24604)

60£: Xt= 1’den dolayix 1 ton altindaki diisey deplasman

(elastik egrid
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it a-b arasinda iken

!

R
t y
" {e -0.125x€%)
2/ 3 x¢ 1/ 3 x€

_/ /
~ ' I’

~S o .

~

2
(€-0.125x€ }

Sekil 2.123 1' a-b arasinda iken M_(e) Diyagram

t

1 c~d arasinda iken
l't
*"Lf
f t
2/3.1/24xE

(£.0.125.€ %)

(8/3 41/ 2¢)
{£.0.125.£2)

(1673 .1/ 3x€)

Sekil 2.124 1' c~d arasinda iken M_Ce)

T 173+41/24xE

Diyagram
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kN

1 e—~f arasinda iken
t
‘e
I"z‘xé . TIJ/24x€
1
(E-0.125 x£2)
V3xe 2/3x¢
e A\

N \.l —

(£-0.125x €2

Sekil 2.1258 1‘ e—f arasinda iken Mo(s)

kN

1 g-j arasinda iken

1kN luk kuvvet hiperstatik esas sistem lUzerine gelmistir.

Dolayisiyla 1kN *dan olusan Mo(s) tesirleri kisaltma
teoreminden faydalanilarak izostatik esas sistemden ali-
nabilir (11.

it

(3 l (g-Ost;Z)

i z
17 =

Sekil 2.126 1t g-j arasinda iken M (&)
o
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M +
EI_ 1 g1 % EI ° EI

c (=3 <

3 3 Ed 3
-Ic 21 2z 23 M 24 M) M_(s)de

M + M +22 M

EI ? EI

c < c <

Lﬁz4

M4) Diyagraminin Cizilmesi

4

B -
4, —2%22 - 1539,9386x10 ¢,

169.1887x10" °,
EI EI

< (=]

4

3 -
4, 2% = -8.437075x10” %,

-76.79327x10" °,
EI EI

c <

163-9562

76.7932

125.01715 2653492

f3 24
M1+ Mz M3+ M4) Diyagram
EI EI EI EI

c (=] < 1=

21 + 23

Sekil 2.127 (

X, Tesir Cizgisinin Cizilmesi

1 kN a-b arasinda iken X,

x_ = [-797.3895s-3. 818813 e?1x10”*

1 kN c¢-d arasinda iken xz:

x2=[~8334.341626—1530.6003945—81.978111852+10.68325935€3]
x10~*

1 kN e—f arasinda iken xz

x2=[—7658.5546315+860.88378252—27.74249853]x10_4
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1 kN g-h arasinda iken X,
xz=t—aaso.ass7325+539.84552—30.758142533x1o"

1 kN i-j arasinda iken X, 1

xz=[381.7659485-42.92737452+1.38345853]x10_4
1 kN k-1 arasinda iken x

xz=[1015.10548—39.4482475—8.69798932+0.538?51681x10—4

1 kN m—-n arasinda iken xz:

xz=t39.7640637a+o.190435875531x10“



0.00

0,00815
Q017124
0.027971
0.041582
0.058038
0.07522¢
0.0980567
0.101510

0.104403

0.092876

0.060289

82

0.131080
0.2731?9
0.278719
0.00
1.208975
1.862455
2.093605
2.035591
1.816197
1.508466
1.162798
0.83343¢
0.560920
0.343396
0.¥62533

0.00

f

M Tesir Cizgisi Diyagram

Sekil 2.128.



83

2.9. Hiperstatik Esas Sistem ve Grup Yiklemeler
Kullanilarak f Kesitine Ait M,N Tesir Cizgilerinin
Cizilmesi

Tesir cizgilerinde hiperstatik esas sistem sistem ve
grup yikleme kullanilmasi ile bazi avantajlar elde
edilir. Esas sistemin hiperstatik olmasi ile bilinmeyen
sayis1r azalmaktadir. Moment diaygraminin ise dallanmasi
énlenebilmektedir. '

Tesir cizgilerinde grup ytkleme Kkullanilmas: ile £
matrisi parcalara ayrilmaktadair. Stiperpozisyona giren
diyagram sayisiy azalmaktadar. Ayrica X yiklemeleri
simetrik ve antimetrik oldugu igin Mi diyagramlarinin

parametrik c¢arpimlari kisalmaktadar [117.

X, = 1 Yidklemesi

Sekil 2.129 M, Diyagrami

x2= 1 Yiklemesi

Sekil 2.130 Mz Diyagrami



84

xa= 1 Yuklemesi

Sekil 2.131 Ma Diyagram

x4= 1 Yiklemesi

Sekil 2.132 M4 Diyagram
[&1 Matrisi

616.672 -67. 75207 O 0
-67.75207 21.1156 o) ¢)
1= 0 0 B616.672 -B67. 75207
0 0 -B7.75207 19.8143

[R]1 Matrisi

28. 045023 80. 360128 0 0
[3]= 80.360125 731.42913 0 o <10~%
0 0 28. 97377 88.813472
0 0 88.813472 808.37088

Mr= Mof + Mif'x1 * sz'xz+ Maf'xa + M4f'x4
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Mof= o M1f= °. sz= 1. Msr= o M4f= 1

Buradan, Mf= x2+x4 oldugdu anlasilar. Bu durumda O6ncelik-
1li olarak x, ve x_ yiklemelerine ait tesir ¢izgilerinin

cizilmesi gerekmektedir.

X, Tesir Cizgisinin Bulunmas:

3 3 -
2L %M+ —22 xM = 80.360125x10 " *xM +731.42913x10 *xM
EI 1 EI 2 i 2
< [=4
77.8746
165.6913 c*:
= + !
N\ 316291 i
" | +
398.8517 i
N\
27 19 4. 560
21 '822
Sekil 2.133 ( xM1 + xMz) Diyagramu
EI_ EI_

1 kN a-b arasinda iken xz:

x_= [-378.741324¢ ~1.813829s21x10”*

1 kN c¢c—-d arasinda iken xz:

x2=[—3958.614137—726.9965785—38.93786152+5.07426982+
+5. 074269 1x10™*

1 kN e-f arasinda iken xz

x2=[-3636.190037s+408.86829252—13.176953531x10“

1 kN g—-h arasinda iken X,

x2=[—1366.30966+170.788782]x10-4
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x‘ Tesir Cizgisinin Bulunmas:

rB 3
43 xM_ + 44 4
ETI ET

[+ c

xM4=(88.813472xMa+808.37058xM4)x10-

86.066¢ 4
AN 1831208 |

43

44

Sekil 2.134 (

xMa +
EI EI

c [

xM4) Diyagram

1 kN a-b arasinda iken x4

x = [-2.00463185" 418, 58237821x10 *

1 kKN c—d arasinda iken x4:
x4=[~4375.033815—803.4714459—43.03323852+5.608048;a]x10-4
1 kN e~f arasinda iken x4:
x4=[-4018.692872€+451.87880282—14.5630808&3]x10_4
1 kN g-h arasinda iken x,
x4=[—984.271767s+369.1014552—30.75837753]x10_4
1 kN i—j arasainda iken X,
x4=[4018.692815—451.878501ez+14.563081533x10_4

1 kN k-1 arasinda iken x4:
x4=[10685.6071—415.2538518—91.56025252+5.608048531x10—4

1 kKN m-n arasinda iken X,

x4=[418.588355+2.00463253]x10-4
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Mf=xz+x4 Tesir Cizgisi

1 kN a-b arasinda iken x2
M = [-797.323702s -3.81846085s 1x10*
1 kN ¢c—d arasinda iken x2
Mf=[—8333.647958—1530.4680235—81.97049952+10.68831753]

-4

x10

1 kN e-—f arasinda iken xz:
Mf=[—7654.8889098+860.746794$2—27.7400338831x10_4
1 kN g-h arasainda iken X,
Mf=t—aaso.ss1367e+539.8901552-30.758377531x10"‘
1 kN i—j arasinda iken X1
Mf=[382.5027735—43.010301sz+1.38612853]x10“‘
1 kN k-1 arasinda iken xz
Mf=[1017.06136-39.5207486-8.71505752+0.833779531x10_4
1 XN m—-n arasinda iken x

Mf=[39.8410265+0.190803331x10—4
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0.00

812 x10°
0.017158
0.028026
0.0416 23
0.058149
0.07530
0.080743
0,101707
0.104605
0.093056

0.080405

0.00

- 0.131125

-0.273261

-0.278766

0.00

-1.208869

-1.862294

-2.093426

-2.035414

—-1.816001

-1.508338

-1.183700

-0.833384
- 0.560872
-0.3433¢8

0.16 2519

0.00

f

M Tesir Qizgisi Diyagram

Sekil 2.135.
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f Kesitine Ait Normal Kuvvet Tesir Cizgisinin Cizilmesi

Nf= Nof * Nif'xa * sz'xz+ Naf'xa + N4f'x4

t

e U
|

B=€/24

cocpoo00090 900
[=] -~ N A A - R B - Y
Ogmlﬂg—-owmmu—
Um w o gm w
um W o w
a [ XN @
W w w @ w
w - o an

—

+

Sekil 2.136 B mesnet tepkisi tesir ¢izgisi
N°f=B x sino= —-BxO0. 4472

x1= 1 Yiklemesi

> 1 1

Sekil 2.137. x1= 1 Yiklemesi

N1[= -1xcoso= -0.894427
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x2= 1 Yiklemesi

Sekil 2.138. X, = 1 Ytiklemesi

sz= 1/24xsino= 0.018634

xa= 1 Yiiklemesi

Sekil 2.139. xa= 1 ytklemesi

N3f= =0.894427

x4= 1 Yiuklemesi

Sekil 2.140 x4= 1 Yiklemesi

N4f= 1/7284xsino= 0,.01834%
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X, Yiiklemesine Alt Tesir Cizgisinin Cizilmesi

3 3
x = —Jc 21 x M+ 22 M, )% M_({)>ds
EI_ EI °

<

x1=—J(85.045023xM1+80.360125xM2)x10_4xMo(C)ds

73.420170 46.66666 'j(

Sekil 2.141 (

xMz) Diyagram.

1 kN a-b arasinda iken x1:

X = [BO7.91862¢-1.710078g>1x10~*

1 kN c~d arasinda iken x1
x1=[3187.79188+179.5840955—36.70995532+O.557496631x10—4

1 kN e—-f arasinda iken x

x1=[150.031567s+44.9818632—2.95851052—2.95851053]x10—4

1 kN g-h arasinda iken x,

x1=[—50.1127125+18.76408952]x10_4
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X, Yttklemesine Ait Tesir Cizgisinin Cizilmesi

- B
x = —|(—22 x M, + 34 & M O)x M_(s&)ds
8 J Ez EI °
C C
x,= = (25.097377xMa+88.813472xM4)x10_4xM°(s)ds

74.32D193 44.745307 ?ff
|

81.104462

<]\

33 ﬁ34

Sekil 2.142 (

XM +
EX 3 EI

(=4 C

xM4) Diyagrami

1 kN a-b arasinda iken xa:

x = [503.541420e-1. 7310412 1x10™ %

1 kN c-d arasinda iken xa:
x3=[314a.o411eo+171.1819295-37.159966a2+o.616141s°Jx1o“

1 kN e—-f arasinda iken xa:
x3=£108.0070493+49.64667552—3.11080159]x10_4
1 kN g-h arasinda iken X,
xa=[—108.1398565+40.55217052—3.37933953]x10_4

f Kesitine Ait Normal Kuvvet Tesir Cizgisi

N =N -0.894427 X +0.018634 X_-0.894427 X_+0.018634 X
f of 1 2 3 4

olarak elde edilir.



0.00
6.46:10%
3.2915,103
-3
2.23179+10

3.31602 .10 °

£.63058x10°

6.00123x10°

7.22626510 3

8.09929x10 °

8.33015.0 °
7.41043 2163
4.81036 103

0.00

0.447213
0.508121
0.60029
0.700143
0.784105
0.833929
0.844367
0.811338
0.730756
0.598579
0.423106
0.218769

0.00

93

———

0.0104421

0.0217609

0.022199

\\4_,,//

Sekil 2.143. Nr Tesir ¢izgisi Diyagram
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2.10. En Elverissiz Kesit Zorlarinin Hesabi ve Kesit
Tahkikleri

Bu bdlimde, 2.4°de belirlenen kesitlerinin yeterli-
likleri, onceki bolimlerde elde edilen kesit =zorlarinin
en elverissiz durumlarina gdre tasima gticti yéntemi g&z6-
nitnde bulundurularak incelenmistir. Bu inceleme yapilar-
ken asagidaki siiperpozisyon bagintilar: dikkate alinmis-—
tar, [T.S 500].

(I 1.4G + 1.6P
(II)» 1.06 + 1.2P + 1.2T

(ITI> 1.0G6 + 1.0P + 1.0W

Hesap yapilan kesitler asagida gosterilmistir.

Sekil 2.144 Hesabi Yapilacak Kesitler

f, g, h Kesitlerinde Kesit Tahkikleri

Malzeme : BS 30.B¢ III
fcd= 20 N/mm%= 200 kg/'cm2

fyd/fcd= 17.4
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f Kesitinde : (50100> Tablala

1.4G + 1.6P1
M= -2187.1056 kNm = -218.71086 tm

N= -1174.8070 kKN = —-117.4507 t

m= 0.218

n= 0.117

w= 0.20

Aai= B4.47 cm® sc2/591 = 3.0-10

1.4G + 1.6P
M= —-2875.0881 kNm = —-287.5088 tm

N= -1312.1080 kN = -131.2102 t
m= 0.257
n= 0,131
w= 0.28
A_ = 80.46 cm® e_,7s,, = —3.5/10

1.6 +1.2P + 1.27
M= -1862.1284 kNm = -186.2128 tm

N= -946.4841 kN = —94.6484 t

m= 0.186

n= 0.094%

w= 0.20

A_ = B4.47 cm® £_ /e, ==3.0/10

1.6 + 1P +1E
M= -1821.4951 kNm = ~182.1495 tm
N= -836.8619 kN = -83.6811 t

m= 0.182
n= 0.083
w= 0.20
A_,= B7.47 em® £_,/s_ , = ~3.010

Secilen donati 8¢36 (81.43 cm®)

o= 2x81.43./80x100= 0.032 < 0.04
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g Kesitinde : (50-100) Tablali

1.4G + 1.6P1
M= -1185.8778 kNm = -118.85577 tm

N= 214.8018 kN = 21.4801 t
m= 0.118
n=-0. 021
w= 0.12
A_ = 34.48 cm® £_,75_,, = -2.010.

1.4G + 1.6P
M= -1448.6713 kKNm = ~144.8671 t
N= 241.5910 kN = 24.1591 t

m= 0.14¢4

n= -0.024

w= 0.20

A_ = 54.47 cm®> £_,/e , = ~2.0/10
1.6 + 1.2P + 1.2T

M= -1051.7351 kNm = -105.1735 tm

N= -172.9643 kN = 17.2964 t

m= 0.105

n= -0.017

w= 0.18

A_ =51.72 cm® e_,/s,, = —2.0/10

1.6 + 1P + E ’
= -1561.0383 kNm = -156.1038 tm

N= -168.1463 kN = -16.8146 t
m= 0.156

n= —-0.016

w= 0.20

A_ = B7.47 cm® e_,’c,, = ~2.0/10

Secilen donati 6¢36 (61.07 cm?)
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h Kesitinde : (50-91.45) Dikddrtgen

1.4G + 1.6P1
M= -1001.8281 kNm = 100.1828 tm

N= -1232.5986 kN = -123.2598 t
m= 0.1

n= 0.123

w= 0.09

A_ = 23.65 em® e_,/s_, = —2.0/10.

1.4G + 1.6P

M= 1126.3856 kNm = 112.6385 t

N= -1555.9632 kN = —-155.5963 t

m= O0.112

n= 0.1585

w= 0.08

A_,=21.02 cm® e_,7e,, = —8.0-10
1.6 + 1.2P + 1.2T

M= 821.2026 kNm = 82.1202 tm

N= -1127.3885 kN = -112.7388 t

m= 0,082

n= 0.112

w= 0.085

A_,=13.13 cm® |, £_,7c,, = ~2.0/10
1.6 + 1P +1E

M= 1307.469 kNm = 130.7469 tm

N= -946.8316 kN = -94.6831 t

m= 0,131

n= 0.094%

w= 0.12

A_ = 31.53 cm® £_,75_,, = -8.0/10

Secilen donati 4¢32 (32.17 cm™)

TL YORSTM ™ nETIL, x:uy.uw
DORUMANTASON MCoRKEZL
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Sekil 2.145. Kesitlere Ait Donatilarin Gésterimi



BOLUM III

KOLON-KiRig BIiRLESIM BOLGELERININ SiSTEM DAVRANISINA ETKIiLERI

3.1. Girig

Yatay ytliklerin etkisindeki gubuk sistemlerin mekanik
modelleri kurulurken elemanlarin birbirlerie ylik aktardak-
lari varsayilir. Gergekte yllk aktarimi diiglim noktasi ada
verilen belirli noktalardan yada elemanlarin birbirlerine
baglanmalari sonlu bdlgeler aracilifi ile olmaktadir. Diiz~-
lem gergeve sistemlerde dligiim noktalari moment ve kesme
kuvvetleri etkisindedir. Bu etkiler diglim noktasi lizerinde
yayili basing gerilmeleri veya tekil ¢ekme kuvvetleri tar-
zinda yada yayili kayma gerilmeleri geklinde olmaktadir.
Yalniz diglim noktasi bir sistem olarak digari gikarilip bu
gerilmeler dig ylik olarak etkitildiginde diglim noktasi igin-
de deformasyon ve gerilme durumlarinin ne gekilde olacagi

incelenebilir.

Kolon kirig birlegim bSlgelerinin sonsuz rijit sayi-
labilmesi igin en 6nemli kogulun bu b&lgedeki malzemenin
lineer olma sinirini agmamasi oldudu sdylenebilir. Iki
yonlil ylikler etkisinde kalip beton gibi basing ve gekme
altinda farkli 6zellikler gbsteren bir malzemenin kolon-
kirig btlgesinde yer almasi olayi karigtirmakta, sistem
davranigini bSlgesel veya bilitlinliyle etkileyebilmektedir.
Uygun big¢imde boyutlandirilip donatilmamig bulunan kolon-
kiris birlesim bdlgelerinin deprem sonrasi timliyle dagil-
masli, Snce bdlgesel sonra toptan gdg¢melere neden olabilmek-
tedir. BOyle bir ug¢ durumda mekanik modele sonsuz rijit

olarak giren eleman ug¢larindaki b&limlerin rijitlikleri en
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az dlizeye inmis olmaktadir. Mekanik modele genellikle bir
bblge girmeyen ve gubuk uglarindaki rijit parcalarla tem-
sil edilme aliskanlidi olan kolon-kiris birlegim bdlgesinin
sistem davranigina olan etkilerinin mertebesini saptamak
olayil etkileyen parametreleri belirlemek bu galigmanin

konusunu olusturmaktadir.
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3.2. Matris Deplasman Y6ntemi Ile Dilizlem Levha Problemi

Kullanilan levha eleman su gekilde tarif edilmigtir.

2N

R 4 i 1

d ;

dg{L—g’l . A% |

: 4 ;

dlZ b

‘ » X, u f
Al 2 A;J} j

d3 a -3 ds

'/ I # 1 ‘
g i

Sekil 3.1. Kullanilan Levha Elemanin
Gosterimi

Hesaplara kolaylik getirebilmek igin boyutsuz eksen takimi

kullanilirsa levha eleman agajidaki gibi olur.[3,4]

At (1) gg==1 + mng= -1
) L@ (2) g1 4 ngm -1
P (3)  gg=—1"+ ng= 1

? | (4)  Bp=1 , ng= 1

Sekil 3.2. Boyutsuz Eksen Takiminda Levha Elemanin Gdsterimi

Genel Sekil Fonksiyonlarai: [u] = [3] [Ad]—1
NN
u= 1 g= & (1+g0g)x[l+ 0 (5—n2ﬂ
4
ve 0 v= S g €21 (gEy+1)
16
6= 0 o= L [- = (24 £ ) + : g’2+—§—n2(1+aog)'_l

2 léb 13b 16b
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1 2

u= 0 u= —§& n. (n°-1) (nn,+1)

l6e 070 0

£.E

v= 1 v= & (e [1+ 2 (5-8%)]

4
B= 0 0= l[—5— (2+n,n) - =2 n%2. 3 g2 (1+n0n)]

2 léa l6a l6a
u= 0 u= 1; n, (1-n%) (1+ngn) (1456

= - 2 _£2
v= 0 V= . £y (1-89) (1+Eo£) (1+14N)
0= 1 o L {1 (Cp4E E4n nedE nqEn)- 2[n®(1-E4E)
= = o o 0°"'0 0’0 8 0

+E2 (1=nym]}

Deformasyon Matrisi:

P 7 _a T
Ex, 'g; 0
[e] =€, (3] [u] = 0 KA u
[ ¥ oy
) )
Y ~— — \
| XY | 3y Ix
- i
g n.n
0 0 2
u= 1 € .= — [1+ —— (5-n%)]
x1 4a 4
v= 0 eyl_ 0
Ny Moéo

= —2 (1+£,E) (5-3n7)+ (382 +2£~E)

v
Xyl 16p 16b
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u= 0 sx2= 0
n £.E
v= 1 €y p= —{(1+ =2 (5-£2)}
Yo 4p 4
nNe & g
6= 0 Yxy2© 00 (3n2n0+2n-n0)+ -0 (1+n0n) (5—352)
16a . l6a
u= 0 €3 50”0 (1~n7) (1+n0n)
8a
- SO - _£2
v= 0 ey3_ -~ Eono (1-&%) (1+£0£)
8= 1 = 22 (1+€.&) {n.-2n-3n ﬂz)—
ny3 8 0 0 0
Lo (1+n.n) (E.-28-3E E2)
8 0 0 0
1 vV 0
[b] = —& v o1 0
1-v2 4
0 0 =
N 2
re € -E € £ e € € € € € € 7]

x1  x2 x3 x1 X2 x3 %1 x2 x3 x1 x2 x3

[B]— 4 e € £ £ [ £ € £ £ € €
yl y2 y3 vyl y2 y3 yl y2 y3 yl y2 y3

[_”’xyl Yxy2 Yxy3 Yxyl Yxy2 Yxy3 Yyl Yzy2 Yxy3 Yxyl Yxy2 ny3_J

7k =l BTl mg=ml g=lingsl =l gl

k1= 7 B]" [p] [8] av
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€ € £ € € € (4 € € € €

x1 x2 %x3 x1 X2 X3 x1 %x2 x3 x1 x2 %x3

€ € € € € € e € € € €

vyl y2 y3 Tyl “y2 Fy3 °“yl y2 ~y3 Fyl Fy2 Fy3

Yxyl Yxy2 Yxy3 Yxyl Yxy2 Yxy3 Yxyl Yxy2 Yxy3 Yxyl Yxy2 ny3J

[Bl 3x12
R
1 v 0
E - | v 1 o
1-v2
0 0 i=v
I 2
3x3
[ Tla b o] ke x )
Exl €yl Yxyl a c 11 *12 kllé
€x2 &2 Yxy2
€x3 &y3  Yxy3
€x1 Eyl1 Yxyl
€x2 fy2 Yxy2
€x3 &3  Yxy3
€x1 ey]. ny3
€ €2 ny3 ‘
€x3 Ey3 ny3
€x1 8yl nyl
€x2 Ey2 nyz
L8x3 8y3 ny3 | 'klZl k1212
o - e
12x3 12x3 | K| 12x12
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L= - = 1L (5= ]
4a 4b b2
€ =
y1= ¢
1 x2 x2
xyl® — ®[-4+7 = -3 X2, 3 ¥ -3 %
16b a b2 b2 42
a= €Xl
b= vexl
-V
c= — vy
2 xyl
a b
k= Ez S0 [si1+ 1=V 12 1 4y ax at
1-v t -a -b 2 xyl
ab 2 3
k= —5 { / /[ (1-1.25()+1.5625 () 0.5 (55) -
1-v t -a -b 16a b b b
4 ab 1 %
~0.625 (X—)+o 0625(2—))]dy dx dt+ S J J ——%(16-56=
bt b8 t -—a-b 256b a
2 | 2.2 3 2.4 4
+ 66 B 34 Lo 473 Eog0 Lo 42 g #9 Y. -1 2o
ab b a a’b av ab ab
_ #3 3 4 <4
+ 18 22X 49 L2 49 X2 )] dy ax 4t
3.2 2
a’b a
. E 2{[.; b, 3.125b _ 1.25 b , 0.125 b}, 1=V [39.2
1~V 4 a 24 a 40 a 56 a 2 256
» 13:0666 3, 5, 3]}
256 b b
Ky Et2 59 b, 1-v 119.466 a]
1-V¢" 168 a 2 256 b

o |
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Ko ,= Eh2 [- 59 b, 1-y 2.
1-y 168 a 2 12b
_ _Eh 25 b _1l-y 7 a
ky7° 5 [ ]
1-v° 168 a 2 15 b
_ Eh _ 25 b _1l-y a
Ky = ER-[-25B. 1w 2y
10 42 168 a 12b
=V
Eh vV  1-V 9
k.o 3 -+ = 1= kp
12 1-y° "4 2 40

kig= ~oig [= T 2 e
1-v 4 2 40
k, =-SR -2 _ 1w gy
11 2 - 4 2 40 210
1-v
kg = Eh2 43 b va _ 1=y lla]~k3l
1-v 420 a 12 a - 60
2
_ _Eh 43 b va l-v a
Kve =~ 2 L T~ * = ka4
1-v2 “420a 12 2 12
Eh 1 27 b> va  1l-v llay_
et Gl T T
1-v
Eh 27 b2 va 1-v a
k, = -Eh 27 b" . ] =k
1 3 3
12 2 a 12 2 12 10
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Eh [ 59 a, l-v 7 by

1= 1g8® 2 15a

En_ 25 a _ 1wy B

1-v2 168 b 2 15 a

Eh .39 a _ 1-v b

1-v? " 168 b 2 12a

Eh 25 a _ 1-v b

1-vZ © 168 b 2 12a

Eh_ 43 a’ _ vb , 1-v 1lb, _ .
1-v2 "420 b 12 2 60 32
Eh 27 a2 _ vb . 1-v 11

5L i = K35
1-v2  4201p 12 2 60
2
Eh_r_43 a’ ,vb _1-v bq_
1v?2 " a20p 12 2 12 38
Eh_p27 2 _wb 1w b g
1v?2 4200 12 2 12 31
Eh 4 b3 a3 v ab 1-v 3ab
(4 (@, a%, _vab, 1
152 105 a b 18 2 10
3 3
Eh 4 b~ _a +\)ab+1-v113]
12" 105a 350 18 2 10
3 3

Eh r_b - _4a”  ,vab 1= ab
12 351 105 18 2 10
Eh_ 1 (Qi_+§i%_vab__lw ab
192735 a b 18 2 10
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3.3. Dluzlem Levha Eleman Uzerine Etkiyen Dedigik Yiikleme
Durumlarina Ait [PJ Yikleme Matrislerinin Elde Edilmesi

Hesaplar asgafidaki ylikleme durumlarina gdre yapilmigtir.

o * A
q 2“1 11 q J
'r.T‘T‘ﬁ q2 q, X 92
2=
- > —i
1 q, 2 3
:l 3° kll 4 1
~
q, g1 N Qi
o 30‘-%
TZ
f 2 " —{
q, 4 5 6
& Ip Py 1
E—v [+ CJ- —-vp
. g ¢l ag!
7 8 9
Al Fl- T(‘.
P
p —
N
: »{ A%{ ‘*{
10 [p 1" 12

Sekil 3.3. Levha Eleman Etkiyen Yiikleme Tipleri
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]
—tm,
X
¥
ey

13 e 5 q
rﬂq M 1
g
z D [z z

¥
b
)
-

Sekil 3.3. (Devam)

Yukaridaki yiikleme durumlarindan olugan yilikleme
terimlerini, bu ylik durumlarinin her birinin {izerinde bulun-
dugju kenar {zerindeki gekil fonksiyonunda yaptigi igi hesap-
layarak elde edecegdiz. Yiikleme matrisini veren formiil
[Pgl= - [Ad]-lT [A]T[q] dv geklindedir. [A][Ad]-1=[u],
buradan yikleme matrisinin gekil fonksiyonlarina bajli ol-
dugu gdrlilmektedir. 12 ylikleme teriminden herhangi biri,
bulundudu k&senin koordinatlari ile yiikiin Uzerinde bulundugu
kenarin eksen takimindaki yeri g&zdniine alinarak elde edi-
len gekil fonksiyonu ile [g] yik deferlerinin garpimlarinin
0 kenar lizerindeki integrasyonudur.

1 Nolu Yiikleme Durumu:

Diizlem levha elemanin n= 1 kenarinda 2° parabol gek-
linde tam yayili ylk sz konusudur. Yik fonksiyonu,
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q9,-9 q9,-9 39, +q
2 1)g2+( 2 1)£+ 1 42 atir.
4 2 4

a(&)= (

Sinir gartlari:

g= -1 H q'(&)= 0

g= -1 ; q (g)=q1

= 1+ g9 (B=q,
- A _ -
Py ty
Py £y
P3 t3
D t
. J . 4 4
7 o) t
12 'FQTT‘T\T\%~z g ’ 1]
5 5[0 9k, Fo Pg =fl e *[a(e)] dg
- 7 P7 tq
P P
gﬁ? 0 o Pg tg
P p
31 % 'A
' Py t
Pio t10
P11 £
. 91%J t12
T
[u]

Sekil 3.4. Levha Elemanin n= 1 Kenarinda 29 parabol Yik
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n= 1 kenari {lizerinde ug kuvvetler do¥rultusundaki

birim deplasmanlardan olugan deplasman fonksiyonlar :

= 9, g.? 1-
“' !6b(§ wi-§)

16

v:-.ﬂ_b( f2~|)(l+f)

-8 2 qy01-
3V-,6§§!x1f)

=8 (e
vnséfixhi)

[

p—
Ro

3
F% ve0.5(1=1.25{+0.2 sf) v=0.5(1+1.25{-0257")
_ 4

3

=1

v:.:_.(l—{\(l-{)

3

e&

4

1

.8 ¢1-14(1
v_l‘( {H01+1)

4

$ekil 3.5. Levha Elemanin n= 1 Kenarindaki v Deplasman

Fonksiyonlari

€ 2
— (£7-1) (1l-¢)
16

- & (£2-1) (1+p)
16

a 1
p, = *[=—(q,~q,)
1 px16 f15 201
3q,t+9g
R 2)[xa
3
pZ: p3: 0
p, == —2—s[- Zm(q,-q,)-
4 b*16 15 271
3g.+g
-4 x(———-l 2 )|xa
3 4
0
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£, = - = (£%-1) (1-§) P, = =P,
16
3 39349,
t, = 0.5(1-1.25£+0.25E7) p, =0.5%[-0.2%(q.,-q,)+2x (——= )]*a
8 8 2 1 4
a 2 ~ 4. 391%9,
tg = = *(1-87%) (1-%) Pg = —x[——x(qz qq)*+ —R(—— ——=)]*a
4 4 15 3 4
- & (g2_ - = -
16
3q,+9
£.,=0.5%(1+1.256-0.2563)  p..= 0.5x[8 (g, ~q,)+2m(——2)] *a
11 11 2 -1
i5 4
3q,+q
t),= = 2 (1-8%) (1+8) P1y= - —x[ x (- ~q,) +2e (——2)] *a
4 4 3 4
2 Nolu Yiikleme Durumu:
Dlizlem levha elemanin &= -1 kenarinda 29 parabol

gseklinde tam yayili yilik s6z konusudur.

9,-9 ;-9 39,+9
2 L)% (2 Zyne (——2
4 2 4

qi{n)= (

Sinir gartlara:

n= 1 ;i a'(n)=0
=1 ; q (M= qy
PB )rt Py v P"
==1 H =
n g (n)= a, q, B4 PP
® @
»f,U
q 2 @k
2AP P.
P pRE,p
Py 6 [
Sekil 3.6. Levha Elemanin &= -1 Kenarinda® 2°

Parabol Yilik
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£ = -1 kenari lizerinde ug kuvvetler dogrultusundaki

birim deplasmanlardan olugsan u deplasman fonksiyonlarax :

u=o.s(l-|.251+o.zs13)

=b (1=
g‘séi (1= 1)

P
2

v =131t

._ b 2
“-~T(|~1)(1 D

-

Sekil 3.7. Levha Elemanin

u=0
2
p
'A
---g-(i—i)(l 7
25
u=0
2
P
6

Fonksiyonlarzi

Yiikleme Terimleri:

u=0.5(™ 1.2’54-0.2513)

D

7

._b (4%
pu_]60(11)0+1)
s|f

Jl(i 1)(1+1)

£ =-1 Kenaraindaki u

39,4,

D. = 0.5x[~8/15% (g =q.)+2* ( )] *b
1 1 2 4
3g,+9g
p, = 2[3/15%(q,~q.)-4/3% (——2) T#p
2 1 2
l16a 4
3g9,+q
p., = - Rx[-3/15%(q ~q ) +4/3% (——2)] *b
3 1 2 4

4

b 2
u_‘—SQ(’L-—l)(H'D
L1

Deplasman
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Ps = 7P
Pg = 0
* * * 3ql+q2
= - —_— *
Py = 0.5%[0.2%(q =q,) +2*( \ ) ]*b
39,+q
Pg = = —2—[ -1/15%(q ~q,) -4/3* (——2) J*b
16a 4
3q,+q
Py = 2% [1/15% (g -q,) +4/3% (—=——2) J*p
Pyo=0
P117 "Pg
Pyp= 0

3 Nolu Yikleme Durumu:

Diizlem levhanin 1= 1 kenarinda yamuk+ 3. parabol
seklinde tam yayila yiik s6z konusudur. Yik terimleri, bu
iki yikiin ayri ayri gekil fonksiyonlari {izerinde integras-

yonlarinin siiperpozisyonu ile bulunmustur.

(L ‘r’L ('l. ’jl-
- T Wt T | Tho q,’\ﬂ’ q,
® 2 G ® ®
‘?{ = ) + ;f
@ ? ® 0] jg

Sekil 3.8. Levha Elemanin n= 1 Kenarinda 39 Yayili Yik
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al-rcx 3 o —al 2 Ol-l'f(l (¢} —OL2

2 +(—32~—)a (2 2yE+ (L

a(g)= ( R )

Sinir gartlaraz:

E= -1 ; q(&)=0
E= 1 ; qg(&)= 0
€= ~1 q'(«i):u1
g: 1 H q'(g)=0‘2
Yamuk zﬁk:
q,+9

qit)= L 2,

2

Sinir gartlarai:

E= -1 & a(f)= q
E= 1 ; a(B)=q,

Yikleme Terimleri:

a ) q;*49, 4+,
Py= x[0.2666x( ) -1. 3333x(——-——) -0.1523816% (— —=)+
16xb 2 2 4
a,—0
+1.0666% (—=—2)]xa
P2= 0
d,-gq g, +g o, +a
py= - —2x[~0.2666x(—2—L)-1.3333x(——2)+0.1523816x (——2) +
163D 2 2 4
o [0
+1.0666% (—>—2L)]xa
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9379 9,149, ®1%%
Pg= 0.5%[~0.7333s (—2—L) +25 (—=—2) +0.3047623x ( )+
2 2 4
o o
~1.3333%(2>—L)] %a
4
a,—-g +q o,+0
Pg= 2 4 [-0.2666%(—2—)+1.3333%(—=—2)+0.1523816% (—>—2t)-
4 2 2 4
O, =0
-1.06663( 2 1)]xa
P10= "Py
- g +q2 Oll+062
P, = 0.5x[0. 7333x( Lyi2s( )-0.3047623s( )=
11 ) . )
o.,—-0
-1.3333 =/( 2 1)]xa
d,-q q, +q 04 +0
py,= - 2x[0.2666x( 2 "l),1.3333%(—2—2)-0.1523816% (———2)-
4 2 2 4
O =0
~1.0666%(—>—=)] xa
4
4 Nolu Yilkleme Durumu:
Dlizlem levhanin = -1 kenarainda yamuk—3° parabol

seklinde tam yayili ylk s&zkonusudur. Yiik terimleri bu
ylkin ayri ayra bu kenardaki gekil fonksiyonlarai iizerinde

integrasyonlarinin siiperpozisyonu ile bulunmustur.

\'(’ 4\2 A
ql o« ql
G ) Ao ) g @
’{ = 4{? 4' 7{
<0 @ “ @ ) o @
qz q2

Sekil 3.9. Levha Elemanin = -1 Kenarinda 3° Yayili Yiik
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3o Parabol Yilik:

Oy +0O o =0 O, +0O A0
1 72 3 2 2

ynde (2 2)n?o (L 2y, 421

4 4 4

g(n)= ( )

Sinir Sartlarazi:

n=-1 53 g (n)=0

n=1 3 g (n)=20

n= -1 3 q'(n)= a,

n= 1 poat(m= ag

Yamuk Yiik:

atm= (1225, J17%,
2 2

Sinir sartlarai:

n= -1 ; a(n)

95

n= 1 7 a(n)

9

Yikleme Terimleri:

4;-9 4 *q ag +a
py= 0.5%[-0.73333 x(-2—2)+2x(-1"2)+0.3047623x (——2)-
2 4
0y ~0
~1.3333x(—2—2)]xb
q,~-q q., +tq _ a,to
p,= B [0.2666x(—1—2)-1.333x(-2—2)-0.1523816x (——2)
l6xa 2 2 4
a4 —a
~1.0666% (~——2)] xb
g -g a.+g o, +0
py= - 2 x[-0.2666x(2—2)-1.33 33x(-252)+0.1523816x (—7—2) -

4

oy =
-1.066x(—1-2) ] xb
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p6: 0

d, -9 q.,+g O, +0
1 P2y ox (=1 "2y _0.3047623x (——2
2 4

I 0.5%[0.7333%( )-

%1 =%

~1.3333x( )] xb

q,-q q,+q o, =0
Pg= - ——=x[-0.2661(—2—2)-1.333x(-2—2)+0.1523816x (——2
l6xa 2 2 4

o

)

17%

+1.06663%( )] =b

ql—qz g, +g al+a2

Pgy= 5 x[0.2666%( )+1.3333%(—L—2)-0.1523816% )
4

2 2 4

Q o

1772

-1.0666%( )] b

P1o= 0

P11= "Pg

Pq1,= 0

5 Nolu Yikleme Durumu:

Diizlem levhanin n= 1 kenarinda, liggen -3° parabol
kismi. yayaili yik sO6zkonusudur. Yik terimleri bu yilkilin
kenardaki gekil fonksiyonlari {izerinde ayri ayri integras-~

yonlarinin sliperpozisyonu ile bulunmugtur.
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2 1 1
Tt. “ ﬂ o0 q ﬂ
ERRENC = Al
[ @ @ @ @ 2
RN U T
® @ 0} @ 0 Q@

gekil 3.10. Levha Elemanin pn= 1 Kenarinda Kismi 3° Yayila
Yik

3°. parabol Yik:

(ay*a,) (2°-1)

(o0, (2 +1) (op=aq)
1'¥2 3 2 3
q(g)-_-,[ ]g .|.[.._.___1"__ =y — ] £+
z3+3zz+3z+l 2(z+1) z z3+322+3z+l

(alz+a2): 3x(“l+a2)(2+1)3; (a.+0,.) (z2+1)

+[ - 18 o[22 (-0.5-1.52)

1+z z3+3z2+3z+l z3+3z +3z+1

Lo (1+22) +a,

2(z+1)

Sinir sart lari:

g==1 ;3 g (g)= 0
gz Z V q (g)= 0
g= -1 5 g'(g)= oq
=z 3 a'(g)= ay
Ucgen Yiik:

qlg)= - 1 g+ ! z

z+1 Z+]l



124

Sinir sartlari:

E= -1

-0

CI(E): ql

E:.-z

-

g(&)= 0

Yiikkleme Terimleri:

o 5 4 3 2 q,.z __4
pPy= 2 w{- —i—x[— 2+ E Gy E _Z +0.383333] + 1 4}5— +
16b z+1 5 4 3 2 z+l 4
3 2 - (a.+a,.) (z+1) 7 6 5 4
+ 24 2 50.918]+] 22 Ixl- 242 + 2 - Z .,
3 2 z3+322+3 g+l 7 6 5 4
5 .
O,—0 (o +0. ) (z7=1) 6 5 4
+0,140476] +[ e - 3 21 Tae [- 2=« 24 2 -
2% (z+1) 2 z3+322+3z+l 6 5 4
3 0. Z+0 3x(o,+0,)(z+l)z 4 3
- 2 —0.2166]+[ 22 - L1 2 ] x[- 2 + B4 2
3 z+1 z +3z"+3z+1 5 4 3
2 (a,+0,) (z+1l) (-0.5-1.5z)
- Z_ +0.383333]+[—L1—2 +
2 z +322+3 z+1
o, (1+22z) +0 2
+ % 2 1 (- 2+ 2+ 2 _2-0.9166]}xa
2(z+1) 4 3 2
Py= )
p3= 0
g 5 4 g, 2 4 3
p,= - —o— w{- _l_[ 2o+ 2 -2 _Z 40.1166]+ _i_[ 2.+ 2 _
4 z+1
16b z-1 5 4 3 2 4 3
2 (a;+a,) (z+1) 7 6 5 4
- 2 3-0.416]+]—1—2 Je[ 2=+ 2o -2 _ 2
2 z3 +3z2+3z+1 7 6 5 4
0y =0q 3 (al+a2)(22—l) 26 z5 Z4
+0.0261904] +[——=—= - = 1s] 2 ¢ 2 - 2 _
2(z+1) 2 ;3,3,2.3241 6 5 4
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3 Oy Z+0 3x(a,+a,)(z+1l)z 5 4
S 2 g.os]e[-A 2oL 2 Jm[Z 4 2o o E
3 2
3 z+1 2 +3 z"+3z+1 5 4 3
2 (o, +0,) (z+1) (-0.5-2.52) o, (l+2z)+a
- Z_ + 0.1166]+[ 1 2 3 5 + 1 27 %
2 2 +3z “+3z+1 2(1l+2)
.4 3 2
w[f- + 2 - Z_ _-2-.0.4166]}=xa
4 3 2
=0
=0
= —pl
q 2 3 5 q.z 2
= 0.5x{- -] 2-1.25 2 +0.25 % -0.8666]+ v [2-1.25%+
z+l 2 3 5 * 2
4 (o,+a,) (z+1) 4 5 7
#0.25 2 +1.5625] +[—2—2 T=[%— -1.25% Z- +0.25% Z- -
4 z3+322+32+l 4 > 7
2
G ~0 {(o,+d,) (z7~1) 3 4
-0.464285]«[—2 1 _ 3 2 2 1s[%- ~1.25x% 2 +
2x(z+1) 2 z +3z2"+3z+1 3 4
6 O, Z+0Q 3z (o, +a,) (z+1)
+0.25% £ +0.604166)+[——2 - L 2 Ju][2- -
3 . 2
6 l+z Zz +3z +3z+1 2
Z3 z5 (al+a2)(z+l)(—0.5-l.52)
-1.25% =— +0.25% =~ -0.8666]+] 7 +
3 5 z"+3z2 +32+1
o, (1+22) +a 2 4
+ = 2 1x[z-1.25 %2 +0.25% 2 +1.5625] }xa
2(l+z) 2 4
q 5 4 3 2 a.z _4 3
=2 - Lo [Z -2 _Z .2 _5.383333]+ .
4 z+1l 5 4 3 2 4 3
2 (o, +0a,) (z+1) 7 6 5 4
-2 47 -0.916666] +[—=—us Jw[% - 2 -2 .2 _
3 .7
2 z +3z +3z+1 7 6 5 4
- (s —0 ) (z2=1) 6 5 4
-0.140476]4 2L -2 _1 2 w[Zo - E. _ 2,
2(z+1) 2 z 43 z"+3z+1 6 5
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3 0. 2Z+0 3x(a,+a.) (z+1l)z 5 4
+ 2 +0.2166] 4+ [P+ — 2 Tw[2- - 2 -
3 l+z z +3z +3z+1 5 4
3 2 (o +0.,) (z+l)(~0.5-1.52)
- Z 4+ Z _0.3833] +[—2 -2 N
3 2
3 2 z"+3z +3z+1
a, (1+2z)+« 4 3 2
+ L u[2- - Z_ - 2 +2+0.9166] }xa
2(1l+z) 4 3 2 .
P10= 7Py
q 2 3 5 q,2
pyy= 0.5%{~ —-[Z- +1.25x% -0.258% -0.1333]+ -1 [z+
z~1 2 3 5 z+1
2 4 fa.t+a,) (z+1) 4 5
+1.25 2 -0.25 2 +0.4375)+ [51—2 [ +1.25 2=
2 4 z +3z 4+3z+l 4 5
7 Oin=0 (a, +0 )(22_1) 3
- 0.25 2.-0.0357142] +[-—2 1 - 2 L 2 2.
7 2(z+1) 2 z +3z"+3z+1 3
4 6 O, Z+0 3(o,+a.,) (z+1)z 2
+1.25 2= -0.25 2 40.0625]+[2nB - 12 z .,
4 6 1+z z +3z2 +3z+1 2
3 5 (a,+0,) (z¥1) (-0.5-1.52)
+1.25 2 —0.25 2 -0.1333] +[—L 2 4
3 5 z- +3z7+3z+41
al(l+22)+a2 2 z4
* ] [z+1.25 Z— -0.25 2- + 0.4375] }xa
2(1+2) 2 4
g 4 g,z 4 3
Pyy= = Bp{- L [ _Z_ ,Z ,Z_ -0.1166] + E%T [— 2 2
z+l 5 4 3 2 3
2 (ay+a,) (z+1) 7 6 5 4
+ 2 4240.4166] + [ T2 I[- 2 - 2=+ 2.4 2 .
2 z +3z +32z+1 7 6 5 4
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2
(o,=0) (o ta,) (27 -1) 6 5 4
-0.0261904] +[—2—2_ - 3 1 2 F 2 -2 2
2% (z+1) 2 2z 4327 +3z+1 6 5 4
3 O Z+a 3% (0o, +a,) (z+1l)z 5 4
+ 2 s0.05] w2t _ 2 [- 2 -2 . 2
3 l+z z +3z +3z+1 5 4 3
2 (o, +a,) (z2+1) (-0.5~-1.52) o, {(1+2z)+a
+ 2 _0.1166][ —1—-2 v L 2
2 z3+322+3z+l 2(1+z)
2 z3 A
[-— - Z— + 2 +2+0.4166] }=a
4 3 2

6 Nolu Yiikkleme Durumu:

Dlizlem levhanin &= -1 kenarinda, {liggen -3° parabol
kismi yayila yiik s6z konusudur. Yik terimleri bu yilkin
kenardaki sekil fonksiyonlari iizerinde ayri ayri integras-

yonlaranin siliperpozisyonu ile bulunmugtur.

i <_ 1 A1
of { q,

v
—dry

%{2 2 - %‘.l +

0 0 ) o) 0]

Sekil 3.11. Levha Elemanin &= -1 Kenarinda 3° Yayili Yik

3o Parabol Yik:

2
(o, +0.) (z-1) o,— 0 (o, +0,) (2"-1) o, 2-0
3 3 1 2 1 2
Cl(n)z [ 1 2 ] n =+ 2 l"“"" - Kl 22 n "'[ — +
Z3_3Z +3z-1 2(z-1) 2 =z -3z"+3z-1 z-1
3x(al+a2)(z—l)Z‘ (al+a2)(z—l)(—l.52+0.5) al(l-2z)+oz2
* 3 -2 n+ 32 N
z ~3z2"+3z-1 z =3z"+3z-1 2(z-1)
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Sinir Sartlarai:

n=1 3 g (M=290
n=2 ; g (n)=20
n=1 ; q'(n)= oy

n=z i q'(n)= o,

Yggen viik:
q q
g(n)= - 1 n+ LR
z~1 z-1

Sinir sartlarxi:

n=1 3 g (n)= q;

g (n)=0

3
i
N
LY}

Yikkleme Terimleri:

q 2 3 5 q
py= 0.5m{~ ——[~ Z- 41,25 2 -0.25 £ +0.1333]+ —— z[-z+
z-1 2 3 5 z-1
2 4 (o;+a,) (z-1) 4
+1.25 2 -0.25 Z_ + 0.4375] +[—1 2 1[- 2 +
2 4 z"-3z"+32-1 4
5 7 aymoy 5 (aytay) (z2-1)
+ 1.25 == -0.25 = +0.0357142]+[—"—= - = —=—3
5 7 2(z-1) 2 z27-32"+3z~1
3 4 6 Q4 20 3(a,+a,)(2-1)z
[~ 2= +1.25 2 —0.25 2= +0.0625] +[—2 + L2
3 4 6 z-1 z -3z "+3z2~-1
2 3 5 i (o, +0,) (2=-1)(-1.52+0.5)
[- 2- +1.25 2 -0.25 2= 4+0.1333]+[—— 2 +
2 3 5 z -3z +3z-1
o, (1-2z) +o 2 4
v -2 2] [~z+1.25 & -0.25 % +0.4375] }xb
2(z-1) 2 4
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g 5 4 3 2 } q 4 3
pzz_le_{___l__ 2o .Z _Z . 2% _0.1166]+ -2 z[Z - Z -
l6a z-1 5 4 3 2 z-1 4 3

2 (a;+a,) (2z-1) 7 6 5 4
- 2 +2-0.4166] +[ JlE -2 -2 .z _
2 23-372435-1 7 6 4
2
Oy =0 (o, +a,.)(z"=-1) 6 5 4
-0.0261904] +[-2 L 2 L 2 z_ _z _z_,
2(z-1) 2 z°~3z"+32z-1 6 5
ol z-0 3x(o.+0,.) (z-1)z 5 4 3 2
~0.05] #[-1 2 » L 2 (22 .z .2z .2 _
z-1 z -3z +3z-1 5 4 3 2
(¢ +0,) (2=1) (-1.52+0.5) & (1-22)+% 4
-0.1166] » [——% v L 2[2 -
2 -3z "+3z~1 2(z-1) 4
- Z_ 4 2-0.4166] }xb
2
q 4 3 2 94 4
p3=-éx{— 1 [— 2 s 2 4+ 2 2 9. llGd]+ — -2 4
4 z-1 5 4 3 2 z-1 4
2 +a,) (z-1)., = _7 6 5 4
+ 2 -2+0.4166] «[— 5 1[= 22+ 204 22 _ 2_
2 z -3z 43z-1 7 6 5 4
a 3 (al+a2)(22_1) z z 24
+0.0261904] + [ -2 2 1[- 2- + 2 . 2 _
z-1) 2 z7-3z2"+3z-1 6 5 4
3 oz 3% (a_+0Q_ ) (z-1)z 5 4 3
—?—*0.051 +[_.!‘_____?__.+_ 3 1 22 ][_Z_+_Z__,+Z__
3 z-1 z =-3z"+3z-1 5 4 3
2 i (g-+a.) (2=1) (=1.52+0.5) o, (1-22z)+0
- 2 40.1166] +[—1—2 y 2| »
2 2 2(z-1)

23—32 +3z-1
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L4 3 2
*[- 2 42—+ 2 - 240.4168) }*b
4 3 2
Py= 0
Pg= =P,
Pg= 0
g 2 3 5 q
p,= 0.5%(- o [-Z0 1,25 2 40.25 - 40.8666) + z[-z-
z-1 2 3 5 z-1
2 4 (a,+a.) (z-1) 4 5
-1.25 2~ +0.25 Z— +1.5625) [ 31 ; J[- &2 -1.25 2
2 4 z°-3z%+3z-1 4 5
7 amay 5 (agta,) (z2°-1) 3
+0.25 2~ +0.4642857] +|—2—L - 3 — ] *[- 2 -
7 2(z-~-1) 2 27 =3z"+3z-1 3
4 6 0., Z~0. 3(a,+a,) (z-1)z
-1.25 Z-40.25 £-+0.604166] +[—— 2 + — 12
4 6 z-1 z =3z2"+3z~-1
2 3 5 (0.+0.) (z=1) (-1.52+0.5)
[- 2= -1.25 Z40.25 %= +0.8666]+[ ———— +
5 3 5 ) z =-32°+3z-1
%1(1—2z)+«5 22 24
+ ]1*[~2z-1.25 == +0.25 == +1.5625] }*b
2(z-1) 2 4
q 5 4 3 2 q 4
pg= - 2 {- I [~ E - Z 4 Z 4 2 _0.3833]+ —- z[- Z
l6a z=-1 5 4 3 2 z-1 4
3 2 @+a.,) (z~1) 7 6 5 4
- Z 4+ Z 42-0.9166]+[ 2 22 10~ Z__ 2. ,%2 ,Z .
3 2 z°=3z%+32-1 7 6 5 4
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2
(0,=0.) (G +0) (z7-1) 6 5 4
~0.140476]+ [—22L - 3 (L 2 [ -2-_-2_,2_,
2(z-1) 2 z ~3z"+3z-1 6 5 4
3 . OqZ=0 3(a,+0,) (z=1)z
- 2 —o.2166]4[ —2 + 12
3 z-1 z ~3z"+3z-1
5 4 3 2 (e +a_) (z-1) (~1.5z2+0.5)
-2 -2 .2 2 _g.3833]+[ 12— "
5 5 3 2 2z7-3z"+3z-1
o6, (1-22z) + o 4 3 2 .
» L 21 [-2- -2, Z 47-0.9168]}*p
2(z-1) 4 3 2
q 5 4 3 2 4 3
Pg= bep- L [5-— + 2o - 2 _ Z_ ,0.3833]+ L z[z + 2 -
4 z—-1 5 4 3 2 z-1 4 3
2 (a.+0,.) (z=-1) 7 6 5 4
- 2 _740.9166)+] ; 2. J[2- + 2= - 2. _ Z_40.140476]+
2 z"=-3z2"+3z-1 7 6
0LZ.OLI- 3 (a1+a2) (22_1) z5 25 z4 z3 '
= - 2 ][22+ 2= - 2 - 2 40.2166]+
2(z-1) 2 27 -3z"+32z2-1 6 5 4 3 i
o, z-0 3(a,+a,) (z=1)z 5 4 3 2
+[ 1 2, 3 1 22 1L + 2 .z _Z +0.3833] +
z~-1 z"=32"+3z-1 5 4 3 3 :
- - - o6
[(Gl+a2)(z 1) {( 1.52+0.5{z .al(l 2z) + 5 ‘rz4 z3 Z2
+ 5 5 Pt ] |- + £ - 2 -~
z"-3z"+3z-1 2(z-1) -4 3 2

-z+0.9166] } *b
P10~
P117 "Pg

p12= 0
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7 Nolu Ylikleme:

Diizlem levhanin n= 1 kenarina ndogrultusunda tekil p kuvveti
etki etmektedir. Yiikleme terimleri bu kenar ilizerinde tekil
kuvvetin etkidi§i noktadaki gekil fonksiyonu ordinati ile
p kuvvetin siddetindi garparak elde edilmigtir.

pi=vi(clx p

0] _9
Sekil 3.12. Levha Elemanin n= 1 Kenarinda Tekil Yiik

Yilkleme Terimleri:

P1=_2_ (c2-1) (1-c)= p

16
Pa= ¢
P3= 0
P4z - o (c?-1) (Ltc) = o)
~1lé6b
p5= 0
P6: 0
P7=-Py1

Pg= 0.5 4 [1-1.25xc+0.25¢]xp
a 2

Pg= — #(l-c”) (1-c)=xp
1

P1o= -94

‘ a 2
pll=0 5 = Il+l.'25c—0,25203]§§-p P]_2= - Z(l_c )x(li-c)xp
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8 Nolu Yikleme:

Dizlem levhanin & -1 kenarina § dodrultusunda tekil
kuvvet etki etmektedir.

Py = ujlc)x p

v

J{
[0 @

Sekil 3.13. Levha Elemanin f=-1 Kenarinda Tekil Yiik
Yiikleme Terimleri

Py= 0,5x[1—1,25xc+0,25xc3]xp

b
Po= —x(c2-1)x(1l-c)xp
2 T6a

P3= - mg—x(l‘cz)X(l—c)xp

Py= 0
Pg= ~Py
96: 0

py= 0,5x [1+1,25%c-0,25xc> Jxup
b 2
Pg= - Iggx(c ~1)x(l+c)xp
b(_z
Pg= —z—*({1l-c®)x(1l+c)xp
P1o= 0
P11=-Pg

p12: 0
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9 Nolu Yikleme:

Diizlem levhanin &= 1 kenarina § dojrultusunda tekil
kuvvet etki etmektedir.

.KIZ) v

";.j' N

Sekil 3.14. Levha Elemanin &=1 Kenarinda Tekil Yik

£ =1 kenarinda ug kuvvetler dogrultusundaki birim

deplasmanlardan olusan u fonksiyonlari:

‘ .
u=0 u:QS(I-L251+02513 u=0 u=os(nxzsqfazsf%,
3= —
P ‘IR
,—»R 2l _,
u=! p
4
_b 2 b 2 b .2 2
U--'—s—q( =101-1) u:-ia('(-\)(r—'l) U=—m(’l—1)(n1) U=%(1—1)(l+’£) ﬁ[
DT3 4
5 8
vorlf? 5t
1 2
=0 b z b 2
uz u:-741-1)u-1) p u?O U:TT“'Q’“‘?) p
: i3 43”
N
1 = 2
o U
R R

gekil 3.15. Levha Elemanin &= 1 Kenarindaki u Deplasman

Fonksiyonlarai
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Yikleme Terimleri:

p,= 0

py= —— (c?-1) (1-c)*p
l16a

py= O

p,= 0.5%[1-1.25c+0.25¢°] *p

P5= “P2

Pe= - 2 *(1~c?)* (1-c) *p
4

p,= 0

pg= - —= (c-1) (1+c)*p
16a

Pg= 0

= o,5*[1+1.25c—0.2503]*p

P1o
P11% "Pg

= Pu1-02 *
Pqy= (1-c™) (1+c) *p

4
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10 Nolu Yikleme:

DiUzlem levhanin 1-1 kenarinan dofrultusunda tekil
kuvvet etki etmektedir.

Sekil 3.16. Levha Elemanin n= -1 Kenarinda Tekil Yiik

n= -1 kenarinda ug¢ kuvvetler dodrultusundaki birim

deplasmanlardan olusan ve fonksiyonlari

L Ro
3 &) 7
p
__R , 2| %
ust -_a 2.1(1- v=_8 (2-1)(10-{) V--«—u—(fz"‘)(“i) V='£'(6")(1*{)
Yigp 1N TR ERTY 16 b
. 3 i
3 N 4
P P
5
v=1 12 Zt
v=0.5(1-125§+025)  v=05(1+1.257-025¢) vz0 v=0
R P,
9
‘i3 ol
=1
2
& ]
V:Ta-(l-fz)(i-{) V:—-:—(I-{)HO{) v=0 v=0

Sekil'3.17. Levha Elemanin nN= =1 Kenarinda v Deplasman

Fonksiyonlara
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Yikleme Terimleri:

pqy=

& (c2-1) (1-c) *p

16b

0.5% [1-1.25c+0.25c ]*p

84 (1-c?) (1-c) *p
4

- 2 (c?%-1) (1+c) *p

l6b

0.5% [1+1.25c-0.25¢c> J*p

- 2x(1-c?) (1+c) *p
4
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11 Nolu Yilikleme:

Dlizlem levha'nin £=1 Kenaraina n dodrultusunda kayma
tarzinda tekil kuvvet etki etmektedir.

A1

Sekil 3.18. Levha Elemanin &=zl Kenarinda Tekil Kayma Kuvveti

E$ i kenarinda ug kuvvetler dodrultusundaki birim

deplasmanlardan olusan v fonksiyonlarazi:

ve0 v=0 v=07 v =0 P
. 3__'. o
(o) 4
7
P
1—ml 2__+
us= p
3
p'l
v=0 v =20.5(1-17) pAv=0 v=0.5(1+1)
8 3 4
P p
V:lt2 5
! ]
v=0 v=0 p v=0 v=0 P
1
"W [
=1
1 2
\- )
2 2

Sekil 3.19. Levha Elemanin &= 1 Kenarindaki v Deplasman
Fonksiyonlari
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Yilkleme Terimleri:

=P9=P3=P =P, = Po=Pa=Pg= = =
pl P2=P3=Py 96',— p7—p8 Pg—plo'—plz- 0
pg= 0,5%(1l-c)#p

Pqy1= 0,5=(1l+c)=p

12 Nolu Yiikleme:

Dlizlem levhanin n=1 kenarina & dogrultusunda kayma
tarzinda tekil kuvvet etki etmektedir.

pt

[0 @

S

Sekil 3.20. Levha Elemanin n= 1 Kenarinda Tekil Kayma Kuvvetdi

= 1 kenarinda u¢ kuvvetler dodrultusundaki birim

deg}asmanlardan‘olusan u fonksiyonlarai:
us= u=

0 u=0501-4) u=0.5(t+3)
3 Rarenc d
4 P
P >
'.—..-7p1 2},
u=t p‘
u=0 u=0 oF u=0 u=0 lpIA
- 3 4
p “LP
V:ITZ fs
1 r
uz0 u=0 P u=0 u=z0 P
sf iz
3 4
=1
‘ P
:<l 2 6
3G N -jr

Sekil 3.21. ILevha Elemanin n= 1 Kenarindaki u Deplasman Fonksiyonlari
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Yilkkleme Terimleri:

P1= Pp= P3= Py= P5= Pg= Pg= Pg= P1l1= P12= 0
Po= 0,5%(l-c)=p

=0,5x(l+c)=n
f6° ®

13 Nolu Yilikleme:

Dizlem levhanin £= -1 kenarina 0 doJrul tusunda-‘kayma
tarzainda tekil kuvvet etkil etmektedir.

1

[0) @l
Sekil 3.22. Ievha Elemanin &= -1 Kenarinda Tekil Kayma Kuvvetd

E= -1 kenarinda ug¢ kuvvetler dodrultusundaki birim
deplasmanlardan olusan v fonksiyonlari:

v=0 v=0 v=0 v=0
IF=y B “p"
7 10
i 2%,
u =1
v=0.5(1-1) v =0 prV=°'5(1+'() v=0
. 8 3 Z 1
B p
v=11 TS
v=0 v =0 p v=0 v=0
. 12
I3 nk
O=1
1 2
O J
3 2

Sekil 3.23. Levha Elemanin &=—1 Kenarindaki v Deplasman Fonksiyonlari
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Yikleme Terimleri:

Pl-..: P3= P4= Ps= p6:';p7: Pg= P10= P11= P12= 0

pa= 0,5%(l-c)=p

O,Sx(lfc)xp

pbg

14 Nolu Yiikleme:

-Dlizlem.levha'nin mne~Ll kenarina ‘€ dogrultusunda kayma

tarzinda tekil kuvvet etkil etmektedir.
v
4»

7"(“

c
0] Q

Sekil 3.24. Levha Elemanin n=-1 Kenarinda Tekil Kayma Kuvveti

n= -1 kenarinda ug¢ kuvvetler dogrultusundaki birim
deplasmanlardan olugsan u fonksiyonlari

u=0.5¢ "'f) u:O.S(u.{) u=0 u=0 _;139’
) 3
p 4
7
R AP
u z!
us=0 u =0 [‘: u=0 u=0 [?'
3 I3
P P
vl 5
21' 21
u=0 u=z0 pg uz0 u=0 i
AF :
=1
-
R R

Sekil 3.25. Levha Elemanin n= -1 Kenarindaki u Deplasman

Fonksiyonlarai
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Yiikleme Terimleri:

pi= 0,5x(1l-c)=p
Pa= P3= P5= Pg= Py= Pg= P9= P1o= P11= P12%0

Py= 0,5%(1+c)xp

15 Nolu Yikleme:

£- 1 Kenarina do§rultusunda 2°parabol geklinde yayila
kayma kuvveti etki etmektedir.

‘L

Zt

4 cb )

/.;f ’ ) ‘¢%‘, °
$ekil 3.26. Levha Elemanin &= 1" kenarinda 2°parabol yayila

?-‘l';u

kesma kuvveti

q(n): __.q_. ’?2+2_(Ii~ ?-(--(.—J-':-z—m
(z-1)2 (z-1)2 (z-1) 2

Sinir sartlarai:

=1 ; agn)=20
=z ; q(n): q

= 2z ; q'01)=0
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Yiikleme Terimleri:

pl= Pz'_' P3'—' P4:-0

: 4 3 oy, .3
p5: Olsx[_ . q 2 (.Z - Z + 0,083) + 2_,2 2(2
(z-1) 4 3 (z-1)%° 3
22 2
—2 40.166)+(1-22)q (22 -z+0,5)b
2 (z--l)2 2
Pg= P7= Pg= Pg= P10= P12= 0
4 3 . ; 3
; Z - ] ]
Pyy= Or5u[-—E— (- - 2 40,5894 22 (- %
(z-1) 4 3 (z-1) 3
2
z - 1- 2
-+ 0,833)+( 2229(— Z_ —2+1,5)]p
(z-1) 2

16 Nolu Yikleme:

Dizlem levhanin n=1 kenari'na koyma tarzinda 2°
parabol yayili ylik etki etmektedir.

qE)= - q £2, 29z £- q(2z-1)

(z-1)2 (z=1)2 (z-1)2

Sinir gartlarai:

E= 1; q(&)zg
£z z; q(&)=qg

E= z3 (&)=
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® Q@
Sekil 3.27. Levha Elemanin nN=

kesme kuvveti

Yiikleme Terimleri:

P1= Pp= P3= P4= P5= Pg= 0

1 Kenarinda 2°parabol yayili

4 3 ' 3 2
Z - dz
pPy= 0,5x[— kct 3 ( - Z +0,083)+ 2 x ( z ~‘—5* +.
(z-1)2 4 3 (z-1)2 3 2
| q(2z-1) z2 ﬂ
0,166) - -z+0,5)| =a
! (z-1)2 2 ’
Pg= Pg= 0
[ q z4 z3 _) 292 23 z2
P1o= 0,5% 2 - +0,583) + ¥\~ +
10 "4 (z-1)2 = 4 3 (z=1)2 ° 3 2
. (l-2z)ng | z2
0,833)4 ——— = (~——— -2+¢1,5)] %a
(z-1) 2 2

Pyj1= P12= 0



145

17 Nolu Yiikleme:

Dizlem levha'nin £= -1 koyma tarzinda 2. derece parabol
yayili ylk etki etmektedir.

() P, 20, w2
q = + +

(z-1)2 " (z-1)%2  (z-1)2
Sinir Sartlari:
n=1 ; gqgin)=g
=z ; g(m)=20
=1 ; g'(M=0

-

Sekil 3.28. Levha Elemanin £= -1 kenarainda 2 parabol yayila
kuvveti

Yikleme Terimleri:

pl= 0
' z* z3 _ 2 23 uzz S
P,= 0,5x|- - +0,083)+ - + 0,166
2= 0s5x] (z—l)2(4 3 P08+ T3 2 r166)
q(zz—ZZ) z2
5 - z+o,5X]xb
(z-1) 2
P3= P4= P5= Pe= P7= 0
24 z3 . 2q 23 22
pg= 0,5%] 5 ( - #0,583) + ——— (- — - — +
(z-1) 4 3 (z~1) 3 2
- q(zz-Zz) 72 ]
0,833)+ - - z+15)] =b
’ ) (z-l)z( 15)

Pg= P1g= P13= Pip= 0
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18 Nolu viikleme:

Dlizlem levha'nin N=-1 kayma tarzinda 2. derece parabol
yayili ylik etki etmektedir..

Q(B)ee L _f, 2 g, gx(z=22)
(z-1)2 (z-1)2 (z-1) 2

Sinir Sartlarai:

~e

£=X al&= g
g=-1 d(g)= 0
E=z j g“(E)= O

-

1o

Sekil 3.29. Levha Elemanin n= -1 Kenarinda 2 parabol yayili
kesme kuvveti

Yilkleme Terimleri:

- q 4 3 23 22

Py= 0,5x(- S (-2 - 2= 40,083)+ 24 S - +
(z-1)% 4 3 (z-1) 3 2
. q(z2-2z) 2

0,166)+ ~ S (— ~z+0,5)}xa

(z-1) 2
P2; P3= 0

24 23 - 2.61 23 ‘ ZZ -
ps= 0, 5% - - +0,583) + ——fr—-- +0,833)+
4 2
(z-1) 4 3 (z-1)2 3 2
2 4

q(Z -2 ) Z2
fz—l)‘ ( 5 —z+l,5ﬂ ®a

Pg= Pg= P7= Pg= Pg9g= Pjp= P11= P12= 0
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3. 4. Deplasmanlarin Bulunmasai:

Herhangi bir sisteme ait Deplasmanlar [S] [a] - [bd]: Bﬂ
linear denklem takiminin ¢dziimli olarak bulunur

3.5. Dlizlem Levha Elemana Ait Gerilmelerin Bulunmasi

I¢ kuvvet matrisi ug deplasmanlara bagli olarak su
gekilde ifade edilir.

o] = [5] [e]= [8] [oa][n]" [a]

TY

da d,
kghd7 v 4+fm
dg

® @}

ILr’di d dl.

Sekil 3.30. Gerilme Hesabina Konu Olan Diizlem Levha

1
Y

[o] =[] [B][d]

ST o T o T * T T o "R < TR o TR o TR o T s A T
e R (- T - - BN - TR T N CUR SR
= ©

[
N

12*1
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= b
Exl 8x2 €x3 exl €x2 €x3 E:xl Sx2 E:x3 8xl €x2 E:x3
| €v1 y2 ®y3 ®y1 Sy2 Sy3 Sy1 fy2 Fy3 fy1 Fy2 Fy3
!
E:xyl ’exy2 exy3 E:xyl €xy2 exy3 E:xyl exy2 Exy3 E:xyl Exy2 exy3
1 0 a A, a a a a a a a a a a |
11 “12 913 “14 %15 %16 “17 “18 “19 %1 10 “1 11 “1 12
—L 1 0 a a a a a a a a a a a a
1-y2 21 %22 923 %24 “25 %26 %27 %28 “29 92 10 2 11 “2 12
0 o’ky.
i 2 831 @33 933 834 @35 43¢ 437 33 339 ¥3 10%3 10%3°1193 12
i L
3*3 3x12
(o)
X
o
Yy
c
L i .
3x1
[B] Deformasyon Matrisi Elemanlarinin Bulunmasi:
& NN
u= 1 &1= —9[1+ —9——(5-T12)]
da 4
vz O €yl: 0
n
npé
6= 0 Yoo1= 2 (1+€, &) (5-3n2)+ 270 (3¢2 & +2E-E)
YL 16b 16b
us 0 €x2= 0
n £ £
v 1 e = 2 (10 (52T
Y 4p 4
n,.&
9= 0 Y o2 = 0°0 (3n2n oF2N-" )+ —50— (1+non)(5—352)
Y 16a 16a
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u= 0 € a® o En o (1-1%) (Lan )
a
a 2
= 0 cy3® =L Egng (187 (145g)
6= 1 € xy3~ 59 (1+&,8) (nO-Zn—3n0n2)-—

My , 2
- -—8(l+n0n)(£0-2€—3£0€ )

1 DUJilim Noktasai E,:O:—l, T'IO=—l

1 n 2
e_.= - — [1- L (5-n%)]
xl 4a [ 4

yl™

= L [ -4+7€-352+3n2-€n2]

xyl™ 16p
€x2= 0
1 £ 2
€y,= = — [1- = (5-E%)]
y2 4b 4
iy 2” _l_[_4+7n.3n2+352—3n€2]
- 16a
=P (1.n?%y (1~
€ 3= (1-n®) (1-n)
8a
‘a 2
€ = - 1- 1-
v3 - (1-87) (1-8&)
1 2 .2 2 2
Y hy3” " [ 3n-3£-3n“+3¢ +3‘€n -3n&“]
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2 Noktasi £0= 11,n0= -1

€ 41" i; [1— %(5—n2)]

ey1= 0

Yay1® - Ii;{4+7€+3£2—3n2—3£n2 ]
€,.,= 0

Eyp= - i; [1+ % (5-£%))

Y_o.= = [4-7n+3n2-382-3ng2 ]

Xy2 16a

e .= - 2 (1-n?) (1-n)

8a

e .= 2. (1—E2)(1+£)
Y3 gy

ol 2272, 152, a2
Yiy3® T [ -3n-3£+3n°~3£%+3En“+3nE” ]

3 Noktasi €0= -1, Ny= 1

1 1 2
e .= - =—[1+ + (5-n%)]
x1 4a[ 4
fy1= 0
1, 2 .2 2
Y xyl™ [ 4-78+35°-3n“+3En J

16b
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X2

_ l_[l.- 13 - &
e - -8 528
Y2 4p 4 )

Y. = - -1 [4+m+3n2-362-3n£2]
Xy2 16a

= -2 aa? am

X3 8a
e .= & (1-t?%) (a-x)
Y3 gp
1 : 2 2 2
‘ny3= g[—3£"3n+3£ "3ﬂ +3En +3 ngz]

4 Noktasi £0= 1, n0= 1

e .- L [1+ 2 (5-n%)]
4a 4
€ =
yl 0
Y o= = [4+78+38%-3n%-3En? ]
Xyl 16p
€ =
x2 0

£ - 1 1+ E-(5--&2)
Y2 4y [ 4 ]
1

T [4+7n+3n2—3€2—3n€21
y l16a
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. b 2
ex3” oo (1) (Len)
e = - & (1-£%) (1+¥)
Y3 . 8p
Yiy3® i—[—3n+3£-—3n2+3€2—3€n2+3n52]

[a] =[p] [B] Matrisinin Elemanlari

_ 1 [1- D 2

Qq,= = = | 1= (5-n )]

11 4a 4

aj = - ¥ [1- & (5-¢2)]

12 4b [ 4

ajs= 2 (1-n?) (1-m- 2 (1-£?) (1- ¢
8a 8b

I S
84" 4a[1 4(51])]

v £ 2

a..= - Y11+ & (5-9]

15 4b[ 4

aje= - 2 (1-n") (1-m+ 2 (1-8%) (a4 g)
8a 8b

a;,= - 1 [1+ a (S—nz)]

4a 4

a..= 2 [1- & (5-£%
18 4b[ 4 ]
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9= ~ 2= (1-p?) (1) + 22 (1-¢7) (1-g)
8a 8b
1 n 2
a = — |1+ = (5—7)
110 4a [ 4 ]
W g 27
a = — 1+ el (5_‘2 )
1117 4 [ 4 J
a; = Do1-r?) (1m)- Y2 (122 (14¢)
12 8a 8b
v n 2
a,,= -~ — |1- = (5"7)
e = 12 502
1- £ 2
a = . ——— 1- = (S—E; )
22 4b [ 4 ]

a..= Y0 (1-12) (1-n) - & (1-£2) (1-8)
8a 8b :

v n 2
a,,= — |1- — (5-1n7)
24 4a L 4 ]
1 £
An,.= = — 11+ = (5"52)
25 4b [ 4 ]
a,e= - 22 (1-n?) (1-m+ & (1-8%) (140
8& 8b
Vv n 2
a,,= - — [1+ 2 (5-n%)
27 4a 4 ]

a. .= 1o [1— £ (5-£2]
4b 4

- - b (1-n2)(1+n)+ a (1—52)(1—5)

a
29 8a 8b



<

4a

154

s
[1+ > (5 )]

[

1+

S e

(5-82)]

(1-012) (1+n)- 2~ (1-E2) (1+E)

8b

1 -4+7£—3£n2+3n2—3£2]
16b

L [ —4+7m-3n2e382-3n22]
164

o |

[3n—3£~3n2+3£2+3£n2-3n£2]

1

Sk Ay QR S [4+7€+3€2—3n2—3£n2

16b J

(.} [4—7n+3n2-3£2+3n£2]

(- &) [—3n-3€+3n2—3£2+3£n2+3n£2]

16a

8

—3;-[4—7£+3£2—3n2+3£n2J
16b

1 . —l—)[4+7n+3n2—3£2-3n£2]

L

8

1=V

2

l6a

[ -35-3n+38%-3n 2+ 3En 24 nE 2]

L [4+7E 4382302380 2]
16b |
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a, =+v._1 [4+7n+3n2—3 52—37152]

311 2 1ea
a3 =i 1 [-—3;1 +3 -3 n2+3 EZ—3 £n2+3nf;2]
12 2 8

O halde bir diizlem levhaya ait gerilmeler

d d,+

d_+a d_+a 7

dj*a;, dy+a;; dit*a 15 d5*816 dg*agy

O =
x~ 811 91781y 9yta;5 dztag, duta

4

d,.ta d,,+a d

agta;q dgta 111 911731 12 932

d18 3g7d19 %9721 19

10

d, +a d.+a d,+a d

21 d3%ay, dytayg ditay, dgta,s dgta,; do+

Tay5 Ggtayg dgtayq dy

d,+a d

Tasg Gg*tdyg dgt*as; 4

+a

10732 11 931%3, 12 957

T = @33 dytay dytag,y ditag, djtasg dgtagg dgragg dot

d,+a d.+a d, .+a d

39 99783 10 %30%83 11 %11%%3.12 12



156

3.6. Ornek Bir Sistem Uzerinde Sonlu Elemanlar Y®nteminin

Uygulanmasi .
ooid o
m"i\l\[\ gﬂ ) E=2850000
% > . - ,,0.01‘5 -
0.08
. 0.25
0 ) 7
0.125
@ @ @ F -
0.125
o) ® ﬁ ’ 0273
e 0.08
Te— @ |® &) 10045
1 l;_WHIm
p

gekil 3.3l. Sonlu Elemanlar Y®ntemi Kullanilarak Gozlllecek
Sistem

Sistem Rijitlik Matrisinin Bulunmasi

gekil 3.31. de gdrtilen sistemin 1, 2, 3, 4 elemaninin

birim deplasman matrisleri bulundu. Elemanlar benzer oldudu

i¢in bir tanesinin bulunmasi yeterlidir. Sistem rijitlik
matrisi 1, 2, 3, 4 elemanlarina ait eleman rijitlik matris-

lerinin ayni numarali satir ve kolonlarinin toplanmasi ile
bulunmusgtur.
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11 [ 1, [K] 14 [¥]4s]
(k] 55 (%] 54 [X1gs
(k] 44 [l 4s

[k]ss

k] 44 [K] 45 [K] 47 [K] 4]
[k]55 [X]g; [X]gq

(], [x] 74

[x]gg
i

[x] 2=

[K-J 4=

(K] 55 [K]o3 [K] 55 [K]56]
(k]33 [¥] 35 [X] 36
[x] 55 []5

(%) 66

[ 55 [K]gg [K] 54 [K] 59_1
[k:lse [k] 68 [kJ 69

(] g5 [x] g9

[¥] 99
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Sisteme Ait Yiikleme Matrisinin Bulunmasai:

4 3

Sekil 3.32. 1 Nolu Eleman Uzerindeki Diigey Yayili Yiik
Durumu

3° parabol ylik fonksiyonu

a8 = ~(383+48%4+ ¢

Uggen Yiikiin Fonksiyonu a(€)= (=€) (~-1)

1 Nolu eleman lizerinde &= -1 kenarindaki kismi yik ele
alinirsa

g

Sekil 3.33. 1 Nolu Eleman Uzerindeki Yatay Yayili Yiik
Durumu

3° parabol yik fonksiyonu : q(n)= 3n3—4n2+n

Uggen yiikiin fonksiyonu : g{(n)=n
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Elemanlara Ait Ylikleme Terimlerinin Bulunmasi:

¢ 41 '
L e,
PQ 7

»$
: 1
0.125
: P
IQP 6 15 .

1
[ , 015 0148 —p 4
3

Y LA 7 6
Sekil 3.34. 1 Nolu Eleman Uzerindeki Birinci Yilkleme

Yiikleme Terimlerinin Hesabai:

p = -[_2
= -l 16b

*0.15= 5.0089*10

*[—l*(0.383)+3*(0.140476)+4*(—0.216)+1*(0.383;]]*

3

P,= - [— a *[—1*(0.116)+3*(0.0261904)+4*(—0.05)+1*(O.116q]
16b

#0.15 =-1.36607%10"°

P_= ~P.= -5.0089%10 2

P8= —[0.5*[—1*(—0.866)+3*(—0.464285)+4*(0.604166)+l*(50.866)ﬂ
*0.15 =-0.0767856

P,= - [é *[}l*(—0.333)+3*(—0.140476)+4*(0.216)+l*(-0.383%]
4

%0.15= —-2.5044%10" 3

e D - -3
Plo— P4— 1.36607*10
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P11= —[0.5*[—1*(—0.133)+3*(—0.0357142)+4*(0.0625)+

+1%(=0.133)]] *0.15= 0.0107143

P12= —[— a *[-1*(—0.166)+3*(—0.0261904)+4*0.05+1*(—0.116&]

4

%0.15= 6.83037%10 %

P 1 P

P P 0.125
2 |, S
rLﬁ %
P
G A

3 | 015 , 045
1 1 d

Sekil 3.35. 1 Nolu Eleman Uzerindeki Ikinci Yiikleme

Yiikkleme Terimlerinin Hesabui:

Pl= 0.5*[1*(0.133)+3*(0.0357142)r4*(0.0625)+1*(O.133) T

%0.125= 7.738075%10 >

P,= b *] 1%(~0.116) +3% (~0.0261904) =4* (0.05) +1* (-0.116)]
l6a -
%0.125= —7.285448%10™4
P= - Du[1%(0.116) +3%(0.0261904) =4*% (0.05) +1% (0.116) ]
4
%0.125= -4.371269%10 %
P,= 0

P_= -P.= 7.285448%10 2
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P_= 0.5*[1(0.866)+3*(0.4642857)—4*(0.604166)+1*(o.866ﬂ

AR *¥0.125= 0.0443454

Po= = B [1%(~0.383)+3% (~0.140476) ~4* (~0.216) +1% (~0.383) | *

8 l6a

“0.125= 2.092625%10 >

Py= b, [ 1K (0.383)+3%(0.14076)-4%(0.216)+1%(0.383) |*
4
#0.125= 1.255575 10”3
P1o= 0
P..= ~P_= —2.092625%10 >
11 8 .
P = 0
\ P= 0.0875
p N
P : \ P
o 18 T T, T c= -0.733
§!L—+P7 12 10 -
2 3 *
0.125%
—5 4
2
2 2 0.123
JE 1PN
. P
P3 ‘hio.13 ‘,[‘0 15_41, 5

Sekil 3.36. 2 Nolu Eleman Uzerindeki Birinci Yilikleme
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Yikleme Terimlerinin Hesabai:

p,= =2 ((~0.733%)-1) (1-(~0.733))*0.0875= -5.25777%10°
16b
P2= P3= 0
a oy 2 E a+104
Py= = —— ((=0.733)7=1) (1+(~0.733))*0.0875= 8.088*10
16b
Pe= Pe= 0

P.= -P.= 5.25777%10°

P,= 0.5*(1—1.25*(—0.733)+0.25*(—0.733)3)*0.0875= 0.0795407

P = & %(1-(-0.733)2) (1-(-0.733))*%0.0875= 2.628885
4

-

P,.= ~P,= ~8.088*10

P. .= 0.5*[1+1.25*(—0.73§)-0.25*(—0.73'3)3]*0.0875=7.959255*163

P,,= - 2*(1—(—0.733)2)(1+(—0.733))*0.0875= —4.0442*164
4

P= 0.052083

P
% M n
t P P c= 0.64
7 12 10
% 2 3 I
—spP
0.12%
A 1
2 0.12%
P P
215 [+) 5 at_
P P
', 'o01s L0415 ,p 4
3 1 g 186

Seki113.37. 2 Nolu Eleman Uzerindeki ikinci Yiikleme
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Yiikleme Terimlerinin Hesabzi:

P1= 0
b 2 —4
P2= —— (0.647-1) (1-0.64)*0.052083= =5.765625*10
l6a
P3= 0

P,= 0.5+[1-1.25%0.64+0.25%0.64°|*0.052083= 6.915%13°

o -4
P = ~P,= 5.765625%10
b 2 ' = -4
Pe= - 2 %(1-0.647) (1-0.64)*0.052083= -3.459375%10
4
P= 0
b 2 - -3
Pg= - —— (0.64°-1) (1+0.64)*0.052083= 2.626562%10
l6a
Pg= 0
P1o= 0.5%[1+1.25%0.64-0.25%0.64> *0.052083]= 0.0451683
P..= =P_= =2.626562%10°
11 8 -
P ,= D % (1-0.64%) (1+0.64)*0.052083= 1.5759375%10°
4

3 ve 4 No'lu elemanlara ait ylkleme terimlerine 1 ve
2 Noluelemanlardan elde edilen yilkleme terimlerinden fayda-
lanarak ve agagidaki doniiglimleri kullanarak gegmek mimkiin-
diir.
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M
P =P
_.__>'1
\(
&
ra—
P-p

2

Sekil 3.38 Karsilikli Kenarlara Ait Yiikleme Terimleri
Arasindaki D&nfiglim

Pl'den Pz'ye Gegig:

P1= =Py Py= Py
Pa= P11 Pg= ~Pg
P3= Pyy Pg= Pg
Py= 7By P107"F
Pg= ~Pg P1157%;
P_= 'P P..= P
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Eleman Yiikleme Matrislerinin Gosterimi:

wU
?‘ o O
~T

| 0.00068304 |

0.0127469 |
~0.00072854
~0.000437122
~0.00136607
0.00072854
0.0393364
~0.0746928
~0.00124886

0.00136607
-0.0128069

Sekil 3.39. 1 Nolu Elemana Ait Yikleme

[Pd]:
2

[-0.0053030
-0.00057653
T 0.0077422
0.000576525
-0.00034592
0.0053030
0.0820433
0.00265152
70.0443378
0.00545659

0.00116201

Sekil 3.40. 2 Nolu Elemana Ait Yiikleme
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l

P

[ ~0.04433776
~0.005456593
0.00116201
~0.005303

~0.0820433
0.00265152
~0.0077422
~0.000576525
~0.000345915
0.00530304
0.000576525

0.00

L i

Sekil 3.41. 3 Nolu Elemana Ait Yiikleme

P I\Q P
8 n
“L P P,L?yp -
? 12 0
5 6
A'_S
N 1
8 9

Sekil 3.42.

~0.001366073]
0.0128069
0.00068304
-0.0393364
0.0746928
~0.00124886
0.00136607
~0.00072854
-0.0127469
0.00072854

| -0.00043712 |

4 Nolu Elemana Ait Yiikleme
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Sisteme Ait Ylikleme Matrisi:

0.0393364
-0.0746928

-0.00124886

6.66907*10
0.0692364

3.33456%10

0.0443378
0.00545659

0.00116201

5.0047%10°

-1.305065%10°

-7.83037%10%

0.00

~5.0047%10"
1.305065*%10

-7.8304%10 %

-0.04433776
-0.005456593

0.00116201

-6.669073%103

-0.0692364

3.33456%10°

-0.0393364
0.0746928

-0.00124886

-
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Ornek Sisteme Deplasmanlarin Bulunmasi:

Ornek sisteme ait dliglim noktasi deplasmanlari,
[S][d]+[P6]=[ q] lineer denklem takiminin ¢&zUmi olarak
elde edilir. Yukaridaki sisteme ait deplasmanlari bilgi-

sayar sonucu olarak alip kontrol edecefiz.

0.4093943%10°
~0.588518%10°
_ 0.189583x10%
0.408412+%10
-0.3875550*10

0.138648*10

e e e — — — ]

5
5 3

0.692922*10
~0.336212*10
_-0.200335%10%
0.456818%10°
~0.256433%10°
_-0.899143%10°_
0.393592%10°
~0.231184%10°
0.239749*%10°

0.335818%10°
~0.206324%1G° 6
-0.899150%10°

o))
| Y
i

0.365568*10
~0.364812%10°
_.0.155856%1G" _
0.283529%1(°
0.00

0.540092*105 9
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Ornek Sisteme Ait Gerilmelerin Bulunmasi:

3 ? 4
64 ., ¢
2 9 5

Sekil 3.43. Dlzlem Levha Uzerinde Gerilme Hesaplanacak
Noktalar

Sisteme ait gerilmelerin hesabinda diizlem levhanain

2, 3, 4, 5 noktalarz gézﬁnﬁne alinmigtir.

1 Nolu Dizlem Levha:

=

0.456818%15° |
5

-0.256433*10 4
-0.899143*10°
0.393522%103°
~0.231184%10°
_0.239749%16°_
, la] .=| 0.4093943%16°
~0.588518%10°
_0.189583%107
e 0.408412%10
~-0.975550%10

0.138648*10 |

Sekil 3.44. 1 Nolu Elemana Ait Gerilme Durumu

wn

-

[ ~14.144 7 [ ~3.083
[0]4= ~40.686 [Q]5= 14.617
| -~ 1.253 ] | 1.703 |
- [ -
-7.984 | 3.076
[0] = |-39.454 [0]2= 15.849
| 17.181 | 20.138



2 Nolu Dilizlem Lievha:

171

-

_0.239749*10

0.393592%10°
-0.231184*10
5

5

5

0.335818*10

~0.206324%10°
~0.899150%17°
0.408412*10

5
~0.975550%10

0.138648%10%

6

0.692922*10
-0.336212*10
~0.200335%10% |

5

Sekil 3.45. 2 Nolu Elemana Ait Gerilme Durumu

3 Nolu Diizlem Levha

Sekil 3.46.

-2.543 |
14.725
1.704 |

31.328
21.499

-8.743 |

[016=

[o] 3=

{0.239749*10
3 Nolu Elemana Ait Gerilme durumu

-16.614
17.962

25.061 |
~9.839
7.515 |

0.00

0.00
~0.335909* L@f
0.365568%10°
-0.364812*%10
0.155856%10°
0.456818%*10
~0.256433*%10
=0.899143%10°

0.393592%10

-0.231184%*10
5

5
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30.086 39.349

o] , = -23.216 [o] g= 23.103
7.258 -13.109

-12.347 -3.083

(0] , = -31.703 [o] 5= 14.616
22.698 2.331

4 Nolu Dlizlem Levha

- -

0.365568%10°
~0.364812*10
_ 0.155856%10%
0.283529%10
0.00
_ 0.540092%10° _
“ [a]= | 0.393502%10
~0.231184*%10%

3 s 0.239749%10° _
0.335818%10°
~0.206324%10
—0.899150*165J

Sekil 3.47. 4 Nolu Elemana Ait Gerilme Durumu

[ -4.944 [ -13.009

(o] g= 14.245 [0]g=| -26.078
| 15.772 | L 16.924
[ -2.543 ] [ -10.608 |

[o]¢= 14.725 [0]e=1| -25.598
2.331 J | 3.483 |



-7.984
-39.454
17.181

25.060
-9.839

7.516

-2.813

14.671
2.017

30.085
-23.216
7.258

-13.009
-26.078

Ornek Sisteme Ait Ortalama Gerilmeler:

17.202
18.674
5.697

-13.245
-36.195
10.723

-9.709

-21.106
10.722

17.202
18.674
1.331
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3.7. Elde Edilen Yiikkleme Terimlerinin Kontroli

2

~T 1 .
q =3t/m q:=2t/m E= 1.0 tm/m2
1 2 "
! 2 3 v= 0.16
1 2 3
5 t= 0.30 m.
4
4 S 6
3 4 3
A
7 8 3 7
5 6 3
10 1o 12
HTT VT 7T NI 7777727 27777 7r"

x4

L 3.25 325
Tt —1 |

Sekil 3.48. Ug¢lincli Derece Yayili Yiikle Yliklenmig Perde
Sistem

Yukaridaki ylikleme onbir egdeger tekil yilke gevrildiginde:

Tablo 3.1. Ucglincli Derece Yayili Yilke Egdefer 11 Adet Tekil

Yk
Tekil Y. giddet
Py 0.49546
P, 1.00501
P, 0.98713
P, 0.92766
Pe 0.83828
P, 0.73071
P, 0.61663
Py 0.50776
Py 0.41578
P1o 0.35241
Py 0.16483
s 7.04166
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Tablo 3.2. Geligtirilen Program ile Sab80'in

Kargsilagstirilmasai

Geligtirilen Program

SAPBO

Kargilagtirma
Parametresi

Diizglin Yayili Yik

Egdefer Tekil Y.

Egdefer Yayili YT

Eleman Sayisi 6 6 60

Yatay Dep. 1 -92.30492164 -92.6347351 -84.906972
Diigey Dep. 1 -98.9438477 -99.2929687 -93.727570
Yatay Dep. 6 -36.1315613 -36.1261139 -36.126512
Diisey Dep. 6 17.3666534 17.3600922 17.122123
Eleman 6 S . ==0.1234388 S __.=—0.1236038 S ___=—0.5797

max max max
K6ge 11 Asal 6 Smin=—4.156449 Smin= -4,156097 Smin=—3.65l0

Sap80 c¢bziimleriyle, geligtirilen programin sonuglari

arasindaki kiigiik farkliligin nedenini anlamak ig¢in agagaidaki

basit 6rnek farkli eleman sayilari ig¢in her iki programla

gozilmigttr. A +
] ? 3
1 2 3.
P
- 2 -1‘-.
4 5 6
3 L 3
P
—1—>‘ .71.
7 8 9
5 6 3
. o 1 12 "
VTITEITIVITTTT 72777077 777770227 ﬁ
, 3-25 . 3.25

E= 1.00 tm/m2
v= 0.16

t= 0.30 m

P.= 0.50 ton
P2= 1.00 ton
P,= 1.33 ton

Sekil 3.49. DUgUm Noktalarindan Ug Adet Tekil Yik ile
Yiklenmig Perde Sistem
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Tablo 3.3. Yeni Yiklere Gore Geligtirilen Programin Sap80
ile Kargilastirilmasa

¥ ofalyd o711 Geliytirilen Program SAP 80

Bleman S. 6 24 96 6 24 96

Yatay Dep. 59.345|" 67.159| 67.640| 56.855 |60.311 |61.516

Yatay Dep. 39.085| 44.108] 44.561| 37.065 |39.921 |40.856

Yatay Dep. 16.882| 19.596 20.006 | 16.451 [17.925 |18.579

Disey Dep. ~15.951|-16.969|~16.998 |~14.138 ~15.417 -15.757

Eleman 6 Spax2+473 8, ,52.155(5 _=1.854]5 =1.451|5 <1.57 s;%il.sa
K8se 11 ‘ ’ - |

AA; . 2 5L . e L - e ‘ oY = i e g
sal Genl Spuif 2473 Sy 5m2+ 15 |Spyym1+85| S -1 4538, 215 8 jja-1E

Yukaridaki konsol perde kayma deformasyonlarinida
dikkate alarak gubuk olarak ideallegtirilip gazﬁldﬂﬁﬁhde;
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4
a El, GF
! 3 1 3 1 3 A
) ] ! ]
+ | T
+ +
2.83 1.50 0.50

F_ = M

1649 6.00 15

\ﬁﬁ.

10

k4]

gekil 3.50. Perde Sisteme Ait Cubuk ¢&ziim
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5o MM g LT g oM T
EI ap'
171
F= 0.30%€.50= 1.95 m2
6. 50
F= 0.666%1.95 m2= 1.30
;i ¥ I= 0.30%6.5°/12= 6.865625 m~
82,
0.30 E= 1 ton/m%, v= 0.16, G= E/2 (1w )=
2
= 0.431 ton/m
EI = 6.865625 ton/m2
GF’ = 0.5603 ton
sM = 295.38/E1
§T = 14.49/GF"
§ = 295.38/6.865625+14.49/0.5603=
§ = 43.0230+25.86115= 68.884 m. (g = 68.884/E)

Bu problem, geligtirilen programla 96 eleman kullani-
larak ¢oziiliglinde elde edilen tepe deplasman: §=67.64 m.
dir. (67.64/E). 1ki sonug birbirine yeter derecede yakin-

dir.
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3.8. Kolon-Kiris Birlegim Bdlgelerinin Sistem Davranigina

Etkileri

Birinci Model:

{6

Sekil 3.51. Birinci Modelin GOsterimi

§.= 0 , eksenel boy dejigimleri yok kabul ediliyor.

_ 12 13 6 _
ZMl- o ., (miei+miei). 1+M = 0
91= - M veya

(mlz +m13:)
10177104

Sistem simetrik oldugundan migi = -M/26,
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Yukaridaki modele ait boyutlar ve P kuvvetinin
giddeti segilerek sonlu eleman ¢dzlmll yapilmigtir.

<
P.
s =10 - E= 2850000
e
— . Pe c v= 0.166
1
// b, t= 0.01 m.
{
T ‘ m
T \ 60x0.06
:3.6m
\ }
£ —. E2
2
P:iot-c— J‘

584006 =4.08" »
g

yekil 3.52. 1. Modele Ait Sonlu Elemwman G&ziimtinii Ifade
Eden Sonlu Eleman AJa

Sekil 3.52%deki sistemdeki sonlu eleman sayisi

1180, digim noktasi sayisi 1309 dur. sistemin serbestlik

derecesi 1309*3 = 3927 dir. Bu sistemde kolon boyutlarai
artirilarak gegitli sonlu eleman g¢&zilimleri yapilmig ve
diigiim noktasi igindeki gekil deyistirmeler incelenmigtir.

A )

310] 379 «ad 517 586 635724 793 862 931 [1000 ",,=°-‘m
i *
4 bg=0.60M f
Sekil 3.53. Sonlu Eleman G&zlmine Ait DJlm Noktasi Igi
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1. Icra: bc= 60 cm, E1= E2= 2850000

Tablo 3. 4. bc= 60 cm igin sonlu eleman ¢&ziimi

DUgtm

Noktasi X 9
310 -0.66052 E-2 -0.14048 E~1
379 -0.55239 E-2 -0.16995 E-1
448 -0.42659 E-2 -0.18668 E~-1
517 -0.28767 E-2 -0.19846 E-1
586 0.14029 E-2 -0.20546 E-1
655 0.11152 E-3 -0.20779 BE-1
724 0.16264 E-2 -0.20555 E-1
793 0.31014 E-2 -0.19866 E-1
862 0.44930 E-2 -0.18704 E-1
931 0.57551 E~2 -0.17091 E-1
1000 0.68483 E-2 -0.15159 E-1
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2. ifcra: b=1m , E1= E.= 2850000

Tablo 3.5. bc= I m igin sonlu eleman ¢&zlmil
DUgUlm
Noktasi X 6
310 ~0.10186 E-1 -0.93307 E-2
379 -0.88804 E-2 -0.13198 E-1
448 ~-0.72373 E-2 -0.15248 E-1
517 ~0.54146 E-2 -0.16416 E-1
586 -0.35058 E-2 -0.17020 E-1
655 ~0.15614 E-2 -0.17226 E-1
724 0.38458 E-3 -0.17086 E-1
793 0.22991 E-2 -0.16561 E-1
862 0.41336 E-2 -0.15506 E-~1
931 0.58015 E-2 =-0.13657 E~1
1000 0.71642 -C.10613 E-~1
icra : bc 2 m E = 2850000
Tablo 3.6. b_=2 m igin sonlu eleman g¢bzimi
DUGUm
Noktasi X o

310 -0.99885 -0.24505 E-2
379 -0.84772 -0.93381 E-2
448 -0.61878 -0.11055 E-1
517 -0.37290 -0.11706 E-1
586 -0.12240 -0.11982 E~1
655 0.12966 -0.12053 E-1
724 0.38190 -0.11959 E-1
793 06.63280 -0.11649 E-1
862 0.87906 ~0.10%929 E-~1
931 0.11070 E- -0.30326 E-2
1000 0.12494 ~0.15041 k-2




4. icra b= 3 m E;= E,= 2859000
Tablo 3.7. bc= 3 m igin sonlu eleman ¢dzimi
DG lm
Noktasi X 0
310 ~-0.27322 E-2 0.17893 E-2
379 ~0.25899 E-2 -0.17005 E-2
443 ~0.19614 E-2 -0.21304 E-2
517 ~0.12657 E-2 -0.22961 E-2
586 ~0.54877 E-3 -0.23723 E-2
655 0.17837 E-3: | -0.23951 E-2
724 0.90680 E-3 -0.23730 E-2
793 0.16274 E-2 -0.22943 E-2
862 0.23274 E-2 -0.21183 E-2
931 0.29565 E-2 -0.16562 E-2
1000 0.30618 E-2 0.21272 E-2
5. Icra : b_= 0.30 m E;= E,= 2850000
Tablo 3.8. bc= 0.30 m igin sonlu eleman ¢&zimil
DUglm
Noktasi X 6
310 -0.86958 E-2 . -0.33474 E-1
379 -0.73606 E-2 -0.37491 E-1
448 -0.59012 E-2 -0.39414 E-1
517 -0.43415 E-2 -0.40759 E-1
586 -0.27095 E- -0.41605 E-1
655 -0.10392 E- -0.41914 E-1
724 0.63204 E- -0.4167 E-1
793 0.22673 E- -0.40891 E-1
862 0.38326 E-2 -0.39639 E-1
931 0.53011 E-2 -0.38064 E-1
1000 0.66563 E-2 -0.36982 E-1

183
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6. tcra : b = 60 cm  E,= E1/3= 950000 E,;

2 o7 Diiglim Noktasi

igine Ait Elas~-
tisite Modiill
Tablo 3.9. b,= 0.60 m, E,= E1/3 igin,

Sonlu eleman ¢8zimu

DUgUm
Noktas1i b4 g
310 -0.97614 E-2 -0.11501 E-1
379 -0.83221 E,2 -0.18667 E~-1
448 -0.66032 E-2 -0.21431 E-1
517 -0.46795 E-2 -0.23314 E-1
586 -0.26241 E-2 -0.24427 E-1
655 -0.50551 E-3 -0.24805 E-1
724 0.16134 E-2 -0.24469 E-1
793 0.36704 E-2 -0.23405 E~1
862 0.55981 E-2 -0.21592 E-1
931 0.73261 E-2 -0.18972 E-1
1000 0.87894 E-2 -0.13119 E-1
7. icra :

Tablo 3.10.b_= 60 cm, E,= E1/10= 285000 igin sonlu

eleman ¢6zimi

DUgUm ;
Noktas1i X ? 7}
310 ~0.172028 E-1 | -0.48537 E-2
379 ~0.144816 E~1 | -0.25787 E-1
448 ~0.113810 E-1 | -0.29562 E-1
517 ~0.8045 E-2 | -0.31779 E-1
586 ~0.45571 E-2 | -0.33078 E-1
655 ~0.99680 E-3 | -0.33522 E-1
724 0.25626 E~2 | -0.33141 E-1
793 0.604863 E-2 | -0.31923 E-1
862 0.93847 E-2 | -0.29826 E-1
i 931 |  0.124912 E-1 { -0.26256 E-1
| 1000 0.15235 E-1 | -0.63601 E-2
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yukaridaki icralardan bazilarinin orta noktalarindaki
ddnmeler alinarak kiriglere ait birim deplasman sabitleri

bulunmustur.
v 3"
@ 0]
A £ -9
£ :":
Migi= —36/261

Tablo 3.11. Sonlu Eleman (¢dzlmlerinden Bulunan Birim

Deplasman Sabitleri

pﬁ
icra aAdx b, (m) o —2
M6 i m:0 3
1 0.60 -0.20779 E~1 866.2592 1732.5184
2 1.00 -0.17226 E-1 1044.9321 2089.8642
3 2.00 -0.12053 E-1 1493.4041 2986.8082
4 | 3.00 -0.23951 E-2 7515.3438 15030.6876
5 ‘ 0.30 -0.41914 E~1 429.4507 858.9014

Tablo 3.5, Tablo 3.6, Tablo 3 .7, Tablo 3.8, Tablo 3.9,
Tablo 3.10 daki dederlerin antimetrik ¢ikmayisinin nedeni
datayi otomatik olarak hazirlayan mesh generation programinin
dikdtrtgen bloklarin kesigtig§i bdlgelerde, lirettidi elemanlarin
dikd6rtgenden bir miktar uzaklagsmasaidir. Bunun nedeni de

blitlin icralarda kiris boyunu 4 .08 m almak istememizdir.



186

Ikinci Model :

<L
§
l“h’“ﬂéﬂM‘ﬂMﬁ , -7L
oo
/i
1 h
/1
5. /1
) RI¢) ) *
s _‘g ) /7-6.1 == Z;:-.
1/
1/
1y h
l:'
J
5_&./ o
L N L 4

-+

Sekil 3.54. 2. Modelin Go&sterimi

Denge Denklemleri :

' I - _ o

. _ 14 1 A
zxz- 0 P+k.52+tlel.el+t1§*(62 61)— 0
—|-—>
A N
il
_ 14 15 15 . 14, _
Ix;= 0 (] 917t797) - Oy*ty5 81t (8,=87) =0
} 12 13 14 15 15 14, _
IM;= 0 (myg1*Myg1*Myg1*Mp1) - 01+ my- 81+ Mg (S,

(1)

(2)

1) =0

(3)



187

Ozel Durumlar:

(1-4) ve (1-5) cgubuklari (Kolonlar) ayni kesitli

(2-1) ve (1-3) c¢ubuklari (Kirigler) ayni kesitli

2 Nolu denklemden 261= 62 (61)
1 Nolu denklemden, 14 14
Mi6i Mioi ,
2k 4+ —=——= *¥0_+ ——= *§ = P (62)
1 > 1 2 1
L
3 Nolu denklemden, m14
12 14 101
3] §. =
(myoymyey)* %t —/— "= 0 (O3

Sekil 3.54 deki sisteme ait sonlu eleman ¢dzlimi yapilmigtir.

- =
BE= 2850000
E‘K /Ez: “tin v= 0.166
= ™ t= 0.01 m.
H . H] 60%0.06 =3.¢"
e -+
y 68 0.0g= 4.08 L
A 1

Sekil 3.55 2. Modele Ait Sonlu Eleman G&zlimunii Ifade Eden
Sonlu Eleman AgJi

Yukaridaki modele ait k= 1000, P= IOt a gbre n= 1,2,3

degerleri igin dedigik sonlu eleman ¢dzlmleri yapilmigtar.
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650

652 653 654 55 6

56 6357 658 659

660

Iy

0.60

N

Sekil 3.56. 2. Model Ig¢gin Sonlu Eleman Gézlimline Ait DUgUm

Noktasi Ig¢i

—

0.6d"

1. icra : n=1
Tablo 3.12. E2= El i¢in Sonlu Eleman ¢ézUmi
DUy {im
Noktasi y X
650 0.45041 E-3 0.31718 E~
651 0.37763 E-3 0.31684 E~
652 0.29369 E-3 0.31649 E~
653 0.20090 E-3 0.31619 E~2
654 0.10216 E- 0.31599 E~-2
655 0.49408 E-6 0.31592 E-2
656 ~0.10117 E-3 0.31599 B~2
657 -0.19990 E- 0.31618 E-2
658 ~0.29269 E- 0.31648 E-
659 -0.37660 E- 0.31683 E-
660 -0.44938 E- 0.31716 E~
1384 = §,= 0.87404 E-2
625 = 08_.= ~-0.13628 E-2

1



2. Ilcra : n= 2

Tablo 3.13. E,=

189

E1l/2 1Igin Sonlu Eleman G&zimi

X
1304=52= 0.89228E-2

8
655=91=—o.13790E—2

2
DUGUm
Noktasi y X
650 0.49451 E-3 0.31478 E-2
651 0.41688 E-3 0.31422 E-2
652 0.32561 E-3 0.31363 E-2
653 0.22343 E-3 0.31312 E-2
654 0.11386 E-3 0.31277 E-=2
655 0.63268 E-6 0.31265 E-2
656 -0.11260 E-3 0.31277 E-2
657 -0.22217 E-3 0.31311 E-2
658 -0.32434 E-3 0.31362 E-2
659 -0.41560 B-3 0.31421 E-2
660 -0.49321 E- 0.31476 E-2
X
1304 = 62= 0.88509 E-2
]
655 = 61= -0.13718 E-2
3, Icra : n= 3
Tablo 3.14. E2= El/3 1Ig¢in Sonlu Eleman ¢8zimi
DUglm
Noktasi y X

650 0.53224 E-3 0.31255 E-2
651 0.44836 E-3 0.31182 E-2
652 0.34992 E-3 0.31104 E-
653 0.2400 - 0.31037 E-
654 0.12231 E- 0.309¢%2 E-2
655 -0.71882 E~6 0.30976 E-
656 -0.12086 E-3 0.30991 E-2
657 -0.23857 E-3 0.31035 E~
658 -0.34846 E-3 0.31103 E~2
659 ~-0.44690 E-~ 0.31180 E-
660 -0.53077 E~- 0.31252 E-
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k21000
P =10 — pom} -+
R 4
18
2 1 ] X
A 2 =7
1.8
7
204 i 2.0% | 1
[ M i
I - ; T

iSekil 3.57. 2. Modele Ait Gergeve G8sterimi

(1), (2), (3) denge denklemleri Mg
su hale gelir. '

IX,= 0 14 14
-P+k.§,+ —lﬁl.e y 6L
2 L 1 2
L
2xy= 0 14 15 15
161 1ol 191
( - ).el+ ——7;-s61—
L L L
IMy = 0
12 13 . 14 . 15
(M 91+M191* M1 91 M1 p1) - 017

Yukaridaki sonlu eleman g¢dzUmlerindeki 61

alinarak
12 _ 13
1} mig1 = Myp; 2)
Bilinmeyenleri
bulunacak
mid - mlS
lg1 161
%

cinsinden yazilirsa

14

16l
«(6,=-8,)=0
2 2 1

- m

m15 m%41

lel .., 18- - =
____.514- .(52 51) 0

ve 62 deferleri

m14

lel

Bilinmeyenleri

15 bulunacak
m

161

0
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l. Yol ile ¢&zlim sonucu

R P-ks,
lel ~ _
04 §,=8; .
+ ]
2
1.80 1.80
14 14
migl o *§ - - (§,=6,)-2 migl*el}
2 1.80 1.80

2. Yol ile g¢bziim sonucu

~1
6. §,-8
14 1. %27%
(1) migy = (Poky) ] =S 5 ]

(2) ve (3) denklemlerinin taraf tarafa toplamindan

0 (8§.~6.) -1
15 L 1 2 1
__ L 1 _ 1, 2T
me1 s *0 % {nmigy+ (P-kS,) [L M-
1

(2) ve (3) denklemleri taraf tarafa gikarilirsa

-1
(P~kS.) _ 8 (8.-8.)
15 _ 12 _ 1 , _~ ~"2 ¢ _ 1, 2 1 -
m191= "M161 * i * ] *(8,-8))
L N L L2

Bu iki denklemin egitliginden 2. modele ait alt
modele ait kolon rijitligi bulunur. Burada migl, kiris
rijitligi 1. modelden alinacaktir. Her iki yolla ¢dziimde

de 61, J sonlu eleman ¢dzimlinden alinmaktadir.

2!



Tablo 3.15.

2. Modele Ait

192

Sonlu Eleman ¢8zimlerinin Ozeti

n | P(t) X 61 52 0
1 j]10. (1000, 0.31592 E—é 0.87404 E-2 ~-0.13628 E-2
2 110. {1000, 0.31265 E-2 0.88509 E-2 -0.13718 E-2
3 110. (1000, 0.30976 E-2 0.89228 E-2 -0.13790 E-2
1 110. {100, 0.14481 E-1 0.42253 E-1 -0.62519 E-2
2 |10. |1l00, 0.15014 E-1 0.44817 E~-1 -0.65958 E-2
3 |10. [100. 0.15352 E~-1 0.46629 E-1 -0.68413 E-2
1 }10. 10000, 0.53563 E-3 0.97861 E-3 -0.23111 E-3
2 t10. [10000. 0.52461 E-3 0.98069 E-3 -0.23029 E-3
3 110. |10000. 0.51627 E-3 0.98202. E-3 -0.22987 E-3
Tablo 3.16. 1. Yol Kullanilarak 2. Modele Ait Kirig ve
Kolon Rijitlikleri
(kirisg) (kolon)
k n M1 RI6L

1000. 1 1019.629 1304.134

1000, 2 906.1132 1143.748

‘1000. 3 832.4311 1044.022

100. 1 993.7332 1132.666

100, 2 884.9012 997.1408

100, 3 814.5898 911.908

10600, 1 4526.213 25685.06

10000, 2 2753.758 15054.71

10000. 3 2092.062 11206.35




Tablo 3.17. 2.
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Yol Kullanilarak 2.

Modele Ait Kolon

Rijitlikleri
Model 1

n 6 migy 0 Ust kolon|alt kolon

1 —0.2@779 E-1 866.26 -1.55108 E-3 1463.154 2058.625

2| =-0.22976 E~1 |--783.426 [ -1.544107E-3-]:1264.201 1320¢298u.
13| -0.24805 E-1 7?5;66m'“:l;542226E-3" ﬁ1144i507 1676.096 7"

1} ~0.20779 E~1 866.26 ~7.0551738B=3 j1241.32 | 1.848...2‘7“]..

2 -0.22976 E-1 783.426A ~7.364851E~3 '1080.563 1?45.824

3| -0.24806 E-1| 725.66 | ~7.144714E-3 | 938.9508| 1468.954

1] -0.20779 E-1 866.26 -

2| ~-0.22976 E-1 783.426

31| -0.24805 E-1 725.66
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Sonsuz Rijit Pargasi Olan Cubukta Birim Deplasman Sabitleri

F pl /
~E1 GE, €1,GF; B
| .

1.
e

1L

( . ] ¢ 15
§ = oM 7T
117 117 11

SM L g sfson (00 )/0+2% (20 )2/02) %1/BT +
117 .1 1 1 1

+1/3*(z_21)3/ 12*1/E12

yalniz efilme deformasyonlari etkisi diiglinliliirse

M
m; ;= Xp= 1764

Kayma Deformasyonu Dikkate Alinirsa

L (L-L.)
6?1 = 1/L2*{ 1 1

GF1 GF2




Tablo 3.18.
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Gubuk ve Sonlu Eleman ¢&ziimlerine Ait

Kiris Rijitlikleri
A3 12
. M M+T lel  let
be 1 | BL m; o1 m; e
=1 =2 n=‘3
0.30 | 0.15] 513 948.6654 872.192 - - -
0.60 | 0.30) 513 | 1215.768 1101.79 | 866.26|783.426 725.66
1.0 0.50 | 513 | 1753.623 1543.051 - - -
v
2.0 1.0 | 513 | 5693.738 4415.217 - - -
3.0 1.5 | 513 {40673.34 19610.4 - - -
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ORNEK :

Tablo 3.19. Degigik Durumlara Ait Birim Deplasman Sabitleri

Diiglim Noktasi Igi m, 6, Nasil bulundu
E= 6o 1101.79 ——
E= E 866.259 ]
E= E/3 725.660 4 ' +
| ) e
E= E/10 536.96

E= 2850000 t/m2

|
1 0.50 -
0.50 ]| —_— T 'J
|
i 2.04
2.04 2.0z b
7]|' /||£ /1
|
050 @ @
—> A
2.04
Q]
1 2.04 ‘—/-IM‘
g

Sekil 3.58. Ornek Gergeve
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Tablo 3.20. Ornefe Girecek Birim Deplasman Sabitleri

E mlel

o0 1101.79

E=E 866.259

E=E/3 725.660

E=E/10 536.96

Kolon (0.01%0.60) 0.01%0.603/12= 1.8%10% n*

E= 2850000 tm2 EI= 513 tm2

Kolonda mlel= 4EI1/ ¢ =4*513/2.04= 1005.88

.= 1005.88/2= 502.94

my .

m16=sEI/22= 6%513/(2.04) %= 739.62

¢

L5 12ET/23= 12%513/(2.04)°= 725.12

Agl ydntemi denklem takimi kuruldugunda,

} +m '13.51 =0

12 13
+m 15

SM.= 0 el*{mle 191

1 1
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E=c0 icin ¢&zim

aM1= 0 91{1101.79+1005.88}+739.62.51= 0
%= 0 739.62*el+725.12.61—0.50= 0
" - r .
2107.67 739.62 9 |0
739.62 725.12 s 0.50
(2107.67 739.62 6 |0.00 §=1.0739 E-3
0 465.573 8 0.50 6=~3.76851E~4

E= E= 866.259

icin ¢dziim

IM, =
M,= 0
1%, =0
1872.139
739.62
1872.139

0.0

1.{866.259+1005.88} + 739.62.5 ;= 0

739.62 61+725.1251 =0.50

739.62 o . 0

725.12 8 0.50

739.62 0 0 §=1.154945 E-3
432.92 5 0.50, ©=-4.5628 E-4

E= E/3= 725.660 icin ¢bzlm:

IM.= 0

91.{725.660+1005.88}+739.62,51= 0

739.6261+725.125l= 0.50
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- - - -1
1731.54 739.62 | |8 0
739.62 725.12 | |6 |0.50
1731.54 739.62 [ [6][ o §= 1.2219 E-3
I 0.0 409.194| | 8| |0.50] =-5.21929E~4
E= E/10= 536.96 icin ¢&zim
ZM1= 0 91{536.96+1005.88Y+739.6261= 0
IX = 0 739.620,+725.128,= 0.50
[ 1542.34 739.62 | [67 [ o 7
739.62 725.12 | | S 0.50
1542.84 739.62 | [ 8] [ o §= 1.349327 E-3
0.00 370.555 LGJ 0.50 ] =—6.468521 E-4
Tablo 3.21. Ornek Cozlime Ait S vedr
s )
E= ® 1.0739E-3 -3.76851E-4
E=E 1.154945E-3 ~4.5628E—4
E=E/3 1.2219E-3 -5.21929E~4
E=E/10 1.349327E-3 ~6.468521E-4




BOLUM IV

SONUCLAR

Caligmanin birinci b&limiinde kuvvet y&nteminin boyut-
landirmada etkin kullanimi denenmig bu amag¢la hiperstatik
esas sistem ve kuvvet gruplarinin bilinmeyen olarak seg¢il-
mesi yoluna gidilmig sistemin simetrik olma dzelliginden
de yararlanilarak g¢egitli uygulamalar yapilmigtir. Bunlar
arasinda hiperstatik esas sistem kullanmanin tesir ¢izgi-
lerinin olugturulmasindaki etkinliﬁi ile matris kuvvet
yonteminde esas sistem olarak hiperstatik alt sistem kul-
.lanimi sayilabilir.

Galigmanin ikinci bSlimlinde elde edilen sonuglar ise
asagirdaki gibi sairalanabilir.

1. Genellikle rijit sayilarak hesaplara yansitilan
kolon~kirig bilegsimlerinin usuliine uygun olarak boyutlan-
dirailip insa edilmesi halinde deprem sirasinda rijit dav-
ranmadiklari hatta bu bSlgenin kiris ve kolonlarin uglarin-
da baglayan kalici gekil dedigtirmelerden etkilenerek bir
gb¢cme odagdi haline ddnligmesi gdzlenmektedir. Bu durumun
hesaba yansitilmasi igin baglangigta rijit sayilan kolon-
kiris ug bdlgelerinin rijitliklerinin gerge§e yakin dav-
ranigi gbzdniinde tutularak azaltilmasi gerekmektedir. Bu
amacla kolon-kiris birlegiminin malzeme y8niinden elastik
ve elastik olmayan bdlgelerdeki davraniginin yakindan in-
celenmesine ydnelinmigtir. GO&zOniline alinan iki mekanik
modele sonlu eleman analizleriuygulanmig ¢ikan sonuglar
¢ubuk eleman rijitlik terimlerine yansitilarak digim nok-
talarinin rijit olmamasi haline gelecek bir hesabin gerekli
ilk blytiklikleri Srneklenmigtir.
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2. Kolon-kirig birlesim b&lgesinin daha az sayida
eleman kullanilarak gercede yakan davraniginin daha iyi
belirlenmesi amaciyla betonarme kesitlerdeki ig¢ kuvvet
dagilimlarina karsi gelen yayili beton basing gerilmeleri-
nin ve kayma gerilmelerinin sirasiyla ddrt parametreli
iclincli derece edrisi, lig parametreli ikinci derece eyrisi
ile temsil edilmesine kargilik gelen yilikleme terimleri
g¢ikartilmigtir. Sonlu eleman kenarlarinin herhangi bir
yerine tekil ylk bulunmasina ait yitkleme terimleriyle bun-
lar birlikte kullanilarak elastik b&lgede dliflim noktasi
iginin davranigi ilizerinde galigilarak lineer olmayan b&l-

gedeki davraniga ge¢gme amacina ySnelik bir hazirlik yapil-
migtir.
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