39645

iSTANBUL TEKNiIK UNIVERSITESIi * FEN BILIMLERi ENSTITUSU

KONSOL "L" PLAKLARIN iINCELENMESI VE

YAPI SISTEMLERININ HESAP YONTEMLERININ KARSILASTIRILMASI

YUKSEK LiSANS TEZi

ins. Mdh. N. Ercivan UNUVAR

Tezin Enstitliye Verildigi Tarih

Tezin Savunuldugu Tarih

Tez Danismani

Diger Jiri Uyeleri

: 24 Ocak 1994

: 11 Subat 1994

Prof.Dr. Ahmet . SAYGUN

Dog¢.Dr. Sumru PALA

: Dog.Dr. Metin AYDOGAN

SUBAT 1994



ONSOZ

Glinlimlizde, yapi milhendisliginde esas olan hem glivenli hem
de ekonomik yapi sistemlerinin uygulanmasidir. Buglin
bilgisayar teknolojisinin getirmis oldugu kolayliklar ve
hesap yontemlerindeki geligmeler nedeniyle yapilarin
gergek davranislarinin daha kolay ihcelenebilmesi,
glivenligin yanisira miimkiin oldudu kadar ekonomik yapi
sistemlerinin uygulanmasina imkan saglamaktadir. Bu durum
Bu durum gdzdnline alindiginda, lilkemiz ekonomisinde
tnemli bir yer tutan yapi sektdriindeki bu diislince

tarzinin tlim yurtta hizla yayginlasmasini diliyorun.

Bu tezin hazirlanmasinda bana imkan saglayip yol gdsteren
Sayin Prof. Dr. Ahmet I. SAYGUN 'a ve yardimlarini
esirgemeyen Arastirma G&revlileri Sayin Mecit CELIK ve
Sayin Engin ORAKDOGEN 'e, ayrica d§renimim sirasinda
degerli bilgilerinden yararlandigim basta Prof. Adnan
CAKIROGLU olmak lizere Yapi Statidi Calisma Grubu 'nun tiim

elemanlarina sonsuz tesekkiirlerimi sunarim.
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OZET

Yiiksek Lisans Tezi olarak yliriitiilen bu calisma iki ana
b&llimden olusmaktadair.

Caligmanin birinci bdliimiinde "L" bicimindeki disbiikey
konsol ince plagin farkli geniglik oranlarina gore
(Ly/Lx) hesaplanan uc¢ deplasmanlarin ve i¢ kuvvetlerin
defdigimi incelenmigtir. Hesaplarda Sonlu Elemanlar
yéntemi 'nden yararlanilmigtir. Déseme sistemi kendi
icinde lic d8semeye bdllinerek alt sistemler halinde ¢&zilime
gidilmistir. I¢ kuvvetlerin hesabi igin yaklagik bir
bagdinti 6nerilmis ve sonug¢lar karsilastirilmigtar.

Yapl sistemlerinin hesap ySntemlerinin karsilastirilmasa
bélimiinde, diizlemi icinde cgegitli yiikler etkisinde
bulunan dért ag¢iklikli bir diizlem cergeve secilmis ve
degigik ylikleme durumu ig¢in farkli hesap ylikleri
kullanilarak statik hesaplari yapilmistir. Cergevenin &n
boyutlandirilmasi Ag¢i Yo6ntemi kullanilarak
hesaplanmigtir. Daha sonra sirasiyla sabit ylikler icgin
Ag¢i Y&ntemi, P1l, P2 ve P3 ilave ylikleri ig¢in Matris
Deplasman Y6ntemi, Dilizglin Sicaklik Degisimi ig¢in Matris
Kuvvet Yontemi, mesnet ¢dkmeleri icin Cross Metodu ve son
olarak (W)Deprem Yiikleri ig¢in Aci Y&ntemi kullanilarak
kesit tesirlerihesaplanmigtir. Ayrica elde edilen kesit
tesirlerinin en elverigsiz kombinezonlarina gbre kesitler
donatilmig ve Endirek Deplasman Metodundan yararlanilarak
iki kesite ait M, N, T tesir cizgileri ¢izilmistir.



THE SOLUTION OF An " L " SHAPED FIX BASED THIN PLATE
BY THE FINITE ELEMENT METHOD AND THE COMPARISON OF

METHODS OF STRUCTURAL ANALYSIS

SUMMARY

This M.Sci. thesis study consists of two parts :

In the first part, an "L" shaped fix based thin plate is
examined by the Finite Element Method and a comparison of
the displacements and the strength of the joints for
different length ratios (Ly/Lx) is presented.

Instead of studying on one plate, three subplates are
used in the solution. The aim of this is to show that a
system can be solved by dividing into subsystems.

Dividing the plate into three subplates, shortens the
width of the stifness matrix of the plate. By the help
of this, the calculation is more simple than the
calculation of whole plate.

First of all, the first and the second numbered
subplates, as showen in Fig.1l are solved. The reactions
of the last three joints of the subplates are calculated
by the help of a basic programn.

Then the third subplate is solved with the reactions from
other two subplates and the displacements of the third
subplate joints are calculated.

By using the displacements of the joints that subplates
have the same numbered joints, the all system joints !
displacements are found.
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Figure 1. The Subplates

With the help of [o] Strength Matrix and the joints !
displacements, the strengths [Mx, My, Mxy] of the joints
are solved.

The results obtained through the numerical investigations
are compared and an approximate formula is proposed to
calculate the strength of the joints.

In the second part, the analysis and design of a four
span reinforced concrete plane frame subjected to various
external effects, is presented.

Different method of analysis is used for each external
effect. Application and comparison of these methods is
also presented.

The preliminary cross-sectional dimensions of the frame
have been determined through the utilization of the
Slope-Deflection Method.
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A sufficient result can be obtained in the preliminary
design of the structural system by reducing the
chracteristic strenghts of material.

Both dead and live loadss are considered not only in the
preliminary design but also in the definite design of the
first chapter of the second part as well.

In the second chapter, the frame is analysed by Matrix
Displacement Method for live loads P1, P2 and P3 acting
on the structure. 1In the Matrix Displacement Method,
unknowns are the displacements of the joints, forming the
structural system.

This method is more useful for the systems having high
degrees of statical indeterminacy. In another saying,
this method enables to operate with lesser unknowns in
system having more members united, at joints forming the
system.

Although the band width of simulateneous equations is
limited because of no elasticity in choosing of unknowns,
enable to have a good stability. But, when the equations
are not good in stability, returning in restricted
because of the lackness elasticity in choosing unknowns.

Thus, it is easy to formulate the Matrix Displacement
Method and this method is more suitable for computer
programming.

In the third chapter of part two, the uniform temperature
changes have been taken into account as an external
effect on the structure. Uniform temperature change is
the changing of the temperature at the upperside and
underside of the Cross-Section.

To determine the internal forces acting on the Cross-
Sections, the structure is analysed by the Matrix Force
Method. This method enables to operate with lesser
unknowns in systems which having more members in frames
forming the system.
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In addition, it is possible to optain equations in which
the band width is kept small and system equations is
stable, by means of independence in choosing unknowns.

However the equations can be derived automatically
because of its elasticity in choosing unknowns, they are
also written systematically.

In the fourth chapter,the structure is analysed by the
Cross Method for different support settlements as an
external effect. Structural systems are expected to have
support settlements during its lifetime. If these
settlements are some on every support of system, there
will not be any reactions acting on structures members.
But if they are different, some reactions acting on the
structures Cross-Sections are expected.

In Cross Method, the unknowns are the forces acting at
the ends of the member. This forces can be obtained such
as " Mij = Mo + M1*§1 + .... + Mi*§i " where Mo is the
moment ends of the member due to only external forces, Ml
is the end moments of the member due to while independent
unit displacement 81 which can be choose by engineer.

The structure is analysed by Slope Deflection Method for
lateral loads (W) in the fifth chapter. 1In Slope
Deflection Method, the unknowns are the conversions of
joints and the independent displacements of the ends of
members forming the system. In this method, the
equations can be obtained automatically.

At the end of these calculations, the dimensions of the
critical Cross-Sections obtained from the preliminary
analysis are checked under the most unsuitable loading
conditions.

These loading conditions are some combinations which
considers different external effects action in some
proportions. It is observed that the most unsuitable
loading condition is obtained "1.4*G+1.6*Q" in which G
is Dead and @ is Live Load.
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Finally, in the seventh chapter of part two, the
influence lines for bending moment, axial force and shear
force of two given Cross-Sections are obtained by means
of The Indirect Displacement Method which is an efficient
and reliable method.



BOLUM I. KONSOL ™L" PLAKLARIN SONLU ELEMANLAR YONTEMI ILE
INCELENMEST

1.1. GIRIs

Yiiksek lisans tezi olarak sunulan bu ¢aligmanin ilk
boliimlinde Sekil 1.1. 'de gorililen "L"™ bicimindeki digbiikey
konsol ince pladin, dilizgiin yayila yilik altinda farkli
geniglik oranlarina g&re (Ly/Lx) ortaya c¢ikan ug
deplasmanlarin ve i¢ kuvvetlerin degigimi incelenmigtir.

Elde edilen sonuglar grafikler halinde b&liim sonunda

verilmigtir.
1 A
10.471
0.4|Ly=1.2 m
7L
0.4
; T 1
Dé&seme Kalin:h= 0.18 m. [0.6
T
Poisson Orani: = 0.16
0.6
; Yik : g = 4.5 kN/m2 ¥ 2.4 m
’ Elastisite Modiild : 0.6
” 4
1 E = 2%10°7 kKN/m2
0.6
< <+
0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
L I L b k ¥ L L L
A 1 i 1 1 1 7
Lx= 1.8 m 2.4 m
b L !
A 7 T

Sekil 1.1. Birinci Bdliimde Ele Alinan "™ L " Big¢imindeki

Pladin Geometrik Ozellikleri



1.2. SEGCILEN SONLU ELEMANIN OZELLIKLERI

Her diigiim noktasinda bir ¢bkme (w) ve iki dénme bileseni

( ©x,8y ) bulunan klasik plak sonlu elemani uygulanmigtir.
Sekil 1.2. 'de gosterilen [K] " Birim Deplasman Matrisi %
yardimiyla diiglim noktalarina ait ug¢ deplasmanlar
hesaplanmigtir. Diglm noktalarindaki u¢ deplasmanlara
badli olarak, Sekil 1.3. 'de verilen {o] "™ i¢ Kuvvet
Matrisi " kullanilarak Mx, My ve Mxy ic¢ kuvvetleri

bulunmustur. [1]
1.3. ¢OzUM YONTEMI VE HESAPTA IZLENEN YOL

Incelenen disbiikey " L " big¢imindeki konsol ince plak
kendi icinde lic d6seme parcgasina bdlliinerek " Alt
Sistemler " olugturulmustur. B&ylece eleman lizerinde
bulunan diigiim noktalarina ait ug¢ deplasmanlarinin meydana
getirdigi sistem rijitlik matrisinin band genisligi kiiclik
Kalmigtir. Bu bize hesapta kolaylik ve zaman

kazandirmigtair.

Herbir dosemeyi sonlu bliylikliikte olan yeter derecede
kiiclik elemanlara bdlerek, elemanlarin birlestigi diiglim
noktalari, band matris genisligi en kiiclik olacak sekilde

sistematik olarak numaralandirilmistir.

Dogemelerdeki herbir eleman parcgasina ait diiglim noktasi
deplasmanlari Sekil 1.4. 'de gériildiigi gibi numara

verilmistir ve yonleri de gsekilde g&sterildigi gibidir.
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Sekil 1.4. Sonlu Elemana Ait Deplasman Numaralari ve

Yénleri

DSgeme 1 ve DOseme 2 sirasiyla Sekil 1.5a. ve Sekil 1.5b.
'de goriildiigl bicimde numaralandirilmis ve 1 numarali
diglim noktasindan 12 numarali diiglim noktasina kadar uc
deplasmanlarina ait sistem rijitlik matrisi kiiclik bir
program yardimiyla indirgenmistir. Geri kalan 13, 14 ve
15 numarali diigiim noktalarina ait (9x9) boyutundaki eksene
gdre simetrik matris ve s6zkonusu noktalara ait dis ylikler

ayri olarak bastirilmistar.

7 4 1 13 10 7 4 1
10
8 5 2|14 11 8 5 2 0.4
11
9l(c) 6 3|15 12 9 6 3 |0.4
12
14 15 16|20 19 18 17 16 |0.4
13
14 15 20 (b)
13
11 12 19 0.6
10
8 9 18 0.6
7 (a)
5 6 17 0.6
4
2 3 16 0.6
1
0.6 0.6 0.6 0.6 0.6 0.6 0.6
] L L i | | IR
(R T T 1 T T T 1

Sekil 1.5. Ddseme 1, 2 ve 3 'iin Numaralandirilmasi



—»D1s Ylikler (9x1)

MM X MM XX NN
L A R R

L -4

(9%9) indirgenmis sistem rijitlik matrisi

Sekil 1.6. Indirgenmis Elemanlar

"3" Numaralili dosemeye ait Sistem Rijitlik Matrisi 'nde ve
dig yliklere ait kolon matriste, "1" ve "2" numarala
ddgemeden gelen etkileri icgeren son ii¢ adet digim
noktasina ait (9x9) boyutundaki rijitlik matrisleri ile
ilgili terimler ve dig yliklere ait terimler ilave

edilmistir.

Dégeme 1 ve DSgeme 2 ‘'nin de etkisi gd&zdniine alinarak
olusturulan Ddgeme 3 'e ait sistem rijitlik matrisi
cdzlllerek uc¢ deplasmanlari bulunmugtur. 3 numarali déseme
ile diger dbsemelerin kesisen diiglim noktalarina ait ucg
deplasmanlari, Ddseme 1 ve 2 'ye ait ug¢ deplasmanlarin
¢bzlimiinde yerlerine konularak diger diiglim noktalarina ait

u¢ deplasmanlarinin tamami hesaplanmistir.

Daha sonra $ekil 1.3. 'de verilen " I¢ Kuvvet Matrisi *
yardim1 ile ankastre mesnet lizerindeki diiglim noktalari ve
dégemelerin kesistidi kritik diigiim noktalarindaki ucg
deplasmanlara bagli olarak [oc]={Mx My Mxy]T i¢ kuvvetler
hesaplanmistir. I¢ kuvvet alani diijiim noktalarinda her

eleman icin bulunan ic¢ kuvvetlerin ortalamalarindan



yararlanilarak elde edilmistir. Ly/Lx orani
1.80/1.80=1.0, 1.20/1.80=0.667 ve 0.90/1.80=0.5 1igin
ayni islemler yapilarak uc deplasman ve i¢ kuvvetler

hesaplanmistir.
1.4. SONUCLARIN KARSILASTIRILMAST

Alt sistemler olusturularak hesaplanan u¢ deplasmanlari ve
i¢ kuvvetleri, sistemin timiini gézénline alarak ¢6zen,
herbir diiglim noktasinda "Wxy" deplasmanlarini da ilave
ederek 4 'er adet deplasman kabuliiyle hazirlanmis bir
bilgisayar programi ile yapilan c¢odzilimde bulunan dederlerle
karsilastirildiginda yakinsaklik gostermigtir. Bu
¢coziimlerde elde edilen sonuclari Sekil 1.7. 'de

gbsterilen doseme gézdniinde tutularak grafikler halinde

sunulmugtur:
b ¢ 1
l +
2
y
3 Ly

° 10 11 4
VITIT T ITTTT VP77 72 FFT 770 a7 PP # K

12 13 14

RSN\ g

5

6

7

<

Lix

L
1

Al

Sekil 1.7. Sonuglarin Karsilastirilmasinda Kullanilan

Déseme ve DUigilim Noktasi Numaralara
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1.4.5. X VE Y-DOGRULTUSUNDAKI My VE Mx IC KUVVETLERIN
HESABI ICIN YAKIASIK BIR FORMUL ONERISI

" I, " bicimindeki digblikey konsol ince plagin farkli
(Ly/Lx) oranlarina gore dligim noktalarina ait i¢ kuvvetler
igin bulunan sayisal sonuclar gtzdnilinde tutularak
agagidaki yaklagik formiiller Snerilmistir. Sirasiyla X ve
Y-Dogrultusundaki konsol etkisinin kayboldugu kesitlerdeki

birim boya gelen edilme momentleri:
Mx =q * ILx 2 / 2 H My =q * Ly 2 / 2

Konsol etkisiyle k&gse noktasinda olusacak max. Mxl ve Myl

plak momentleri ig¢in Gnerilen yaklasik formiiller :

Mx1=(g/2) * (Lx+Ly) * Lx + (g/2) * (Lx+Ly) * Ly * 7
Mx1l=(q/2) * (Lx+Ly) * (Lx+V*Ly)

Myl=(q/2) * (Lx+Ly) * (V*Lx+Ly)

Bu ktge noktasinda k&gsegen dogrultusunda maksimum asal

moment icin ise:

M = (g/2) * (Lx + Ly) * SQR(Lx 2 + Ly 2) * (1+9
asal

Formili yeter yaklasgiklikla uygun sonuglar

vermektedir.(Tablo 1.1.b.)

g : Diizglin Yayzla Yiik [4.5 kN/m2] ¥ : Poisscon Orani
Lx : X-Dogrultusundakli Ddseme genisgligi

Ly : Y-Dogrultusundaki D&seme genigligi
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Tablo 1.1.a. Ankastre Mesnet Uzerindeki "4" Numaral:i

Diiglim Noktasindaki I¢ Kuvvet Dederlerinin Kiyaslanmasi :

Hata Sonlu Elemanlar Met.

Ly/Lx Orani Formiilden [kNm/m] |[Ile Yapilan Hesapta
[%] Bulun. Deger.[kNm/m]

1.0 3 ;7 3 [Mx=16.91 ; My=16.91| Mx=17.41 ; My=17.41

0.667 |0.1;5.8|Mx=13.45 ; My=10.05| Mx=13.47 ; My=10.63

0.5 2.4;3.7|Mx=11.81 ; My= 7.22| Mx=11.53 ; My= 6.95

Tablo 1.1.b. Ankastre Mesnet Uzerindeki "4" Numarali

Dliglim Noktasindaki M Moment Dederlerinin Kiyaslanmasi:
asal
Hata Sonlu Elemanlar Met.
Ly/Lx Orani Formiilden [kNm/m] |(Ile Yapilan Hesapta
[%] Bulun. Deger.[kNm/m]
1.0 0.167 M asal = 23.92 M asal = 23.96
0.667 0.059 M asal = 16.94 M asal = 16.93
0.5 3.456 M asal = 14.18 M asal = 13.69
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2.5 -

;:J 1 L i
\
b H L
A
| IRRNRARERY
Lw - Zﬂ - rTTﬁ -
N ®m - 1 o
L (o]

0.667

0.5

Ly / Lx

- Ly / Lx Degigimi

Sekil 1.12. Mx1 / Mx

i

=

0.667

0.5

Ly / Lx

- Ly / Lx Degisimi

Sekil 1.13. My1 / Mx



BOLUM 2. YAPI SISTEMLERININ HESAP YONTEMLERININ

KARSILASTIRILMAST
2.1. GIRIS

Bu bdliimde Sekil 2.1 deki yapi sistemi ele alinarak &n
boyutlandirma sonucu ortaya g¢ikan kesin boyutlar esas
alinip degisik ylikleme durumlari i¢in farkli hesap
yontemleri uygulanarak kesin statik hesabi yapilmistair.
Bu hesaplarin sonunda elde edilen en elverigsiz tesirlere
gbre yapilan kesin boyutlandirmadan sonra iki kesite ait

M, N, T tesir ¢izgilerinin c¢izilmigstir.

P3

ez OIIIIIIO
momm

P1 ! |

1

8.0 m 20.0 m 20.0m 8.0
L
A

-
b
-~
-

Sekil 2.1. Birinci bollimde ele alinan, vapi sistemi

ve geometrik Ozellikleri.
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2.2. SECILEN SISTEME AIT KARAKTERISTIK DEGERLER

p3

1 4m
5m
8.0 m 20.0 m 20.0 m 8.0 m
| | ] o L
— 7 1 1 K|
Sekil 2.2. Hesabi Yapilacak Olan Sistem ve Geometrisi
Sistem: Betonarme {BS 25)
Cerceve araligi: b=5.0 m
pl=p2=p3=12 KN/m
To
Kemerde atalet momenti degisimi: I*Cosa = -
4x 2
1-(1-n)*—o
2.2.1. Dogeme Hesaplara
D101 Dio2 D102 D101 b=5.0m
8.0 m 20.0 m 20.0 m 8.0 m
t ~+ + + +

Sekil 2.3. Hesabi Yapilacak DOseme ve Boyutlar:
Not: Kemerdeki egrilik gdzdniine alinmayacaktir.

- D&seme Kalinlidai Kontrold

D101 :

m = 8/5 =1.6 < 2.0 ==> Cift Dogrultuda Calisan Ddgeme.

lyn#*(800+0.07%fyd) ,
: hmin 2 10 cm

\Y%

36000 + 5000%m* (1+ap)
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lyn: Serbest A¢ilik
ap = Slirekli Kenar Uzunludu / Toplam Kenar Uzunludu
lyn = 800 cm
500%(800+0.07*%3650)

m=1.6 h > = 10.99 cm
36000+5000*1.6*%(1+0.5)

ap = 13/26 = 0.5
D102 :
m= 20/5 = 4 > 2.0 ==> Tek Dogrultuda Calisan DOsemedir.

1p
h > —— ; hmin > 6 cm

35
lp: moment sifir noktalari arasi uzaklik

(siirekli plak=4/5%1)
4/5%500

h> — = 11.43 cn

35
h = 11.43 cm yararli yiliksekligine donati capi ve pas
payl da ilave edilerek d = 14 cm alinabilir.

- YUk Analizi

Déseme Kalinliga d = 14 cm
Izolasyon (1s1 + su) = 0.60 kKN/m2
Tesviye betonu + sap kalinligi = 4 cm

Siva = 1.5 cm
Hareketlil Yik g = 2.5 kKN/m2

- Hesap Yikleri

Kendi agirligi , 0.14 * 25 = 3.50 kKN/m2

Siva , 0.015 #* 22 = 0.33 kKN/m2

Is1 +}Su Izolasyonu , = 0.60 kKN/m2
Tes. bet. ve sap , 0.04 * 22 = 0.88 kN/m2

0z YOK g = 5.31 kN/m2

HAREKETLI YUK g = 2.50 kKN/m2
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1x
CERCEVE HESAP YURKU = p= (g +qg ) % ——— % 2
5 2
==>p = ( 5.31 + 2.5 ) * — * 2 = 39.05 kKN/m
2.3. KESIN HESAPLAR
2.3.1. Aci Yontemi ile Statik Hesap
A¢1 yéntemi ile yapilan 6n boyutlandirmada yalniz sabit
yikler kullanilmis, dogru eksenli cubuklarda eksenel
boy degismeleri ihmal edilmis ve sistem simetrik
oldugundan yarisi ile hesap yapilmigstir. Yapilan
hesaplar sonucunda bulunan kesitler S$ekil 2.4 ve Tablo

2.1. deki gibidir. [2]

a ) 4.0m
e f
A b o A
=5m
h
8.0 m 20.0 m 20.0 m 8.0 m
L I I % _k
A A A e 7

Sekil 2.4. Sistem ve Kesitleri

Tablo 2.1. Kesitlerin boyutlari ve Atalet momentleri

KESIT KESIY BOYUTLARI (cm) I (dm4) I/Io
a 40 / 90 (Tablali) 347.780 0.308
b 40 / 80 (Dikdodrtgen) 170.667 0.151
c 40 / 80 (Dikdortgen) "170.667 0.151
d 40 / 140 (Tablali) 1554.674 1.377
e 40 / 125 (Tablali) 1128.974 1.000
£ 40 / 140 (Tablali) 1554.674 1.377
g 40 / 80  (Dikdértgen) 170.667 0.151
h 40 / 50 (Dikdértgen) 41.667 0.037
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- Ankastrelik Momentler
-Ankastrelik momentlere esas olacak Kirig Zzati
Agdirliklarinin Hesabi

1~-2 KIRIST :

A4
114 cm g= (0.9-0.14)*0.4%*25
S0.0 cm g= 7.6 kN/m
40 cm
7.6 KN/m
— — 7.6%8°2
SENNEERERRENN M21 M2l = - —————= -60.80 kNm.
1=8.0 m 8 ‘
—L L
gl T
39.05 kN/m — 39.05%8" 2 2.5°2 2.5°3
2.5 m 2.5 m M2] =———————— *{]-2% + 3
e e 8 82 873
IO mo N
M21 M21 = -260.918 kNm.
1=8.0 m —
+ } Toplam M21 = -321.718 kNm.
q*8° 2
> =-321.718 == ————— > g=40.215 kN/m
8
2-3 KIRIST :
114 cm g= (1.4-0.14)%0.4%25
g= 12.6 kN/m
140 cm

40 cm
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12.6 kN/m
ERNNNEREERRRERY] 12.6%20 2
M23 M32 M23=-M32 = —— = 420 kNm.
1= 20.0 m 12
¥ L
M] ]
39.05*%20°2 2.5"2 2.57°3
39.05 kKN/m  M23=-M32 =—— #{1-2% + }
2.5 m 2.5 m 12 20°2 2073
H— F—r
mz3 CCTLTTTITITITTY M3z M23=-M32= 1263.532 kNm.
1=20.0 m
* 4 Toplam M23=-M32 = 1683.532 kNm.
q*20° 2

> =1263.532=-

> g=50.506 kN/m
12

~ Cubuklarin birim deplasman ve ylikleme sabitleri

1-2 Cubudu : [3)]

(40 / 70) (40 / 90)
AL=0.30 ==> A*1=0.30%*1
1 5.6 m 2.4m 2
— 4 - Io 167.474
n= = =0.482=0.50
Ik 347.780
Tablodan : ¢l = 0.3318 1
ai = *cl= 2.6544/FEIo
c2 = 0.26335 Elo
1
c3 = 0.31740 ak = *c2= 2.1068/EIo
EIo
al = 0.04105 1
B = *c3= 2.5392/EIo
az = 0.03825 EIo
1°3
aio = - *al = 21.0176/EIo
EIo
173
ako = *a2 = 19.5840/EIo
Elo
ak
m = = -2.463383

ie1 ai*ak-8"2
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B
m =m = = —-2.968968
182 261 ai*ak-B"2
ai
m = = =3,103666
282 ai*ak-B"2
i p(x) k
ik T aes
Mik= m *aio - m *ako = 6.369871
iei iek
Mki= m *aio - m *ako = -1.618387
kei kek
p(x) \ m
D||[l|[||||||[l§ — iek
. Mki = Mki-Mik# ==9,295611
iei
Tablo 2.2. (1-2) Kirisine ait birim deplasman matrisi
01 ek A £ ei ek A 8
m m m m m
i ieil iek| ia ié 0 0 0 0
m m m m m
k kei}] kek| ka k& 0 .07024¢9 o] .008781
n n n n n
i iei| isekj ia ié 0 0 .409221 0
t t t t t
i iei| iek! ia ié 0 .008781 0 .001098
n n n n n
k kei| kek| ka ké 0 0 .409221 0
t t t t t
k kei| kek| ka ké 0 .008781 0 .001098
m
—_— iek
m = m - * m = 0.474653
kek kek m kei
iei
(40/70) > (Gusesiz kisim) I/Io = 0.148
>m = 0.474653 * 0.148 = 0.070249

kek



2-3 Cubudu

22

-
.

(40 /140)

(40 /125)

(40 /140)

1=20.0 m Ii=TIk=1554.674 dm4
+ ¥
2*%f 4%f f=4.0m
tan €1 = = = 0.8 1 =20.0 m
1/2 1
(o] Io
@1 = 38.66 Ii*Cos ©i=
1-(1-n)*4%*x"2/1"2
Io
n = = 0.90
Ii * Cos @i
Tablodan : cl=c2=0.3200 1
ai *cl= 6.40/EIo
c3 = 0.1633 Elo
1
Cc4=cb=0.3273 ak *c2= 6.40/El0
Elo
c6 = 0.5258 1
B = *c3=3.266/EI0
al=az2=0.0408 Elo
1 * £
a3 = 0.0657 AMi= *Cc4=26.184 /EIo
Elo
alm=a2"= 0.00814 1 * £
AMk= *c5=26.184/EI0
ai3"= 0.01249 Elo
1*f"2
al® =0.022¢9 AH= *c6=168.256/EI0
EIo
azrn’=0.0179 Mi
Yg= =2.7088765
a3"’ =0.0329 ai + B
§11= 2*(ai + B)= 19.332
2% AMi“2
§22=AH - = 26.3975568
(ai + RB)
172
§33= * (ai + B)= 626.80
2
1 Yg' 2 172
m = m = + + = 0.48%9249
iei kok §11 §22 4% 8§33

f=4.0m

I10=1128.974 dm4
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1 Yg 2 172
m = m = + + = - 0.170168
iek koei §11 §22 4*%§33
Yg
n = = 0.102618
i@l §22
Yg 1
n = -~ — = - 0.,102618 ; n = = 0.037882
iek §22 i 622
Tablo 2.3. (2-3) Kemerine ait birim deplasman matrisi
ei ek A & ei ek A )
m m m m m
i iei| iek| ial i$ .4892491-.17017].102618|.015954
m m m m m
k kei| k@k| ka|] k& |-.17017|.489249|-.10262|.015954
n n n n n
i iei| iek| ial| ié .102618|-.10262|.037882 0
t t t t t
i iei| iek| ia]| i§ .015954|.015954 0 .001595
n n n n n
k kei| kek| kal ké .102618|-.10262{.037782 0
t t t t t
k kei| kek| ka| k§ .015954|.015954 0 .001595
172
aio = * M1 = 327.3
g*f
172
ako = * MK = 327.3
g*xf
172
bho = * H = 2103.20
8*f
p= 1 kN/m 1ik Diizglin Yayili Yik i¢in Yiikleme Sabitleri
Mik = m * gio - m * gko -m *B8o = 0.00
iei iek ia
Mki =m * aio-m #* ako-m *Ao = 0.00
kei kok kKa



Nik = n * gio -
iei
Nki = n * gio -
kei
Tik = t * qio -
iei
Tki = t * gio -
kei
2-4 Cubugu :
80 cm
L |
E | 7

iek

kek

iek

kek

40 cm

24

akoc - n *dlo -12.49968
ia
ako - n *Ao -12.49968
ka
ako -t *Ao 505.06
ia
ako - t *Do 505.06
kA
i j
— 3
h 5.0m
L i
A A

Dogru Eksenli Sabit Kesitli Iki Ucu Ankastre Cubuklara

Ait Birim Deplasman Sabitleri

Tablo 2.4. (2-4) Cubuguna ait birim deplasman matrisi
ei 8k A ) ei ek A )
m |(m m m |m
i i@i| iek| ia| i§ .120936|.060468 0 .036281
m |m m m |m
k kei| kek! ka| k& .0604681.120936 0 .036281
n n n n n
i iei| iek| ia| ié 0 0] .566886 0
t t t t t
i iei| iek| iaj is .036281(.036281 0] .014512
n n n n n
k keij kekj ka{ ké 0 0 .566886 ¢]
t t t t t
k k@ij kek| ka| ké .036281.036281 0 .014512
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3-5 Cubugu :

Simetri ekseni Uzerinde Bulunan, Kesiti Lineer Degisen

3-5 Qubuguna Ait Birim Deplasman Sabitlerinin Hesabi

80 m
* A (40/80)
\ Lty it 7‘
h=5.0 m
i < ZL
B e o (40/50)
50 cm
Ii = 41.667 dm4 Ii
n = -——— = (0,244
Ik = 170.667 dm4 Ik

Iort = 106.167 dm4 = 0.09404 Io

A=1.0 : n = 0.244

1
Tablodan : cl = 0.2066 al = ——————*¢cl =27.92
EIo
c2 = 0.1044
1
c3 = 0.0708 ak = —%c?2 =14.11
ETIo
al = 0.0203
1
a2z = 0.0150 B = ———%c3 = Q.57
EIo
ak B
m = — = 0.04666 ; m = m = =0, (03165
iei ai*ak~-B"2 i8k koi ai*ak-£"2
al _— iek
m = —— = (0.09234 ; m =m - ———* m =0.0709
kek ai*ak-R 2 kek kek m kel
iel
Jort = 0.09404 Io —=> m = 0.0709*0.09404 =0.006G67436
kek
Fort 0.26
= = 2.302976

Io 0.1128974



Tablo 2.5.
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(3-5) Cubuguna ait birim deplasman matrisi

ei | ek | A 5 ei ek A 5
m m m m m
i | ieil| iek| ia | is 0 0 0 0
m m m m m
k kei| kBk| kA ké 0 006667 0 .001334
n n n n n
i | iei| iek| ia | is 0 0 .460595 0
t |t t t t
i | iei| iek| ia | is 0 .001334 0 .000267
n n n n n
k | kei| kek| kA | ks 0 0 .460595 0
t |t t t t
k | kei| kek| kA | ks 0 .001334 0 .000267

"2.3.2." Bolumiinde simetrik sisteme uygulanan antimetrik

ylikleme durumunun cdziimiinde 3-5 cubugunun Atalet Momenti

(Iort) ve Kesit Alaninin (Fort/2 si) gdzdniline

alinacagindan : Iort/2 ve Fort/2 —> Birim Deplasman

Sabitleri Tablo 2.6 da g&sterilmigtir.

Tablo 2.6.

(3-5) Cubuguna ait birim deplasman matrisi

ei ek A & ei ek A &
m m m m m
i iei] iek| 1is i 0 0 0 0
m m m m m
k k@il kek| ka ké 0 .003334 Q .000667
n n n n
i iei| iek| ia ié 0 0 .230298 0
t t t t t
i iei| iek| ia ié 0 .000667 0 .000133
n n n n n
k kei| kek| ka | ké 0 0 .230298 0
t t t t t
k kei| kek| k& ké 0 .000667 0 .000133
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NOT : Bilitlin birim deplasman sabitleri kemerin
Io=(40/125)kesitli degeri esas alinarak hesaplanmigtir.

Sabit yiikler ig¢in a¢i metoduyla M, N, T hesabinda sistem

ve ylikleme simetrik oldugundan yarisiyla hesap

p23=50.506 kN/m :ﬁ<:

(LT O T L el
pl2=40.215 kN/m

yapilmigstir.

ARRRRNANRN | o =
1 2 \\\:” 3 4.0m
5 ' o
h=5m
4 6E(0.151)Io —p—
- R =
4 e 5
8.0 m 20,0 m
{ | e
K K 1

Sekil 2.5. Sistem Geometrisi ve Yilkleri

A =0 ; A =0 Z A =-85 = -5
12 24 23 24 i
& =20 5 = § 56 =20
12 24 1 23
- Bilinmeyenler : &8 , 8 , & = &
2 4 1 24

-~ Yiikleme Sabitlerinin Tayini

1-2 Cubugu :

M21 = Mki*pl2 = =-9.295611 * 40.215 = - 373.823 KkNm

2-3 Cubugu :

2 , 3
N23 1 =20.0m N32
de L
! 1
N23 = N32 = Nki(=Nik)*p23 = - 12.49968 * 50.506
N23 = N32 = - 631.309 kN
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- Denge Denklemleri

—_ —12 24 23 24 24 23
TM2=0 ==> M21+6 (m +m +m )+ *m +m  *8§14+m *(-§1)=0
2 282 282 282 4 264 2§ 20
24 44 24 24
S M4=0 ==—> © *m +6 (m +m )+ m *81 = O
2 402 4 404 4064 48
> N23
1 2
/—
1Y f
<___
T24=0
< 23 24 24 23 24
> X =0 ==> =-N23+6 (-n +t )+t *@ -n  *{-81)+t *§1=0
2 2 202 262 2864 4 2p 28
-373.823+0.680434 EIo@ +0.060468 EIo@ -0.066337 EIoél= 0
2 4
0.060468 EIo® +0.302136 EIo@ -0.036281 EIoél= 0
2 4
-631.309-0.066337 EIo® +0.036281 EIo® -0.052394 EIoél= 0
2 4
— EIo® = -1068.10
2
EIo@ = -1988.39
4
EIobé = -14778.50
1

- U¢ Kuvvetlerinin Tayini

- U¢ Momentleri

— - —21

M21= M21+m *0 =-373.823+0.070249*(~-1068.10)=—448.856KkNm

282 2

23 23

M23=m *6 +m *A =0.489249*%(~1068.10)+0.102618*(14778.50)
282 2 2A 23

M23 = 993.9733 KkNm
23 23

M32=m *@ +m *A=—O.l70168*(—1068.10)—0.102618*(14778.50)
362 2 3a 23

M32 = -1334.7837 kNm
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24 24 24
M24= m *@ +m *@ +m *81 = - 545.1165 KkNm
202 2 284 4 2§

24 24 24
M42=m *9 +m *@ +m  *81
402 2 464 4 4%

- 360.2967 kNm

44°
M44 = m _*@ = 0.1812%1988.39 = 360.2963 kNm

484 4
Moment diyagrami simetrik olacagindan diger yarisinin
hesaplanmasina gerek goriilmemistir. Bu yiiklemeden dolaya

elde edilen moment diyagrami Sekil 2.5 de gosterilmistir.

- 993.9733 -1334.7873

I F A

/ 4
~448.856 -
- -

55if£:7é§ ~545.1168 Pl

1800.995
321.720
t 360.2967

Sekil 2.6. "M" Moment Diyagrami (SIMETRIK-[kNm])

- N U¢ Kuvvetleri
23 23

N23 = N23 +n *8 +n *A
2862 2 2A 23

N23=N23=~631.3094+0.102618*(~1068.1) + 0.037782*%(+14778.5)

N23 = N23 = -181.0761488 kN.
-446.260 -486.2912
=0 -704.98648
= _ -181.076
-704.98648

Sekil 2.7. "N" Normal KUVVET Diyagrami (SIMETRIK-[kN])
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- T Ug¢ Kuvvetleri

267.962

104.753 <:' 4
Ea -181.0761488

A -
= ~318.0007
-216.967
-181.0761488
Sekil 2.8. "T" Kesme Kuvveti Diyagrami (ANTIMETRIK-[{kN])

Kapali Silireklilik Denklemleriyle diyagramlarin

kontrolunda Sekil 2.9 deki birim yilikleme diyagramlarinda

vararlanilmistir.
x1=1 KkNm
1 kNm
1/8 kN il'/s kN 0.005 kN w7
(M1) o (N1)
0.175 kN
o 175 kN (a)
1 kNm[:i’ 1 kNm 0.05 kN
1 (M2) o (N2)
x2= 1 KkNm 0.05 kN 0.20 kN
(b)
0.05 kN [ as _
1/5 kN
b
0.05 kN
o) 0.8 kNm
(M3) 0.05 kN (N3)
é ™ x3=1/5 kN
0.05 kN (c)
x4= 1 KNm

1 kNm 0.05 kN -
(M4) o (N4)
0.05 kN F (d) - (.05 kN

5 o i/\—\\*‘%, g———0 —f

Sekil 2.9. Birim Ylikleme Diyagramlari
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Ic 1 1
IM3*M*ds*[———]=———*5*l*(360.2967-2*545.1165)*[——————]
I 6 0.151
8
%327 .,3%1%1800.995405%[1]+(6.4%-993,9733
2072 ‘
8
+3.266%-1334.7837)*1*%[1]+————*(327.3%-993.9733
400

-327.3%1334,7837)*[1]%0.8+168.256*%0.8*%1800.995405/16*[1]
= -3.68331 ==> r.h.= % 0.013671
2.3.1.1. Dogru Eksenli Cubuklarda A Boy Dedismelerinden

Meydana Gelen Tesirlerin Hesaplanmasi (A¢1i Yontemi)

, X

1 0.308 Io Io 3 4.0m
P 4 1.377 Io 1.377 Io 0.151Io
0.148 Io
+ 0.151 Io 5.0m
4 5 0.037Io
— B
181.0761488%
704.98648 kN 552.10052%2=1104.20104 kN
8.0 m 20.0 m
L 1 e
“1 “] 7

Sekil 2.10. Sistem Geometrisi ve Etkiyen Normal Kuvvetler

F
24 0.32
= = 2.834431971 =—> F =2.834431971 Io
Io 0.1128974 24
Fort
23 0.754
= = 6.678630332 => F =6.678630332 Io
Io 0.1128974 23
Fort
35 0.260
= = 2.302975976 => F =2.302975976 Io
To 0.1128974 35
N 704.98648
==> A = - * 5 = -1243.611572 / Elo

24 E*2.834431971 Io
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N . 181.0761488
—> A = - * 20 = -542.2553422 / Elo
23 E*6.678630332 Io
N 1104.20104
—_> A = - * 5 = -2397.335125 / Elo
35 E*2.302975976 Io

- Cerceve Slireklilik Denklemleri

-~ 1 - 2 - 4 CERCEVEST :

1 2 §24=0 Bagimsiz Sec¢ildi
= - l ’ 4 Diigsey Stireklilik Denklemi
Tt } -§12-A24 =0
4 |812= - A24=1243.611572/EI0
§24 = 0| ~—
A24 '

- 4 -2 -3 - 5 CERCEVEST :

A 24
> . — *Hem Sistem Hem de
24 = 0 & 3

§23 Yikleme Simetrik.
A
+
4 * 5
§35 = 0} «—
| A3s
! Dlisey Slireklilik Denklemi
A2a - 623 —=A35 = 0 => §23 =A24 —-A35
1
$23=(-1243.611572+2397.335125)*
Elc

623 = 1153.723553 / Elo

—» Yatay Siireklilik Denklemi

A23 = 0
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- Yilkleme Sabitlerinin Tayini

1 - 2 ¢ubugunda : Mi2=m *§12 =10.920 KNm
28
N
2 - 3 Gubugunda : N23 = N32=n *§ +n *A =-20.542 kN
26 23 2A 23
N
M23 =m *§&§ +m *A4 = -37.239 KNm
26 23 24 23
N
M32 =m *§ +m *A = 74.052 KNm
36 23  3a 23
- Bilinmeyenler : @ , & , § = §
2 4 1 24
- Denge Denklemleri
— —12 24 23 24 24 23
2% M2=0=—=>M21+M2346 (m +m +m )te *m +m  *&1+m  *
2 282 202 202 4 204 26 2A
*(—§1) =0
24 44" 24 24
2 M4=0 ==> © *m +& (m +m yym %81 = O
2 462 4 404 464 48
> N23
1 2
5 e
<._._
T24=0
<— 23 24 24 23 24
Z X =0 ==> -N23+6 (-n  +t )+t *6 -n *(~§1)+t  *§1=0
2 2 202 282 204 4 2A 26
~400.142+0.680434 EIo® +0.060468 EIob -0.066337 EIodl= 0
2 4
0.060468 ET0B +0.302136 EI0G -0.036281 EIoél = C
2 4
~651.851-0.066337 EIoG +0.036281 EIoB -0.052394 EIcél = 0
2 4
> EIoB = -1077.38
2
ETo® = -2043.30
4
EToé = -15220.30

1
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- Ug¢ Kuvvetlerinin Tayini

- Uc¢ Momentleri

— — —21
M21= M21+m  *@ =10.920-373.823 + 0.070249%(~1077.38)
202 2
= -438.588 kNm
23 23

M23=M23 + m *@ +m *A = 997.531 kNm
282 2 2a 23

23 23
M32=M32 + m *9 +m *A = - 1304.489 kNm
302 2 34 23

24 24 24
M24=m *6 +m *@ +m  *81
282 2 284 4 28

- 558.947 kNm

I

24 24 24
M42= m *Q +m *9 +m  *§1 = - 370.246 KNm
402 2 404 4 4§
44"
M44 = m *@ = 0.1812#%2043.3 = 370.246 KkNm
484° 4

Moment diyagrami simetrik olacagindan diger yarisinin
hesaplanmasina gerek gériilmemistir. Bu yiiklemeden dolayi

elde edilen moment diyagrami Sekil 2.11 de gdsterilmistir

~-993.9733

I ;:::;}1—1304.489
>~ -

-438.588

-558.947
- \ 1781.9632

321.720 §§>
370.246
P

Sekil 2.11. "M" Moment Diyagrami (SIMETRIK-[kNm])



35

- N Uc¢ Kuvvetleri

23 23
N23 = N23 +n  *8 +n *A
2862 2 24 23

N23=N23=-631.309-20.542 + (0.102618*(-1077.38) +

+ 0.037782*%(+15220.3)
-185.8342 KkN.

N23 = N23 =
=185.834
-451.034 = -470.209
5 0 -705.3956
' -705.3956

4

Sekil 2.12. "N" Normal KUVVET Diyagrami (SIMETRIK-[kN])

- T Ug Ruvvetleri
Kesme kuvvetleri kirisg lizerindeki dlizglinyayili yilik ve ucg

momentleri yardimiyla bulunmustur.

266.310
106.0365 . -290.280
P~ _ - '
F~— 185.8342
-215.6835| ~
-185.8342

Sekil 2.13. "T" Kesme Kuvveti Diyagrami (ANTIMETRIK-{kN])

- K. 8. D. ile Kontrol :

*327.3%1%1781.9632%[1]+(6.4%-997.531

1 1
*5%(370.246-558.947)[ ]
0.151

Ic 8

jMZ*M*ds*[ J=——
I~ 2072

+3.266%-1304.489)%1%[1]+

= % 0.442677

1
———1] = —-60.81688 = > r.h.

+370.246%*]
0.1812
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2.3.2. pl, p2, p3 VYikleri Icin Matris Deplasman Y&ntemi

Ile Hesap
r3
p2 NEREREN
p1 HEREREN
BERERENENN 3
1 2 7 8 174.0m
& 2
X h=5m
4 5 [ 6
. y .
4 6
8.0 m 20.0 m 20.0 m ) 8.0 m
1 1 L L {
1 7 7 7 T

Sekil 2.14. Sistem, Yiikleme Sekli ve Ortak Eksenler

pl=p2=p3= 12 kN/n

Yapl sistemlerinin hesabinin amaci dis etkilerden meydana

gelen i¢ kuvvetlerin, sekil dedistirmelerin ve yer

degistirmelerin tayinidir. Herhangi bir dis etkiye

maruz herhangi bir yapi sistemine ait bir i¢ kuvvet

durumunun ¢dzilim olabilmesi i¢in bu duruma ait ug

kuvvetleri ile ug deplasmanlarinin bazi kosullar:

saglamasl gerekir ki bunlar ise ; [4]

i. Denge Kogullar:i

ii. Geometrik slireklilik kosullara

iii. 1I¢ kuvvet ile sekil defistirmeler arasindaki
bagintilardir. (Biinye kogullari)

Matris Deplasman Metodu nda &nce sistemin ug¢ deplasman

durumu geometrik uygunluk gartlarini sadlayan birbirinden

lineer olarak bagimsiz u¢ deplasman durumlarinin lineer

kombinezonu olarak ifade edilir. Daha sonra bu badintida

bulunan ve sistemin geometrik serbestlik derecesine esgit

sayida bilinmeyen katsayilar, denge ve biinye kosullara
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saglanacak gsekilde tayin edilerek sistemin uc deplasman
durumu tayinedilir. Ug¢ kuvvetleri bu u¢ deplasmanlarina
bagli olarak tayin edilir. Hesapta once elemanlara ait
rijitlik ve ylikleme matrisleri hesaplanmis, bunlarin
direkt yerlerine konmasi ile sistem rijitlik ve yilikleme
matrisi elde edilmistir. Denklem takimi ¢ozlilerek elde
edilen ug¢ deplasmahlari ile, eleman rijitlik ve ylikleme
matrisleri yardimi ile ug¢ kuvvetleri bulunarak hesaba son
verilmigtir; Sistem simetrik, ylikleme simetrik
olmadigindan her bir "pi" ylkiinin yarisi simetrik, diger
yarisinl ise antimetrik olarak yiiklenmigtir. Her iki
hesapta da da sistemin simetrikliginden yararlanilmistir.
Tiim elemanlar i¢in ortak eksen takimi Sekil 2.14 deki
gibi secilmistir. Ortak eksen takimina donilistliriilmiis
rijitlik ve yilikleme matrisleri tanimlar geredince
dogrudan dogruya yazilarak ara hesaplardan kacinilmigstair.
2.3.2.1. pl=12 kN/m i¢in Matris Deplasman Yontemi ile

Hesap

2.3.2.1.1. pl = 6 KN/m 1lik Yiik Simetrik Olarak

Yiklenmistir.
p1‘= 6 kN/m *\ %
IIHJHIHTHJJ/———\; 4.0m
7!—
12 2
5.0m
4
\ +
. A
8.0 m 20.0 m
v L \
7 a T

Sekil 2.15. Sistem ve Yiikleme Sekli
- Sistem Hakkinda

i. Hem sistem, hem de ylikleme simetrik
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ii. Diiglim noktasi sayisi = 2 ( 1 ve 2 )
iii. Bilinmeyen sayisi 2*3 - 2 + 1(ELASTIK MESNET
DONMESTI)=5

- Elemanlara ait rijitlik ve ylikleme matrislerinin tayini

(1-2) Kirisine ait rijitlik ve yilikleme matrisi

6 2
5 41 2 2x
+——&_. j——+ 3,3x Ix=-8.0 m
1 [ 5x i Ly= 0.0
1x 6x 4,4% Bi= 7
B2= 27
1 0 0 1 0 0
[TZ} ={0 -1 0 [TZ:I =0 1 0
1 2
0 0] 1 C 0 1
M21 = -9.295611*%6 =-55.773666 KNnm
M21 ~55.,773666 0 0
[Po] = 0 = 0 [Po] = 0 = 0
2 1
-5q1/8 -30 3q1/8 18
_
—
-55.773666 0
[Po] =[T2] *[PO] = 0 [Po] = 0
2% 2 2 1x
-30 -18
[—0.070249 0 0.008781

[k] = 0 0.409221 0
22
0.008781 0 0.0010¢98
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1-2 Cubuduna ait rijitlik matrisleri asagdidaki gibidir:

0.07024¢9 o] 0.008781 0 0 -0.08781
0 0.409221 0 0 =-0.409221 0
0.008781 0 0.0010¢98 o] 0 -0.0010¢98
b— —_— —
0 0 0 0 0 0
o] -0.409221 0 0 -0.409221 o]
-0.008781 0 -0.001098 0 0 0.001098
] ]
2X2% 2X1x
] x]
1x2x 1x1Ix
(2-3) Kemerine ait rijitlik matrisi
? 2
5 ;;,//f“—”—‘“~ 3 2x
«— (<o \——_. 3,3x Lx=20.0 m
1} 5x Ly= 0.0
1x 6x 4,4x% Bi= T
B2= 27
1 0] 0 0.48924% 0.102618 0.0159541
[TZ] =10 -1 0 [k} =1{0.102618 0.037782 "
2 22
0 c -1 0.015954 0 0.00159254
- T . - -
T e S I £
2¥2% L 2 222 2
0.489249 ~-0.10261¢ —0.0159541
[k} ={-0.102618 (0.037782 0]
2X2X
-0.015954 O 0.0015954
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2-3 Cubuduna ait rijitlik matrisleri asagidaki gibidir :

0.489249 -0.10262 -0.01595|-0.170162 0.10262 0.01595
-0.10262 0.037882 Y 0.10262 -0.037782 0
-0.015¢95 0 0.001595|-0.01595 0 —0’00159EJ
-0.170169 0.10262 -0.01595[0.489249 ~-0.10262 0.01595
0.10262 -0.037782 0 -0.10262 0.037882 0]
0.01595 0 -0.00159510.01595 0 0.001595J
i X
2X2X% 2X3x
i g
3x2x% 3x3x
(2-4) Kol?nuna ait rijitlik matrisi
5
—» 6,5X%
2 l ILx= 0.0
6% Ly= 5.0 m
B2= 3n/2
B4= m/2
4
4 «—— —» 3X%
, 4x
1 0 0] 0.120936 0 0.036281
[TZ] =0 0 1 [k} = 0 0.566886 0]
2 22
o -1 0 0.036281 0 0.014512
r T
P L I L
2x2x b 2 22 2
F6.120936 0.036281 0
[k] ={ 0.036281 0.014512 0
2x2x .
0] 0 0.566886
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2-4 Cubuguna ait rijitlik matrisleri agagidaki gibidir :

r6.120936 0.03628 0 _~_0.060469 -0.03628 0 N
0.03628 0.014512 0 0.03628 -0.014512 0
0 0 0.566886 0 0 -0.566886
P-O.060469 0.03628 0 _¢g.120936 -0.036628 0 N
-0.03628 -0.14512 0 -0.03628 0.014512 G
0 0 -0.566886 0 0 0.566886
[ g
2X2X% 2x4x
X g
4x2x% 4x4x

(4-4" ) Cubuguna ait rijitlik matrisi

R = 0.1812 EIlo 0.1812 0 o]
© I
> Lk] =[k] = 0 o 0
44 434
0] o ©

- Sistem Rijitlik Matrisi

0.40922 0 -0.40922 0 C "~F~O”—
4] 0.680434 -0.06634 -0.007173 0.060469 ~-55
-0.40922 ~-0.066337 0.46162 0 0.036281 0
0] ~-0.007173 G 0.56957946 C -30
B 0 0.060469 0.03628 0 0.302136 0

] 7l

[S}*[d] + [Po} = 0 Denklem Takimi ¢ozUml :
X



154.87462-
101.08617
[d] 154.87464
53.94347

-38.82883

—
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- U¢ Kuvvetlerinin Bulunmasi -

).,

(1-2) Kiriginde

e P P s [ W 0

T

NG

1

72

- 1 T
D T 1 DR O o O o P E I
2X 2%X2X% 4 2% 2xX1x 1x 2%, 42 2 2X
-48.19879 -48.19879
[p] - 0 > [p] = 0
2X 2
~-29.05313 -29.05313
- . T
I R L B ) S L R O
1x - d1x2x 4 2% 1x1x 1x 1x, 1 1 1x
0 0
[P} = 0 > [P] = 0
1x 1
-18.924687 18.94687
. —
(2-3) Kemerinde d] =[Po] = 0
L4 3% 3x

i) le]
- A42x b 4 2%2X 2%
32.70277
P] =| -4.50630
- 42X
~1.52667

r T
TZ]

—

7],

32.70277

2

4.50630

1.52667
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r T
L [ 7] -l 7]
3x 3x2x 2x H 3t 3 3x
—2 16942 ~2.16942
[P] = 4.50630 > [P] = 4.50630
3x 3
1.52667 1.52667_J
(2-4) Kolonunda
- 1T
e O D S R QRN
2% 2xX2x% 2X 2x4x 4% ; 2 42 2%
15.49602 15.49602
[P = 4.50630 > [P] =|-30.57980
4 2% 2
30.57980 4.50630
1 T
o e P g P =] ] )
4 4% 4x2x% 2% 4x4x 4% ; 4 4 4x
7.03579 7.03579
{P] = =-4.50630 > [P] ={~-30.57980
4x 4
~30.57980 4.50630
T
F) [ gzl SREINE
4x 4x4 X 4x H 4 4 4x
0.1812 0 o -38.8288 -7.03579 ~-7.03579
{P] = 0 o 0 {* 0 = 0 ,'[P]= 0
4x 4
0 0 o 0 0 0
2.3.2.1.2. pl =6 kKN/m 1lik Yiik Antimetrik Olarak
Yiklenmistir.
pl = 6 kN/m
ERNRNNNNNENEN X, Tiom
-y
1 2
5.0m
4 5
8.0 m

A
x

Sekil 2.16.

Sistem ve Yilkleme Sekli
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- Sistem Hakkinda
i. Sistem simetrik, yiikleme ise antimetrik
ii. Diiglim noktasi sayisi = 3 ( 1, 2 ve 3 )
iii. Bilinmeyen sayisi 3*3 - 2 + 1(ELASTIK MESNET
DONMESI)=8

- Elemanlara ait rijitlik ve yilikleme matrislerinin tayini

(3-5) Kolonuna ait rijitlik matrisi

— 6,5X%
3 l Lx= 0.0
6% Ly= 5.0 m
B2= 3n/2
B4i= w/2
5
4 «— —» 3X
y
3,4%
1 0 0 0.003334 0 0.0006668
[TZ} =10 0 1 [k] = 0 0.2302976 0
2 33
o -1 0 0.0006668 0 0.00013336

0.003334 0.0006668 0
[k] =10.0006668 0.00013336 o
3%3X

0 0 0.2302976



3-5 Qubuduna ait rijitlik matrisleri

— 1
0.003334 0.0006668 G o -0.0006668 0
0.036281 0.0001334 0 0] -0.0001334 0
0 0 0.2302976 0 0 -=0.2302¢%76
0] 0 0 0 0 0
-0.0006668 -0.0001334 0 0 0.00013336 0
0 o -0.2302976 0 0 0.230298
- 1 _
g g
3x3x% 3x5x
g g
5x3x%x 5x5x%
- Sistem Rijitlik Matrisi
s] -
— —
0.409 0 -0.409 0 0 G 0 0
0 0.680 -0.066 -0.007 ~-0.170 0.103 0.016 0.060
-0.409 ~-0.066 0.462 0 0.103 -0.63¢ 0] C.036
0 -0.007 0 £.570 ~0.016 ¢ -06.002 0
0 0.170 0.103 -06.016 (0.493 -0.102 0.016 0
0 0.103 -0.03¢& o -0.102 0.038 0 G
0 6.016 0 -0.002 0.016 0 C.232 8]
0 0.060 0.036 o G 0 ¢ 0.302
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asagidaki gibidir :




[s]*[a] + [#o] -

.

-55.

-30.00

-580.

211.

~580.

52.

-924.

-1402.1118

=7.

27.

0

77367

0

0

-

0

—
05726

59814
05726
67218

30273

70742

30535

- U¢ Kuvvetlerinin Bulunmasi

..

1 L P R P 3

(1-2) Kirisinde

7
- 2 2%

?
L 42X

] o 2]

-40.44660
0

-28.08412

P
2% 2¥1x

46

d
L2

d} -+[Po] [P
D 2x,t 42

-40.44660
0

-28.08412

Denklem Takimi ¢Ozimii :

kg
72}

T

7]
i ix

1

T

2

7],



L

T I O L M S I L £
L 1 1x2x% 2X I1xix 1x 1x, 1
F— 0 0
o o [e]-] o
1
L:19'91588 19.21588
(2-3) Kemerinde :
T L s Y A #],[]
L J2%2x% J2x% 2X3x% 3x H 2
B ]
34.25069 34.25069
-0.24987 > [P} = 0.24987
2
-1.77500 1.77500
ST IR R 7] w2
L J3x2x 2x 3%3% 3 3 .
1.24934 1.24934
0.24987 > {P] = 0.24°287
3
1.77500 1.77500
0

(2-4) Kolonunda :

-

6.19591

| I,

¥ 19

—

-4.94773
~0.24987

-29.85912

—_

X

=]

“e

47

4%

IR CI IS EI I
L J2x2x% 2% 2x4x 4%

0.24987 ——0 [P}
2
29.859812

- L]

i 1
6.19591
-29.85912

0.24987

g

~-4.94773

|
[

4

g

-29.85%912

0.24%87
!

T
did
4 L Jax

i

T
[
1 1x

T
gil
2 2%

T
did
3 3x

T
*[p}
4 4%
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0.1812 0 0 27.30535 4.94773
[P] = 0 0 0 |* 0 = 0
4x
0 0 o 0 0
L
4.94773
Pl o
4
0

(3-5) Kolonunda

e L P LI

-1.24934 -1.24934
[P] =] -0.24987 > [P] = 1.77500
3x 3
-1.77500 -0.24987
L L

Lo Lol .- [r2] L,

-e

0 0
[P] = 0.24987 > [P} = 1.77500
bx 5
1.77500 -0.24987

NOT : 2.3.2.1.1.ve 2.3.2.1.2. de elde edilen M, N, T
dederleri aritmetik olarak toplanarak pl= 12 kKN/m 1lik
ylik ic¢in diyagramlar ¢izilir.

-0.92008 -3.41876

-66.953
= 1 1.548
-88.645 -7.75219
e
Q&_/
21.692 2.49868 9.30011
96.0
-2.088 - ~-11.9835

Sekil 2.17. pl=12 kN/m "M" Moment Diyagrami [kNm]
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5.7765 4.256
4.7562 3.169 3.479

1.6514

Sekil 2.18. pl=12 kN/m "N" Normal Kuvvet Diyagrami [kN]

5.549
2.853
38.8628 + s 0.969
5 = S N
. -0.393 [ g
-57.1373(|4.7562 ~0.5 ~2.465 -4.256

Sekil 2.19. pi1=12 KN/m "T" Kesme Kuvveti Diyagrami [KkN]

2.3.2.2. p2= 12 kKN/m icin Matris Deplasman ¥Y&ntemi
Ile Hesap
2.3.2.2.1. p2 = 6 kKN/m 1lik YUk Simetrik Olarak

Yiiklenmistir.

p2 =6 kN/m
X
3 4,.0m
)
1 2
5.0m
4
4
8.0 m 20.0 m
- e }
74 7 7

Sekil 2.20. Sistem ve Yikleme Sekli

(2-3) Kemerine ait ylikleme matrisi

723 £=4.0 m
N23 M32
e—tF///;/;//fﬂd—_—n-‘\\\\jg\?x)——+‘N32
3

M2 ‘ T32




173
al = 0.0229 aio = * g1l =
Elo
173
a2 = 0.017¢ ako = * 372 =
ETo
1"3 % f
asz = 0.0329 Ao = —————— % 33 =
Elo
M23=m *qio - m *ako - m *A = 5.962
iei iek iA o
M3 2=1m *gio - m *gko -~ m *8 = 6£.800
kei k6k Ka ©
N23=n *gio - n *gko - n *A = -6.387
iei igk ia o
N32=n *qio - n *gko - n *AN = -6.387
kei kek ka o
o
T23= Tik + t *qio - t *qko = 8.138
iei iek
o
T32= Tki + t *aio - t *agko = -1.862
kei kek
5.962+6.80
Mort = -——e———uw = 6.3831
2
> M23 = 6.381 *# 6 = 38.286 KkNm
N23 = -6.387 # 6 = -38.322 kN
T23 = §.138 * 6 = 48.828 kN
M32 = 6.381 *# 6 = 38.286 kHNm
N32 = -6.387 *# ¢ = ~-38.322 kN
T32 = -1.826 * 6 = ~-11.172 KN

N
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38.286

183.20 / Elo

143.20 / EIo

1052.80 / EIo




- Sistem Rijitlik Matrisi

0.409221 0
0 0.680434
[S]= -0.409221 -0.066337
0 -0.007173
0 0.060469
L

- Sistem Ylikleme Matrisi

- ]
0
38.286
[PO] =| 38.322
X
-48.828
0
L |
[s]*[a] + [po] = o
= X
FIS4.87464
101.08617
[d} =[1154.87464
53.94347
-38.82883
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—

-0.409221

0

-0.066337 -0.007173

0.461615
0

0.036281

0

0.56957946

0

Denklem Takimi Cozlmi

~ U¢ Kuvvetlerinin Bulunmasi

0

0.060469

0.036281

0

0.302136

.
.

poa—

U¢ kuvvetlerinin hesaplanmasinda "2.3.2.1.1. bdliimlinde®

kullanilan yollar izlenmigtir.

(1-2) Kirisinde
-11.45569

Rl

-1.43191

-1.43191
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(2-3) Kemerinde d] =0
- 4 3x
61.20539 -42.66424
[P} =1=-15.83655 H [P] =1-15.83655
2 3
45.92646 -14.07254
({2-4) Rolonunda [Po} =0
4
-49.74971 —-29.43517
[P] =|-47.35837 ; [P ={-47.35837
2 -4
-15.83655 -15.83655
r5.1812 0 0 162.44571 29.43517
[P] = 0 0 0 |* 0] = 0
4x
0 0 © 0 0
L |
29.43517
Flol oo
4
0
—
2.3.2.2.2. p2 =6 KN/m lik Yik Antimetrik Olarak
Yiiklenmistir.
p2 =6 kN/m
ARNERRRNNEREERD
4.0m
2
1 2
5.0m
4
4
8.0 m 20,0 m
N 1 L
A A el

Sekil 2.21.

Sistem ve Yilikleme Sekli
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- Sistem Rijitlik Matrisi -

—S]___
— -
0.409 0 ~0.409 0 0 0 0 0

0 0.680 -0.066 -0.007 -0.170 0.103 0.016 0.060
-0.409 ~0.066 0.462 0 0.103 -0.038 0 0.036
0 -0.007 0 0.570 -0.016 0 -0.002 0
0 0.170 0.103 -0.016 0.493 -0.102 0.016 0
0 0.103 -0.038 0 -0.102 0.038 0 0
0 0.016 0 -0.002 0.016 0 0.232 0
B 0 0.060 0.036 0 0 0 0 0.303_J

o]
38.286
38.322
-48.828

[PO] =i 38.286
X
~38.322

~-11.172

0 [S}*[d]+[Po}=O Denklem Takimi
Cozliml :

—1742.2529g_
-651.619207
1742.25296

94.51374
o] -

601.46285
6116.20493

52.27833

-78.7¢9871
L
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~ U¢ Kuvvetlerinin Bulunmasi
U¢ kuvvetlerinin hesaplanmasinda "2.3.2.1.2. bdllimlinde"”

kullanilan yollar izlenmigtir.

(1-2) Kiriginde

r [
-44.94566 0
[P] = 0 H [P] = 0
2 1
-5.61809 -5.61809
e L—
(2-3) Kemerinde
— ] — -
65.30407 -6.08356
[P] =y =-1.21671 ; [P] =] =1.21671
2 3
47.26042 -12.03958
- _ L _
{2-4) Kolonunda
-20.35840 r—l4.27833
[P] =1-53.57852 H [P} =1-53.57852
2 4
-1.21671 -1.21671
—
0.1812 0 -78.72871 -14.27833
[p] =l o co 0 - 0
4x
0 0 0 0
L
-14.27833
Bl o
4
L- 0
{3-5) Kolonunda
- - - - T
[, e o] - [m2] 2]
Jax Lil3ysx L3y ; A ax bk J3x
6.08356 6.08356
[P = 1.21671 > Pl =1-12.03957
4 3% L-'3
12.03857 1.21671
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r o o r T
o] =[] «[d] o] =[r2] [¢]
- 45y L 415%3x 3x H - 45 L 5 5%
0 0
P =| =1.21671 > rP =|-12.03957
- 5% - 45
L:12.03957 1.21671

NOT : 2.3.2.2.1. ve 2.3.2.2.2. de elde edilen M, N, T
degerleri aritmetik olarak toplanarak p2= 12 kKN/m lik
yik i¢in diyagramlar c¢izilir.

-36.58068
-48.7478
-126.509 —
= ‘_____534.099
_68.213\\\“‘-~_:___———”// — ‘—‘”’//’7—58.479
<§§:=:==;g”’,,////’
150 300
-56.401 33.490
e | -

-12.167

43.714

Sekil 2.22. p2=12 KN/m "M" Moment Diyagrami [KkNm]

-17.053 -14.61984
=71.967 -29.629 ~12.687 -10.146

0
A

4

~100.937 -28.147

Sekil 2.23. p2=12 kKN/m "N" Normal Kuvvet Diyagrami [KN]

62.66 10.721
* +
B ~ - = ]
) ~9.378 -7.545 —4.186
-7.05 -17.053 * +
f 2.433 4514.620

Sekil 2.24. p2=12 kKN/m "T" Kesme Kuvveti Diyagrami [KN]
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2.3.2.3. p3= 12 kKN/m icin Matris Deplasman Y&ntemi
Ile Hesap
2.3.2.3.1. p3 =6 kKN/m 1lik Yiik Simetrik Olarak
Yiiklenmigtir.
p3 =6 KN/m
SEEINNRNAREREE
Ko
3 4.0m
a e
1 8 7
5.0m
4° 5
8.0 m 20.0 m 7
e 1 L
1 1 1
Sekil 2.25. Sistem ve Yilikleme Sekli
(2-3) Kemerine ait ylkleme matrisi :
LILTIETITIIT
T23 £f=4.0 m
$ M32
t—t 2 1 k 3 N32
N23
M23 T32
1°3
al = 0.0229 aio = al = 183.20 / Elo
ETo
173
a2 = 0.0179 ako = a2 = 143.20 / EIo
ETo
13 % f
a3 = 0.0329 Ao= ———— % a3 = 1052.80 / Elo
ETo
M23=m *aio - m *ako - m *A -6.800
iei iek is o
M32=m *aio - m *ako - m *A -5.962
kei kek ka o
N23=n *qio - n *ako — n  *A -6.387
iei iek isa o
N32=n *qio - n *ako - n *A -6.387
kei kek ka o
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T23= Tik + t *aio - t *agko = -3.138
iei iek
o
T32= Tki + t *agio - t *ako = 6.862
kei kek
~-5.962-6.80
Mort = = —-6.381
2
> M23 = -6.381 * 6 = —-38.286 kNm
N23 = -6.387 * 6 = ~-38.322 kN
T23 = -3.138 * 6 = ~18.828 kN
M32 = -6.381 * 6 = —-38.286 kNm
N32 = -6.387 * 6 = ~-38.322 kN
T332 = 6.862 * 6 = 41.172 kN
52
-38.286 -38.286
[Po] =[T2] *[PO] =] 38.322 ;[Po] =[T2] *[PO] =}~-38.322
2X 2 2 3x 3 3
18.828 41.172
- Sistem Rijitlik Matrisi
— —
0.409221 0 -0.409221 0 0
0 0.680434 -0.066337 ~-0.007173 0.060469
[S]= -0.4092221 -0.066337 0.461615 0 0.036281
0 -0.007173 0] 0.56957946 0
0 0.060469 0.036281 0 0.302136

-Sistem Yiikleme Matrisi

—— —_—

0
-38.286
38.322

18.828

Denklem Takimi Co6zUmi
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~854.75061
-37.20097
[d] =]-854.75061

~33.52446

110.08523
L

- Ug¢ Kuvvetlerinin Bulunmasi
Uc kuvvetlerinin hesaplanmasinda "2.3.2.2.1. béliimiinde"®
kullanilan yollar izlenmistir.

(1-2) Kirisinde

-2.90771 0

] = o

-0.36347 -0.36347

~e
—
e}
—_
[y
Il
(@]

(2-3) Kemerinde

31.76111 -1192.1335

[P] =l =-9.,75983 ; [P] =| —-9.75983
2 3

-19.36802 40.63198

(2-4) Kolonunda

-28.85340 -19.94744

-

[P] = 19.00455 [P] =] 19.00455
2 4

-9.75%983 -9.75983

12.94744

[P} .~ 0

0
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2.3.2.3.2. p3 =6 kKN/m lik Yiik Antimetrik Olarak
Yiklenmigtir.
p3 =6 KN/m
SEERERNRNREREE
4,0m
1= 2
5.0m
4
8.0 m 20,0 m
™ L I
A T 7
Sekil 2.26. Sistem ve Yiikleme Sekli
- Sistem Rijitlik Matrisi
£
— —
0.409 0 -0.409 0 0 0 0 0
0 0.680 -0.066 -0.007 -0.170 0.103 0.016 0.060
-0.409 -0.066 (0.462 0 0.103 -0.038 0 0.036
0 -0.007 0 0.570 -0.016 0 -0.002 0
0 0.170 0.103 -0.016 0.4%93 -0.102 0.016 0
0 0.103 -0.038 0 -0.102 0.038 6] 0
0 0.016 0 -0.002 0.016 0 0.232 0
0 0.060 0.036 0 0 0 0 0.302
L _ —_ |
0
38.286
38.322
-48.828

[Po] =| 38.286
b4

-38.322

=-11.172

0 _J [S]*[d]+[Po]=0 Denklem Takimi

Cozliml :



- U¢ Kuvvetlerinin Bulunmasi

t5259.14575

-488.35157
1259.14575
~14.97411
885.61034
5956.10979
-204.98142

-53.46247

I —
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U¢ kuvvetlerinin hesaplanmasinda "2.3.2.2.2. bdlimiinde"

kullanilan yollar izlenmigtir.

{1-2) Kirisinde

7,

2=3

°,

2-4

L

51.04673
~1.38483
-12.79327
Kolonunda
-16.60904
8.48861

-1.38483

—
-9.68740

-34.43770

0

-4.30466

Kemerinde

—

0

0

-

~e

~e

—

-

o]

0

-4.30466

-6.92416
-1.38483

47.20673

9.68740
8.48861

t:1.38483
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(3-5) Kolonunda

6.92416 0

~-e

[P] = 47.20673 [P] ={ 47.20673
3 5

1.38483 1.38483

NOT : 2.3.2.3.1. ve 2.3.2.3.2. de elde edilen M, N, T
degerleri aritmetik olarak toplanarak p3= 12 kKN/m 1lik
yik icin diyagramlar c¢izilir.

~-126.058 -112.209

-82.808 ____——— |[T—~—nu__

~—19.286

_ \___—_/
—44.579 —— = — -33.50

31.530

10.260

Sekil 2.27. p3=12 kKN/m "M" Moment Diyagrami [kNm]

Sekil 2.28. p3=12 KN/m "N" Normal Kuvvet Diyagrami [kN]

75.553

= }
-32.076 ,| -0.098 -3.941
-4.668 - 10.366 |[*
-11.145 2.770 x 8.375

Sekil 2.29. p3=12 kN/m "T" Kesme Kuvveti Diyagrami [KN]
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2.3.3. Dlizglin Sicaklik Degismesi icin Matris Kuvvet
Yéntemi Ile Hesap
Matris kuvvet yo6nteminin esasi 6nce yalniz denge
kosullarini saglayan biitlin i¢ kuvvet durumlarinin
belirlenmesi, daha sonra bunlarin arasinda bilinye ve
geometrik silireklilik kosullarini da saglayan u¢ kuvvet
durumunu tayin ederek c¢oziimiin elde edilmesidir. Daha
sonra bilitlin i¢ kuvvetler, yer dedistirmeler ve gekil
dedistirmeler bulunan u¢ kuvvetlerine bagli olarak tayin
edilir. Bu bélimde dlizglin sicaklik degisimi ele
alinmigtir. Sistem ve etkinin simetrik olmasi,
bilinmeyenlerin yvarisi ile caligilmasini ve dolayisi ile
hesabin kolaylasmasinl saglamistir. Homojen c¢dzilim
matrisi hesaplanirken yalniz simetrik grup yliklemeler
kullanilmistir. Hesapta Snce elemanlarin Szellikleri
belirlenmis ve bunlara gdre herbirinin flexibilite
matrisleri bulunmustur. Daha sonra grup yliklemelerden
elde edilen homojen ¢&ziim matrisi ile mesnetlenmis eleman
ylikleme matrisi hesaplanmistir. Bu yéntem igin verilmig
olan algoritmadan. yararlanarak bulunan ug¢ kuvvetler
yardiml ile i¢ kuvvetler hesaplanmis ve diyagramlari

¢izilerek hesap tamamlanmistar.

1 2 3 7 8 Ta.om
5 2
h=5nm
5 6
8.0 m 20.0 m 20.0 m 8.0 m
| L 1 [ I
| 1 “1 i 1

Sekil 2.30. VYapi Sistemi
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~ Elemanlarin birim kuvvet (flexibilite) matrislerinin

elde edilmesi ( EIo = 2257948 kNm  2)

(1-2) Kirisi

1
5 ;\ fll=ak*A*¥B=2.1068%1%*1 /E*0.14810

— ] £11 = 14.235 / Elo

10—  ——— fl1 = ai*a*B = 6.4*%1*1/EIo = 6.4/EIo
L;L,,f——”””' f12 = B*A*B = 3.266*1*1/EIo= 3.266/Elo
f13 = aio*A*B*8/L 2/EIo = 26.184/ETo
) f22 = ok*A*B = 6.4*%1*1/EJo = 6.40/EIo
‘55"“‘--;%§J f23 = ako;A*B*s/L‘z/EIo = 26.184/EIo

f33 = — —*A*B/EJIo = 168.256/EIo
£ 2
L/’——-—x—'—’l
\“J_—-/
6.40 3.266 26.184
4 1
[f} =| 3.266 6.40 26.184
23 Elo

26.184 26.184 168.256

1y , f1l1 = 1/3%5%1%1/E*0,151I0=11.0375/EIo
Li,,,,,—"”" £f12 = 1/6%5*%1%1/E*0.151T0=5.5188/EIo
1
f13 = 0
1
. A £22 = 1/3*5%1%1/E*0.15110=11.0375/ET0
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£33 =0
2 0 2y '
11.0375 5.5188 0
L + | N 1
1 [f] ={ 5.5188 11.0375 0
42 Elo
0 0 0
Normal kuvvetin 1-2 ve 2-4 elemanlari (dodru eksenli)
izerindeki etkisi ihmal edimistir.
(4) Noktasindaki elastik mesnet :
1 1l
R = 0.1812 EIo [f} = =
e 44° R 0.1812EIo
e
- Yiikleme terimleri
v e* t
it=| Mi * —— * ds + |Ni * ¢ * £ * ds € = 10" -5
4d t = 20°C
X1 =1 KNm : N24=0.175 kKN. V' =0.175%10"-5%20%5=17.5%10" -5
—_— 24t
N23=0 v =0
23t
X2 =1 kNm : N24=0.05 kN. 1% =0.05%10"-5*20%5=5*%10"-5
—_— 24%¢
N23=0 Q) =0
23t
X3=1/5kNm : N24=0.05 kKN. 1} =0.05%10 " -5%20%5=5%10"-5
N23=0.20 kN A =0.20%10"-5%20%20=80%10"-5
23t
X4 =1 kNm : N24=-0.05 KkN. ﬂf'=—O.O5*1OA—5*20*5=—5*10'—5
N23=0 W =0
23t

Hesapla ilgili algoritma Tablo 2.7 de gdsterilmistir.
Denklem takimi ¢o6ziildiikten sonra (siliperpozisyon)
[P]=[Px] * [X] + [Pq] yapilarak ug¢ kuvvetleri elde
edilmis ve ug¢ kuvvet diyagramlari Sekil 2.29, 2.30 ve

2.31 de gbsterilmigtir.
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CWN) £-.01.85666L8Ct'v = 013/l
yw $L68CL1°0 = O]
CW/N% 9.0l « 0T = 3

G-.0l « 9-.0l » G-.0L »
T ~ ————— T~ ———

0000 [ 000°0 ] 0000 | 000°0 | 0000 | 0000 | ¥¥¥'Z | 0000 | 0000 | 0000 | 0000 | 0000 |.Y¥N | .b-¥

000°'G- { 000°S 1 000°S {00S°LL | 0000 | 0000 | 0000 | 0000 | 000'S- | 000'S | 000'S |00G°ZL| N
000°0 [ 000°0 {0000 | 000°0 | 0000 | 888+ | zee'« | 0000 | 0000 | 0000 | 0000 | 0000 | ¥ZW | -

000°0 | 000°0 {000°0 | 0000 | 0000 | v¥¥#'Z | ZEEL | 000°0 | 000°0 | 000°0 | 0000 | 0000 | Z¥IN

000'0 [000°08]000°0 | 000°0 | 96S°LL | 6692 | 96G°LL [965°LL [ 0000 [000°08 | 0000 | 0000 | N
000°0 [ 0000 |0000 | 000°0 | ¥€8°C | 994°€ | 9vb'L | 9v¥'L | 0000 | 0000 | 0000 | 0000 |ZEW | €¢C

000°0 [ 000°0 {0000 | 0000 | 9vv'L | ¥#SL'S | ¥€8'¢ | ¥€8'¢ | 0000 | 0000 | 0000 | 0000 | €2
000°0 | 000°0 {000°0 | 0000 | 0000 | 000°0 | 0000 | ¥0£'9 | 0000 | 0000 | 0000 | 0000 | LZW | Z-L°
[3IA] + [bd]1[4] [Xd]1[31] [IA] [d]1 ] ‘ON
NERE]

®-<OF *
TTT—

000°0 10000 | 000°0 | 0000 | 000°0 | 0000 | 000°L | 0000 | 000°0 | 0000 | ¥v¥¥'C | VYW | .v-v

000°0 | 000°0 | 0000 | 0000 | 050°0- | 0500 | 050°0 | G£1L°0 | 000°0 | 0000 | 0000 | N
000°0 | 0000 | 000°0 [ 0000 | 0000 | 000°L | 000°L | 0000 | 0000 | 888y | v¥¥'Z | ¥ZN | 2-v°

000°0 {0000 | 0000 | 0000 | 0000 | 0000 | 000°'L | 0000 | 0000 | ¥v¥'Z | 888V | ZYIN

0000 {0000 [ 000°0 | 0000 [ 0000 | 0020 | 0000 | 0000 |£LS¥L [96G°LL |96GLL] N
000°0 ] 0000 | 000°0 | 0000 | 000°L | 0000 | 000°0 | 0000 |96S°LL | v€8'C | Ov¥'L |ZEW | €-2°

000°0 | 0000 | 000°0 [ 0000 | 0000 | 000°L | 00O'L | 000°L |96S°LL | Ov¥'L | ¥€8'C | ECN
0000 [000°0 { 000°0 { 0000 | 0000 [ 000°0 | 000°0 | 000°L { 000°0 | 0000 | ¥0€9 | LZW | Z-L*
(bd] [xd] (3] {dl ] :ON
(AERE]

nsojge] ewluoBly wid] npolepy

1BAANY SMIBN °L°C OT8V.L
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9.1388 X1 + 2.8344 X2 + 5.1536 X3 + 1.4464 X4 = -175
2.8344 X1 +19.9424 X2 +12.4856 X3 + 1.4464 X4 = -50
5.1536 X1 +12.4856 X2 +15.3415 X3 + 3.7656 X4 = -850
1.4464 X1 + 1.4464 X2 + 3.7656 X3 + 2.8344 X4 = 50

—_—D X1 = 29.0175
X2 = 106.523
X3 = -206.555
X4 = 222.889

K.S.D. ILE KONTROL :

JMl * M + 8it = 0

8§24t = N24*e*t*1*EIo = 0.175%10 -5%20%5%2257948= 395.1409

1
2.1068*1*(29.0175)*[—————}+(6.4*(—71.0145)
0.148! .

8
+3.266%(222.889) ) %1+

*#327.3*%(-165.244)+395.1409 =
400

=-395.1565462 + 395.14092 = -0.0156162

fns * M + §it = 0

r.h. = % 3.952%10 -3

§24t = N24%*e*xt*1*%EIo = 0.050%10 -5%20%5%2257948= 112.8974
§23t = N23*e*t*1*EIo = 0.20%10 =-5%20%20%2257948=1806.3584
624t + 8§23t = 1919.2558

1
1/6*5*1*(106.523—2*100.032)*E————}+(6.4*(—71.0145)+3.266*

.151
8 8
(222.889))*1+ *327.3%(~165.244)+ *(327.3%(-71.0145
400 400
168.256

+222.889))*%0.8+

*(-165.244)%0.8

=-1919.283576+1212.2558 = -0.027776

r.h. % 1.44722%10 -3

I
X



67

-71.0145 -165.244

222.889

~100.032

29.0175
t 106.523

"M" Moment Diyagrami (SIMETRIK-[KNm])

Sekil 2.31.

o

-23.078

.y
- -41.311
-11.068
Sekil 2.32. "N" Normal KUVVET Diyagrami (SIMETRIK-[kN])
37.282
3.627 4
—— "
)
V| -14.392
3 -41.311
Sekil 2.33. "T" Kesme Kuvveti Diyagrami (ANTIMETRIK-[kN])
2.3.4. Mesnet Cokmeleri Icin Cross Yéntemi ile Hesap

- Genel Bilgiler

4.0m
h=5m
0.5 cm | | | 0.5 cm
} 0.3 cm | 0.8 cm | 0.3 cm
8.0m ¢ 20.0 m ‘ 20.0 m + 8.0 m
I L i |
7 7 7 % i

Sekil 2.34. Mesnet Cdkmeleri
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Sistem ve mesnet ¢Skmeleri simetrik oldugundan sistemin
yarisl ile hesap yapilabilmistir. Sistem diiglim noktalara
-hareketli oldugundan ¢ézilim asagidaki adimlardan

clugmaktadir.

i. &=0 durumu : Bu durumda katlarin relatif
deplasmanlari sifirdir, dolayisi ile diigiim noktalari
sabittir. Bu durumda elemanlarda olusan u¢ kuvvetleri

M 'dir. Katlarda olusan kat kesme kuvvetlerinin toplami
0

sifirdir. X , X ) eesase X olarak hesaplanir.
10 20 io

ii. &=1 durumu : Bu durumda dis ylikleri almayiz, ¥"i"“

sayili katin relatif deplasmani § =1 alinir. Diger
i
katlarin relatif deplasmani § = 0 (j<>i). Bu halde 1.

J
kat kolonlarinin ug¢larainda olusan m * § ankastrelik
is
mometleri hesaplanir ve Coss semasinda dengelenir, kat

kesme kuvvetleri hesaplanir. (X , X ,..... X ) Bu
il i2 in
durumda olusan u¢ kuvvetleri Mi dir.

iii. Slireklilik denklemi (X *8§ +X *§ ....ceece. X =20)
i1 1 i2 2 i0
yazilarak bilinmeyen kat deplasmanlari bulunur.

iv. Sliperpozisyon yapilarak ug¢ kuvvetler bulunur.

(M =M +M *§ +........ M *§ )
ij o 1 1 i i

Bizim sistemimizde relatif olarak § alinarak hesap
yapilacaktir. § = 1 durumunda gergeig slireklilik
denklemlerinden24A = -1 oldugu gdzdniinde tutulmustur.
Birim deplasman saiitleri b6lim 2.3.1'den alinmistir.



69

-Dagitma Sayilarinin Hesabi

—21
-2 diig.nok. m =0.07024%9 EIo —> r =0.10324
202 21
23
m =0.48%249 EIo —> r =0.71903
202 23
24
m =0.1209236 EI¢ —> r =0.17773
202 24
42
-4 giig.nok. m =0.120936 ElIo —> r =0.40027
404 42
44"
m = 0.1812 EIo —> ¥ =0.59973
4064 44°
- Gegls Sayilarinin Hesabi
m
203 -0.170168
o= = = -.34781
23 m 0.48924¢9
202
L = 0.5

Bu durumda c¢erceve siireklilik denklemleri yardimiyla

§ = 0 igin 1-2-4 cercgevesinde § = 0.3 cn,
24 12
4-2-3 cercevesinde § = 0.5 cm ve A = 0.5 cm bulunmustur
23 23
~ Mesnet CSkmelerinden Meydana Gelen Ug¢ Momentleri :
- ~21
M21 =m * § = 26.343 EIo*10 ~6 kNm.
26 12
23 23

m * & 4+ m *4
28 23 248 23

M23 592.860 EIo*10 -6 kNm.

23 23
M32 =m * & +m * A
35 23 3A 23

-433.320 EIo*10 -6 kNm.

i
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4 2 3
4 - 47| 4 - 2 0.5 2 - 4 2 -1 2 - 3 |-0.34781 |
L—>
0.59973]0.40027 0.1777310.10324]0.71903
26.343| 592.860 -433.320
~55.025 -110.051|-63.927|-445.226 154.854
33.000| 22.025 11.013
-0.979 -1.957| -1.137 -7.918 2.754
0.587 0.392 0.196
-0.017 -0.035| -0.020 -0.141 0.049
0.010 0.007 0.003
0.000 0.000 -0.003 0.001
33.597|-33.597 —_—
-100.831|-38.741| 139.572 ~275.662
N23 >
-453.288%10" -6
e = = -9.265*%10 -4 {//
2 0.489249 =
33.597*%*10 -6 T24
e = = 1.854%*%10 -4 <—
4 0.1812 X =
(-33.597-100.831)*10" -6
T24 = = -26.886*%10 -6 kN.
5
23 23 X
N23 =n *A 4n *Q = 9,433*%10 -5 EIo kN.
20 23 282 2
> X = -121.220%10 -6 EIo
10
§1= 1 DURUMU :
8:8 = 1 > A :—8:—1
1 24 23 1
23
> M23 = -1*m = -102.618%10 -3 EIo kNm
2A
23
M32 = —1%n = 102.618%10 -3 EIo kNm
3A
23
N23 = -1%*n =-37.882%10 -3 EIo kNm
2A
24
M24 = M42 = m * = 36.281*%10 -3 EIo kNm

28

1




4

4 - 47 4 - 2
0.59973|0.40027
36.281
5.895
-25.294|-16.882
0.750

-0.450| -0.300
0.130
-0.008| -0.005
-25.752] 25.752

0.5
<—>

53.877*10 -3

0.489249

~25.752%10" -3

0.1812
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i

2 3
2-4|2-1|2-3|-0.32781 |
0.17773]0.10324|0.71903 |
36.281 ~102.618  102.618
11.790| 6.849| 47.698  -16.590
~8.441
1.500] 0.872] 6.069 -2.111
~0.150
0.028] 0.015| 0.108 ~0.038
~0.003
0.000| 0.000] 0.002 ~0.001
41.005| 7.736| -48.741 83.878
>
110.122%10° -3 4 e
T24
13.351%10" -3 «—
SX =

(25.752 + 41.005)*10 -3

e =
2
e =
4
T24 =
2
N23 = n
2

- Denge Denklemi

3 23
*A +n *0
A 23 282 2

> X =

11

13.351*%10 -3 KkN.

~26.582%10 -3 EIo kN.

39933*10 -6 EIo

> X %

11

.
-

§ + X =0
1 10
39933*%10 -6 EIo * § -121.220%10 -6 EIo =
1
6§ = 0.003035584 m
1

- Siliperpozisyonla

M

U¢ Momentlerinin Bulunmas:i

= M

0

+ M * §

1
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M21 = -34.451 kNm
M23 = 18.934 kNm
M32 = 47.515 kNm
M24 = 53.385 kNm

M42 =-100.649 KkNm
M44 ' =-100.649 kNm
K.S.D. ILE KONTROL :

ds Ic
Ml * M =* %* [ ] = E * Jo * J1
ET Io

1
2.1068*1*(—34.451)*[———}+(6.4*(18.934)+3.266*(—47.515))*1
.15

8
*[l]+ *327.3*1*(123.228)=[.175*.003+0.008*(—0.05)]*EIO

400
-490.4146405 ~ 34.00639 + 806.650488 = 282.2435
282.2295 = 282.2435
r.h. = % 4.9604*%10 -3

Moment diyagrami simetrik olacadindan diger yarisinin
hesaplanmasina gerek goriilmemigtir. Bu yliklemeden dolayi

elde edilen moment diyagrami Sekil 2.35 de gbsterilmigtir

123.228
-47.515
18.934 —_—

pr—

—
+ +
4

7 53.385
-100.649 zf;;

Sekil 2.35. "M" Moment Diyagrami (SIMETRIK-[KNm])

—-34.451
e
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~ N Ug¢ Kuvvetleri

o

by

-0.984 - 26.131 30.807 21.981
p 3

Sekil 2.36. ®“N" Normal KUVVET Diyagrami (SIMETRIK-[kN])
- T Ug¢ Kuvvetleri

16.651 "t

[ - -21.839
-4.306 30.807

Sekil 2.37. "T" Kesme Kuvveti Diyagrami (ANTIMETRIK-[KN])’

2.3.5. Deprem Yilkleri igin Aci Yoéntemi ile Hesap
(C=C0=0.10)

- Genel Bilgiler

X

3
1 2 7 8 14.0m
'y 2
= Wl W2 W3
h=5m
4 5 6
8.0m 20.0 m 20.0m 8.0 m
1 ¥ 1" i %
A 71 A A g

Sekil 2.38. Deprem Yiikleri

Diiglim noktalarindaki W1, W2 ve W3 yiikkleri, boyuna
kirigler ve gergeveyi olugsturan esas kiriglerdeki en
elverissiz kesme kuvveti dederleri ile bulunmustur.
Boyuna kirigslere ait en elverissiz kesme kuvveti
degerleri siirekli kiris kabullli yapilip, kiris zati ve

désemeden gelen ylikler gtzdniline alinarak hesaplanmistir.



[ W=Q + G ]
Wl = W3 = 704.986 + 252.402 = 957.388 KkN.
W2 = 1104.201 + 252.402 = 1356.603 KkN.
[C = Co *# K * § % I] Co = 0.10
I = 1.0 (Endistri Yapisi)
S =K=1.0
> C=Co ** K* g % I =20.10
Wi = 957.388 + 1356.603 + 957.388 = 3271.379 kN.
SF =C * TWi = 0.10 * 3271.379 = 327.1379 KkN.
Wi * hi H
Fi = (IF - Ft) * ; — =< 3 =>Ft =0
Wi D
TABLO 2.8 Deprem Yilikleri
PH
i wi hi Wi * hi —_— Fi
[kN] [m] [kNm] SWi * hi [kN]
1 957.388 5 4786 .240 0.02 95.7388
2 1356.603 5 6783.015 0.02 135.6603
3 957.388 5 4786.940 0.02 95.7388
2 = 16356.895 KNm
4.0 m
1 2
- 95.7388kN 135.6603
— = 67.830 kKN. |Iort/2=
5.0 m 2 0.04702I0
4
5
4
7 A A
8.0 m 20.0 m
Sekil 2.39. Sistem Geometrisi ve Yiikleri
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(SISTEM SIMETRIK, YUKLEME ISE ANTIMETRIK)
- Denge Denklemleri '

Bilinmeyenler : 6 , ® , & , 6§ =68 , §=8 , AN =b6-25§
2 3 4 1 24 2 35 23 2 1

—21 24 23 23 24
ZM2=0 => @ * (m + m +m ) + 8 *m + 8 * m +
2 282 202 282 3 283 4 284

24 23
m * 5 +m * (§-6)=0
26 1 24 2 1

23 —35 23 -35 23
IM3=0 =>8 *(m + m J+ @ *m +m * § + m * (8§-§ )=0
3 383 3e3 2 382 38 2 3 21
42 44" 24 24
SM4=0 =—=> B8 * (m + m } + 8 % m +m * § =0
4 464 464 2 402 28 1
1 2 > N23=0
' <— 23 24 24
95.7388 kN S X =0=>8 % (-n +t )y +t * §
<— 2 2 202 282 26 1l
T24=0
23 23 24
-n * (§ -8 ) + @ * (-n )y +t * @ -95.7388=0
24 2 1 3 283 204 4
<—— N23=0
> 3
67.83015 < 23 —35 -35 23
N X=0=>8%*(n +t )+t * 8§ +© *n
3 3 383 3e3 38 2 2 3ez2
& e
T35=0
23
+n * (§ -5 ) -67.83015 = 0
34 2 1

.680434%0 -.170168*%0 +.060468%0 -.066337*8§ +.102618*§ =0
2 3 4 1 2

-0.170168*6 +0.492583*@ +0.102618%*§ -0.1019512*8 = 0
2 3 1 2

0.060468*%0 +0.302136%0 +0.036281*8§ = 0O
2 4 1

-.066337*8 +.102618%0 +.036281*8 +.052394%§ —-.037882*¢§
2 3 4 1 2
= 95,7388
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.102618*%0 —~.1019512*%8 —-.037882*8 +.03801535%§ =67.83015

2 3

-0.1702 0.49226 0
0.0605 Q 0.3021

-0.0663 0.1026 0.0363

0.1026 -0.1020 0
© = -2711.4963601
2
®@ = 2020.9493132
3
B = —-2246.5656571
4

~UC KUVVETLERININ TAYINT

~Uc Momentleri

M21 = -190.480 kNm
M23 = 188.484 kNm
M32 = -31.856 kNm
M24 = 378.964 kNm

K.S.D. ILE KONTROL :

ds Ic
M1 * M * * [ ] =
ETI Io

0.6804 -0.1702 0.0605 —-0.0663

0.1026 -0.1020

1

0.0363 0

0.0524 -0.037°

-0.0379

0

0.0380
—

0.1026

2
e 0
2
e 0
3
* 0 (= 0
4
& ©5.7388
1
& 67.83015
1L

6§ = 23227.781022

§ = 37669.822632

A = (86 - § ) = 14442.04161
1

23 2

M35

M35

M42

M44°

-31.856 kNm
0
-407.077 kKNm

-407.077 KNm

1
2.1068*1*(—190.480)*[—————}+(6.4*(188.484)
0.148

+3.266*(—31.856))*1*[1]+

8

400

*327.3%1%(245.837) = 0

-2711.507259+1101.9270834+1602.250578

r.h.

-0.25258%8

°
K

9.5744%10 -3
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-31.856 4/’//,,—_—___:l§§1484
188.484 <1
M
31.856

-190.480

190.480

+ =3

A oy
= (;/374.964 /-63.712 -374.964
Aé; ‘ 407.078 £

Sekil 2.40. "M" Moment Diyagrami [kNm]

~-61.459

-12.793 41.109
; 61.459

54.879 12.793

Sekil 2.41. "N" Normal Kuvvet Diyagrami [kN]

46.996 46.996
-23.810, * + 23.810
L - JN> - |
157.208| ™ -29.790 Y -29.79 1s57.208| "
1 12.742 P

Sekil 2.42. "T" Kesme Kuvveti Diyagrami [kN]

2.3.6. a, b, c, d, e, £ ve g Kesitlerinde En Elverissiz

Tegsirlere G8re Kegit Hesabi

A
8 |4.0m
a7

h=5m
-+
8.0 m 20.0 m ’ 20.0 m 8.0 m
i i s L | .
B 1 1 1 1

Sekil 2.43. Hesab1i Yapilacak Kesitler
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Kesit hesaplari Tasima Giciline gﬁre.yapllacaélndan en
elverigsiz tesirler asagidaki ylk kombinezonlari
igcerisinden belirlenecektir. [5]
i. "1.4*GMH"1,6%QY
ii. "1.0%GM4+"1.0%QY+"1, 2%TY
iii. 1. 0*GU4HM"1 . 0%Q"+"1.0*W"
Bu ifadelerdeki sembollerin anlami asagidadir :
G : Yapaiya, kullanim sirasinda hayati boyunca siirekli
etkiyen yapi yiikii.
Q : Yapiya zaman zaman etkiyen hareketli ylik.
T : Farkli mesnet ¢8kmeleri, sicaklik degisimi, silinme,
rétre etkileri.
W : Deprem etkisi.
Sekil 2.43 ‘de gériilen hesabi yapilacak yedi kesitte séz
konusu yliklerden meydana gelen i¢ etkiler Tablo 2.9 da,

yiiklerin siiperpozisyonu ise Tablo 2.10 "da gdsterilmistir

i. Max. moment ve max. momente ait olan yliklemeden

olugan Normal Kuvvet (M1)

ii. Min. moment ve min. momente ait olan yliklemeden

olugan Normal Kuvvet (M2)

iii. Max. normal kuvvet ve max. normal kuvvete ait olan

yliklemeden olusan Moment (M3)

iv. Min. normal kuvvet ve min. normal kuvvete ait olan
yiiklemeden olugan Moment (M3)
Kesme kuvvetinin ise max. ve ninimumlarinin

hesaplanmasiyla yetinilmigtir.
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b
| L
T T #
>* -+ - 4
- + a h ] h - ¥ a h
As £ As
d
h ah h a h
As As
T . 7;‘ 7L .
b o 1‘ a h k & + a h
% —~+ —t
bo bo
Sekil 2.44 Sekil 2.45

Dikdértgen Kesit
- Kesit Hesaplar:

- (a) Kesiti (Tablali) [6]

Tablali Kesit

b=104 cm
k L
7 1
%r_
h =14 cm
f
h=]90 cm. Ma = -987.749 KNm.
Na = 0
1‘
Ta = -433.815 kN.
|94
7 T
bo=40 cn Malz : BS25 / B¢ IIT
fck/fyk = 25 / 420 N/mm2
h-2*h" 0.90 - 2 * 0.05
a = = = 0.90
h 0.90
987749 abak
m = - - = 0.122 > = 0.170
0.40*%(0.9) 2*%25*10 6
B = 0.50
w'= 0.085
fck 0.8 25 0.8
As'= B¥ku*———*hokh* = 0.5%0.170%* *40%90%
fyk a 420 0.9
As'= 16.19 cm2.
fck 0.8 25 0.8
As = u* *bo*h* = 0.170 * * 40 * 90%*
fyk a 420 0.9
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As = 32.38 cm2. Cekme Donatisi : 6 ¢ 28 (36.94 cm2)

Basing¢ Donatisi : 4 ¢ 24 (18.10 cm2)

- (b) Kesiti (Dikdértgen) [7]

M = -1081.286 kNm.
40 G+Q+E
N = - 748.901 kN.
GH+Q+E
1% Y
) ¢]
80 M = ~-1014.692 kNm.
1.4G+1.6Q
N = =1077.713 kN.
1.4G+1.60Q
M 1081.286 —
m = —> m = = 0.25
b*h " 2*fcd 0.4*%0.872*%17000
—>w=0.22
N 748.901
n = —> n = = 0.14
b*h*fcd 0.4%0.8%17000 —
M 1014.692 —_
m = —> m = = 0.23
b*h " 2*fcd 0.4%0.872*%17000
—>w=0.18
N 1077.713
nis —> n = = 0.20
b*h*fcd 0.4%0.8*17000 —
w*b¥*h 0.22%40%80
As = = = 32.78 cm2.

fyd/fcd 365%10°3/17%10° 3
9 ¢ 22 ( 34.21 cm2)

32.78
= —— = 0.010
40*80
As 32.78
Ag = = = 10.93 cm2.
3 3

Ag/2 = 5.46 cm2. 2 ¢ 20 ( 6.28 cm2)

¢ As 22
Etriye donatisi : ¢ etriye = = = 7.33 mm
3 3

¢ 8 / 20
20 cn. =— - ———

Etriye araligi t
: 12 * ¢ = 26.4 cm.

IA A
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- (c) Kesiti (Dikddrtgen)

M = 866.141 KNn.
40 G+Q+E
N = - 748.901 kN.
G+Q+E
* ¥
80 M = 662.441 KNm.
1.4G+1.6Q
N = =1077.713 kN.
1.4G+1.6Q
M 866.141
m = —>m = = 0.20
b*h” 2*fcd 0.4%0.8 2%17000
—>w=0.155
N 748.901
n = —> n = = 0.14
b*h*fcd 0.4%0.8%17000
M 662.441
m = —> m = = 0.15
b*h" 2*fcd 0.4%0.8 2%17000
—>w=0.08
N 1077.713
n = —> n = = 0.20
b*h*fcd 0.4*%0.8%17000
w*b#*h 0.155%40%80
As = = - - = 23.10 cm2.
fyd/fcd 365*%10°3/17*10"3
8 ¢ 20 ( 25.14 cm2)
25.14
= = 0.0078
40*80
Amin = 0.010 * 40 * 80 = 32 cm2. 9 ¢ 22 ( 34.21 cm2)
As 32.00
Ag = = = 10.67 cm2.
3 3
Ag/2 = 5.33 cm2. 2 ¢ 20 ( 6.28 cm2)
¢ As 22
Etriye donatisi : ¢ etriye = = = 7.33 mm
3 3
_ ¢ 8 / 20
Etriye araligi t £ 20 cm. —_—
<12 * ¢ = 26.4 cm.




- (d) Kesiti (Tablali) [8]

b=200 cm
# 4
*
h=1140 cm
A
I K
7 T
bo=40 cm
a = 0.93
Md = 1833.594 + 719.049 *
2300976
m = T =
0.40%1.4 2*%25%10°6
fck 0.8
As'= B¥u%—— *bo*h*
£fyk a
As'= 22.94 cm2.
fck 0.8
As = p*—%ho*h* =
fyk a
As = 45.88 cm2. Cekme

Basing

- (e) Kesiti (Tablali)

b=200 cm
+ 4
#*
h={12% cm

x*

L 1

— 7

bo=40 cm

84

h =14 cm
f

Md = -1833.594 kNm.
Nd = -719.049 KN.

Td = 514.662 KkN.
Malz : BS25 / BC III

fck/fyk = 25 / 420 N/mm2

1.30
= 2300.976 KNm.
2
abak
0.117 > W= 0.16
B = 0.50
ut= 0.08
25 0.8
= 0.5%0.160% *40%140%
420 0.93
25 0.8
0.160 * * 40 % 140%
420 0.9

Donatisi : 8 ¢ 28 (49.26 cm2)

Donatisi : 4 ¢ 28 (24.63 cm2)

h =14 cn
£

Me = 1563.547 KNnm
Ne = -242.522 kN.

Te = 392.589 KN.
Malz : BS25 / BC III

fck/fyk = 25 / 420 N/mm2
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125-2*5
g = —— = 0.92
125
—_ a*h 0.92%1.25
Md = Md+Nd#* =1563.547+242.522% =1702.9927 KNm.
2 2
1702.997 abak -
m = - — = 0.0218 > u = 0.03
2.00%1 .25 2*%25*%10 6
a=1.975 * 0.030 *125 = 7.41 cm < hf = 14 cn.
(Basing donatisi ihmal edilebilir)
- - 1+a -
m = 0.8626 * u * {( - 0.8 * ) * K
© 140.92
0.0218 = 0.8696 * 0.030 * { —— - 0. 8 0.03) * K
2
K = 0.8928
25

As =

GCekme Donatisi :

- (f) Resiti (Tablali)

0.8%928 * 0.03 * 200 * 125 % —m— =

39.86 cm2
420
7 ¢ 28 (43.10 cm2)

b=200 cm
L I
T |
71
h =14 cm
f

h={140 cm Mf =-2469.418 kNm

Nf =-642.193 kN.
4
Tf =-508.581 kN.
x A
bo=40 cm Malz : BS25 / B¢ III

fck/fyk = 25 / 420 N/mm2

a = 0.93

1.30
Md = 2469.418+642.193 % ————= 2886.843 KkNm.
2
2886843 abak
m = - — = 0.147 > u o= 0.21
0.40*%1.4 2%25*%10 6
B = 0.50
p'= 0.105
fck 0.8 25 0.8
As'= B*p* *bo*h* = 0.5%0.210% *40%140%
fyk a 420 0.93
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As'= 30.11 cm2.
0.8 25
As = 0.21 * 40 * 140 * * = 60.22 cm2
0.93 420
Cekme Donatisi :10 ¢ 28 (61.58 cm2)
Basing Donatisi : 5 ¢ 28 (30.79 cm2)
- (g) Kesiti (Dikddrtgen)
M = =115.742 kNm.
G+Q+E
N = =-997.967 kN.
40 G+Q+E
M = -138.256 kNm.
1.4G+1.6Q
N = =1276.067 KkN.
# A 1.4G+1.6Q
80
M 115.742 —_
m = - —> m = =0.03
b*h” 2*fcd 0.4%0.872*17000
—>w=okunmuyor
N 997.967
n = —> n = =0.18
b*h*fcd 0.4*%0.8*17000 —
M 138.256 —
m = - —> m = =0.02
b*h™ 2*fcd 0.4*%0.8"2%17000
—>w=okunmuyor
N 1276.067
n = —> n = =0.32
b*h*fcd 0.4*%0.8*%17000 —
Amin = 0.010 * 40 * 80 = 32 cm2. 9 ¢ 22 ( 34.21 cm2)
As 32.00
Ag = = = 10.67 cm2.
3 3
Ag/2 = 5.33 cm2. 2 ¢ 20 ( 6.28 cm2)
¢ As 22
Etriye donatisi : ¢ etriye = = = 7.33 mm
3 3
¢ 8 / 20
Etriye araliga t £ 20 cm. ——————
£ 12 * ¢ = 26.4 cm.
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2oy
6428
2¢10 (Gdovde)
2¢10(GSEV)
2¢10 (Govde)
4¢p24 2¢10(G8V)
—— 1 ¢10/20 Etr. 2¢10(G5V)
(a) KResiti (d) Kesiti
910/20Etr
Sekil 2.46. "a" ve "d" kesitleri donati resimleri
2¢12
. 10428
2¢10 (Govde) g—-_ﬁ 2¢10(G6V)
c—1 | 2910 (G&vde) b | 210 (G6V)
p——1 | 2¢10 (GoSvde) g | 2010 (G&V)
7428
5¢28
e x ¢10/20 Etr. pecot ¢10/20Etr
(e) Kesiti (f) Kesiti

Sekil 2.47. “"e" ve "f" kesitleri donati resimleri

1= ==

2¢20 2¢20  ¢8/20 Etr. 2¢20 2¢20 ¢8/20Etr
(Govde) (Govde) (Govde) (Govde)
(b) Kesiti (c) Kesiti

Sekil 2.48. '"pb" ve "c" kesitleri donati resimleri

ES¢22 S X 422 3 (g) Kesiti

2¢20 2¢20 $8/20 Etr.
(GEvde) (Govde)

Sekil 2.49. "g" kesiti donati resmi
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2.3.7. a ve e Kesitlerinde M, N, T Tesir Cizgilerini

Endirek Deplasman Yontemiyle Cizilmesi

Sistemdeki iki ucu ankatre cubuklarin tesir ¢izgilerinin
lineer kombinezonu ile herhangi bir sistemin, herhangi
bir kesitine ait tesir c¢izgileri bulunabilir. Buradaki
kombinezon katsayilarini bazi sabit ylikleme sonug¢larindan
elde etmek mimkilindiir. Bu sabit yliklere gSre hesap
herhangi bir y&6ntemle yapilabilir ki, bu caligmada
Endirekt Deplasman Y6ntemi kullanilacaktir. Tesir
¢izgilerinin ¢izilmesi i¢in asadidaki yol izlenir: [9]

l.a. Ug deplasmanlari sifir iken m kesitinde
1 kN'dan meydana gelen m, m, m bulunur. Bu durumda
bilinmeyenlerin tayininde kullanilan denge denklemlerinin
yaz1ldi§a parcalara etkiyen ug kuvvetleri ij, 3i, X%i,
Yi, Xj, ¥j bulunur. Bu u¢ kuvvetleri denklemlerin
yaz1ldigi dodrultu ve ybndedir. Bu durumda sisteme
etkiyen dis kuvvetler ise sistemin dengede olabilmesi
icin 1 kN,7Mij, 7%61, -Xi, -¥i, -Xj, -Y¥j olacaktir.

1.b. Diglim noktalari serbest sisteme/MijQA{ji, Xi,
Yi, Xj, ¥3j yﬁkleﬁerek sistem hesaplanir.

l.c. 1 ve 2 durumlarinin toplami alinir. Bu durumda
dis kuvvetler yalnizca 1 kN'dur. Buna gdre i¢ kuvvetler:
Mm= mjdij*Mm(Mi=1)7Mji*Mm(Mj=l)—Xi*Mm(Xi=1)-Yi*Mm(Yi=1)

=XJ*Mm(X3j=1)-Yj*Mm(¥j=1)

Nm=m-/{1 j*Nm(Mi=1) /{31 *Nm(Mj=1)-Xi*Nm(Xi=1)-Yi*Nm(Yi=1)
~XJ*Nm(Xj=1)-Yj*Nm(Yj=1)
=Tm-MiJ*Tm(Mi=1)-HIi*Tm(Mi=1)-Xi*Tm(Xi=1)-¥i*Tm(¥i=1)

-Xj*Tm(Xj=1)-¥j*Tm(¥j=1) ifadeleri ile bulunabilir.
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2. 1 kN'nun hareket etmesi hali
1 kN hareket edince yukardaki ifadeler aranan tesir

¢izgilerini verecektir. Buna gére :

t¢ tg tc¢ t¢ te
Mo =M m M i*(Mm(Mi=1))-MJi *(Mm(MI=1))- Xi *(Mm(Xi=1))
te tc tc
-Yi *(Mm(Yi=1)) - X3 *(Mm(Xj=1)) - Y3 *(Mm(¥j=1))
tc tg te
Nm o=Nm -M 13*(Nm(M1 1))—}4 31 *(Nm(Mj=1))- Xi *(Nm(Xi=1))
te te te

-Yi *(Nm(Yi=1)) - Xj *(Nm(Xj=1)) - ¥Yj *(Nm(Yj=1))

te te te te te
Tm =Tm ~M ij*(Tm(Mi=1))-A ji *(Tm(Mj=1))- Xi *(Tm(Xi=1))

te te tc
-Yi % (Tm(vi=1)) - XJ *(Tm(Xj=1)) - ¥j *(Tm(¥j=1))

seklindeki iki ucu ankastre c¢ubuklarin tesir g¢izgilerinin
lineer kombinezonu ile tesir cgizgileri elde edilir.
Kombinezon katsayilarinin belirlenmesi ig¢in yapilacak
sabit yiliklere g6re hesapta Endirek Deplasman Yontemi'nde
bilinmeyenler diiglim noktalarinin dénmeleri ile bagimsiz
u¢ deplasmanlaridir. Bu bilinmeyenler Xi, Xi+l, .... Xn
ile gbsterilir. Verilmis dis kuvvetler yerine, sistemde
ayni u¢ deplasman ve u¢ kuvvetlerini meydana getirecek
olan diigiim noktalarina etkiyen dis kuvvetler kullanilir.
Dliglim noktalarina indirgenmis kuvvetler denen bu
kuvvetler iki ucu ankastre cgubuklarda dis yliklerden
meydana gelen u¢ kuvvetlerine esittir. Sistemde meydana
gelen u¢ deplasmanlari bilinmeyenler sifir iken disg
yiiklerden meydana gelen ug¢ deplasmanlari ile,
bilinmeyenler sira ile birim iken meydana gelen ug
deplasmanlarinin sliperpozisyonlari ile bulunabilir. Bunun

igin Xj bilinmeyenlerinin tayin edilmesi gerekir ki, bu
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bilinmeyenleri tayin etmek icin kullanilacak denklem
takimi Betti Kargltllk Teoreminden faydalanilarak
kurulur. Bu yéntemin uygulanmasi ile tesir gizgileri
cizilmistir. Sekil 2.50. 'de ™Ma" ve "e" kesitlerine ait
M, N, T tesir c¢izgileri c¢izilecektir. Once denge
denklemleri yazilan diigim noktalari veya parcgalara
denklem yazilan dogrultu ve ydnde birim kuvvetler tatbik
edilerek Endirek Deplasman Yéntemi ile bu yliklemelerden
olusacak tesirler elde edilecektir. Sonra iki ucu
ankastre cubuklara ait tesir c¢izgileri elde edilecektir.
Daha sonra da sliperpozisyon formiilleri ile iki ucu
ankastre tesir cizgilerine bagli olarak sdz konusu
kesitlere ait tesir c¢izgileri bellirlenecek ve diyagram

halinde g8sterilecektir.
1 a 2 3 7 8
5 { e

]4 5 lG

Sekil 2.50. Tesir Cizgileri Cizilecek Olan Kesitler

L

M2=1 M

Sekil 2.51. Tesir Gizgilerinin Sabitlerini Olusturan

Birim Yiiklemeler

Y

>

Me=1

Sekil 2.52. Tesir Cizgilerinin Sabitlerini Olugturan

Birim viiklemeler
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2.3.7.1. Xi Bilinmeyenlerinin birim durumlarina ait

¢Gzlimleri
* X1=1 durumu : (6 = 1)
2
0.489249 0.170168

0.070249

-~ 0.102618 —»

0.036281 0.120936
0.036281_¢¥ 0.060468
(a)
* X2=1 durumu : (8 = 1)
3
0.170168 0.489249 0.489249 0.170168

— 0.102618
0.0066674361 l

- 0.102618 & '3
0.0013335
0.0013335

(b)

112

Sekil 2.53. © = @ = 1 iken olusan ug¢ kuvvetler

* X3=1 durumu : (6 = 1)

0.170168 0.489249
0.070249
L

> 0.102618 « '=7+¢ 2
0.036281 % 0.120936
0.036281 J« 0.060468

<%

(a)

* X4=1 durumu : (0 = 1)
4

& -

0.036281

0.036281
-

0.060468
0.120936
0.1812

(b)

* X5=1 durumu : (© = 1)

a
0.060468
L 0.120936
0.03628T % 0.1812

->
0.036281

(c)
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* X6=1 durumu : (6 = 1)

0.102618 0.102618

- 0.037882 -
0.036281
0.036281

a L
0.014512
0.014572

w——|
-

Sekil 2.54.

o©
I
©
I
@
I
o
i

1 iken olusan uc¢ kuvvetler

* X7=1 durumu : (&6 = 1)

0.102618 0.102618 0.102618 0.102618

0.037882 sey=s° 0.037882 _7 2
0.0002667 0.0013335
0.0002667 __

(a)

* X8=1 durumu : (6§ = 1)
3

0.102618 0.102618

0.037882 —
0.014512 =*,. 0.036281
PP

0.014512 0.036281
(b)
Sekil 2.55. & = § = 1 iken olusan ug¢ kuvvetler

I 1Igslerinin Tayini :

I = 0.070249 + 0.489249 + 0.120936 = 0.680434

I =+-0.170168 I = 0.060468
12 14

I=I=1I=20.000 I = 0.102618
13 15 18 17

I = 0.036281 ~ 0.102618 = ~0.066337
16

I =-0.170168
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I = 0.489249 + 0.489249 + 0.006667436 = 0.985165436
22

I =1I=20.000 I = -0.170168
24 25 23
I = 0.102618 I = 0.102618
26 28
I =-0.102618 -~ 0.102618 + 0.0013335 = -0.20392025
27
I=I=1=20.000 I = -0.170168
31 34 36 32
I =0.102618 I =0.060468
37 35
I = 0.489249 + 0.070249 + 0.120936 = 0.680434
33
I =0.036281 - 0.102618 = -0.066337
38
I = 0.060468 I = 0.036281
41 46

I=I=1I=171=1= 0.000
42 43 45 47 48

I =0.120936 + 0.1812 = 0.302136

44
I=I=1I=1I=1=0.000
51 52 b4 56 57
I = 0.060468 I = 0.036281
53 58
I =10.1812 + 0.120936 = 0.302136
55
I =0.036218 - 0.102618 = ~-0.066337
61
I =0.102618 I =0.036281
62 64
I =1I=1I=40.000 I = -0.037882
63 65 68 67
I = 0.037882 + 0.014512 = 0.052394
66
I =0.102618 I =20.102618

71 73
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I = -0.,102618 - 0.102618 + 0.0013335 = ~0.2039025
72
I =1I=0.000 I = -0.037882
74 75 76
I = 0.037882 + 0.037882 + 0.0002667 = 0.0760307
77
I = -0.037882 I=1=1=0.000 I =0.102618
78 81 84 86 82
I = 0.036281 I = -0.037882
85 87
I = 0.036281 - 0.102618 = ~-0.066337
83
I = 0.014512 + 0.037882 = 0.052324
88
Katsayilar Matrisinin Kurulmasi
. ]
0.680 -0.170 0 0.060 g0 ~-0.066 0.103 0
-0.170 0.985 -0.170 0O 0] 0.103 -0.204 0.103
0 -0.170 0.680 O 0.060 0 0.103 -0.066
0.060 0 0 0.302 0 0.036 O
C 0 0.060 O 0.302 0 0.036
-0.066 0.103 0 0.036 0 0.052 -0.038 0
0.103 -0.204 0.103 O 0 -0.038 0.076 -0.038
0 0.103 -0.066 O 0.036 0 -0.038 0.052
Bilinmeyenlerin Tayini
M =1 M =1 M =1 M =1 M =1
2 3 4 6 7
e = -2,79517 0.88403 -0.99523 0.10152 -0.58979
2
@ = 0.88403 =-2.69481 0.88403 0.08657 0.08657
3
e = -0.99523 0.88403 -2.79517 -~-0.5B897¢9 0.1015¢9
7
© = 0.10159 0.08657 -0.58972 -4.32519 -0.44968
4
©® = -0.58927¢ 0.08657 0.10159 ~-0.44968 =-4.325b1¢
6
§ = 3.91261 -2.19434 6.57031 8.2867%9 4.72776
1
6§ = 12.65926 ~11.80000 12.65996 7.37556 7.37556
2
§ = 6.57031 -1.19434 3.81261 4.72776 8.28679

X1

X2

X3

X4

X5

X6

X7

X8
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X =1 X =1 X =1
1 2 3
© = -3.81261 12.659%86 6.57031
2
© = -2.19434 -11.80000 -2.19434
3
® = 6.57031 12.65%996 3.81261
4
€& = 8.28679 7.37556 4.72776
6
6 = 4.72776 7.37556 8.28679
7
§ ==75.36390 -82.52100 -50.32170
1
§ =-82.52100 -161.2040 -82.52100
2
§ =~50.32170 —-82.52100 -75.363920
3
M =1 M =1 M =1 M =1 M =1
2 3 4 6 7
§ -~ 86§ = 8.84735 ~9.60570 6.08965 -0.91123 2.64779°
2 1
X =1 X =1 X =1
1 2 3
5§ - & = -7.15707 -78.6831 -32.1993
2 1
M = 1 kNm 'den olusan ug¢ kuvvetler :
-2
— —21
M21 = m * @ = 0.070249 * (-2.79517) = -0.19636
2682 2
23 23 23
M23 =m *© + m *@ +m * (& - & ) = 0.489249*%(-2.79517)
28z 2 283 3 2A 2 1
- 0.170168 * (0.88403) + 0.102618 * (8.84735) = -0.61007
23 23 23

M32 =m * © +m *@ +m * (& - & ) = 0.489249%(0.88403)
383 3 382 2 3A 2 1

- 0.170168 * (-2.79517) - 0.102618 * (8.84735) = 0.00026
23 23 23

N23 =n *Q 4n * @ +n * (§ - & ) = 0.102618*(-2.79517)
282 2 263 3 2aA 2 1

- 0.102618 * (0.88403) + 0.037882 * (8.84735) = -0.04240
23 23 23

N32 =n * @ +n * @ tn *(8§ - & ) = ~0.102618*(0.88403)
3e3 3 362 2 3a 2 1



96

- 0.102618 * (-2.79517) + 0.037882 * (8.84735) = —-0.04240
Ma = -0.19636 KkNm. Me = 0.13557 kNm.
Na = 0 Ne = -0.04240 KkN.
Ta = -0.02455 KkN. Te = -0.03049 kN.

M = 1 kNm 'den olusan ug¢ kuvvetler :
-3

M21 = 0.070249 * (0.88403) = 0.06210

M23=.489249%(.88403)~.170168*%(~2.69481)+.102618%(-9.6057)

M23= -0.09464

M32=.489249%(~2.69481)-.170168%(.88403)~.102618*%(~9.6057)

M32= -0.48315

N23 =N32 =0.102618%(0.88403)-0.102618%(-2.69481)+0.037882
* (-9.6057) = 0.00337

Ma = 0.06210 kNm. Me = -0.18078 kNm.
Na = 0 Ne = 0.00337 XkN.
Ta = 0.00776 kN. Te = -0.02882 kN.

M = 1 kNm 'den olugan u¢ kuvvetler :

-7

M21 = 0.070249 * (-0.99523) = -0.06291

M23=.489249%(-.99523)~.170168%(.88403)+.102618%(6.08965)
M23= -0.01244
M32=.489249%(.88403)~-.170168%(~.99523)~.102618%(6.08965)
M32= -0.02304

N23 =N32 =0.102618%(~-0.99523)-0.102618%(0.88403)+0.037882

* (6.08965) = 0.03784

Ma = -0.069921 kNm. Me = 0.14610 kNm.
Na = 0 Ne = 0.03784 kN.
Ta = -0.00874 kN. Te = -0.00177 XkN.
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M = 1 kNm 'den olusan u¢ kuvvetler :
-4

M21 = 0.070249 * (0.10159) = 0.00714

M23=.489249%(.10159)-.170168%(.08657)+0.102618*%(-0.91123)
M23= ~0.05854
M32=.489249%(.08657)~.170168%(.10159)-0.102618%(~0.91123)
M32= 0.11858

N23 =N32 =0.102618%*(0.10159)-0.102618*(0.08657)+0.037882

* (=-0.91123) = —0.23298
Ma = (0.00714 KkNm. Me = -0.04338 kNm.
Na = 0O Ne = -0.032%90 KkN.
Ta = 0.00089 KkN. Te = 0.00300 kN.
M6= 1 kNm 'den olugan u¢ kuvvetler :
ﬁgl = 0.07024° * (-0.58979) = -0.04143

M23=.489249%(~.58979)-.170168*(.08657)+0.102618%*(2.64779)
M23= -0.03157
M32=.489249%(.08657)-.170168*%(~.58979)-0.102618%(2.64779)
M32= -0.12899
N23 =N32 =0.102618*%(~0.58979)-0.102618%*(0.08657)+0.037882

* (2.64779) = 0.03090

Ma = -0.04143 kNm. Me = 0.07487 KNm.
Na = 0O Ne = 0.03090 KkN.
Ta = -0.00518 kN. Te = -0.00803 kN.

X = 1 kKkNm 'den olusan ug¢ kuvvetler :

M21 = 0.070249 * (3.81261) = 0.26783
M23=.489249*(3.81261)-.170168*%(~-2.19434)+.102618%(~7.157)
M23= 1.50428

M32=.489249%(~-2.19434)-.170168%(3.81261)-.102618%(~7.157)
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M32= -0.98792
N23 =N32 =0.102618%(3.81261)-0.102618*%(-2.19434)+0.037882

* (-7.15707) = 0.34530

Ma = 0.26783 kNm. Me = 0.13512 KkNm.
Na = 0 Ne = 0.34530 KkN.
Ta = 0.03348 KkN. Te = 0.02582 KN.

X = 1 kNm 'den olugsan ug¢ kuvvetler :
-2

ﬁgl = 0.070249 * (12.65996) = 0.88935
M23=.489249%(12.65996)-.170168*(-11.80)+.102618*%(-78.683)
M23= 0.12755
M32=.489249%(~11.80)-.170168*(12.65996)~-.102618%*(-78.683)
M32= 0.14684

N23 =N32 = 0.102618%*(12.65996)-0.102618%(-11.80)+0.037882

* (-78.6831) = -0.47064
Ma = 0.88935 KkNm. Me = -1.87291 kNm.
Na = 0 Ne = -0.47064 KkN.
Ta = 0.11117 kN. Te = 0.01372 kN.

X = 1 kNm ‘den olugsan u¢ kuvvetler :
-3

M21 = 0.070249 * (6.57031) = 0.46156
M23=.489249%(6.57031)-.170168%(~2.19434)+.102618%(=-32.20)
M23= 0.28370
M32=.489249%(~2.19434)-.170168%(6.57031)~.102618%(~32.20)
M32= 1.11259

N23 =N32 =0.102618*(6.57031)~0.102618*(-2.19434)+0.037882

* (-32.1993) = -0.32036
Ma = 0.46156 kNm. Me = -0.86704 KkNm.
Na = 0 Ne = -0.32036 KkN.
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Ta = 0.05770 kN.

Cizilmesi

99

Te

2-3 KEMERINE AIT TESIR ¢IzGIsI :

= 0.06981 kN.

a ve e Kesitlerine &4it Tesir Cizgilerinin

x=%L[ 1 kN.
h =4
n = 0.90 Aciklik =L / 10 = 2 m.
Tablo 2.1la. 1 kN 2-3 kemeri {izerinde iken
n=.9( 0{0.10(0.20{0.3010.40(0.50}0.6010.7010.801(0.90
al’ 0;{.028;.047:.058|.063|.062|.055|.0451.031}|.016
a2’ 0/.016).031].045({ .055;.062{.063|.058|.047|.028
a3’ 0|.032|.061}.084|.098].103}.098|.084|.061}.032
‘ L°2 ) 400
a’ = * al = * al
io EIo Elo
‘ L"2 ) 400
a = * a2 = * a2
ko ElIc Elo
R . ) _ 1600 ‘
A = * a3’ = * a3
(o] EIo EIo

M23=195.6996%al +68.0672%*a2 -164.1888%a3’

N23= 41.0472%al +41.0472%a2 -60.6112*%a3’

723= '{ °+6.3816%al -6.3816%a2"

23

M32=-68.0672%al —~195.6996%a2 +164.1888*a3’

N32= 41.0472%al +41.0472%a2 -60.6112%a3’

T32= 7’°+6.3816*a1‘—6.3816*a2‘

32
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1 kN 2-3 Kemeri Uzerinde Iken

M23=M73| M32=M37|N23=N37=N32=N73| T23=T73| T32=T37
0 0 0 1.00 0
1.23354| 0.22147 -0.14775 0.97275|-0.02725
1.29695| 0.66859 -0.48133 0.89828|-0.10172
0.72256] 1.00048 -0.83728 0.786151-0.21385
-0.03365; 1.01642 =1.09437 0.64914|-0.35086
-0.67337} 0.67337 -1.18809 0.50000]|-0.50000
-1.01642| 0.03365 =1.09437 0.35086(-0.64914
-1.00048([~0.72256 -0.83728 0.21385|-0.78615
-0.66859|-1.29695 -0.48133 0.10172;-0.89828
~-0.22147|-1.23354 -0.14775 0.027251-0.97275

0 0 0 0 =1.00

Tablo 2.12. 1 kKN 2-3 Kemeri Uzerinde Iken Ye" Kesiti

% Me Ne Te

0.0 0 0 0

0.1]-0.09704 [~0.14775 |-0.02725
0.2{-0.23950 |-0.48133 |-0.10172
0.3]-0.21016 |-0.83728 |-0.21385
0.4} 0.14755 |-1.09437 [{-0.35086
0.5 0.92101 {-1.18809 {+0.50000
0.6( 0.14755 [-1.09437 0.35086
0.7{-0.21016 |-0.83728 0.21385
0.8{-0.23950 |-0.48133 0.10172
0.9}-0.09704 |-0.14775 0.02725
1.0 0 0 0
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E
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E KESITI EGILME MOMENTI TESIR CIZGISI
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Sekil 2.56. 2-3 Kemeri (zerindeki e kesiti Tesir Cizgisi Diyagrami
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1-2 KIRISINE AIT TESIR CIzGIsI :

x=@L

r—-——- 1 KkN.

i k

& f f ‘%'7

} io Ik | Mx i
Tik L=28m T xi

1 L

/1 4

Tablo 2.13a.

Io

n=

0.50

ik

A* L = 0.30*%L

1 kKN 1-2 Kirisi Uzerinde Iken

% 0{0.10{0.20}0.3010.40(0.50;0.60]0.70|0.80(0.90] 1
al’| 0!.028|.048|.059|.063|.062|.055|.045(.031{.016| O
a2’ 0(.016]{.030{.043|.053].059|.059{.054].042|.024] O

L°2 64 . X )
a = *al = * al ; M21=-32.35744%*al +8.620672%a2
io EIo Elo
L"2 . 64 ) M21 M21
a = * a2’'= * a2 ; T21=C° +——  ;T12=C°4—
ko EIo Elo 21 L(=8) 12 L(=8)
£4L°2 1600
A = * 33 = * a3
o EIo EIo
Tablo 2.13b. 1 kN 1-2 Kirisi Uzerinde Iken
Q M21 M78 T12=T87| T21=T78 Ma Ta
0.0 o 0 1.0 0 0 0
0.1(-0.78361(0.30608{0.80205]-0.19795{~-0.78361(-0.19795
0.2/-1.28138|0.63778(0.63983(-0.36017|-1.28138{-0.36017
0.3]/-1.53991(0.97439|0.50751|-0.49249|~-1.539911-0.49249
0.4[~-1.59543(1.27169(0.40057|-0.59943(-1.59543(-0.59943
0.51-1.49452(1.49452{0.31319(~-0.68682[-1.49452({-0.68682
0.6(-1.27169|1.59543|(0.24104{-0.75896{-1.27169|-0.75896
0.7{-0.9743911.53991(0.17820|-0.82180|-0.97439|-0.82180
0.8{-0.6377811.28138|0.12028|-0.87972|-0.63778|-0.87972
0.9|-0.30608{0.783610.06174!-0.93826(-0.30608|~-0.93826
1.0 0 0 0 -1.0 0 -1.0
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A KESITI EGILME MOMENTI TESIR ¢IZGISI

1.6 e
1.4 1
1.2 ] ,
1 yd
0.8
0.6 ;
0.4
EO.Z.‘ (m)
£ O | | | ‘ ‘ !
Z 08 16 24 32 40 48 56 64 7.2 80
= A KESITI NORMAL KUVVET TESIR (IZGISI
g1
0.8
0.6
0.4
0.-2% (m)
OL
4.0 8.0
= A KESITI KESME KUVVETI TESIR CIZGISI
£

0.81 %/m
0.6 /f '
o T T
0.2 ‘ | |
0 | | | [ L m)
08 16 24 32 40 48 56 64 7.2 80

Sekil 2.67. 1-2 Kirigi tzerindeki a kesiti Tesir Cizgisi Diyagrami
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TESIR CIZzGiIsi FONKSIYONLARI :

1 kN luk diigey ylk 1-2 Kirigsi Uzerinde iken:

Ma;ﬂa+ﬁ;1[Ma(M2=lﬂ;Na;ﬂa+§51[Na(M2=l)]:Ta£6+ﬁ;1[Ta(M2=1)]

1 KN luk diisey ylk 2-3 Kirigi Uzerinde iken: ( X1=-N23)
( X2=N32 )

Ma=M23[Ma(M2=1) ]+M32[Ma (M3=1) ]4+X1[Ma(X1=1) ]+X2[Ma(X2=1) ]
Na=M23[Na(M2=1) ]+M32[Na(M3=1) ]+X1[Na(X1l=1) ]+X2[Na(X2=1) ]
Ta=M23[Ta(M2=1) ]+M32[Ta(M3=1) 1+X1[Ta(X1l=1) ]+X2[Ta(X2=1)]

1 kKN luk diisey ylik 3-7 Kirisi Uzerinde iken: ( X2=-N37)
( X3=N73 )

Ma=M37[Ma(M3=1) ]+M73[Ma(M7=1) ]+X2[Ma (X2=1) ]+X3[Ma(X3=1) ]
Na=M37[Na(M3=1) J+M73[Na(M7=1) ]+X2[Na(X2=1) ]+X3[Na(X3=1) ]
Ta=M37[Ta(M3=1) ]+M73[Ta(M7=1) ]+X2[Ta(X2=1) ]+X3[Ta(X3=1) ]

1 kN luk diisey ylik 7-8 Kirigi Uzerinde iken:

Ma= M78[Ma(M7=1)] Na= M78[Na(M7=1)] Ta= M78[Ta(M7=1)]

1 kKN luk diisey ylk 1-2 Kirigi Uzerinde iken:

Me= ﬁgl[Me(M2=1)] Ne= M21[Ne(M2=1)] Te= M21[Te(M2=1)]

1 kN luk diisey ylik 2-3 Kirigi Uzerindé iken: ( X1=-N23)
( X2=N32 )

Me=#e+M23 [Me (M2=1)]+M32 [Me (M3=1)]+X1 [Me (X1=1) ]+X2[Me (X2=1) ]
Ne=#e+M23[Ne(M2=1)]+M32[Ne (M3=1)]+X1[Ne (X1=1) ]+X2[Ne(X2=1) ]
Te=Te+M23[Te(M2=1)]+M32[Te (M3=1)]+X1[Te(X1=1) ]+X2[Te(X2=1) ]

1 kN luk diisey yik 3-7 Kirigsi Uzerinde iken: ( X2=-N37)
( X3=N37 )

Me=M37[Me(M3=1) ]+M73[Me(M7=1) ]+X2[Me(X2=1) ]+X3[Me(X3=1)]
Ne=M37[Ne(M3=1) ]+M73[Ne(M7=1) ]+X2[Ne(X2=1) ]+X3[Ne(X3=1) ]
Te=M37[Te(M3=1) ]+M73[Te(M7=1) ]+X2[Te(X2=1) ]+X3[Te(X3=1) ]

1 kN luk diisey ylik 7-8 Kirigi Uzerinde iken:

Me= M78[Me(M7=1)] Ne= M78[Ne(M7=1)] Te= M78[Te(M7=1)]
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TESIR CIZGILERININ ELDE EDIIMESI :

"a" Kesiti Tesir Cizgisi :

1 kN 1luk diigey yiik 1-2 Kirigi Uzerinde iken:

Ma=/{a - 0.19636*%M21 Na=Ma + 0*M21 Ta=7a - 0.02455%M21
Tablo 2.14. 1 kKN 1-2 Kirigi Uzerinde iken "a" Kesiti

Tesir Cizgisi :

J 0(0.10{0.20(0.3010.40(0.50({0.60|0.70/0.80(0.90| 1
Ma 0{-.63}-1.0}-1.2{-1.3[-1.2|(-1.0(-.78|-.511-.25] O
Na 0 O 0 0 a Q 0 0 Q 0 0
Ta 0[-.19{-.35|-.48|-.58({-.67(-.74|-.80|-.86{—-.92|-1

1 kN luk diisey ylik 2-3 Kemeri Uzerinde iken:

Ma= - 0.19636*M23 - 0.0621*M32 - 0.26783*N23 +0.88935*%N32
Na= 0.00
Ta= - 0.02455*M23 + 0.00776*M32 -~ 0.03348*N23+0.11117*N32

Tablo 2.15. 1 KN 2-3 Xemeri Uzerinde iken "a" Kesiti

Tesir Cizgisi :

Q. 0{0.10]0.20/0.3010.40(0.50(0.60)|0.70({0.80({0.90| 1
Ma 0]-.35}{-.60}|-.72}-.74}-.65)—-.48]~-.28|-.09].028} O
Na 0; O 0 0 0 0 0 0 0 0 0
Ta 0|-.04)-.06|~.08|~.08|-.07}|-.06|-.05]|-.03|-.02] O

1 KN luk diisey ylik 3-7 Kemeri Uzerinde iken:

Ma= 0.06210*%M37 - 0.06991*M73 ~ 0.88935%N37 + 0.46156*N73
Na= 0.00

Ta= 0.00776*M37 ~ (0.00874*M73 - 0.11117*%*N37 + 0.05770*N73
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Tablo 2.16. 1 KN 3-7 Kemeri Uzerinde Iken "a" Kesiti
Tesir Cizgisi :
@ 0(0.10(0.20/0.30|0.40/0.50;0.60;0.70(0.80]0.90{( 1
Ma 0(-.01}.156(.370|.534(.597|.541|.383].172(.002] O
Na 0l O 0 0 0 0 0 0 0 0 0
Ta 0{-.001.020|.046).067(.075|.068|.048|.022(0.00{ O
1 kN luk diisey ylik 7-8 Kirisi Uzerinde iken:
Ma= - 0.06991*M78 Na= 0*M78 Ta= - 0.00874*M78
Tablo 2.17. 1 KN 7-8 Kirisi Uzerinde iken "a" Kesiti
Tesir Cizgisi :
Q 0({0.10(0.20|0.30|0.40(0.50({0.60|0.70|0.80|0.90} 1
Ma 0|~-.02{-.04}-.07{~-.09|-.10}{-.11|-.11}|-.09(-.05] ©
Na o o 0 0 0 0 0 0 0 o 0
Ta 0{-.00|-.01{-.01{-.01|~.01]-.01|{-.01|-.01}=.01}| O
"e" Kesiti Tesir Cizgisi :
1 KN luk diisey ylik 1-2 Kirisi Uzerinde iken:
Me= 0.13557*M21 Ne= - 0.0420*M21 Te= - 0.03049*M21
Tablo 2.18. 1 kN 1-2 Kirisi Uzerinde iken "e" Kesiti
Tesir Cizgisi :
Q 0/0.10({0.20|0.30{0.40]0.50({0.6010.70(0.80(0.90] 1
Me 0{~-.11y-.17|-.21|-.22|-.20|-.17}-.13|=-.09{-.04] O
Ne 0].033|.0541.065|.068;.063|.054].0411.027(.013}| 0
Te 0(.024}.039]|.047|.049}.046|.039|.030(.019(.0092| O




107

1 kN luk diisey ylik 2-3 Kemeri Uzerinde iken:

MesiMe +0.13557*M23 -0.18078%M32 ~0.13512%N23 +1.87291*%N32
Ne=Ne -0.04240%M23 4+0.00337*M32 -0.34530*N23 -0.47064*N32
Te=fe -0.03049*M23 -0.02889*%M32 -0.02582*N23 +0.01372*N32
Tablo 2.19. 1 kKN 2-3 Kemeri Uzerinde iken "e" Kesiti

Tesir Cizgisi :

Q 0/0.10]0.20(0.30|0.400.50]/0.60]0.70]0.80|0.90} 1

Me 0{.327].782[(1.39(2.16(3.09(2.20(1.47|.871|.452] 0

Ne ¢{-.08{~-.14|~.18(~.20{-.19|~-.16(-.11|-.06|-.02( O

Te 0({-.07|-.15|~-.25{-.37|*.50(.3924/.275|.165].071; O

1 kN luk diisey ylik 3-7 Kemeri Uzerinde iken:

]

Me= - 0.18078*M37 +0.14610*M73 +1.87291*%N37 0.86704*N73

Ne= 0.00337*M37 + 0.03784*M73 + 0.47064*N37

0.32036%*%N73
Te= — 0.02889*%*M37 ~0.00177+M73 -0.01372*N37 + 0.06981*N73
Tablo 2.20. 1 kN 3-7 Kemeri Uzerinde iken "e" Kesiti

Tesir Cizgisi :

Q 0{0.10{0.20({0.30{0.40(0.50{0.60({0.70{0.80(0.90| 1

Me 0{-.01|-.42|-.92|-1.3|-1.4|-1.3|(-.86|~.35[.042| 0
Ne 0}.025|-.02(-.10}{-.16|-.20|-.20{-.17|-.10(=.03| O
Te 0}(-.02{-.05|(-.08|~-.09{~-.08({-.06|-.02}.012|.028| O
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1 kN luk diisey yiik 7-8 Kirisi Uzerinde iken:

Me= 0.14610*M78 Ne= 0.03784%*M78 Te= - 0.00177*M78

Tablo 2.21. 1 kKN 7-8 Kirisi Uzerinde iken "e" Kesiti

Tesir Cizgisi :

ﬁ 070.10(0.20(0.30(0.40{0.50(0.60(0.70(0.80(0.90( 1
Me 0}].045(.093[.142{.186|.218(.233].225[.187{.114| O
Ne 0].012}.024{.037(.048|.057|.060[.058(.048[.030; O
Te 0{-.00|-.00|~-.00|-.00({-.00{-.00|-.00|~.00|~.00
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BOLUM 3. SONUCLAR

3.1. "L" BICIMINDEKI DISBUKEY INCE PLAGIN SONLU ELEMANLAR

YONTEMI ILE INCELENMESI

Bu calismanin birinci bélimiinde " L " bicimindeki
digblikey ince plak sonlu elemanlar y6ntemi ile incelenmisg

ve asagidaki sonuclar elde edilmigtir.

1. X ve Y Dogrultularinda bulunan konsel pladin en ug
noktalarindaki w deplasmanlari Dégeme 3 'e ait tam késge
noktasinda en biliylik dedere ulastiktan sonra bu noktadan
uzaklastikca azalip kose etkisinin olmadigi konsol ug

deplasmanlarina yakinsamaktadir.

2. Konsol mesnetlerindeki ankastrelik momentleri kose
noktasinda bdlgesel olarak hizla artmakta, sonra azalarak

diger konsolun ucuna kadar devam etmektedir.

3. Bu calismada g&zdniine alinan "3" numarali désemenin
donatilmasina dedinecek olursak ; kose etkisi olmadan her
iki dogrultudaki konsol mesnet donatilari konsollarda da
iist tevzi donatisi olarak devam ettirilmelidir. Ayrica
kbse bblgesinde yaklasik (Ly+Lx)/3 geniglikte, diyagonal

dogrultuda ek Ust donati konmalidir.
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4. Yapilan hesaplarin sonug¢larina bagli olarak, kose
noktasindaki maksimum Mx, My ve M asal momentlerin
yaklasik olarak tayini ig¢in :

Mx = (g/2) * (Lx + Ly) * (Lx + V % Ly)

My = (g/2) * (Lx + Ly) * (Ly +V * Lx)

M = (g/2) * (Lx + Ly) * SQR(Lx 2 + Ly 2) * (1+%¥
asal

bagintilari Snerilmigtir. " 3." 'deki ek donatilar bu

formiillere dayanilarak hesaplanabilir.

5. Alt sistem kullanilarak yapilan ¢ozlim ydntemi ile
denklem takimi band genigligi bilyiik Slc¢lide

azaltilabilmektedir.

3.2. YAPI SISTEMLERININ HESAP YONTEMLERININ

KARSILASTIRILMASI

Bu calismanin ikinci b&liUmiinli olusturan ve yapl
sistemlerinin hesap ydntemlerinin karsilastirilmasini
ama¢layan hesaplara dayanilarak asagidaki sonuglar elde

edilmigtir :

1. Sadece 81l ylikler ve ilave yliklerin g&zdniine alinarak
uygun bir donati orani ile yapilan 6n boyutlandirma
sonucunda elde edilen kesitlerin yeterli oldudu yapilan

degisik yiiklemelerle gdzlenmigtir.

2. Matris Deplasman Yontemi, sistemi olusturan dlglm
noktalarinda birlesen c¢ubuk sayisi fazla sistemlerde daha

az bilinmeyen ile calisma imkani sadlamaktadir. Fakat
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bilinmeyenlerin se¢iminde esneklik bulunmamasi sebebiyle
band genisgligi belirli bir de§er altina diislirilemeyen,
ancak otomatik olarak yazilabilen denklem takimlari elde
edilebilmektedir. Genelde stabilitesi ¢ok farkli
rijitlikli elemanlarin birlesmesi sonucu iyi olan bu
denklem takimlarinin stabilitesinin bozulmasi halinde
bilinmeyenlerin sec¢iminin sinirli olmasi nedeni ile geri

dénme olanagi yoktur.

3. Matris Kuvvet ¥6nteminde, cubuk sayisi fazla olan
cerceve sistemlerde daha az bilinmeyenle calisilmasi
miimklin olmaktadir Bilinmeyenlerin sec¢imindeki serbestlik
sayesinde, stabilitesi iyi olan ve band genigligi kiiglik
tutulabilen, ancak matris deplasman y®ntemindeki kadar
sistematik yazilamayan denklem takimlari elde etmek

miimkiin olmaktadir.

4. Incelenen, ag¢ikliklari oldukc¢a biliylik tek katli
kemerli sistemlerde en elverigsiz kesit tesirlerini veren
yiik kombinezonlari iginde " 1.4 * G + 1.6 * Q " yiik
kombinezonunun en elverissiz tesirleri veren kombinezon

oldugu gbzlenmistir.

5. Hiperstatik sistemlerde, tesir cizgilerinin elde
edilmesinde bu ¢alismada kullanilan Endirekt Deplasman

Yonteminin kullanigsli oldudu gorilmiistiir.
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