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OZET

Cok agiklikli koprii kiriglerinde mesnet oturmalarinin egilme momentlerine etkisinin
aragtinlmast konulu bu tezde esas olarak 3 actklikli bir koprii kirigi dikkate alinmugtir.

Girig boliimiinde hiperstatik sistemlerin ¢6ziiminde kullanilan kuvvet metodu ve tezin
ileri konularinda faydalanilan rediiksiyon teoremi ve courbon yénteminden bahsedilmistir.

Ikinci bolimde 6ncelikle her bir mesnedin ayn ayn AA, AB, AC, AD deplasmani
yapmalar: halinde kesit tesirleri hesaplanmugtir. Daha sonra aym koprii kirisi tizerinde
muhtelif yikleme halleri igin (g sabit yiik hali, 1.agikhk ortasinda F tekil yiik hali,
2.agiklik ortasinda F tekil yuk hali, 3.a¢iklik ortasinda F tekil yiik hali, 1.agiklikta q yayili
yik hali, 2.agiklikta q yayih yik hali, 3.agiklikta q yayil yiik hali) kesit tesirleri
hesaplanmugtir. Rediiksiyon teoremi kullanilarak A,B,C,D kesitlerindeki maksimum yer
degistirmeler yani mesnetlerin 6zelligini kaybettikleri sinir degerler yukandaki muhtelif
yiikleme halleri i¢in hesaplanmugtir. Ardindan aym yiikleme halleri igin B ve C mesnet
egilme momentlerinin A ve B mesnetlerindeki maksimum mesnet hareketlerine bagl
degisimleri ayn ayn incelenmis ve aralarindaki baginti bulunmustur. Koprii enkesit
ozellikleri, kirig atalet momenti ve elverigsiz serit sayisi hesaplamip son olarak kenar ana
kirigin B,5,15 kesitlerinde egilme momentleri, bu moment degerlerini maksimum yapan
yiiklemeler igin ayn ayn hesaplanmustir. Bu yiikleme halleri igin AA, AB, AC, AD
deplasmanlan durumlanndaAAMAXz =AM, g1 Mg > Mosixgn» My DMMypir v

benzer sekilde ABme ,ACM‘{XZ ,ADMZ ve M‘mxz degerleri bulunur. Bulunan

degerler tablo degerleri ile desteklenmis ve kontrol edilmistir.

Betonarme karayolu koprilerinin  boyutlandirilmasinda  agagida gosterilen yiik ve
etkilerden varolanlar dikkate alinmali her yiik veya etki altinda bulunacak tesirler ayr ayn
hesaba katlmalidir. Genel olarak yiikler, A grubu yiikler (zati yiik, hareketli yiikler,
boyuna kuvvetler, mesnet sartlarindaki degisme, merkezkag kuvveti, riizgar yiikii, 1si
tesiri, kar yiikii, rétre, siinme, zemin itkisi, suyun kaldirma kuvveti, su akintisinin etkisi,
buz itkisi, atalet etkisi, ongerilme etkisi ) ve B grubu yiikler (yapim safhalarindan &tiirii
etkiler, deprem etkisi, garpma ) olarak 2 gesittir. Mesnet sartlarindaki degisme temel
zeminindeki hareketten 6tiiri mesnetlerde meydana gelebilecek Steleme ve donmeler,
beklenen buyiikliikleri ile gozoniine ainmalidir. Ancak, yapt rijit mesnetlendirilmis oldugu
(kaya lizerine) veya mesnet sartlarindaki degigiklikler az ise bu tetkik yapilmayabilir

Bu inceleme sonucunda 5,15,B kesitlerinde AA, AB, AC, AD deplasmanlarimin her bir
cm.'si igin aym kesitteki egilme momentlerinin ulagtigi degerler tablo olarak verilmisgtir.
AAmax, ABmax, ACmax, ADmax degerlerine karsiik gelen moment degerleri
belirlenmistir.
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ABSTRACT

Effect of support settlements on bending moments of bridge beams with many spans has
been studied in this thesis and basically bridge beams having three spans are analyzed.

In the introductory part, the energy method which is used for the solution of hyperstatic
systems, and in the following parts the reduction theorem and courbon method are both
utilized.

In the second chapter of this study, for a certain displacements AA, AB, AC and AD of
each support, hyperstatic system has been evaluated and moment values have been
determined at the critical cross-sections. The same bridge beam has also been solved for
various loading conditions and bending moments have been calculated. By using the
reduction theorem, maximum displacements of cross-sections A, B, C, D have been
evaluated for various loading cases as explained above. Also for the same loading case,
variation of support moments at B and C due to maximum deflection at the supports A
and B, are studied. Cross-sectional features of the bridge , inertia moment of the beam
are determined. Finally, at the cross-sections B, 5, 15 of side main beams, bending
moments are calculated for the loading conditions in which these moment values reach
maximum. For these loading cases and displacements AA, AB, AC, AD are
AAm.mZ =AAm.1xg + AIAmaqu + AAmaqu + AAmanl + AAmaxFZ and similar Iy ABmaxZ, ACmaxZ,
AD s and M.y values are determined. These values are checked from the tables.

When calculating the dimensions of reinforced concrete highway bridges, loads and
effects which the bridge is suffering are shown below and subsequent calculations should
be made for each loading case. The loads can be grouped into two categories. The first
category covers the dead load, live load, variation in support conditions, wind load,
centrifugal forces, effect of temperature, creep and shrinkage, etc. The second category
are the loading conditions during construction, earthquake loads. Variation in the
support conditions, displacements and rotations of supports because of base ground
motion should be considered. However, if the structure rigidly supported on a rocky
ground, then this method may not be utilized.

At the end of this study bending moment values at the cross-sections B, 5, 15 of side
main beams for 1 cm. displacement for AA, AB, AC, AD are presented in tables.

ix



1. GIRIiS
1.1. HIPERSTATIK SISTEMLERIN COZUMUNDE KUVVET METODU

Hiperstatiklik derecesi n olan bir sistemde denge denklemleri ile hesaplanamayan
kuvvetlerin sayisi n tanedir. O halde n. dereceden hiperstatik bir sistemin ¢éz{imii i¢in n
tane daha denkleme ihtiyag vardir. Sistem uygun yerlerine mafsallar koyularak ve bunlara
ait siireklilik sartlan yazilarak izostatik hale getirilir. Mafsal koyulan kesitler, hakiki
sisteme nazaran siireklilik sartlart bozuldugundan mafsallarin iki tarafindaki dis ytiklerin
etkisiyle donebilmektedir. Bozulan stireklilik sartlarim saglamak igin bu mafsallara kuvvet
cifti etkidigi diigtinilir,

1.1.1. Izostatik esas sistem ve hiperstatik bilinmeyenler

Hiperstatik sistem uygun yerlerine mafsallar takarak veya mesnet baglarindan bazilarim
kaldirarak izostatik hale getirilir. Bu sisteme kuvvet metodunda izostatik esas sistem
denir. Hiperstatik sistemi izostatik hale getirmek i¢in kaldirilan i¢ kuvvetler veya mesnet
reaksiyonlarina hiperstatik bilinmeyenler denir.

1.1.2. Sifir yiiklemesi ve yiikleme terimleri

Izostatik esas sistemin bitiin hiperstatik bilinmeyenlerini sifir kabul ederek sistemin
sadece dis tesirlerle (dis yiik,mesnet hareketi,sicaklik farki) yitklenmesine sifir yiklemesi
denir. Hiperstatik bilinmeyenlerin tatbik noktalan ve dogrultulannda meydana gelen yer
degistirmeler ise yiik terimi olarak adlandirilirlar.

yukleme kesit tesirleri yiik terimleri

dig ytkler M, N,,0, S.

8., X, 'nin tatbik noktast ve dogrultusundaki dis yiiklerin sebep oldugu yer degistirme
1.1.3. Birim yiiklemeler ve sistem terimleri

Hiperstatik bilinmeyenlere birim degerler verilerek izostatik esas sistemin bunlarla teker
teker yitklenmesine birim yitkleme denir. Kag tane hiperstatik bilinmeyen varsa o kadar
birim vyiikleme yapilir. Birim yiiklemelerden dolayr hiperstatik bilinmeyenlerin tatbik

noktast ve dogrultusundaki yer degistirmeler sistem terimi olarak adlandirilirlar.



yikleme kesit tesirleri yuk terimleri

X, =1 M, N,Q, o,

04 X, 'nin tatbik noktast ve dogrultusunda X, =1 birim yitklemesinden meydana
gelen yer degistirme

1.1.4. Siireklilik ve siiperpozisyon denklemleri

Izostatik esas sistemde bozulan sireklilik sartlarinin ~ gergeklesebilmesi  igin

X, Xy X hiperstatik  bilinmeyenleri  6yle  degerler olmaldrr ki

n

§=0,6,=0,..6,=0....5, =0 olmaldir. 0,,0, swrastyla X, X," nin tatbik noktasi

i

ve dogrultusundaki deformasyonlari ifade eder.

[zostatik esas sistemde X ,.' nin tatbik noktast ve dogrultusunda meydana gelen yer
degistirmeler: Dis yiiklerden dolay1 (8,,) , X, =1 birim yiiklemesinden dolay(5,,) , X,
yiklemesinden dolay: (&, . X, ) seklinde ifade edilebilir.

Toplam yer degistirme &, =&, + )_5,.X, bagntistyla bulunur. Siireklilik sartina gore
8, =6,+Y 8,.X,=0olmalidir. O halde n. dereceden hiperstatik bir sistem igin n adet

streklilik ~ denklemi  yazilir.  Agagidaki  siireklilik  denklemleri  ¢oziilerek
X, X,,...X,,.... X, hiperstatik bilinmeyenleri bulunur.

Oy +0,.X,+6,. X, +......... +0,,.X,=6,=0
Oy +0,.X,+6,,. X+ +0,,. X,=6,=0

O +0,,. X+, X+ +5,.X,=0,=0 (1.1)

Hiperstatik sistemin kesit tesirleri sifir yiiklemesi ve birim yiiklemelerden elde edilen kesit

tesirlerinin siiperpozisyonu ile bulunur.
Dus yiiklerden dogan kesit tesirleri S,(M,,N,,Q,)
X, =1 yiiklemesinden dogan kesit tesirleri S, (M,,N,,0,)



X, ytiklemesinden dogan kesit tesirleri §,. X,

Herhangi bir kesitteki kesit tesirleri $ =S, +)_S,. X, bagntsiyla bulunur.
k=1

Siiperpozisyon denklemleri agagida verilmigtir.

M=M,+M, X,+M, X,+....+M, X, (kNm)
N=N+N X, +N, X, +....... +N,. X, (kN)
0=0,+0,. X, +0, Xy+....... +Q,. X, kN) (1.2)

1.1.5. Sistem terimleri (5, ) hesabi
0, , izostatik esas sistemin i kesitinde X, =1 yiiklemesinden dolayr X, hiperstatik

bilinmeyeninin tatbik noktast ve dogrultusundaki yer degistirmedir. Bu yer degistirmenin

virtiiel ig denklemi ile hesaplanabilmesi igin X, =1 yiiklemesi yapilir.

dc dx dx M '
5, =jM,..M,‘.~E7+jNi.Nk.—EZ+jQ,..Q,,.a+ZML,..—L"—+ZNL,..C“

CU\’! v

(1.3)

M,,N,: L mesnedinde X, =1 yiklemesinden meydana gelen reaksiyon kuvveti
(kNm,kN)

M, N, :L mesnedinde X, =1 yiiklemesinden meydana gelen reaksiyon kuvveti
C,s»C.v: L mesnedinde moment ve normal kuvvet yay katsayilars

1.1.6. Yiik terimi (0,,) hesab1

1.1.6.1. Sabit di§ yiik

8,5 izostatik esas sistemin i kesitinde sifir yiiklemesinden dolayr X, hiperstatik

bilinmeyeninin tatbik noktast ve dogrultusundaki yer degistirmedir.

dx ax ax M N
5‘.0 :J'Mi'MO"—E7+INi'NO'a+J‘Q"Q°’EZ+ZMLi' c Lo +ZNU'CL0
LM

(1.4)

LN
Sekil degistirme etkileri az ise bu denklemlerdeki normal kuvvet ve kesme kuvveti
terimleri thmal edilebilirler.



1.1.6.2. Sicakhk fark:

0,, izostatik esas sistemin i kesitinde, sicaklik farkindan dolayr X, hiperstatik

bilinmeyeninin tatbik noktasi ve dogrultusundaki yer degistirmedir.

5,=6,

I¢ kuvvetler olusmayacagindan M, = N, =Q, =0

Uniform sicaklik hali &, = Iat N, .t°.dx (1.5)
M, .At°

dx (1.6)

Uniform olmayan sicaklik hali &, = Ja T

T 1
a,: sicaklikla ilgili bir katsay (%——)

1.1.6.3. Mesnet hareketleri
J,,s izostatik esas sistemin i kesitinde, mesnet hareketlerinden dolayr X, hiperstatik

bilinmeyeninin tatbik noktas: ve dogrultusundaki yer degistirmedir.

80 =0,
8 == (M, Mg, +V, AW, +H,, AU,) (1.7.)

M, .V, ,H,: L elastik mesnedinde X, =1 yiklemesinden meydana gelen mesnet
reaksiyonlari (kNm,kIN kN)

Ap,, AW, AU, : L elastik mesnedindeki mesnet deplasmanlari (m)

1.2. Courbon y6ntemi

Bu yontem koprii boyu eninin 2 katindan fazlaysa uygun sonuglar verir. Yontemde ana
kirislerin ve enleme kiriglerin burulma rijitlikleri dikkate alinmamustir. Ana kirigler sonsuz
rijit kabul edilmigtir. Boylelikle deformasyondan sonra da dogrusal kalmaktadirlar. Ana
kirisler enleme kirisler igin yaylt mesnet olarak kabul edilmiglerdir. Boylelikle ana kiriglere
gelen yiikler yayli mesnet reaksiyonlan olarak elde edilmektedir. Oncelikle enleme kirig
tizerindeki bir tekil yiik igin elde edilecek olan yontem enleme kirig digindaki yiikler igin

de dogru kabul edilecektir. Ancak koprii mesnetlerindeki enlemeler igin courbon yontemi



gegersizdir. Zira bu enlemeler kOprii mesnetleri tzerinde oldugundan mesnet

deplasmanlari olugmaz.

. J (18)

Courbon yontemi atalet momentleri birbirine esit ve esit aralikli ana kirigler igin asagidaki

§ekli alr.
A =146 n+1-2 e
i T nr-1 A
F=FJ A
>
E =F.l.[1+6.f+7—1_—2’-.i (1.9.)
n n-1 A

F,: 1. kirige gelen yiik (kN)
F: k6prii tizerine etkiyen yiik (kN)
A, : 1. kirigin yiik eksantriklik katsayist

J, : 1. kirigin atalgt momenti (m*)

e : yiikiin etkidigi noktanin képrii simetri eksenine olan uzakligt (m)
p; - 1. kirisin koprii simetri eksenine olan uzakligt (m)

n: ana kiris sayisi

i incelenen kirigin numarasi

A : koprii kirigleri arast uzaklik (m)



1.3. Rediiksiyon teoremi
Hiperstatik sistemlerde sistemin herhangi bir noktasindaki yer degistirmenin hesabi igin
virtiiel is denklemi kullanulabilir. Hiperstatik sisteme ait sonug moment diyagrami ile yer
degistirmesinin hesabi istenen noktaya virtiel yiikleme yapilmast sonucu olugan moment
diyagramimin garpilmast suretiyle istenen noktalardaki yer degistirmeler bulunur.
Rediiksiyon teoremine gore dig yiikler veya virtiiel yitklemeler izostatik esas sisteme
yapilabilir.

M= (1.10)

AF “J DISYUK  * U ET

0, - Hiperstatik sistemin A kesitinde F dig yiiki etkisinde olugan yer degistirme

MI

pisvox - Hiperstatik sistemde dis yiik etkisinde olusan sonug egilme momenti diyagram

M Izostatik esas sistemde virtiiel yiikleme sonucu olusan egilme momenti diyagramu

O = J. DISYUK JM DISYUK * [

Yukaridaki teoremin tersi de dogrudur, izostatik esas sistemin dig yuk ile yiiklenmesiyle
olusan egilme momenti diyagramuiyla hiperstatik sistemde virtiiel yiikleme yapilmasiyla
elde edilen sonug moment diyagraminin garpilmast da adi gegen kesitteki yer degistirmeyi
Verir.

M) orox - 1zostatik esas sistemde dig yiik etkisinde olugan egilme momenti diyagrami

M| : Hiperstatik sistemde virttel yitkleme sonucu olusan egilme momenti diyagrami



2. COK ACIKLIKLI KOPRU KiRISLERINDE MESNET OTURMALARININ
EGILME MOMENTLERINE ETKISININ ARASTIRILMASI

2.1. Ug aciklikli koprii kiriglerinde mesnetlerin deplasmanlart halinde egilme
momentleri

2.1.1. Ug agiklikh kopri kirislerinde A mesnet deplasmant halinde egilme momentleri
2.1.2. Ug agiklikl koprii kirislerinde B mesnet deplasman halinde egilme momentleri
2.1.3. Ug agiklikl koprii kirislerinde C mesnet deplasmani halinde egilme momentleri

2.1.4. Ug agiklikli koprii kirislerinde D mesnet deplasman halinde egilme momentleri

2.2. Ug agiklikly koprii kirislerinde cesitli yiikleme durumlarinda egilme momentleri

2.2.1. g sabit yiik hali

2.2.2. 1. agiklik ortasinda F tekil yuk hali
2.2.3. 2. agiklik ortasinda F tekil yuk hali
2.2.4. 3. agiklik ortasinda F tekil yiik hali
2.2.5. 1. agiklikta q yayilr yiik hali

2.2.6. 2. agiklikta q yayili yiik hali

2.2.7. 3. agiklikta q yayili yitk hali

2.3. Ug¢ aqikhkh koprii kiriglerinde ¢esitli yiikleme durumlarinda maksimum yer

degistirmelerin hesabi

2.3.1. A kesitindeki maksimum yer degistirmenin hesabi
2.3.1.1. g sabit yuk hali
2.3.1.2. 1. agiklik ortasinda F; tekil yiik hali

2.3.1.3. 2. agiklik ortasinda F, tekil yiik hali
2.3.1.4. 3. agiklik ortasinda F; tekil ytk hali

2.3.1.5. 1. agiklikta gq, yayili yuk hali



2.3.1.6. 2. agiklikta g, yayili yiik hali
2.3.1.7. 3. agiklikta g, yayili yuik hali

2.3.2. B kesitindeki maksimum yer degistirmenin hesab:
2.3.2.1. g sabit yiik hali
2.3.2.2. 1. agiklik ortasinda F; tekil yik hali

2.3.2.3. 2. agiklik ortasinda F, tekil yiik hali
2.3.2.4. 3. agiklik ortasinda F; tekil yiik hali
2.3.2.5. 1. agiklikta ¢, yayili yuk hali
2.3.2.6. 2. agiklikta g, yayih yiik hali
2.3.2.7. 3. agiklikta q, yayili ytk hali

2.4. U¢ agkhkh koprii Kkirislerinde g¢esitli yiikleme durumlarinda mesnet

momentlerinin maksimum mesnet hareketlerine bagh degisimi

2.4.1. B mesnet momentinin A mesnedindeki maksimum mesnet hareketine bagl degigimi
2.4.1.1. g sabit yiik hali
2.4.1.2. 1. agiklik ortasinda F, tekil yiik hali

2.4.1.3. 2. agiklik ortasinda F, tekil ytik hali
2.4.1.4. 3. agiklik ortasinda F, tekil ytk hali
2.4.1.5. 1. agiklikta g, yayilt yiik hali
2.4.1.6. 2. agiklikta g, yayih yiik hali
2.4.1.7. 3. agiklikta g, yayilt yiik hali

2.4.2. B mesnet momentinin B mesnedindeki maksimum mesnet hareketine bagli degisimi
2.4.2.1. g sabit yiik hali
2.42.2. 1. agiklik ortasinda F, tekil yiik hali

2.4.23. 2. agiklik ortasinda F, tekil yiik hali
2.4.2.4. 3. agiklik ortasinda F; tekil yiik hali
2.42.5. 1. agiklikta g, yayili yiik hali



2.4.2.6. 2. agiklikta g, yayili yik hali
2.4.2.7. 3. agiklikta g, yayili yiik hali
2.4.3. C mesnet momentinin A mesnedindeki maksimum mesnet hareketine bagl degisimi

2.4.3.1. g sabit yik hali
2.43.2. 1. agiklik ortasinda F, tekil yiik hali

2.4.3.3. 2. agiklik ortasinda F, tekil yiik hali

2.4.3.4. 3. agiklik ortasinda F; tekil yiik hali

2.43.5. 1. agiklikta g, yayili yuk hali

2.4.3.6. 2. agiklikta g, yayih yiik hali

2.4.3.7. 3. agiklikta g, yayili ytik hali

2.4 4. C mesnet momentinin B mesnedindeki maksimum mesnet hareketine bagh degisimi

2.4.4.1. g sabit ytik hali
2.4.4.2. 1. agiklik ortasinda F, tekil ytik hali

2.4.4.3. 2. agiklik ortasinda F, tekil yiik hali
2.4.4.4. 3. agiklik ortasinda F; tekil yiik hali
2.4.4.5. 1. agiklikta g, yayilt yuk hali
2.4.4.6. 2. agiklikta g, yayth yiik hali
2.4.4.7. 3. agiklikta g, yayili yiik hali

2.5. Koprii en kesit dzellikleri
2.6. Kenar ana Kkiris atalet momenti ve elverissiz serit sayisi

2.7. Ug aqikhikh koprii kirislerinde kenar ana kirigin muhtelif kesitlerinde egilme

momentlerinin mesnet deplasmanlarma bagh degisimi

2.7.1. Kenar ana kirig B mesnet kesiti egilme momenti
2.7.1.1. Kenar ana kiris B mesnet kesiti egilme momentinin AA mesnet deplasmanina

gore degigimi
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2.7.1.2. Kenar ana kiris B mesnet kesiti egilme momentinin AB mesnet deplasmanina
gore degisimi

2.7.1.3. Kenar ana kiris B mesnet kesiti egilme momentinin AC mesnet deplasmanina
gore degisimi

2.7.1.4. Kenar ana kiris B mesnet kesiti egilme momentinin AD mesnet deplasmanina
gore degigimi

2.7.2. Kenar ana kirig 5 kesiti egilme momenti

27.2.1. Kenar ana kiris 5 kesiti egilme momentinin AA mesnet deplasmanina goére
degigimi

2.7.2.2. Kenar ana kiris 5 kesiti egilme momentinin AB mesnet deplasmanina gére
degisimi

2.7.2.3. Kenar ana kiris 5 kesiti egilme momentinin AC mesnet deplasmanina gore
degisimi

2.7.2.4. Kenar ana kirig S kesiti egilme momentinin AD mesnet deplasmanina gore
degisimi

2.7.3. Kenar ana kirig 15 kesiti egilme momenti

2.7.3.1. Kenar ana kirig 15 kesiti egilme momentinin AA mesnet deplasmanina goére
degigimi

2.7.3.2. Kenar ana kirig 15 kesiti egilme momentinin AB mesnet deplasmanina gore

degisimi
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2. COK ACIKLIKLI KOPRU KIRISLERINDE
OTURMALARININ EGILME MOMENTLERINE

ARASTIRILMASI

2.1. Ug aqiklikli koprii kirislerinde mesnetlerin deplasmanlar1 halinde egilme

momentleri

2.1.1. U¢ acikhkh koprii kiriglerinde A mesnet deplasmani halinde egilme

momentleri
A B C D
AN I AN I IN I AN
A4 L | L | L |
v | l [
AN AN
A4 AA
SB'AA:T 5C,M:O
Opg- Xpg+084. Xo+85,,=0
Ocg- Xp+0ce.Xe+0cp, =0
Birim yiiklemeler : X, =1
MB
™ aad
V4E i e I o))
1
X.=1
MC
haN e D
A I “B I e I —
|
dx 1 1 1 1 2L
Opg = | My My —==-L1l—+=-L1l—=—=
BEIBBEI3 EI 3 EI 3EI ¢°

MESNET
ETKISININ



de 1 1

jM M,. Lll—=—-=

12

L

E 6 EI  6EI

ZL_,XB oLy 24
3EI 6l I

L 2L
X +== X.=0 4
6EI "% 3EITC (

2L ot oy =224
3EI 6EI L
4L 8L

— Xy +—.X.=0
6EI "% 3EITTC

—ISL.XC _ -AA4
6L] L
2 M

Xc = MC =-5--L—2E[

ﬁ.XB +L.Xc=ﬂ (.-
3EI 6L L

L 2L

— X 4= X. =
6EI "% 3EITC

-8L X, —4L X, = 4AA4
3EI 6E] L

L 2L

= X +— X.=0
6EI % 3EIC

—ISL.X 4

CB
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2.1.2. U¢ akhikh koprii kirislerinde B mesnet deplasmani halinde egilme

momentleri

1o
| Po

D

Opg Xy +08,50. Xp+05,5=0

Ocg- Xg+0cc. Xp+0.,5 =0

2 Loy 288

3E] 6F] L
L 2L —-AB
+ = S,

6EI " "3EI"° T L
8L . 4L . _-8AB

—= A G 4
3EI % 6EI TS L
a%.xa +32'§I..XC =__‘§B
+

(-4)
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2L L 2AB
o =—

==X X, =
3EI T ® 6EITTC L
L 2L —-AB
X == X, =— (.4
6EI % 3EITTC L (-4)
2L by, 2248
3EI 6EI L
-4 -8 4
——L.XB+—L.XC=-A-§
+ 6FI 3EI L
-15L _6AB
6EI ¢ L
-12 AB 1
Xe=M,=—2" —
5 I EI
M,y

R

121
S LB 6 aB 1

1
E B F -

paN G AN
9 AB 1 51 EI
S I*El 18AB 1
5 L EI

2.1.3. U¢ aciklikh koprii Kkirislerinde C mesnet deplasmam halinde Kkesit

tesirleri
A B C D
PaN I paN I AN I N\
| L L |AC L
1 v
PN
AC
5. _AC
BAC T L A C AC
Peac =T "L
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sistem simetrisinden M,. M,, nin simetrigidir.

C G

> D
wn
i by | —
=
uu'lw I
il
=|-A"
: +
+
m.l\o
‘D
'Q
|H
W/

2.1.4. U¢ aqikhkh koprii kirislerinde D mesnet deplasmam halinde Kkesit

tesirleri
A B C D
yAN I N I AN 1 N\
| L, | L | L |AD
| ! ! v
AN AN
Pear =
sistem simetrisinden M,;, M,, mn simetrigidir.
MAD
AD 1
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2.2. Ug aciklikh koprii kirislerinde cesitli yiikleme durumlarinda egilme momentleri

2.2.1. g sabit yiik hali

]
ZNA I ZA\B 1 IAC I yAN))

L T L

a) 2. dereceden hiperstatik

b) Izostatik esas sistem segilmesi : Izostatik esas sistem ve hiperstatik bilinmeyenler

X, X,
M P -~ yad
| L | L | L
| | ] |
c) Sifir ytiklemesi : X, =0 (Xz=4X,.=0)
[ 1
VA B ZANGR 2D

| L | L I L
| [ ] |




17

L gLL gL
M =V, ——2=—=
A R TR
MO
A B C D
Kiz zz_j.
g__ LZ g_
8 & 8
8
d) Birim yiiklemeler : X, =1
MB
hat pad
A VAAE I >c I £p
1
X. =1
MC
A jad D
N I B [ ' ad [ -
1
d V. gl* 1 gl
Opo=|M, M, —=—L1"—2—=2"=
Bo BTYED 3 8 TEl 12 %
Siireklilik denklemi:

Opg Xg+0,.. Xp+065 =0
Ocg- Xp+0,0.Xp+0,,=0

T3
£.XB +—L—.Xc = 8L
3E] 6LT 12E7
3
_L_‘XB +_2£. c =__g£_ C _4)
+ 6FE] 3EI 12E1
-15L 3gl’
22X, =
6E7 12E7
_aT2
Xe=Xp = g =M. =M,

10
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M e =M+ My X+ M. X,

sonug

gl 1 -gl’ -gl’ 3gl’
Mg=M+Mpg Xg+M . X, = 3 +E. 0 +0. 0 =20

gl? | -gl’ | -gl*} gl’
M.=M_.+M_ X, +M. X.= +—, +—, =
i OF TTBRTE DITCRTCT g 2710 20 10 40

M sonug
R c N T\ .
3gl’ gl’ 3gl’
40 40 40

2.2.2. 1. agiklik ortasinda F| tekil yiik hali

pAN PaN paN AN
A E B I C [ D
l | | |
i | [ !

Sifir yliklemesi : X; =0 (X, =X, =0)
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® |23y

Birim yiiklemeler . X, =1

8po = [ My.M,.

Zx——l-L(l+a)1k——L(l —)1 E——L—

g =0

Sureklilik denklemi:
Oppg Xpg+0,.. Xo+8,, =
Opg Xp+0.0. X +0, =
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2L L —-FL?
XX, =———
3E] 6EI 16E]
_L_X +_2i
6EI "% 3EI

(-4)

X.=0

2
8L X, + 4L~Xc _ 4FL
6E] 16ET

3ET

L 2L

—X +~—-—.X =0
6EI % 3EIC

~15L 4FT*
—— X, =
6ET 16EI

-FL
Yo =Ma=—g

2
2Ly L oy -ZEL
3E " TR T 6E

L 2L

—_— X, +—.X.. =0 4
6EI % 3EITC (-4)

2
2L L , _-FL

— Xy +—. X, =——
3EI 6L 16E7

—4L % -8L

—d +— X.=0
6EI % 3EIC

~15L ~FL’
— X, =
6E] 16E]
FL

Xe=Me=7g

M, =M, +Mg.X,+M..X,

sonug

FL 1 -FL FL_FL

ME=MOE+MEE'XB+MCE‘XC:T+E~_10—+0- 20 5
~-FL FL -FL

M,=M,,+M,, X, + M., X.=0+1——+0—=——
B 0B BB B cB-“c 10 40 00
-FL FL _F_{,_

M. =M, +M_ . X . +M.,. X.=0+0—+]1.—=
(44 ocC BC B cc o 10 40 40
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| -FL 1 FL -3FL
MF:MOF+MBF‘XB+MCF‘XC:O+E‘_IT+5~%: ”

-FL 1 FL FL
Mg=Mygz+Mpg, Xg+My X, =0+0——+—.—=
’ " o we 10 2 40 80

FL
10 3FL
A E g ~_ 80 - . S
+ B F W
FL it
;{6‘ 80
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2.2.3. 2. Aciklik ortasinda F; tekil yiik hali

N E | 2B F 1 &cC 4p
| L I L | L |
I I [ |
Sifir yiiklemesi : X, =0 (X, =X.=0)
le
A g I 2B F 1 2C o6 “p
| L | L | L |
| | I !
‘\XB:O
zf 2
vV, =0 TV3L=0
XB=O/" le ‘\ XC=0
PAN
? F
F F
VR =2 TVL=—
y 2 © 2
XC=0/’
AN AN
My, B L FL Tre-o =
MET 272 4
MO
E B F C G D
2
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Birim yiiklemeler : X, =1

MB
- s
‘1 B I o I 4p
X, =1
MC
- P b
AN 45 I VA I o
1
dc 1 1 1. F, F, I?
S =M, M, === L0+B)ik=—=L(1+=)12[="2"
so = [ My Mo = LU+ ik =2 LU+ )1 70 L=
Siireklilik denklemi:

Opp X +0,. X +06, =0
Opg Xg+0.0. X+, =0

%3
2Ly Loy SFE
3ET 6EI 16El

2
Lox,+ 2y -
6El 3E] 16EI
-8L -4L 4FL}
— Xy +— X, =
3E] 6EI 16EI

2
—L—.XB +-2—L-.Xc _ L

, SEI 3E] 16EI

-ISL 3FI?
6EI % 16EI
3FL

X. =M, =—=

5 B 40

-3FL
X.=M,=""Z2
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M, =M+M, Xg+M.X_

sonug

Mg, =M,; + My Xg+M. X, =O+%.

-3FL 0 —3FL _ =3FL _
40 " 40 80

FL 1 3FL 1 -3FL _TFL

Me=Mz+MpXg+Mp Xo=—+

MG

4 240 2 40 40
3FL %@ 5% 3FL
80 0 80
DN P AT
A E I ¢ T+ 6 A
C
TFL
40
2.2.4. 3. Aqiklik ortasinda F; tekil yiik hali
11«;
SA g 1 8B 1 2c g 1 20D
L | L | L |
] | | |
2.2.2. simetrisinden yazlabilir.
AL
3FL 10
80 g
A E B s
= FL
80 —
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2.2.5. 1. Aciklikta q yayih yiik hali

| g— 1

SA Ay I £¢ I 2p
| L l L | L
I | ! [
Stfir yiiklemesi : X, =0 (X, =X,=0)

—q

| )

OA T g I - I £p
T R -
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M,
-~ P
A VpH I 2 I 2p
X.=1
MC
-~ Pad D
SA 1 = VAd I =
1
a 1, ql) 1 gl
o= |\M. M —==-L11 —=
5o I BT RN 3 8 'EI 24EI
5(:0:0

Opp X +0,. X+, =0
Ocg Xg+0.0.Xe +5,, =0

2 . 3
——{'——.XB+L.XC: 9L
3EI 6EI 24E]
L 2L
X, +== X.=0 -4
6EI "% 3EI "€ (--4)
_ 3
-ﬂX +ﬂX =0
+6EI "% 3EITC
-15L _—qC
6EI ¢ 24EI
LZ
X =M, =£

60
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_ 3
_&‘XB +—{I—,XC: qL ( _4)
3ET 6FET 24ET
L 2L

— X, +— X.=0
6EI "% 3EITC

- _ 4T3
iL')(B +'—""—4L.XC:— 4qL
3E] 65 24E]

L 2L
— X, +— X. =0
6EI "~ ° c

3E]
152 X. = gL’
6EI % 6EI
—-qu

Xo=Ma =3

M

sonug

:MO +MB~XB +MC‘XC

gL” 1 gL o4b gl
8 2 15 60 120

ME‘ :MOE +MBE'XB +MCE'XC =

1 —q’ 1 qu —ql’
M. =M X x —oLlzel  1al”
7 = Mo + Mar- Lo+ Mor X 2715 2 60 40

-q} 1 q} qL’
Mo =Moo + Mg g+ Moo Xe =00 45 o5 =120
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2.2.6. 2. Aciklikta g, yayih yiik hali

92
| ]
AA E I eB F 1 éc G I £p
| L | L | L |
[ | [ i
Sifir yiiklemesi : X, =0 (X;=X,=0)
. !
| .
OA T 4B I T I £p
L | L | L
I I [

XB:O/' / q ‘\ XCZO
Ar )

PN
I T

L gL L ql
M =Va 3= 5 5=
MO
B C D
AN I i A
N I Kj
L
8
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a 1, gl 1 qO
8oy =|M, M, —=—L11 —=
5o J BT R 3 8 'EI 24EI

2 L3
Oco = MC.MO.—aZ—Tl.L.l.qL .—1—= q
EI 3 8 EI 24FE]

Opp. Xg+0,.. X, +0,, =0
O Xg+0,0. Xo+0,,=0

il 3

2L o Loy i
3E] 6E] 24F]
3
L 2L X. = qL

— Xy +—. X, =
6ET 3EI 24E]

3
_S_L‘XB +:'4_.£-XC = 4(]L
3EI 6E] 24E]

_ 3

—é—.XB +—%-I-‘—.XC = 9L

. OFEI 3EI 24E]
i 3
15L~Xa _ 3qL
6El 24E7
—ql?

X, =M, = ;’0

My =My+ M,y X, +M,. X,
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1 —ql* _—ql} —ql?
My = Mog + Myg. Xy + Mog Xo = 04— — 40— == Zo =M,

ql’ 1 —ql’ 1 —ql* 3qL’
Mp =M +Mp. Xg+M . X = 2 +§. 0 +—2—. 20 = 40

M sonug
: 108
8L 20
40
A E BN+ [t~ AC anld)
3gl’
40

2.2.7. 3. Aciklikta g, yayih yiik hali

qs
| |
<, E 1 Zp F I £Cc G 1 %9
| L | | L |
I [ [ |
simetriden yazilabilir.
Msonu
¢ qL‘_y
N 15
F
2 ] B e ; D
~_F_ =~
1 + §B— oz o —=
120 e 120
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2.3. Ug aqakhkli koprii kiriglerinde cesitli yiikleme durumlarinda maksimum yer
degistirmelerin hesabi

2.3.1. A kesitindeki maksimum yer degistirmenin hesab1 (& ,,)

2.3.1.1. g sabit yiik hali
dx
_ 1 3 40
84 = [M).M, =
M, : Hiperstatik sistemde g yiiklemesi

/——g

L

A I B
|
i

a) 1. dereceden hiperstatik

b) Izostatik esas sistem segilmesi : Izostatik esas sistem ve hiperstatik bilinmeyenler

Xe
7< ANy 2

A I B I “ I D

| L | L | L

l 1 i 1

c) Sifir yiklemesi: X, =0 (X, =0)

‘ yaN A
A I —B [ =c I )

l L | L l L

| [ { |

XC

/—58 "\ -
[ AN 2\
[ v, =241 TVJ:O

X.=0

r
AN

A
L gL
Te Tect




32

> M, = VCL+g.L.E—g.L.—2—:0 Vi=0
> M, =0 V, L-g2L.L=0 V, =2gL
> M,=0 VCR.L—g.L.ézo VCR:VD:—gZ—L—
L gL L gl
Mo =V 555 =%
M, ,
gL

d) Birim yiiklemeler : gl
X.=1 8
M.
by s
A I A I VA I D
1
de 1 1 1 1 2L
Spo=|\M. M, —==Lll—+—Lll—=
. J CTUCEN 3 El 3 EI 3EI

2 2
o =i. .—g-.ul.L.l.—éi =0
12 12 3 8

Occ-Xo+68s =0 X, =0 izostatik

M= M, s
gl 2o
8 8
. - T G
AN
A E B F ZkC& j})
gL’



M : 1zostatik sistemde birim yiikleme

AN
A I B I =c I =D
I L L | L
I ! I 1
l X.=0
~ 2
[ Va=2 TV;:—l
X.=0
AN PAN
TVCR:O TVD:O
> M, =V, L-12L=0 V,=2

D My =Vi2L+2.L=0 Vi=-1

M L
A “p e “p
MIG_MO ng

gL’

8
5. =My =2 rigtool gl L_ g
e MR T T 2 TEL AET
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A mesnedindeki maksimum yer degistirmenin hesabi (2. yol)

= M, = [ MM &

o .
¢ EI

Ag

M Hiperstatik sistemde birim yiikleme

l

A AN
|
I

Sifir yitklemesi : X, =0 (X, =0)

t— Pe—

D
V.

D> M, =V, L-12L=0 Vy=2

> My =V 2L+2.L=0 Vi=-1
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1 1 -
8o =—. L(-L)1—=
0o =g LI 6EI

Spp+6,0. X =0

L, 2L
6EI 3EI

X.=0

5= Lik S=L Li(k+3k) S=—.Lik
4 2 3
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. dx
i
M = [ M1 M SE
-gl> 1 1 -gl’ 1. L g’ 1
Ad,,, =6, = . —t+— L. ——3L— il i<l
Max T g 2E112(2)( )EIB 4° 8 'EI
_sgr llgL4 gL’
M = err T S6ET | 96E]
_ gl
MAX 4 ET

2.3.1.2. L.Agiklik ortasinda £ tekil yiik hali

dx
Sur = | Mg M} —
AR, J. F 1 EI

M, : Hiperstatik sistemde F yiiklemesi

A I B I ¢ I D
L l L | L
| | ] |
Sifir yilklemesi : X; =0 (X, =0)
|7
A 1 g I [AYS I o)
L I L | L |
| [ | ]
X.=0




FL
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MM s X, 01 2L 2 L

M,=M,=0

> M, =0 VEL+===0 VCL:——li
2 2
> M. =0 Ve.L- Fgé_ VB:%
MO
FL
/21\
- paN - . PaN AN
A E B F C D
X, =1
M,
™~
A I = = =
1
Ses —L k-a—Ll—E—L——FE
2 EI 12EI
Oy +0,0. X, =0
2L . -FL
= X+ =0
3EI 12EI
X =M, _FL
Mo = My + M, X,
My=My+Mg, X. = '-fho%- ‘gL
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AL
. 8
M : Tzostatik sistemde birim yiikleme
L L L
2 5
| B 1 —
8= Li(k +2k;) o Lk
§= %.L.i.(kl +2k,)
dx
Ad,,, = jM;.M;’.E
i = léﬂ(ﬁ r 2L).—1—+l.i£ﬂ.(£— ZL)_1_+1_L__—_£E£_1_
62 2 2 El 65 2 2 El 65 5 8 EI
FI’
AA = =
SRR Y
A mesnedindeki maksimum yer degistirmenin hesabi (2.yol)
§ar = My = IMI‘ M} % M, : Hiperstatik sistemde birim yiikleme
AN
A I B I —c I =D
| L L I L
1 l ™ |

M,
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M

FL
2 L
0
N G
A E 4B F EaYe 4p
1
5= Lik +2k) é.L.i.k
5==é.L.zl(kI +2k,)
1 L -FL -L 1 4L _FL 2FL_ 1 1L -FL L 1
M, =— === (=-2L)—+—— . (-L).(— - == — s ==
Wszz(z )EI65()( )EI65104EI
M s - 5FL +44FL3 __Fr
MAX T TAR T 48ET  300EI  1200E1
FI?
Adyyy =6 4p = 1E
2.3.1.3. 2. Aqikhik ortasinda F, tekil yiik hali
dx
8 e :fM,L.M;)EI—
M, : Hiperstatik sistemde F yiiklemesi
|E
A I B I C I D
l L | L ! L !




Sifir yiklemesi : X, =0 (X, =0)

FL F
> My =0 VCLL__2_=0 VCL__Z_
FL F
M, =0 v, L-"==0 v, ==
Z o B 5 CH
M,
F G
A E C 4p
B FL
4
X, =1
MC
~_ -
A I ZAS I VAT 22D
1
oo =L L+a)ik=2 L+ —) (L1 _ AL
6 6 4 El 16E

Oco+0cpc.- X =0
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2L FI?
—— X.+ =0
3EI 16EI
-3FL
X=M,=—"T=
(4 C 32

M e =M+ M, X,

sonug

My=M,+M, X, :o+o.—gL =0
-3FL -3FL
MC = MOC +MC'C'XC :0+1’7:T

FL 1 -3FL 13FL
MF=M0F+MCF.XC:~Z—+E.—32—-=—%4—

1 -3FL -3FL
MG = MOG +MCG-XC :0+E.T=—6Z—“
M,=M, =0
1
Mp 6FL 3FL

M : 1zostatik sistemde birim yiikleme

— 3L

19

AN AN AN
A E B 1 F 2 3 -

It 6= 2 Lik +2k) 2 S=LLi(k+2k) 3 L Lik
6 ~ 6 - 6
e

AA}\/MX = J.M;‘MIOE
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1 L 13FL 2L I 13L 13FL —13L 2L 1 3L 3L —6FL 1
My, =22 B 2 L] (R oAy o T T
62 64 " 2 EI 638 64 " 19 ZEI 619 19 64 EI

_-13FC  3718FL | 9FL

= +
MAX " 384E]  277248EI  23104EI
—3FI}
AAd = -
Max —TAR T GART

A mesnedindeki maksimum yer degistirmenin hesabi (2.yol)

dx

8 = Mgy = M;.M;!.E M : Hiperstatik sistemde birim yiikleme

paN
A I B L =c 1 =D
l L | L L
I | } I
M
L
A 5 ~— =
0 4
Mp §== LE[(1+ B +(1+a)5]
F G
A E 2 + + = 4p
L
AAW=% .F {(1+—)( L)+(1+—) }
F2[-3L 3L] 1
AA4,,,, =0, +
max = Car =g [ 2 }EI
3
p,, =5 =3

64 EI
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2.3.1.4. 3.Aciklik ortasinda F; tekil yiik hali

dx
Sur = | M‘F.M,".E

M. : Hiperstatik sistemde F yiiklemesi

Stfir yiiklemesi : X, =0 (X, =0)

A I ZaS:) I . I
|

> M, =0 Ve L-—=0 Ve =

— D
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MO
C G
AE SR e
AL
4
X, =1
MC
A pand D
A [ B L ' ad L -
1
1 I, FL 1 FI

1
Op=—LA+RNik=—LN+=>)—1l—=
=g LUt Pik=0L(+) = lm=em

Siireklilik denklemi
Oco+0e. X =0

2L FI’
— X +——=0
3ET 16ET
—3FL
XC’: MC :’—32——'

M . =M, + M. X,

sonug

MB=MOB+MCB.XC=O+O._§§L=O
-3FL _-3FL
M,=My+My X, =0+1—==—"2=
C oC cc c 32 32

FL 1 3FL 13FL
Mo =Moo+ Mea Xe = =5 5 " "ea

M,=M,=0
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M,

L
AN PAN
A E B F
ik
6
dx
AA = Ml M°
MAX _[ EI
1 -6FL 1 FI}
Ad,, =~.Lik =—-L— — =
M g D). 64 EI 64El
Fr
Adyyy = AF}:@

A mesnedindeki maksimum yer degistirmenin hesabi (2.yol)

dx

8up = My = [ M) M} — =

M : Hiperstatik sistemde birim yiikleme

| D

:
!

—
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L
A “B T~ — =
L
4

d= é.L.(l +a)ik

G

FL

2

1 1.1 FI}
A4 == L(+=)—=
M 6 ( Z)E] 64 El
_FD

64E]

Adypy =90 45



47

2.3.1.5. 1. Aciklikta g, yayili yiik hali
dx
_ 1 0
840 =M} M, =

M : Hiperstatik sistemde g yiiklemesi

q,
[ ]
A & I e 4D
| L l L |
! I I I
Sifir yiiklemesi: X, =0 (X, =0)
4,
[ ]
A I B I S £p
L L |
! | | |
X.=0
' = —3
T Ve =—qL TVCL ::g'é
XC :O/'
AN AN
TVCR ~0 TVD -0
> My=0 VCL.L+q.L.§=O —%L-

> M. =0 VB.L—q.L.Tzo



9
ql’ 2 ar
3 4
A E 2 T yay 2
B C D
=1
MC
~__ " D
A I —) L ¢ I =
2 73
Spy =t Li k=—L1 gL 1 _ 4L
6 2 El 12E
See. Xp+84 =0
2L —qL3
L X, = =0
3EI 12E1
2
X, =M, =&
8
2 2 2
My = My + M. X, =2 +oq§ _"g‘
~q} 1 g} -3qC
Mp =My + My X, = ‘i 2 qg :
qu2 qu
M = Mog + Mg X =0+ =22
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M L
5
A l Sp 2 3 2¢ “p
1. N 1.
I:6=—=.Lik 2:6=—Li(k +2k,) 3:0==Lik
4 6 6
-qL' 1 1 4L —ql} -L 1 1 L -Lgqgl |
8,4, =AM :—L L —— A (= -2L) == e —
Max ()2E165 23 VB TS s 8 H

4 3 4
AA _qL . l1gL ql
MAX T SET T 75EI 1200E]

13 gL'
TR

A mesnedindeki maksimum yer degistirmenin hesabi (2. yol)
d)é
O, =04 M,

M : Hiperstatik sistemde birim yiikleme

8L’
2 &L
10
o] - G
AN PAN PAN
A 1 B 2 3 —°C - D

. §=—.Lik 2: 5=%.L.i.(kl+2k2) 3: éz—é—.L.i.k
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My, = [ M M. o &

El
1 -qL> 1 14L -ql* 29I
A4, = — = (- P
M g 2 m e s T T e
4 4 4
Ad,,, = qL N 44qL gl
8EI 300E] 1200£7
_13 gL’
MAX 48" EI
2.3.1.6. 2. Aciklikta g, yayih yiik hali
dx
! 0
8= MM, =
M : Hiperstatik sistemde g yiiklemesi
9>
1 1
A I }4; I =0 I £p
| L | L | L
I [ [ {
Sifir yiiklemesi : X, =0 (X, =0)
4
| ]
A I £ I e I 4D
L L | L
1 ! 1 |
XC
] \
paN AN
T qL T qlL
VB = —5- VCL —2—

2
L —qgl’ L 1
L] 7

10 4 EI
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ZMB =0 VCL.L—C].L.~L—=0 vE :g_li
2 2
ZMC = VB-L"q.L."'L—’_O VB :gié
MO
ar
8
Xc =1
MC
™ pad
A 1 = I \ C{ ; _D
1
2 3
5C0 = lle :lLIQL——l- ) L
3 3 8 "EI 24EI
Stireklilik denklemi:
5CC"XC +6C0 =O
3
‘zi. ct qL =0
3EI 24EI
_.qLZ
X. =M. =
<77 16
—qu
Mg=Mgz+M, . X.=0+0 > =0
1 —q} —ql’
MG—MOG+MCG,XC:()+E PR
M7
Lo g
1 32
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M : 1zostatik sistemde birim yitkleme

My

6
2 2 2
.(O+2.———3qL j + O.(——»—_qL +2.——3qL j
16 32

A mesnedindeki maksimum yer degistirmenin hesabi (2. yol)
dx

— — 0
810 = Myux = jM;.Mq.E

M : Hiperstatik sistemde birim yikleme

l

PAN
A I B! =c 1 =p
l L L L
| 1 I ]
M!
L
A a5 T~ — =
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L’
8
dx
A, =M M —
MAX J‘ 1 gE[
1. .. 1L gl 1
Adye == LG, +i) k== L(—-L)—. —
wor =3 LG i)k =2 LG~ D —




2.3.1.7. 3. Aciklikta g, yayili yiik hali

840 =M. M.

M, : Hiperstatik sistemde q yiiklemesi

54

9
_ ]
A I = a I 4D
| L | L | L
I I i I
Stfir yuklemesi : X, =0 (X, =0)
q;
i ]
A I £B I s I £p
L L | L
I I { ]
X, =0
- 2
17, =0 Tvd=
XC = /’ q3
[ |
s~ 2\
L T qL
TVCR “gz— VD :'2_
> M,=0 VCR.L—q.L.-[izo VE _4
2 2
> M. =0 VD.L—q.L.—Ii=o V, _ 4
2 2
M,
B C G
A E = F KJD
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MC
N
A i ) I ) I
1
2 3
Spy=sLik=tp1 ¥ 1 _ 4L
3 3777 8 EI 24E]
Opc. X +68,,=0
2L ql’
ZZ x.+- =
3EIC  24E]
—(ILZ
X.=M,="1-
C o4 ].6
- 2
My =M, +M,. X, =0+0 fé“ =0
1 —q} —ql’
My = Mg+ Mep. Ko =04+ — ===

Mp
32
N
A E B F C 7"’
3qL°
32
M? L




9 4

q

1
= My =7 L(-L),

L
9 EI

MAX

56

—qL’ 1 gL’ 1

16 EI 96 EI

A mesnedindeki maksimum yer degistirmenin hesabi (2. yol)

dx
8 4y = My :IM;.M;.E
AN
A I B L =c I =D
| L L L
| | | |
M
L
A =4 T~ — &
L
4
M,
- C G D
A 2 w
1 8L
5=§L1k 8
d
AAW—jM;.Mg.E
ad Ll Lel 11 gl
M 3747 8 TEI 96 EI
1 qr
AAmxz—L
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2.3.2. B kesitindeki maksimum yer degistirmenin hesabi
2.3.2.1. g sabit yiik hali
dx

S5 :jM;.M{’.E

M, : Hiperstatik sistemde g yiiklemesi

/—g

a) 1. dereceden hiperstatik

b) Izostatik esas sistem segilmesi : Izostatik esas sistem ve hiperstatik bilinmeyenler

X
~_°
A B I er I “b
| L | L | L
] [ ! I
c) Sifir yiikklemesi : X, =0 (X, =0)
[ ]
I B I Se T )
| L | L | L
| | 1 1
X.=0

. = =N
|
AN
VB :gL VL :gL
(o4

X.=0

—

AN A
L gL
TVRzé'_ ]‘Vz.__
C 2 D 2

> M. =0 V,2L—-g2L.L=0 V,=gL
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Siireklilik denklemi:
Occ-Xe+8c=0

L

L oy 380
ET

+=.
8 EI
-3gl’
8

X, 0

Xe=M, =

2 _2ol?
M, =M, +Mq. X, = 3gl 1 -3¢l

> M, =0 VE2L-g2L.L=0 Vi=gL
> M, =0 V:.L—g.L.£=o VCR:VD:EL-
2 2
L gL L gl
M =pR L= —=2
MG 7€y 274 8
L g’
Mym=V, L-gL—=—
MAXB 4 g ) 5
M,
E B F C G
A + _ﬁ
2 2 2
3g8L g_LZ_ 3g;L gé,
2
d) Birim yuklemeler :
X.=1
MC
B N A D
JaN YN 7
A 1 -
dc 1 11 1 L
8. =M. M. —==-2L11—+=L1l—=—
CCICCEI3 El 3 EI EI
2 2 3
5o =tor 8 L L8 1 38
3 2 El 3 8 EI 8 EI

9gl’

8 4 8

32
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gl 2 -3gl’ 10gl’
Myg=M,+M, X, = +—-. =
B 0B CB c 2 4 8 32
3gl? 3 -3gl 3gl’
M.=M,. + M. X, = —. =
F oF CcF C 8 4 8 32
gl 1 -3gl> -gI’
Mg=My;+M, X, = +—=. =
G 0G CG c 8 2 8 16
My
gLl
NS
E B F -l-
AN — 7\
M_L/J/ G + D
9gL’ 10gl’ 3?;
32 32
M : Tzostatik sistemde birim yiikleme
f I B I a® I 4p
L l L | L
1 ] ] I
l XC =0
5 2
1 T L1
V,=— yL=—
) )
XC :O/’
PAN 2\
TVCR =0 TVD =0
> M. =0 V,2L-1L=0 VA:—;—:VCL
D M,=0 Ve =V,=0
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M
1 B 2
PaN
A + + —C “—D
L L
4 L 4
2
Op =ABy 0 = ju.v.ds = %.[v,.(ul + 2u’) +v,.(u, + 21:')]
! 2 2 2 2 2 2T
AB, i =£. O.[O+2.——9gL +£.(1OgL +2. 2gL J +£. é(lOgL +2.3gL j +0.(—3gL +2.§'
6 32 2 32 32 612 32 32 J. 3
_ T8l | 4gl’
M 96EI T 96EI
_ M gl
Y96 EI
B mesnedindeki maksimum yer degistirmenin hesabi (2. yol)
dx
sy =By = | M;.Mg.ﬁ
A l
S I B I [aYe I Sp
L | L | L
! ! n 1
Sifir ytiklemesi : X, = (X, =0)
A I
- I B I e I 4D
L | L | L
1 1

).

<P

1N

o
5
Il

N | — :
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T
S M, =V,2L-1L=0 VA:%=VCL
MO
A B C D
W 2
i L3
2
X.=1
M,
B w C _» D
VAN \ f
A . —
. 2
dco =1,L.(l+a).i.k=1.2L.(1+l).1.£.—1-: L
6 6 2) 2 EI 4Ll
Opo+0pc.- X =0
, .
L +£.XC:
4FEI EI
-L
XC:MC=—4_
M, =M+ M. X
L 2-L 6L
MB:MOB+MC§.XC=-2—+Z.T='1—6
L 1-L 3L
Mg=Mgz+Myp Xe=—+——=—
E OF CE C 4 4 4 16
L 3-L L
Me=Mgz+Myp Xe=—+——=—
F oF CF c 4 4 4 16
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1 -L -L
MG:MOG“P'MCG‘XC:O'*'_?‘—'T:?
M,=M,=0
M;
L
4 3
AN
+ PRSI,
3L L °
v 6L 16
16
M,
E B F C G
K‘\Mﬁ
2 2 2
3,g;L ol 35:‘3L gé,
2
dx
AB =M M=
MAX j 1 g E]

8py =ABy e = J'u.v.ds = %.[vl.(u, +2u')+ v, (u, + 2u')]

2 2 4
AByyye, = 2. o+§£.(£+2.£] Lo g
6| 16\ 2 8 J[El 64 EI

2 2 _ 2 4
ABy e, :é.[ﬁ.(.gz:_+z.zs:l>_)+_;.(0+zﬁaﬂ 1_3 g

8 JIEI 64 EI

s gLt 3 gl 1 gl' 11 gl
AB =AByx; ¥ BBy, T OBy = — St — e — e = — 2
My MAX | M4X2 M3 64" EI 64 EI 96 EI 96 EI
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2.3.2.2. 1.Aqiklik ortasinda F,| tekil yiik hali

e
S or :J'M,‘,.Ml".-é—]—

M}, : Hiperstatik sistemde F yiiklemesi

|

o I B I D I 4D
Y R S N S
Sifir yiiklemesi: X, =0 (X.=0)
|5
o 1 B I “c “p
| . l - | - |
I [ f I
l];; X, =0
5 =
3F
y, =3 1. F
A 4 VCL:Z
XC 0/’
AN PAN
TVCR:O TVD:O
3L 3F
ZMC.:O VA.ZL—F.—2—= VA=T
L F
ZMAZ VCL.2L—F.E—O {/32—4—
MO
A E B F C G D
I AN
AL
FL 8
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v L 2 3
(&4
4 L.} 1.1 AN C pad D
VAN B \ {
A 1 —
2
Sy =~ L1+ a)ik= l.u.(nl).l.ﬂ.izif}—
6 6 4 8 EI 32 EI
Sureklilik denklemi:

Occ. X +8,,=0

—L—.Xc +—§—.FL— =0
EI 32 EI

—5FL

Xe=M. = =

3FL | -5FL 43FL
Mg =M +My . X, = : +Z. ¥

FL 2 -5FL 22FL
My=My+My X, =—+= 2222208
B 0B CB (o4 4 32 32

4
FL 3 -SFL FL
M.=M_,.+M. , X, . =—+> """

F 0F CFTC T8 47 32 128

1 -SFL -5FL
Mg =My + Mg Xe =0+ —==——
G oG CG C 2 32 64
M,=M,=0
M, SFL
32
. B . /}\
' VAN G 2D
A + FL C -
22FL 128
43FL 128
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1 2 g 3
N + + —=C 2D
L L
4 L 4
2
dx
AB, = [ M, My —
AB. . Ll i LL®FLL 1 _ 43 FL
Moy = R TS 198 4 ET 3072 EI
AB, e, = %L(21k +ik, +ik, +2ik,)
1 L( 43FL L 43FL L 22FL L _ 22FL L) 141 FI’
AB e, === | 2. “ 4 Syttt s S
6 2 128 4 128 2 128 4 128 "2/ 3072 EI

AB, s = éL Ak, +2k,)

AB. . =L £(22_2_1*“£_M]__L_iF_L3
MAX3 — 672\ 128 128 J'EI 3072 EI
43 FI* 141 FI’ 48 FL} 232 FI’
AB = AB +AB +AB,,,, .= F + . + . = .
Max MA Maxa MX3 T 3070 EI 3072  EI 3072  EI 3072 EI

29 FU
384 EI

AB,, = BR, =

B mesnedindeki maksimum yer degistirmenin hesabi (2.yol)

dx
— 1 0
Sar = AByyye = [ M| .M. o
Ml
L L
4 8
A B - —T—_D
AN
3L . L ¢ o
TG— _6£ 16

16
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My

2 3
B AN
l L
3FL .1%
8
dx
By = [ M} M. = =

_LL3FL3L 1 _ 3 FD
32" 8 16 EI 256 EI

(2i\k, +i\k, +1,k, +2iyk,)

&

1
3
SL
6

15(23& 3L FL 3L 3FL 6L , FL 6L)_L Fr’
62

e + . T .
8 16 4 16 g8 16 4 16 256 EI

EI 48 EI

1 FL(L26L)1 IFL"’
4

8By = ¢ L

3 FL’+ 11 FL’ | FL' 232 FL

AB =AB +AB, ., +AB,, . = ) . +—. E )
MAXS, Maxy Mix2 MAY3 T o056t BT 256 EI 48 EI 3072 EI

_® P
BR T 384" EI

AB,,y =
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2.3.2.3. 2.Acikhk ortasinda F, tekil yiik hali

dx
Spr = IM;.MP.E

M, : Hiperstatik sistemde F yiklemesi

|5

< I B I e 4D
I L | L | L
{ I ] !
Sifir yuklemesi : X, =0 (X, =0)
|5
< 1 B I ¢ I “p
|

> M, =0 VCL.zL—F?—li—o 144 3
2 4
L F

> M.=0 VA.ZL—F.E=0 v, =7

MO

A E B F C G
= H’
8 4 3FL
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v L ER
c 4 4
. e C D
B \ {
A 1 -
= Lk Lifot )L L LIS (3 )17 I
3 6 . 32 8 4E 62 8 4 ElI 32 EI

Oce. Xo+0,, =0

L 7 FL’
— A, +—. =0
El 32 EI
—TFL
do=Me=—0

FL 1 -7FL 9FL
Me = Moet Mas Ko =5 450 " Tow.

FL 2 -7FL 18FL
Mo = Mos + Mea- Xe =7 4750 =g,

M. =M, M, X, = 3FL 3 TTFL_27FL

8 4 32 128
| -7FL -7FL
MG:MOG+MCG.XC=O+E. 32 = ”
M,=M_=0
M, 7FL
32
E B F /[\
£ yaN e AD
+ C I
OFL  \3r%
128 128 27FL
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M?

1 2 3 3
yal
< + ZSc 2p
L L
4 L 4
2
d
AB,,. =M m> &
i = | M "

3
By =+ rik=Lp18L L 1 _ 72 L
3 377128 "2 EI 3072 EI
AB, iy, = é.z;.(zilkI +ik, +iyk +2i,k,)
IL( I8FL L 18FL L 27FL L _ 27FL L] 99 FI’
AB,, ., =——.|2. —+ —+ —F ==
62 128 "2 128 "4 128 2 128 "4/ 3072 EI
AB,,.. —é.L.i.(k[ +2k,)

(_28FL+ 5 27FL) 1 _ 13 F©
128 128 /EI 3072 EI
72 FI} 99 FI® 13 FI} 184 FI’

AB = AB +AB,, +AB = . + . + : = :
MAX 3 ML TTMAG DM 3072 EI 30727 EI 30720 EI 30727 EI

AByyy = BE, =

B mesnedindeki maksimum yer degistirmenin hesabi (2.yol)

dx
Ssr, = AB,y = jM,‘.Mg.E

M
L L
4 )
A B ] T—4—_D
AN
L Lo -

16
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1 2 3
A E B F C G D
l AN
L R
8 p 3FL
3
dx
AB e = [ M| M,‘,Z.E
3 3
ABy =+ pik=1pfL 0L L _3 FL_ % [
3 3774 16 EI 96 EI 3072 EI
AB, .y, = éL(sz +ik, +ik, +2ik,)
1 L(, FL 6L 3FL6L FL L _3FL LY 25 FI' 100 FI’
AByyry = =252 22y 222 B2 i’ | - -
62416 8 16 416 8 16

768 EI 3072 EI

1 L 3FL (—L Z‘L‘)L" -6 FL’ _ -12 FU
- 4 T16)EI 1536 EI 3072 EI

9 FL’ 100 FL’ 12 FL' _ 184 FL’

AB =AB,,, +AB +AB, ¢y = : : : = :
MAXY MAX MOt M3 30727 EI 30720 EI 30720 EI 3072

23 FI?
AB, . = ==
MAX T TBR T84 ET
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2.3.2.4. 3.Aciklik ortasinda F; tekil yiik hali

dx
8o = jM‘F.Mf.EI—
|5
o I B I 4c I 4D
! L | L ! L

Sifir ytiklemesi : X, =0 (X, =0)
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2
4

F W)

1
4
= B ] 77
A

MC'

2
dco =—é—.L.(l+a)j,k=%,L.(1+l).1 FL 1 _FL

2)" "4 EI  16El
6CC'XC +5CO :O

2
L, 1F_|

E 16 5

ety L

Mg=M;;+M,. X, :O+£._l_};L="_6§£
My =My +Mcp. X, :O+%,:§;£=__ETH‘

FL 1 -FL 7FL
MG:MOG+MCG‘XCZ‘4_+E,7— v

3 -FL -3FL
Yy 4716 o4
MA = MD = O
M;
AL 3FL L
FL 37 64 16
e N
S . G
A E B F z . 20
7FL
32
1 2 B 3
AN
A + “—C Ap
L L
4 4

N |
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dx

b - 3

AByyy, =L pik=LpZfLL L _ -1 FL'

3 37732 2 BT 192 EI
ABMAXZ :—é—.Ll (2kl +k2)

- — _ 3

ABM2=1.L.£,( —FL FL)'L:_Z_'FL

6 2\ 32 16/ El 192 EI

-1 FL L2 P 3 FL’
192" EI 192 EI 192 EI

ABMAXZ = ABW] +AB e, =

-1 FI?

Auaar =0 = g0 T

B mesnedindeki maksimum yer degistirmenin hesabi (2.yol)

dx
S, = AByyy = jM;’Mg.—E7
M!
L
< 3
A B ] T———__ D
AN
+ o——
3L = °
16 6L
16
M;
A E B F C G D
PAN W
L
4
1 1 W\ FL -L 1 -1 FI?
AB,,. =—.L(1+ '.k:—.L.(H—).———.—:——.
wr = 5L+ a)ik = 2) 4 4 El 64 EI



2.3.2.5. 1. agikhikta q yayih yiik hali

s = | M) M)

dx
EI

M, : Hiperstatik sistemde q yiiklemesi

74

> M. =0

> M, =0

/4
L 1
e B I Sic 2p
| L I L |
f I | I
Sifir yiiklemesi : X, =0 (X, =0)
| 1
= L B I “c L “p
| L L | |
| 1 1 1
X, =0
/1 ’\
7
AN
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E M B F C G
AN
A + + D
2
2 2 —
qlL 9gL4
4 32
X, =1
MC
E M B ~ C D
Pax \1/
A 2 -
5 : 4
8

2 2 2 2 3
Sy =2, o.(0+2.qL j +l.[qL +2.qu .l+l.L.-q—L—.(2.l+1).—l—=l.f1!‘—
6 4) 24 4 )[Er 6" 4 \"2" JEl 48 EI

L 7 8l _
EI'"° 48 EI

Tel?
Xo=M, = 45’;

My=My+M, X, =

Mg=Myyz+M, X, =

Me=M . +M, . X, =

ql’ L2 -7gL>  82qL

4 8 48 384

ql’ L4 -7qL* _ 68qL’
4 8 48 384
ql’ L3 ~1gl*  6qL°
4 4 48 384
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48 96
Ml
q 7qL2
68qL’ 2 48 Tql’
384 6qL 96
E M B 384 : -
2\
+ + F G D
82gI* ¢
3;]4 $7qL.
384
M
1 B 2
p

4 L
2
AS
Ope = OB, Lx :J.u.v.dsz—é—
L squzj
AB,,, ==0|0+2
- 6[ ( 384
_ 13 gl
M 1927 EX

.[vl.(zll -i-2u')-f-v2.(u2 -+—2u')]-i--;—.l,.i.(k1 +2k2)
+£.(68qL~ +2.82an) .—I-—+1.L
2\ 384 384 /| EI 6 384

dx
8ag = AByye = [ M| My —
M!
z L
8
paN
+ ——
3L =
16 61

_ 2 2
.é( 56qL° , , 63¢L
2 384

1
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M,
E M B F C G
PAN
A + + D
LZ
gI* 9gl? qT
4 32
dx
_ 0
ABMAX "J‘M; Mg'E
AS |G
8g, =AByy = J‘u v.ds = ?,[vl.(u[ +2u')+v, . (u, +2u')]+g.[,.1.(kI +2k,)

2 2 2 2 7/
AB, =2 o.(0+z.qL j +~6—£(QL—+2.£j .L+1.L.£.(_L+z.@].£_
6 4 ) 16\ 2 4 JIEl 6 4 \ 4 16/ EI
9 qL4+ 4 gL' 13 qL
192 EI 192 EI 192 EI
13 g
192 EI

MAX

MAX
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2.3.2.6. 2. agiklikta q yayih yiik hali
dx

— 1 0
85y = [ M).M, =

M, : Hiperstatik sistemde q yiiklemesi

e
[ |
o I B ZaNe I 2D
| L | L | L |
! I 1 I
Sifir yiiklemesi : X, =0 (X, =0)
I ]
= I B I “c L “p
| L L | L |
1

> M. =0 VAZL—q.L£:O V":%L—
M, = VCL.ZL—qL}i:O VJ:ﬂ
2 4
> M,=0 VE=y,=0
3L L L qL3L L L gl
M :V‘—-—-—- ——— e —— — —_——
Py Ty T T Ty
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E B K F C G
AN
A + + D
2
ar ogl’ ql’
32 4
X.=1
MC
E B K F ® C -~ D
\ {
A 1 -
4 3 6
8 8 8
AS 1 1
560:.[”"‘15:_‘6“[ (u,+2u)+v, (uz+2u)]—+§L k.-E—[

4

2 2 2 3 L3
5co:£.[l (qL +2. qI; )+1.(0+2.q4[’ H.—l—+1.L%.qL PR AL

Occ-Xc +500 =0

L 9 qL3
EI ¢ 48 EI

—9qI*
Xo=M, = 4‘;

9qL’ W3 -9qL*  63qL
32 8 48 384

My =My +Mqg X =
ql’ L4 —9qI} _ 60gL’
4 8 48 384

ql’ W3 ~9gl* 42qL’
4 4 48 384

My =My +Mcg. X =

M,=M,; + My . X =

5 9
4 EI 24EI 48El 48 EI
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My
] B 2 -
N + + —C “—D
L L
4 L 4
2
Op, = AByyy = ju.v.ds:—A—;S,S—-.[vl.(ul +2u")+v,.(u, +2u')]+%.L.i.k
2 2 Q72 2 2 ,
i L[ (002 ) (o0 ] 1) b 1 1
6|2\ 384 384 48 384 EI '3 2 384 EI 192 Ei
gt
Y1927 EX

B mesnedindeki maksimum yer degistirmenin hesabi (2. yol)

dx
5y = AByuy =jM§.M;’.E
M!
L
4 s
AN
+ PO
3L L °
16 6L 16
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M,
B F
AN
A + y D
2
9 ogl’ q_Li
32 4
dx
ABWZJM;.M;’.E

AS ; TS
O, = OBy :J-u.v.a’s:—6—.[vl.(uI +2u’)+v,.(u, +2u )]+§.L.l.k

=§,[@ (15_4(2_«1_2}_—25(0”,55)};1 , 9 6L L

AB

MAX

16 '\ 4 4 4 JIEI 3 4 16 EI

9 gLt 5 gL' 11 gL
iy = et —— = —
32 EI 192 EI 192 EI
_ A d
M 192" EI
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2.3.2.7. 3. agikhikta q yayil yiik hali
dx
Sy = jM;.M:’.—E—I

M ; : Hiperstatik sistemde q yiiklemesi

/4
| ]
o B e 2p
| L | L | L |
1 i 1 i
Sifir yiiklemesi : X, =0 (X, =0)
| ]
o I B I A I A
| L L | L
! ! | I
X.=0
2 2
vV, =0
4 TVCL:O
X.=0 /4
Py A
L T qL
TVCR—'%— VD :—2—
2 2
Vi=V,=0
L LL gL LL gqI
M :VR-_“— ————— —— — — =
o e Ty T T T s
MO
aL’
E B F C 8 D
PAN
A |
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MC

A 1 —_

1

1
Oco = |uvds==_Lik.
co J-u v 3 i 7

1,9’ 1 _ g
3 8 EI 24FEI
Occ- Xe+6,=0

500 =

3
L.Xc + 9L =
ET 24FE1
—qLZ
24

Xo =M, =

1 -q}  —-qL’
2" 24 48

My =My +My. X, =0+

gL 1L —gl* 5ql’
8 2 24 48

Mg =My +Mg. X
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5, = AByyuy :ju.v.ds:—;—.L.i.k+é.L.i.(2kl +hy)
—_al? 2 2 _ 4
AB,, =lpL=a L 1.L,£,(2.£_£j;:_1.£
32E1E]62 48 24 ) EI 96 EI

B mesnedindeki maksimum yer degistirmenin hesab1 (2. yol)

o dx

Opg = AByp J.Ml qE[
M!
L
4 3
A B ] —T— D
AN
+ —_—
3L £ €
v 5L 16
16
M,
E B F C G
N
i Nl
- D
gL’
8
) dx
AB MM
max j 851
_ 2 . 4
Opy = AByyy = Izlvds—lle—-l—L—é,gL—,-l—z_lﬂ
374 8 EI 96 EI

_-lgr’
51~ 96" EI



85

2.4. U¢ aciklikh koprii kiriglerinde gesitli yiikleme durumlarinda mesnet egilme
momentlerinin maksimum mesnet hareketlerine bagh degisimi

2.4.1. B mesnet egilme momentinin B mesnedindeki maksimum mesnet hareketine
bagh degisimi

2.4.1.1. g sabit yiik hali

[
AN I P/aN I PaN 1 AN

gL’ &L

AE L A

A E ai AN G
AT AR AN F_AD

3gl’ gl 3gl’

40 40 40
or?
M, ==&
¢ 10

AB mesnet hareketi halinde egilme momentleri

A B C D
AN 1 PAN I PN I PAN
| L 4B L | L |
[ v f !
My
12 8B o
5 I
. . AN G 2p
C
18 AB o,
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11 gLt

Max = oo py
AB=k.AB,,,
-gLl’> 18 AB -gl’ 18 k.AB,,,
M,=M, + M = b— — k= — — 2 [
B Be B 10 5712 10 5 I?
T2 4

10 5 1296 EI

gL’
M, =22 (33k-38
80 ( )
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2.4.1.2. 1. agikhik ortasinda F| tekil yiik hali

S I B I &C I 2D
l L L | L
i | [ |
Msonu(:
FL
10
L
E S - & G
AN
A + |+ —B 3L WD
80 AL .
_ 40
s, ==FL
=10
_2
MY 384" EI
AB=k.AB,,, ‘
~FL 18 AB ~FL 18 k.AB
M,=M., +M, ., =——+— — F = . MAX  pf
B BF B.AB 10 5 LZ 10 2
-FL 18 k 29 FI}
My=—24— = 2 =
10 5 I*'384 EI
FL
M, =-—"=(87k-32
B 320( )
M, (F + AB)
11FL
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2.4.1.3. 2. aciklik ortasinda F, tekil yiik hali

A I 2B I £C I D
| L | L | L
| | [ [
M sonug
3FL 3FL
40 40

&TE _A_B\V =¢c G 2p
3FL 7rL
M, =—= 40
F40
_B FL
MAX T 384" ET
AB=Fk.AB,,,
—3FL 18 AB -3FL 18 k.AB
M. =M. +M,,  =——+——FE= e MAX, ]
B o BAE 40 5P 40 I?
-3FL 18 k 23 FI
pE——t—
40 5 'I*'384 EI
FL
M, =— (69k — 24
B 320( )
M (F +AB)
9FL
k=0 > k:——AB
/ ABW
—3FL
40
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2.4.1.4. 3. agikhk ortasinda F; tekil yiik hali

I 2B I e “D
| L L l L |
| | | |
Msonu(:
FL
1
E B /]\ G
r —rF =c + 2D
FL
FL
o =
B 40
oL
MIX T 64" EI
AB=k.AB,,,
FL 18 AB FL 18 k.AB
M, =M,.+M,  =—+— — E[ =~ — 2" omix gy
5 B BAE 40 577 40 5 I?
_ 3
Myl Bk LD
40 5 I*°64 EI
FL
M, === (4-9%k
M,(F +AB)
FL
= AB
k=0 \ ] —ABMAX
-FL

32
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2.4.1.5. 1. agiklikta g, yayih yiik hali

A
| {
SA B 1 - I 2D
| L I L | L l
| | | |
—qL2
M, =
%115
_13 qf*
MAX 192" ET
AB=k.AB,,,
—-qI’ 18 AB ~-q* 18 k.AB,,,
M, =M. +M Y+ El= +—. . EJ
BoTTEE U TUEBME T g 52 15 5 I?
—qL* ﬁiiﬂm
15 5 IP192 EI
2
=L (396-2)
160 3
MB(q+AB)
A
68qL’
384
AB
k=0 y k=—
/ =] AB,,
_..qL2
15
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2.4.1.6. 2. aciklikta g, yayih yiik hali

g,
[ |
SA B I £C I D
l L l L l L
{ | | !
_—qr
B 90
_ 11 gL
MAX 192" ET
AB=k.AB,,,
—~ql} 18 AB —qL* 18 k.AB,,,
M,=M.. +M. .. = il ) R e " S 1 4
5 BE BAS 20 5712 20 5 I?
_ 2 4
M, -0 18 & 1L gl
20 5 I*'192° EI
gL’
=2 (33% 8
5 160( )
MB(q+AB)
60gL’
384
AB
k=0 » k=
/ k=1 ABMAX
—qu
20




2.4.1.7. 3. agiklikta g, yayil yiik hali

92

qs
| }
A B I =C I <D
| L L | L
| | 1 l
_aL
Ba 60
_-lgl’
MY 96" EI
AB = k.AB,,,
gL’ 18 AB gL’ 18 k.AB,,,
M,=M,.+M =2+ — — k= +—. ET
5 Be BAE 60 512 60 S5 I?
2 _ 4
Ma:ﬂ l§,_k2_'_1,qL .
60 S L7 96 EI
ql’
M, =3 (4-9k
i 240( )
M,(q+ AB)
gt N k:
k i AB

ql’
48




93

2.4.2. B mesnet egilme momentinin A mesnedindeki maksimum mesnet hareketine

bagh degisimi

2.4.2.1. g sabit yiik hali

[ |
S “g I “c I “p
| L l L ] L
I | ] |
Msonu(:
&r
1
A E /1. F /| G
A [+ 7B 70 | £&D
3¢l 8L
40 40
- 2
M, =5
s 10

A B C D
paN 1 AN I AN I AN
a4 L I L | L l
v | i |
M,, .%A.EI
) G
o E i~ F + 4PC o+ D
B
-Z-.A‘,q.EI
5 2
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_1 gl

M4 Rl
AA=k.Ad,,,
' -gl} 8 A —gl’ 8 k.Ad,,,
M, =M, +M,,, =———-——El= -, EI
N (VRN 0 5 I
_ 2 4
b, - "8L 8k 1gl'
10 5 L°F 4 EI
2
M, =785 (ak +1)
10
M,(g+AA4)
k= Ad
AAM’L\’
—gLZ
2
2.4.2.2. 1. agiklik ortasinda F| tekil yiik hali
lr
SA 2B O 2D
| L L ! L
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sonug

FL
10
E |- F G
A + |+ B 3FL WD
FL 40 80
5
_ —FL
B 10
1 FI
M, =——
MAX 4 ET
Ad=k.Ad,,,
~FL 8 AA —FL 8 k.Ad,,,.
M, =M, +M, =——-= "2 E] = = MAC [y
5 e T Ve T T TS 0 5 I
_ 3
M, =tL 8 & LIL g
10 S5 I*4 EI
~FL
M,=——(4k +1
M,(F + Ad)
-0 =1 N k:_AA_,
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2.4.2.3. 2. acikhik ortasinda F, tekil yiik hali

A I éB 1 éC I ﬁD
| L | L | L
| I { I
M o
3FL
40

7FL
M, ==L 40
40
_ =3 Fr
MAX T 64" EI
A=k A,
- - 8 k.AA
M, =My, +M,, =L 824 g 3L 8 kBMuw gy
; 40 5 I 40 5 I?
-3FL 8 k -3 FI’
My=—""F2o— —
40 5 I 64 EI
3FL
M, == (k-1
o =2 (k1)
My (F + A4)
M, =0
=0 » g4
~3FL

40
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2.4.2.4. 3. aciklik ortasinda F; tekil yiik hali

A I “B I &C I 2D
| L | L | L |
| i I ]
Msonu(:
FL
1
E B /[\ G
x Tt 7 F 2c \* |+ 2D
L
2 =
Br 40
_1 FD
MAX 64 ET
A=k A4,
FL 8 AA FL 8 k.A4
M, =M, +M,,  =——-2 """ F[=-___ 20X py
5 58 Bat 40 512 40 5 I?
_FL_8 k 1 F
P40 5164 EI
FL
M 1-k
5 40( )
My (F + Ad)
FL
40
=1
A4
k=0 — k=
M, =0 MAx




2.4.2.5. 1. acikhiktag, yayih yiik hali

98

q,
| |
AA I eB I _A‘_C [ ED
| L I L | L |
| i ] |
_—qr
517 s
_13 g%
MY 48 ET
Ad=k.Ad,,,
~ql* 8 M gl 8 k.Ad,,,
M,=M. . +M,,, = -2, -2 EI
5 BF BA T 15 52 15 5 I?
T2 4
M,="0 3 & 1 gL
15 5 I 48 EJI
—qu
M, = {13k +2
o= (13k+2)
MB(q+AA)




2.4.2.6. 2. acikliktag, yayih yiik hali

99

9,
| 1
AN I ) I £ I £p
| L L | L |
{ | | |
_—ql’
51790
_ -1 gl
MAX 32" BT
A =k.Ad,,,
-ql’ 8 M ~qL> 8 k.A4,,,
M, =M, +M.,, = -2 =L EI= -2, .
B B BM 20 5°IF 20 5 I?
_ 2 _ 4
W A
20 S I?'32° EI
ql’
M, =2 (k-1
o= (k)
MB(q+AA)
o M, =0 M
=] f AAMAX
_.qu
20
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2.4.2.7. 3. aciklikta g, yayilt yiik hali

9,
| ]
A I B I £c I D
l L | L | L |
[ [ | |
ql’
5" 60
_ 1 gl
MAX 96" ET
A =k.Ad,,,
gl 8 Ad ql? 8 k.M,
M,=M,.+M,, =*—-2 2 pr=2"__2 EI
f BF BT 60 512 60 5 I?
2 4
MB :gé__§£2._}_ill_E[
60 5 I* 96 EI
ql’
M,=*"(1-k
=L (1-8)
MB(q+AA)
L’
60
5 k=1 ke AAd
AAA/MX
M, =0
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2.4.3. C mesnet egilme momentinin B mesnedindeki maksimum mesnet hareketine
baglh degisimi
2.4.3.1. g sabit yiik hali

|
PAN I AN I PN 1

3¢L s
40 40
—_ ng
M
% 10

A B C D
PAN I AN 1 PaN I VAN

| L AB L | L

[ v [ |

MAB

12 AB p
s I
E
. R s G Dp
C
18 AB .



_ 1 g
M 96" EI
AB =k.AB,,,
_ -gl’ 12 AB
MC"MCg+MC,AB= 10 *—?-ZIZ—

_8l 12 k11 gl

102

10

_ 2
y-28L 12 kAByy o

5

LZ

M, = —
10 5°I) 96 EI
—gl?
M, = fo (1% +4)
Mc(g+AB)
=1
:0 >
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2.4.3.2. 1. acikhik ortasinda F; tekil yiik hali

A I B I “C I D
l L | L l L )
| | [ |
Msonu(:
L
10
E |- F G
A + —B 3FL WD
80 FL FL
L %0 80
5
_FL
€ 40
_ 2 FL
MAX 384" ET
AB=k.AB,,,
FL 12 AB FL 12 k.AB
M. =M., +M,., 6 =—-"" " F[=-—_22 "M pr
¢ e T R T & 40 5 I?
FL 12 k 29 FI
M R SRE Sl
40 5 I*'384 EI
FL
M. === (4-29
= Te5 )
M (F + AB)
L
40 _
\ k=1 AB
k=0 — =
ABA/!AX
—SFL
32
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2.4.3.3. 2. aciklik ortasinda F, tekil yiik hali

A I B I 2C I “D
| L | L | L |
i ! T 1
M
3FL
40

7FL
My, = 2EL W
2 40
_B D
MAX 384 EI
AB=kAB,,,
—3FL 12 AB -3FL 12 k.AB
M.=M. . +M, =———-"Z —_ F[=-——"—"__= " "MIX py
¢ 4 B 40 52 40 5 I’
=3FL 12 k 23 FI’
M,=—""-2 — — —
40 5 I 384 EI
~FL
M., =— (12+23%
¢ = go )
M (F + AB)
S k=1 e AB
: - ABM4X
—3FL

40

. 7L
. 32




105

2.4.3.4. 3. acikhik ortasinda F; tekil yiik hali

A I 2B I “C I 2D
l L L | L |
| f | ]
Msonu;
FL
1
E B A G
A L F 2c \'|* _2»
FL
FL
o 5
10
_-1FLC
MAX 64" ET
AB=k.AB,,,
~FL 12 AB ~FL 12 k.AB
M.=M,,.+M, 6 =——-"2""FEI= —— MAX F]
¢ S ¢ 10 5 I? 10 5 e
3
C=———FL~£%.—1.FL EI
10 5 164 EI
FL
M. =" (3k-8
- =T (k-9)
M_(F + AB)
rF's
= =] k= AB
i’ AB,u¢
L _FL

-FL // 16

10
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2.4.3.5. 1. agikhiktag, yayih yiik hali

q
| 1
LA I ﬁB I éC I éD
| L | L I L
| | | ]
_gql’
)
_13 g

MAX 1927 ET

AB=k.AB,,,
gl 12 AB gL’ 12 k.AB,,,

M.=M., +M., =1 -2 "—" f=2_22 EI

¢ ca R A 60 5 I?

S 12 k13 gl

60 5'I*192  EI

gl

M. =32 (4_39%

¢ 240( )

M (q +AB)

9L

60 N - N

=() k= A8




2.4.3.6. 2. acikliktag, yayih yiik hali

107

q,
| ]
A 1 B I =C 2D
l L l L l |
| ] | |
_—ql’
‘20
_ gt
MAX 192" EI
AB=k.AB,,,
_ _—ql’ 12 AB . —qL’ 12 k.AB
MC“MCq+MC,AB" 20 —?_L—ZEI_ 20 ——*—M{'E[
ool 12 k U g’
© 20 512192 EI
—qLZ
M. = {11k +4
o =2 (11k +4)
Mc(q+AB)
k=1
k=0 ‘ , k=
:—3qL2

16

MAX
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2.4.3.7. 3. aciklikta g, yayih yiik hali

qs
[ N
A I B I &C I 2D
| L L | L
| | [ |
_—q’
“ 15
_-lgl®
MY 96" ET
AB=k.AB,,,
-q} 12 AB ~ql} 12 k.AB,,,
M.=M. + M, .. = - =2 EI= = T Max pr
¢ Ce " TTCAET 15 52 15 5 I?
_zal’ 12 k -l gl
15 5196 EI'
ql’?
M. =21 (3k-8
¢ 120( )
M_(q+AB)
=1 AB
k=0 , k=
ABM4X
~ql’ //’73
24 15




109

2.4.4. C mesnet egilme momentinin A mesnedindeki maksimum mesnet hareketine

bagh degisimi

2.4.4.1. g sabit yiik hali
A = 2
A ! B : —c ! D
l L | L | L |
! ! [ !
Msomw
8L
A E ah 10 F AN G
N P N s - S
3gL &L
40 40
—gL2
M. =
“ 10
AA mesnet hareketi halinde egilme momentleri
A B C D
AN 1 paN 1 AN 1 AN
A4 L | L | L
v | ] [
M,, 8 M m
5
) i G
A E e F + 4C + Z>p
B
LM
5L



4 El
AM=k.A,,,
—ol> 2 Ad ~-gl’ 2 k.Ad
M.=M. + M., =8 4222 pr_ + 222 %umx gy
¢ 8 “M 10 512 10 5 I?
M-8 2k 1g
10 5124 EI
gl’
M. =2 (k-1
c 10( )
Mc(g+AA)
=]
k=0 >
//Mczo
._ng
10

110
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2.4.4.2. 1. aciklik ortasinda F, tekil yiik hali

I 4B I an® I D
| L I L I L
| | [ |
Msonug
FL
10
E |- F G
N L LB 3FL C +FL £p
80 P FL
FL w
5
L
€ 40
1 FI?
M, =—
MIX 4T BT
A =k.Ad,,,
FL 2 A FL 2 kA,
M. =M. _+M.,, 6 =—+= — E[=""42= MW [y
< F M40 5T 40 5 I?
_FL 2 k L FD
© 40 5 I1*'4 EI'
FL
M, =—(4k +1
¢ 40( )
M (F +AA)
R £L
8
. A4
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2.4.4.3. 2. aciklik ortasinda £, tekil yiik hali

A I B I e I 2D
| L | L I L |
| | i |
Msonug:
3FL
40
PaN AN AN
N E B + |+ —cC G D
7FL
M, ==L 40
40
L WL
MAX 64" EI
A =k.A4,,,
-3FL 2 M 3FL 2 k.Ad4
M.=M. . +M,., =—=+= = Fl= +=, M
¢ cF eM 40 52 40 5 I?
_ _ 3
Mo =L 2k 3T
40 S I* 64 EI
M, =—‘-%.(3k+12)
M (F + Ad)
k=0 =1 k= A4
f A,y
—3FL\§
40 5
-3F
32
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2.4.4.4. 3. aciklik ortasinda F, tekil yiik hali

FL
40 FL
I 5
10
_ 1 FU
MY 64" EI
AAd=k.Ad,,,
-FL 2 M —-FL 2 k.Ad,,,
M.=M_+M.,, =——+=— FEl = +—. == FEI
¢ cr & o C 10 s I
_ 3
M= 2k 1T
10 5 I* 64 EJI
FL
M. =" (k-16
¢ 160( )
M (F +AA)
=0 =1 = AA
f A4,y
_FL B
10 -3FL
32
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2.4.4.5. 1. agikliktag, yayili yiik hali

q
{ ]
U B I “cC I 2D
| L L | L
| i | ]
_qr
“ 60
_13 o
MY 48T ET
A =k.Ad,,
gL’ 2 M gL’ 2 kA4,
M.=M.+M = +— — FEl = +—. ET
¢ F “M60 52 60 5 I*
2 4
=L 28 Bl g
60 5 I* 48 EI
gL’
M. ="—(13k+2
¢ =155 ( )
M, (q+Ad) ar
gL
60
A4

= 1 AAA\/IAX
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2.4.4.6. 2. acikliktag, yayil yiik hali

q,
{ 1
SA B I C I 2D
l L | L l L
] ] | [
_—qr
B 90
_-lal*
M 30 R
A=k A,
—ql} 2 A —qL} 2 k.Ad
M.=M.,.+M. =22 222 ;- + 2 D0%mx gy
¢ F CM o0 52 20 5 I?
_o9L’ 2k -1gl
20 SI*32 EI
—qL2
M, = Ak +4
=L (k+a)
Mc(q+AA)
=1
R : Ay
—-qL §
20 _\:
—qLZ

16
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2.4.4.7. 3. agcikhikta g, yayih yiik hali

q;
| |
AA I éB I ﬁc I _A_D‘
l L L l L
| [ f |
_—qL
“ 15
_ 1 gl
MY 96" ET
A =k A,
—qI* 2 M ~qL* 2 k.MM,
M.=M_.+M,, = +——.FEl= +—. ==L KT
¢ croTTeM T s 52 15 5 I
- 2 4
Mo=TEE 2k 1l
15 51296 EI
ql’
M, =1 (k-16
¢ 240( )
Mc(q+AA)
t
k=0 =]
k= ad
i A4y
_.qLZ —qL‘
15 16
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2.5. Koprii enkesit 6zellikleri

200 M 1200 M 200

60 | 190 '60 I 190 |60 , 190 ’60 ' 190 |60
280 ' 250 'y hso ', ' 280
' 1060 'cm '

b =180

=20

h=160

60
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2.6. Kiris atalet momenti hesabi ve elverissiz serit sayisinin bulunmasi

b =180
h, =20
h=160
60
bw
l.yol :
h
4= _130_, B= =2 _gi2s
b, 60 h

w

(1-B)*.B.(4-1)

C:1+(A—1).B3+3' =1+(3-1).(0125°) +

1+B.(4-1)
C=146
3 (146)616° ,
I= C.b,.2 :( ) =299008 dm*
12 12
I1=03 m®
2.yol
Y
1 180
L .. _20]
160 1
*G
II Yo
> X
60

3.(1-0125)" (0125).(3~ 1)

1+(0.125).(3-1)



119

182.15+146.7
YG = =
182+146

3
I= b.h
12

94 dm

+b.h(Y-1,)

3 3
_182 182.(15-94)" + ol4” | 6.14.(7-94) =0299 m*

!

[=03 m'

I nolu ana kirisin eksantriklik katsayisi

A= 1+6.M.i: 1+6‘(5—+,,1—_—2'—1).i: L+04e
n-1 A 5" -1 5
a) 1 seridin dolu olmas1 hali
T
e,
| ©
[
A, =1+04e, =1+(04).(45)=28
e =5 15=22 15-45m
2 2
LA, =1(28)=28
b) 2 seridin dolu olmas hali
4 N \E
e
l c i

Ay, =1+04e, =1+(04).(3.0)=22
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e,=5-3-12_ 5 34

2.4, =2.(22)=44

c) 3 seridin dolu olmasi hali

—

: I
A; =1+04e, =1+(04).(15) =16

e, =S 45=12 _45-15m
2

2
3.A,; =3(16)=48*0.9 =432

d) 4 seridin dolu olmasi hali

A, =1+04e, = 1+(o.4).o =0
¢, =0m
4A,=41=4*0.75=3
Koprii 3 seritle yiiklendiginde yiikler %10 ve 4seritle yiklendiginde %25 azaltilir. En
elverigsiz durumun , birden ¢ok trafik seridinin aym zamanda yiiklenmesi ile elde edildigi
hallerde tam yiik ihtimalinin zayif oldugu dikkate alinarak hareketli yiikten dogan etkiler
azaltilir. 1 veya 2 serit icin azaltma yapilmaz , 3 serit i¢in %10 , 4 ve daha fazla serit igin

%25 oraninda azaltma yaptlir.
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2.7. Ug¢ acikhikh koprii kirislerinde kenar ana Kkirisin cesitli kesitlerinde egilme
momentlerinin mesnet deplasmanlarina bagh degisimi

2.7.1. Kenar ana kiris B mesnet kesiti egilme momenti

Sayisal degerler : H,,—-S,, i¢in F,_ =135 kN, ¢, =15 kN/m , g=350 kN/m
L =20m Yukandaki degerler kopriniin tamami igin gegerlidir. Kenar ana Kkiri§ igin

gerekli degerler ise agagidaki gibidir.

+ 15 =1+ 13 = 1263 sadme katsayisi
L+37 20+37 -

M, =%.Mps’qs.(A,.j.j) @

max

p=1

:%:70 kN/m

W joq

8 =

q, : 15
=22 (A, @ =—1{44).(1263)=16.67 kIN/
@ ="=(8,.7),, 0= (44)(1263) m

Fo (v . 135
Fyy == (a,4) o= —(44)(1263) = 15004 kN

E,
sm F
l q, J' s &)

[ ' ' 1

| |
=N I AOp I O I D

| L L | L

| 1 1 |
PN yaN yaN yaN

l L L | L

—-gL>  -7020°

M, = ~2800 kNm
LT10 10
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q, q,

|
“c 2p

L l L |
] |

_—q N ~ql>  ~1ql' -7.(16.67)20°

= = =-778.01 kNm
15 20 60 60
J.F.‘sml J-F:vml
A =S =c =)
l L | L | L |
l l I |
—FL - - ~7.(150.04).20
My, = ML ML _CTHL 7500920 _ 63515 1N
10 40 40 40
M5 = Mp, +Mp, + My, = (~2800) +(-778.01) +(-525.15) = —4103.16 kNm

A mesnedindeki maksimum mesnet deplasmaninin séz konusu yitkleme hali igin toplam

degeri

L ]

A I 4B i e I 2D
1 gL' 1 7020°

Ay =— 2 =—. =0311 m

M4 ET 473107.(03)

‘4 g,

{ ] ]

_Bgl -1gf 13 (1667)20° -1 (1667)20°

F=— . . —. =0.071
M 48 EI 32 EI 48 3.107.(03) 32 3.107.(03) "
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A I £>B I &C I 2D
1 FI} -3 FI' 1 (150.04)20° 3 (150.04)20°

LIS A AR -2 = 00271
wix “3ET T 64 EI 4 3100(03) 64 3107(03) "

AA

Mx{){z =

Ady s + Moy + Mgy = 031140071+ 00271 = 04092 m

B mesnedindeki maksimum mesnet deplasmannin séz konusu yiikleme hali igin toplam

degeri

[ \ ]
A I B I éc I éD

11 gt 11 7020

=— 2 =— = 01426 m
M 96" EI - 96°3107.(03)
4 ‘A
| I ]
AN AN AN
A B C D
I I — I N
X : ! 16.67)20"
B gl 1l gl 24 gL 2 { 7) = 003714 m
192 EI 192" EI 192" EI 19273107 (03)
[Fum |Fon
SE 5 =c 1 Zp .
} ’ 3 150.04).20°
ABx = 29 FL B FL 1 FL 2 .( - ) = 001806 m
384 EI 384 EI 384 EI 384 3.107.(03)
BB, 5 = By + Ay + ABygugm = 01426+ 0.03704 + 001806 = 0.1977 m
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C mesnedindeki maksimum mesnet deplasmaninin séz konusu yiikleme hali i¢in toplam

degeri

J
I AB I C I ID

11 gLf 11 7020°

=& - = 01426 m
M 96" EI 96°3107.(03)
g, g
[ ] ]
A I éB I C I £p

-1 g ¢ -1 (1667)20* 6.67).20°
AC,,. _zlglt 11 go _ -1 (1667)20° 11 (1667)2

: A= e =00139 m
96 EI 192  EI 96 3107.(03) 192 3.107.(03)
lF.;mI lF;ml

VAYN I B I & I AN
-1 FI? 3 -1 (150.04)20° 150.04)20°

CW=—1.FL + 2 .FL :—1-.( ) ) <4 23 ( > ) =0.0059 m
64 EI 384 EI 64 3107.(03) 384 3.107.(03)
A

Crary = ACuar + ACsuug + AC 0 = 01426+0.0139 +0.0059 = 01624 m

D mesnedindeki maksimum mesnet deplasmaninin s6z konusu ytikleme hali i¢in toplam

degeri

D
D
D




125

q, a0
I : I 1
A = e 1 D
1 gLt -1¢L* 1 (1667)20° -1 (1667)20°

LN Il . —— = 0006173
“i =96 Bl 32 EI 96 3.107.(03) 32 3.107.(03) e

f I g I ANS I D

| FL -3 FL’ 1 (15004)20° 3 (15004)20°

= . - =-0.00417
x = EL 64 El 64 3107.(03) 64 3.107.(03) "

AD

wary = ODiag + Ay + Ay, = 0311~ 0006173 -0.00417 = 0300767 m
2.7.1.1. Kenar ana kiris B mesnet Kkesiti egilme momentinin AA mesnet

deplasmanma gore degisimi

Ad,,, =04092 m M _ = W ?.%.3.107.(0.3)=—36000.AA

1]

M, -4103.16 |-4103.16 |-4103.16 |-4103.16 [-4103.16 {-4103.16

M 0 -360 =720 -1080 -1440 -1800
B.A4

M -4103.16 |-4463.16 |-4823.16 |-5183.16 |-5543.16 |-5903.16




11

-4103.16

-3960

-8063.16

17

-4103.16

-6120

-10223.16

23

-4103.16

-8280

-12383.16

29

-4103.16

-10440

-14543.16

35

-4103.16

-12600

-16703.16
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AA |36 37 38 39 40 40.92
M, |-4103.16 [-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16
M, ,,|-12960  |-13320  |-13680 14040 |-14440  |[-14727.6
M, |-17063.16|-17423.16|-17783.16 | -18143.16 | -18503.16 -18834.36
AA hali kontrol
\ z z A
A I B I “C I D
M,, =55 T2 14000 kNm
o2 2
q 9
[ I ]
A g Z5C 2D
I I — I —
—qI’ —(16.67).20*
M, = ik +0:-(—7)——+0=—3334 kNm
J.F.;ml J.P;ml
A I S 1 Sc 1 ~p
- ~150.04)20
Mg =—F£+O=(————)——+O:—1500.4 kNm
) 2
M5 =My, +Mp, + Mg = (~14000) +(-3334) +(~15004) = ~18834.4 kNm




128

2.7.1.2. Kenar ana kiris B mesnet kesiti egilme momentinin AB mesnet

deplasmanina gore degisimi

AB, =0197T m M, = %%E[ :—1—58-.2%)‘%.3.107.(0.3) =81000.AB
AB |0 1 2 3 4 5

(cm)

M, |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16
(kNm)

M, 5|0 810 1620 2430 3240 4050
(kNm)

M, |-4103.16 |-3293.16 |-2483.16 |-1673.16 |-863.16 |-53.16
(kNm)

AB |6 7 8 9 10 11

M, |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16
M, 5| 4860 5670 6480 7290 8100 8910
M, |756.84 11566.84 |2376.84 |3186.84 [3996.84 |4806.84
AB |12 13 14 15 16 17

M, |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16
M 05 9720 10530 [11340  [12150  [12960  |13770
M, |5616.84 16426.84 |7236.84 |8046.84 |8856.84 |9666.84




AB 18 19 19.77
M, |-4103.16 |-4103.16 |-4103.16
M, ,, | 14580 15390 16013.7
M, 11047684 |11286.84 |11910.84
AB hali kontrol
S » 7< 2\
A B I —C I D
M,, =29 412 =19 70207 = 8750 kNm
& 32 32
q, q,
[ I 1
1 I y — [ —
68 60 128 128
M, =— gl +— gl* =—— gl =—=— (16.67)20° = 222267 kNm
sa =350 T 3aa ¥ T3ar 9 =334 (1667)

[ Fom [Fom

My, =22 Fr+ S pp = 2 2 20 .(150.04).20 = 93775 kNm
128 128 128 128

M =M,, +M,, +Mg,, =8750+222267+937.75=1191042 kNm

B



130

2.7.1.3. Kenar ana kiris B mesnet kesiti egilme momentinin AC mesnet

deplasmanina gore degisimi

AC,uy =01624 m My, = ‘le.%g.ﬂ = 1-51-3.?0—62—.3.107.(0.3) = —-54000.AC
AC |0 1 2 3 4 5

(cm)

M, |[-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16
(kNm)

M, 0|0 -540 1080 |-1620  [-2160  |-2700
(kNm)

M, |-4103.16 |-4643.16 |-5183.16 |-5723.16 |-6263.16 |-6803.16
(kNm)

AC |6 7 8 9 10 11

Mgz  |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16
Mgpac |-3240  |-3780  |-4320  [-4860  [-5400  [-5940
Mpwon |-7343.16 |-7883.16 |-8423.16 |-8963.16 |-9503.16 |-10043.16
AC |12 13 14 15 16 16.24
Ms |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16
Mgpac |-6480  [-7020  |-7560  |-8100  |-8640  |-8769.6
Mpon |-10583.16[-11123.16 | -11663.16 | -12203.16 | -12743.16 | -12872.76




AC hali kontrol
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AN ~ 2\
A B 1 C I <D
-3 2 _ T3 2
M, —8—.gL = —8—.70.20 =-10500 kNm
ql ql
S zs : 2
D
A B I C I =
Sl ql’ +;3.qu =1 (16.67).20 3 (16.67).20> = 1528.08 kNm
24 16 247 7 167 '
|Fun [
DA 4B r C I “2p
-1 -7 -1 ~7
M, . =—FL+—FL=— (15004)20 +—.(150.04)20 = 843974 kNm
16 32 16 32
Mys =My, + My, + M, =-10500-152808~843974 = ~12872,05 kNm

2.7.1.4. Kenar ana kiris B mesnet kesiti egilme momentinin AD mesnet

deplasmanina gore degisimi

AD,,, =03007 m  M,,, =—§-.%.EI :%.%.3.10"(03) = 9000.AD
AD |0 1 2 3 4 5

(cm)

M, |-4103.16 |-4103.16 |-4103.16 [-4103.16 [-4103.16 |-4103.16
(kNm)

M, 0|0 90 180 270 360 450
(kNm)

M, |-4103.16 |-4013.16 |-3923.16 |-3833.16 |-3743.16 |-3653.16
(kNm)
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AD |6 7 8 9 10 11

Mz |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16
Maap | 540 630 720 810 900 990
Mgen |-3563.16 |-3473.16 |-3383.16 |-3293.16 |-3203.16 |-3113.16
AD |12 13 14 15 16 17

Mz |-4103.16 |-4103.16 [-4103.16 [-4103.16 |-4103.16 |-4103.16
Ms.ap | 1080 1170 1260 1350 1440 1530
Mason |-3023.16 |-2933.16 |-2843.16 |-2753.16 |-2668.16 |-2573.16
AD |18 19 20 21 22 23

Mg |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16
Ms.ap | 1620 1710 1800 1890 1980 2070
Mian | -2483.16 |-2393.16 |-2303.16 |-2213.16 |-2123.16 |-2033.16
AD |24 25 26 27 28 29

Mz |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16 |-4103.16
Mpap | 2160 2250 2340 2430 2520 2610
Mswn |-1943.16 |-1853.16 |-1763.16 |-1673.16 |-1583.16 |-1493.16
AD |30 30.07

Mg |-4103.16 |-4103.16

Msaap |2700 2706.9

Mpwn |-1403.16 [-1396.2




AD hali kontrol
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M,, =0
9 9
Py yaN yax
A D
. B I —cC I
M -1 ql’ . gl il (16.67).20% i (1667).20° = 8335 kNm
Ba16” 16° 16y 7 16
lFle lF;'"I
AN 1 4 I C I “p

-3 v -3
M,.=—FL+—FL=—.
BR 39 16 (

32

MBZ

150.04)20 + —3'—3.(150.04).20 =562.65 kNm

=My, + My, + M, =0-8335-5625=-139615 kNm



134

2.7.2. Kenar ana Kiris S kesiti egilme momenti

lF;ml ql g ql lF.‘s’ml
| 1 —
A0S “B . “c 1 “p
| L | L | L |
{ ] | |
Pay yaN AN :
A : “—B : —C : __AD
| L L | L l
{ [ | [
2 2
s = 3§§ _37020° _ 2100 kNm
q, q
P 2 ' A
A 5 —B —C —D
I I
| L l L | L
I ] | |
2 2 > 12.(16.67).20°
sql = lqu -+ qL = lqu = ( ) = 6668 kNm
7120 120 120 120
F,
J'F;ml ‘I. !
PAN
A 5 B I —C [ —D
l L ! L l L l
50.04).20
MSF[ :£5£+0:—E5£=-(—1~ﬂ)ﬁ—)—2—=600.16 kNm
Mg =M, + M, + My, = (2100) +(666.8) +(600.16) = 3366.96 kNm
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A mesnedindeki maksimum mesnet deplasmaninin s6z konusu yiikleme hali igin toplam

degeri
- AN AN A
A . B : =c I 2p

_lgl 1 7020°
M4 EL 473107.(03)

=031l m

9 q,
PN PaN AN
A 5 B I C I D

_13g 1 gL' 13 (1667)20° 1 (1667)20°

s . . — 2202 008
wie = 48 BT Y96 BT T 48 3107(03) 96 3107 (03) oo

A 5 _ B I —_C I D

_1FD 1 (150.04)20°

== 0= +0=0.03334 m
4 EI 4" 3107.(03)

Adyx

A4 My + My + My = 0311+0.08335+0.03334 = 04278 m

}VMXZ:

B mesnedindeki maksimum mesnet deplasmaninin s6z konusu yiikleme hali igin toplam

degeri

AL AN
A B C
I I —
_ 11 g* 11 7020°

=& 20 = 01426 m
M 96" EI - 963107.(03)
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4 9

| ] I ]
yaNy AN PAN
A B D
I I —C I —
f -1 gl 16.67).20° 16.67).20°
WRLE Y L ¥ A E 7) _ L (667207 116073 m
192" EI 96 EI 192 3.107.(03) 96 3107.(03)
lFsml l Fs‘ml
A S B I “c 1 D
_ 29 FU 29 (150.04)20°

=0.01007 m

w =382 B 384 3107 (03)

BB, s = ABuury + 0By + AByyeir, = 01426+ 0016973 +001007 = 01696 m

C mesnedindeki maksimum mesnet deplasmaninin s6z konusu yiikleme hali igin toplam

degeri

11 gL' 11 7020°

A =—. =—. =01426 m
M 96" EI 96 3.107.(03)
ql ql
< yaN ‘ '
A I —B I C I —D
-1 gI* 4 -1 (1667)20° 16.67).20*
AC,,, =— 9k 13 oL - (1667)20° | 13 (1667)20° 6079 m

T96 EI 192 EI 96 3107.(03) 192 3107.(03)
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S g C A
- 3 -1 (150.04)20°
Max = “‘L_FL +0= "l(—.,)—-— =—-0.0020838 m
64 EI 64 3107.(03)
AC

wrs = ACuuugy + ACusry + AC, 0z = 01426+0.016979 - 00020838 = 01575 m

D mesnedindeki maksimum mesnet deplasmaninin yukaridaki ytikleme hali igin toplam

degeri

1 |
AN PAN ﬁc D
I —B I I

1 gL 1 7020
AD, e == =—. =0311 m
M4 EI 0 473107.(03)
ql ql
I ] L ]
PavN A\ AN
A —BR G I D

I I
_lgl 13gl' 1 (1667)20" 13 (1667)20°

=—. = A = 0083353
M 96" EI 48 EI 96 3.107.(0.3) T 3.107.(03) "
l ‘F;m] J.Fsml
f I OB I Sc I D
3 3
o =22 40 —L.—(}M =0.002084 m
64" EI 64" 3.107.(03)
AD

. = ADususy + ADygury +ADy i, = 0311+0.083347 + 0002084 = 03965 m
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2.7.2.1. Kenar ana Kkiris 5 Kesiti egilme momentinin AA mesnet deplasmanina gire

degisimi

My =04278 m M, = ;:.%.EI = "—54-.;%.3.107.(0.3) = ~18000.A4
AA |0 1 2 3 4 5

(cm)

M, |3366.96 [3366.96 ' |3366.96 |3366.96 [3366.96 |3366.96
(kNm)

M, |0 -180 -360 -540 -720 -900
(kNm)

M, |3366.96 |3186.96 |3006.96 |2826.96 |2646.96 |2466.96
(kNm)

AA |6 7 8 9 10 11

Ms  [3366.96 |[3366.96 |3366.96 |3366.96 |3366.96 |3366.96
Msaa [-1080  [-1260  |-1440  [-1620  |-1800  {-1980
Mswon [2286.96 |2106.96 [1926.96 |1746.96 |1566.96 |1386.96
AA |12 13 14 15 16 17

M;  [3366.96 [3366.96 [3366.96 [3366.96 [3366.96 |[3366.96
Msaa [-2160  |-2340  [-2520  [-2700  |-2880  [-3060
Misn |1206.96 [1026.96 [846.96 |666.96 [486.96 [306.96
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AA |18 19 20 21 22 23

M; [3366.96 |3366.96 |3366.96 |3366.96 |3366.96 |3366.96
Msaa |-3240  [-3420  [-3600  |-3780  |-3960  |-4140

Mg |126.96 |-53.04 [-233.04 [-413.04 [-593.04 |[-773.04
AA |24 25 26 27 28 29

Ms |3366.96 |3366.96 |3366.96 |3366.96 |3366.96 |3366.96
Msaa |-4320 [-4500  [-4680  |-4860  [-5040  |-5220

Miswn |-953.04 |-1133.04 |-1313.04 |-1493.04 |-1673.04 |-1853.04
AA |30 31 32 33 34 35

M; [3366.96 [3366.96 |3366.96 |3366.96 [3366.96 |3366.96
Mian [-5400  [-5580  [-5760  [-5940  [-6120  |-6300

Msen |-2033.04 [-2213.04 [-2393.04 |-2573.04 |-2753.04 |-2933.04
AA |36 37 38 39 40 41

M; [3366.96 |3366.96 |3366.96 |3366.96 |3366.96 |3366.96
Msaa |-6480  [-6660  |-6840  |-7020  |-7200  |-7380

Msson |-3113.04 [-3293.04 [-3473.04 [-3653.04 [-3833.04 [-4013.04
AA |42 42.78

Ms [3366.96 |3366.96

Msaa |-7560  |-7700.4

Msen | -4193.04 |-4333.04
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AA hali kontrol
{ }
' 7~ AN Al
A I B I “—C I 4D
_ 2 _ 2
=82 =700 3500 kNm
* 8 8
q, - q
E 1 [ 1
I I I
—qI? —(16.67).20°
S (1667)20° _ 335 kN
o 8 8
lF;ml lEs‘ml
A B & C D

M =0+0=0 kNm

M5 =M, + M, + M, =(-3500)+(-8335)+0=-43335 kNm
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2.7.2.2. Kenar ana kiris S kesiti egilme momentinin AB mesnet deplasmanina gore

degisimi

AB,,, =016964 m  M;,, = 2, A?.E] = —9—.32.3‘107.(0.3) =40500.AB
S5 5720

AB |0 1 2 3 4 5

M, 3366.96 [3366.96 - [3366.96 [3366.96 [3366.96 |3366.96

0 405 810 1215 1620 2025

M 3366.96 |3771.96 [4176.96 |4581.96 [4986.96 |5391.96

AB 6 7 8 9 10 11

M; 3366.96 |3366.96 |[3366.96 |3366.96 |3366.96 |3366.96
M; g | 2430 28350 3240 3645 4050 4445
Msen | 5796.96 16201.96 |6606.96 |7011.96 |7416.96 |7821.96

AB 12 13 14 15 16 16.964

M; 3366.96 [3366.96 [3366.96 [3366.96 [3366.96 |3366.96
M;as 4860 5265 5670 6075 6480 6885

Mson |8226.96 |8631.96 [9036.96 [9441.96 |9846.96 |10237.41
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AB hali kontrol

g
[ |
oA s B | o I 2D
9 2 9 2
M, =§.gL :5.70.20 = 7875 kNm
ql ql
| ] | |
A5 B s “p
I I
82 ] 82 1
=—— gl —— gI* = — (16.67)20° - — (16.67)20* = 1354.44 kNm
sa ~ 384 % 967 384 (1667) 96 (1667)
lF:va lF;ml
AV 5 B I yAYS I 2\D

M,, =2 FL -100808 kNm
128

M

sy = M, +M,, + M. =7875+1354.44+1008.08 = 1023751 kNm

2.7.2.3. Kenar ana Kkiris 5 kesiti egilme momentinin AC mesnet deplasmanina gore

degisimi

ACy e =01575 m M, = 159.%.151 = _?6. AC; 3.107.(0.3) = -27000.AC
AC |0 1 2 3 4 5

(cm)

M, |3366.96 [3366.96 |[3366.96 |3366.96 |3366.96 |3366.96
(kNm)

M, |° -270 -540 -810 -1080  [-1350
(kNm)

M, |3366.96 |3096.96 |2826.96 [2556.96 |2286.96 |2016.96
(kNm)
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AC |6 7 8 9 10 11
M; 3366.96 |3366.96 [3366.96 [3366.96 |3366.96 |3366.96
Msac |-1620 -1890 2160 -2430 -2700 -2970
Msen | 1746.96 |1476.96 [1206.96 |936.96 |6666.96 |[396.96
AC 12 13 14 15 15.75
M; 3366.96 [3366.96 |3366.96 |[3366.96 |3366.96
Msac |-3240 -3510 -3780 -4050 -4252.5
Msson | 126.96  |-143.04 |-413.04 |-683.04 |{-885.54
AC hali kontrol
l g

|
PAN N PAN
A s B I C I p—
M 2 L? & 70.20% = -1750 kNm
e 68 T
q, 9,
A yaN [ yaN»)

A 5 B I C [ —

M,, == ql’ - L ql’ = —.(16.67)20° L (16.67).20* = 208372 kNm

TS 5% 25 1667). 3¢ (1667) .

leml lFsmI
= U ;) I C I 2D

M, = —375FL = 656425 kNm

MSZ

= M,, +M,, +M,,; =-1750+208372+656425 = ~8852 kNm
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2.7.2.4. Kenar ana kiris S Kesiti egilme momentinin AD mesnet deplasmanina gore

degisimi
1 AD 1 AD
AD,,. =03965 m M., =——.E == —310".(03) = 4500 AD
MAX S,AD 5 L2 5 202 ( )
AD 0 1 2 3 4 5

M, 3366.96 |3366.96 [3366.96 |3366.96 |3366.96 |3366.96

0 5 90 35 180 225
M., 4 1

M 3366.96 [3411.96 345696 (3501.96 |3546.96 |[3591.96

AD 6 7 8 9 10 11

M; 3366.96 |3366.96 |[3366.96 |3366.96 [3366.96 |3366.96
Msap |270 315 360 405 450 495
Mson |3636.96 [3681.96 (372696 |3771.96 |3816.96 |3861.96

AD 12 13 14 15 16 17

M; 3366.96 [3366.96 [3366.96 |3366.96 [3366.96 |3366.96
M;sap | 540 585 630 675 720 765
Mswn |3906.96 |3951.96 [3996.96 [4041.96 [4086.96 [4131.96




145

AD 18 19 20 21 22 23

M; 336696 |3366.96 |[3366.96 |3366.96 |3366.96 |3366.96
Msap {810 855 900 945 990 1035
Mseon |4176.96 422196 |4266.96 |4311.96 [4356.96 |4401.96
AD 24 25 26 27 28 29

M; 3366.96 |3366.96 |3366.96 |3366.96 |[3366.96 |[3366.96
Msap {1080 1125 1170 1215 1260 1305
Mseon | 4446.96 449196 |4536.96 |4581.96 |4626.96 |4671.96
AD 30 31 32 33 34 35

M; 3366.96 |3366.96 [3366.96 [3366.96 |3366.96 |[3366.96
Msap | 1350 1395 1440 1485 1530 1575
Msson |4716.96 476196 [4806.96 |4851.96 |4896.96 |4941.96
AD 36 37 38 39 39.65

M; 3366.96 [3366.96 |[3366.96 |3366.96 |3366.96

M;ap | 1620 1665 1710 1755 1784.4

Mseon |4986.96 503196 |[5076.96 |5121.96 |5151.4
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AD hali kontrol
[ ] D
SA S B I e I
I, 1 2
M, =§.gL :5.70.20 =3500 kNm
q
[ | ! ]
U op . s I D
3 l 3 2 1 ]
M. =—gl’+—. gl =— (1667)20* + —.(16.67)20* = 104188 kNm
s T3 Tg TR (1667) 16 (1667)
lFs‘ml lF;”ﬂ
S W £ I C I D

M, = gFL = 609.54 kNm

Mys: =M, +M,, +M, =3500+104188+609.54 =51514 kNm
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2.7.3. Kenar ana Kiris 15 kesiti egilme momenti

4, l 8
=

I 1
LSA 0 g 15 1 & I 2D

I L L | L

| i I I

| ]
A B 15 =C I D

| L [ L | L

I f | [

_ 8L 7020 _ 00 im
Ba40 0 40
q,
| ]

2N = 15 1 £ I 4p

| L | L L

! I ! [

3g  3.(16.67)20°
= Ty =g = 5001 KNm
J.F:vml

SpA " 1 “c I “p

I L I L | L |

| i [ [

7.(150.04)20
M, = TFL _7(15004)20 o514 i

40 40

M =M, + Mg, + Mgy, =(700) +(500.1) + (525.14) = 172524 kNm

58
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A mesnedindeki maksimum mesnet deplasmaninin yukaridaki yiikleme hali i¢in toplam

degeri
[ ]
A I B I =C I =
1 gl 1 7020°
= —, = :0311 m
MY 4T EL 473107.(03)
q,
< z 2
D
A : B I —¢ L o
-1 gI* -1 (1667)20%
e 1 gL :__1'( 7) =-0.00926 m
32°EI  32°3107.(03)
l‘F.;ml
A I B I C : 2D
3 FI* -3 (150.04)20°
3 FL -3 (15004)20° oo

M T 64 El 64 3107.(03)

A Mg + My + Mypgey = 0311-0.00926 - 0.00625 = 02956 m

MAXY =

B mesnedindeki maksimum mesnet deplasmaninin yukaridaki yiikleme hali igin toplam

degeri
| ]
SA B I ~c 2D
11 gL 11 7020°
= — = =0.1426 m
MY 96" EI - 9673107.(03)
q,
[ ]
2 I I C I D



149

_ 11 gL' 11 (1667)20"

= ] = . =001698 m
MEC192 BT 1927 3107.(03)

OA 1 B I - -

_ 23 FI’ 23 (15004)20°
Y384 EI 3847 3107.(03)

=0.00799 m

AB gt F ABusr + AB e = 01426 +0.01698 +0.00799 = 0.16757 m

MMXZ:

2.7.3.1. Kenar ana kiris 15 kesiti egilme momentinin AA mesnet deplasmanina gore

degisimi

Ad,,, =02956 m  M;,, :?.%.EI :“?3. —-.3107.(0.3) = -13500.A4
AA |0 1 2 3 4 5

(cm)

M, |172524 |172524 |172524 |172524 [172524 |172524
(kNm)

M,,,,|0 -135 -270 -405 -540 -675
(kNm)

M, |172524 |[1590.24 |1455.24 [1320.24 |1185.24 |1050.24
(kNm)

AA |6 7 8 9 10 11

Mis 172524 [1725.24 |1725.24 |1725.24 |1725.24 [1725.24
Misaa |-810 -945 -1080  [-1215  |-1350  |-1485
Misn [915.24  [780.24  |645.24 [510.24 [37524  |240.24
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AA |12 13 14 15 16 17
Mis [172524 [172524 |1725.24 |172524 |1725.24 |1725.24
Misaa |-1620  |-1755  |-1890  |-2025  [-2160  |-2295
Missn | 10524 |-29.76  |-164.76 |-299.76 |-434.76 |-569.76
AA 18 19 20 21 22 23

Mis |172524 |1725.24 |1725.24 |172524 172524 |1725.24
Misaa | -2430  |-2565  |-2700  |-2835  |-2970  |-3105
Misen |-704.76 |-839.76 |-974.76 |-1109.76 |-1244.76 |-1379.76
AA |24 25 26 27 28 29
M;s |172524 |172524 |172524 |172524 |[1725.24 |1725.24
Misaa [-3240  |-3375  |-3510  |-3645  [-3780  [-3915
Miseon |-1514.76 |-1649.76 |-1784.76 |-1919.76 |-2054.76 |-2189.76
AA  [2956

M;s |1725.24

Mis s | -3990.6

Missen |-2265.36
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AA hali kontrol

A I 4B 15 £C [ 2D
_ 2 _ 2
155 = iL = 77920° _ 3500 kNm
q,
| - ]
A 5 15 S 2p

_3ql*  3(1667)20

5a = = = 625125 kNm
32 32
lFs‘mI
A I B 15 “AC I D
13.(~150.04).20
M = 16FL _ 13( ) = 609.54 kNm
M 64 64
M, o =My, + My, +M,, =(-3500)+(625125)+(609.54) = ~226534 kNm

15y
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2.7.3.2. Kenar ana kiriy 15 kesiti egilme momentinin AB mesnet deplasmanina gore

degisimi

AB,, =01675T m M, = —3-.5-‘2551 = 3.—”%.3.10’.(0.3) =13500.A8
FsL 520

AB 0 1 2 3 4 5

(cm)

M 1725.24 11725.24 (172524 |172524 |1725.24 |1725.24

15

(kNm)

M, |0 135 270 405 540 675
(kNm)

M 1725.24 |1860.24 |1995.24 12130.24 }2265.24 |2400.24

15s0n

(kNm)

AB 6 7 8 9 10 11

M;s 172524 1172524 |1725.24 |1725.24 |1725.24 |1725.24

Misap | 810 945 1080 1215 1350 1485

Missen  |2535.24 [2670.24 |2805.24 [2940.24 |3075.24 |3210.24

AB 12 13 14 15 16 16.757

M;s 172524 |1725.24 |1725.24 |172524 |1725.24 1|1725.24

Mijsas | 1620 1755 1890 2025 2160 2262.20

Misen  |3345.24 |3480.24 |3615.24 [3750.24 )3885.24 |3987.44
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AB halt kontrol

P— ~ =N
M _3 L2—3 0.20%> =2625 kN
15.¢ —-3—2—‘g —-?;5.7 3 = 2 m
q,
| ]
AV B I 15 Zc 2D
42 42
M. =—= g’ =—= (1667)20% = 72931 kNm
sa: = 349" T 384 ( )
l};;mZ
PAN ) N\ PAN
A B 15 —g —D

M, =2 FL=63298 kNm
128

M =M_. +M

1E) D £ 3 15,9,

+ M5, =2625+72931+632.98 = 398729 kNm
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3.SONUCLAR

Betonarme karayolu kopriilerinin boyutlandirilmasinda agagida gosterilen yik ve
etkilerden varolanlar dikkate alinmali her yiik veya etki altinda bulunacak tesirler ayr ayr
hesaba katumalidir. Genel olarak yiikler, A grubu yiikler (zati yik, hareketli ykler,
boyuna kuvvetler, mesnet sartlarindaki degisme, merkezkag kuvveti, riizgar yuku, 1si
tesiri, kar yikii, rotre, siinme, zemin itkisi, suyun kaldirma kuvveti, su akintisiun etkisi,
buz itkisi, atalet etkisi, ongerilme etkisi ) ve B grubu yiikler (yapim safhalarindan &tiirt
etkiler, deprem etkisi, ¢arpma ) olarak 2 gesittir. Mesnet sartlarindaki degisme temel
zeminindeki hareketten Otiirii mesnetlerde meydana gelebilecek Oteleme ve ddnmeler,
beklenen biyiiklikleri ile gozoniine alinmalidir. Ancak, yapi rijit mesnetlendirilmis oldugu
(kaya uzerine) veya mesnet sartlarindaki degisiklikler az ise bu tetkik yapilmayabilir.
Kopri en kesit ozellikleri, yapiin tzerindeki yoldan gegen hareketli ytikler standart
kamyon veya standart kamyon katarina esdeger olan serit yikleri H,, —JS§,, i¢in
verilmigtir. Kirig atalet momenti, elverigsiz serit sayist ve titresim katsayist belirlenmistir.
En elverigsiz durumun, birden gok trafik seridinin aym zamanda yiiklenmesi ile elde
edildigi hallerde, tam yiik olasihgimin zayif oldugu dikkate alinarak hareketli yikten

dogan etkiler azaltilir,

Son olarak kenar ana kirigin B,5,15 kesitlerinde egilme momentleri, bu egilme momenti
degerlerini maksimum yapan yiiklemeler igin ayri ayr1 hesaplanmugtir.
Bu yikleme halleri i¢in AA, AB, AC, AD deplasmanlari durumlarinda

A4 =AMy, T Ay MMypaigr T A H A e ve  benzer  sekilde

MAXS,

AB AC AD ve M

iy > By APy XY degerleri bulunur. Bulunan degerler tablo

degerleri ile desteklenmis ve kontrol edilmigtir.

Bu inceleme sonucunda 5,15,B kesitlerinde AA, AB, AC, AD deplasmanlarinin her bir
cm.'si igin aym kesitteki egilme momentlerinin ulagtigt degerler tablo olarak verilmigtir.
Egilme momentleri dis yitkten dogan mevcut egilme momenti degeri ile mesnet

hareketlerinden dogan ve AA, AB, AC, AD mesnet deplasman degerlerine bagli olan
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egilme momenti degerlerinin toplam seklindedir. Dolayisiyla sifirdan maksimum mesnet

deplasmanina kadar deplasman degerlerinin her bir cm.'si MZ buyuklikleri bulunur.

AAmax, ABmax, ACmax, ADmax degerlerine karsilik gelen egilme momenti degerleri

belirlenmistir.
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