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Zorlama: Eksenel kuvvet ve iki eksenli eğilme momenti.

Bilinen değerler: Malzeme "S235"
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E 210000 MPa

fy 235 MPa γM 1.1

fEM
fy
γM

 fEM 213.6 MPa

Fx 700 kN hS 4 m

Hy 60 kN Hz 40 kN

b 480 mm h 480 mm

t 10 mm bç 10 mm

hT h 2 t hT 500 mm z 0.5 h t( ) z 245 mm

Jy 2
b t3
12

 2
t h3


12
 2 t b z2

 Jy 760.6 106 mm4


Wy
2 Jy

hT
 Wy 3042.6 103 mm3



Resim 1
EJy E Jy EJy 159.7 MN m2



Kabul: Eğrinin şekli parabol 

y 0.5 b t( ) bç y 235 mm Jz 2
b3 t
12

 2
t3 h
12

 2 t h y2
 Jz 714.6 106 mm4



Wz
2 Jz

b
 Wz 2977.3 103 mm3



Atot 2 t b h( ) Atot 19200 mm2


EJz E Jz EJz 150.1 MN m2


Çözüm: 1. dereceli hesaplama kuralına göre Resim 3
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Resim 4
M0y Hz hS

M0y 160 kN m

M1y hS
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Hz hS hS
hS

EJy
= w0z

Hz hS
3



3 EJy
 w0z 5.342 mm

Vianelloya göre Resim 5
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M01z Fx w0z

M01z 3.7 kN m
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

12 EJz
 w1y 0.166 mm
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Resim 7

M02z Fx w1y
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Resim 8

M02y Fx w1z

M02y 0.109 kN m
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
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 w2z 0.005 mm

Böylece devam edersek w3y
5 Fx w2y hS

2


12 EJy
 w3y 0.000 mm

w3z
5 Fx w2z hS

2


12 EJz
 w3z 0.000 mm

Toplam  sehim wy w0y w1y w2y w3y wy 8.702 mm

wz w0z w1z w2z w3z wz 5.503 mm

Toplam  Moment My Hz hS Fx wz My 163.85 kN m

Mz Hy hS Fx wy Mz 246.09 kN m
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Kritik burkulma kuvveti

w1y
5 Fx w0y hS

3


12 EJy
= αFy

w1y

w0y
= 1=

Fkry
12
5

EJy

hS
2

 Fkry 23960.2 kN1
5 Fkry hS

3


12 EJy
=

1
5 Fkr hS

3


12 EJz
= Fkrz

12
5

EJz

hS
2

 Fkrz 22508.6 kN

Fkr Fkry Fkr 23960 kN Fx 700 kN

Sonuç: Çubukta burkulma tehlikesi yoktur.

Mukavemet hesabı:

Eylemsizlik radyusu iz
Jz

Atot
 iz 192.9 mm

Euler burkulma boyu LBz
E Jz π2



Fkrz
 LBz 8.112 m

Akma narinliği λE π
E
fy

 λE 93.9

Narinlik λz
LBz

iz
 λz 42

Bağıntılı narinlik λBz
λz

λE
 λBz 0.448

Akma kuvveti Fpl Atot fEM Fpl 4101.8 kN

αB 0.34 Kaynaklı kutular her eksende.Burkulma parametresi

Burkulma yardımcı faktörü φBz 0.5 1 αB λBz 0.2  λBz
2





 φBz 0.64

χBz
1

φBz φBz
2 λBz

2


 χBz 0.907Azaltma faktörü

Kuvvetin mukavemet emniyeti SFz
Fx

χBz Fpl
 SFz 0.188

iy
Jy

Atot
 iy 199 mm

LBy
E Jy π2



Fkr
 LBy 8.112 m

22.09.2016/M.Güven KUTAY/1 4/5



Ornek_I_41.xmcd 22.09.2016

λy
LBy

iy
 λy 40.8

λBy
λy

λE
 λBy 0.434

φBy 0.5 1 αB λBy 0.2  λBy
2





 φBy 0.63

χBy
1

φBy φBy
2 λBy

2


 χBy 0.912

SFy
Fx

χBy Fpl
 SFy 0.187

χB χBy χB 0.912

Moment: Mply Wy fEM Mply 650 kN m

Mplz Wz fEM Mplz 636.1 kN m

M0Fy Fx wz M0Fy 3.9 kN m

M0Fz Fx wy M0Fz 6.1 kN m

ΔM 1 ΔMy
M0Fy

My
 ΔMy 0.024

ΔMz
M0Fz

Mz
 ΔMz 0.025

βMy 1.8 0.7 ΔMy βMy 1.8

αpl 1 αply
Mply

My
 αply 3.967

ay λBy 2 βMy 4  αply 1 

ky 1
Fx

χB Fpl
ay ky 0.5

βMz 1.8 0.7 ΔMz βMz 1.8

αpl 1 αplz
Mplz

Mz
 αplz 2.585

az λBz 2 βMz 4  αplz 1 

kz 1
Fx

χB Fpl
az kz 0.740

SHe
Fx

χB Fpl

My

Mply
ky

Mz

Mplz
kz SHe 0.594

Sonuç: SHe değeri 1 den küçük olduğundan konstrüksiyon fonksiyonunu yapar. 

SON   ======================================================================================
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