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Egilme Elemanlarinin Tanimi

Asal Eksenlerinden herhangi biri etrafinda basit egilme momenti etkisinde olan elemanlardir. Basit egilme etkisindeki
elemanlarda, ytkler kayma merkezinden gecen asal eksene paralel olan dizlemde etkimeli veya eleman, yik etkime
noktalarinda ve mesnetlerde burulmaya karsi desteklenmelidir.
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Akma Sinir Durumu

* Akma Momenti: Egilme momenti etkisindeki kesitin en Ust lifinin akma gerilmesine ulastigl andaki moment degeridir.
* Plastik Moment: Egilme momenti etkisindeki kesitin bittn liflerinin akma gerilmesine ulagtigl andaki moment degeridir.
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Akma Sinir Durumu

* Akma Sinir Durumu: Basing basliginin yerel burkulmasi ile yanal burulmali burkumanin &nlenmesi halinde kirig enkesiti
egilme etkisi altinda plastiklesene kadar kararli(stabil) kalacak sekilde boyutlandirilmasi durumudur. Bu durumda
karakteristik moment dayanimi plastik moment dayanimina esit alinabilmektedir.

M,=M,=FZ,

f<Fy f>Fy
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Yanal Burulmali Burkulma Sinir Durumu

* Yanal Burulmali Burkulma Sinir Durumu (Lateral-torsional Buckling limit state): Kirisin basing baglig bolgesinde kalan
bolimi eksenel yUkla bir basing cubugu gibi davranir. Basing bagsliginin stabilitesi yeterli degilse kirig kesiti egilme
kapasitesinin tamamina ulagsamaz. Bu durumda, basing elemanlarina benzer olarak; genel burkulma ya da enkesit
parcalarinda yerel burkulma ile ortaya gikabilecek stabilite kaybi, go¢gme sinir durumunu belirler. Basing basliginin bu
sekilde burkulmasi durumu yanal burulmali burkulma olarak isimlendirilir.
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Yanal Burulmali Burkulma Sinir Durumu

Girders whose compression flanges
need to be laterally supported
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Akma Sinir Durumu (CYTHYH 2016)

9.2.1 — Akma Sinir Durumu

Akma smir durumu i¢in karakteristik egilme momenti dayanimi, M,, Denk.(9.2) ile
hesaplanacaktir.

M,=M,=FW, (9.2)

Buradaki terimler asagida aciklanmistir.

M, : Karakteristik egilme momenti dayanima.

M, : Plastik egilme momenti.
Iy Yapisal gelik karakteristik akma gerilmesi.
Wy : x-ekseni etrafinda plastik mukavemet momenti.
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Yanal Burulmali Burkulma Sinir Durumu (CYTHYH 2016)

Ma Denk. (9.2)
Denk. (9.3)
M =F W o r .
’
e
0.7F Wes -l . Denk. (9.4)
- - —Cy>1.0igin My
g . .
Y —C=1.0 i¢in My,
.
LP Lt [-b

Sekil 9.2 — Basing baglhiginin yanal olarak desteklenmeyen uzunluguna bagli olarak karakteristik
egilme momenti dayanimi
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Yanal Burulmali Burkulma Sinir Durumu (CYTHYH 2016)

(a) Ly < L, 1se bu smir durumun gdzoniine alinmasina gerek yoktur.

b) L, < Iy < L, olmasi durumunda karakteristik egilme momenti davanimi, A,. Denk.(9.3
¥ g 3
ile hesaplanacaktir.

o—c|ar —or —07Em)| BB | cu 9.3
M, =G| M, (M, ~0TFJ,)| " | <M, 9.3)
r p
(¢) Ly > L, olmas1 durumunda karakteristik egilme momenti dayanim, M, Denk.(9.4) ile
belirlenecektir.
M, =FW_ <M, 9.4)
Kritik gerilme, F,. Denk.(9.5) ile hesaplanacaktur.
C1E LY
F=SmE o | L ©9.5)
L\ W h\ 1,

r[E

Kok 1¢indeki ifade giivenh tarafta kalan bir yaklasimla | e esit olarak alinabilir.

L, ve L, smur uzunluklar: 1se sirasiyla Denk.(9.6a) ve Denk.(9.6b) ile belirlenecektir.

76 |E
L =176i, T (9.62)

2 2
0.7F,
I =195i £ | L o | Lo | 676 2 (9.6b)
0.7F, \wh, A\, E
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Yanal Burulmali Burkulma Sinir Durumu (CYTHYH 2016)

* C, Katsayisi: Yanal burulmali burkulma sinir durumunda, yanal stabilite baglantisi ile desteklenen noktalar arasindaki
uzunluk boyunca, egilme momenti yayilisinin olumlu katkisidir.

12.5M .

C,=— 9.1)
25M  +3M, +4M; +3M_

Kiris boyunca diizgiin . TREEERRERRRY
yayih yik Aciklikta yanal destek yok T 114 T
Kirig boyunca diizgiin Aciklik ortasinda yanal EREX! ‘i‘ RREE,
yayil yiik destek var t 130 t
Kiris boyunca diizgiin Acikligm 1/3 noktalarinda rree V. RR }{ Trre
yayili yiik yanal destek var f 145 1.01 1 45 T
Kiris boyunca diizgiin Acikligm 1/4 noktalarinda R )J!( ' }‘, ' i EE
yayil yiik yanal destek var T 152 1.06 152 T
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Akma Sinir Durumu (AISC 360-10)

1. Yielding
M, =M,=FZ, (F2-1)

where
F, = specified minimum yield stress of the type of steel being used. ksi (MPa)
Z, = plastic section modulus about the x-axis. in.* (mm?)
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Yanal Burulmali Burkulma Sinir Durumu (AISC 360-10)

Eq.F2-1 Eq. F2-2

Eq. F2-3

M, with C, > 1.0

M,=M,=F,Z, (Spec. Eq. F2-1)
L, L, :
M,=Cy| M, —(M,—0.7F,S,) 7 <M, (Spec. Eq. F2-2)
“Lp
M,=F,S, <M, (Spec. Eq. F2-3)
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Yanal Burulmali Burkulma Sinir Durumu (CYTHYH 2016)

2. Lateral-Torsional Buckling

(a) When Ly < Lp, the limit state of lateral-torsional buckling does not apply.
(b) When L, < Ly <L,

Ly—L
M, =Cy| My—(M,-07FS,) 22 ||<Mm, (F2-2)
L—L,
(¢) When Lp>L,
Mn = Fchx < Mp (F2-3)

where
Ly =length between points that are either braced against lateral displacement of
the compression flange or braced against twist of the cross section, in. (mm)

2 . 2
Fop = T E\/1+0.078 & [Lb) (F24)
Lb 5]]1‘0 .n"rs
Its

= critical stress, ksi (MPa)
E = modulus of elasticity of steel = 29,000 ksi (200 000 MPa)
J = torsional constant, in.* (mm?*)
Sy = elastic section modulus taken about the x-axis, in.> (mm?)
ho = distance between the flange centroids, in. (mm)
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Yanal Burulmali Burkulma Sinir Durumu (CYTHYH 2016)

User Note: Equations F2-3 and F2-4 provide identical solutions to the follow-
ing expression for lateral-torsional buckling of doubly symmetric sections that
has been presented in past editions of this Specification:

2

T nE \~
Mo =Cp— | EILGT +| — | I,Cy
¢ bLb\/ ’ (Lb_] o

The advantage of Equations F2-3 and F2-4 is that the form is very similar to the
expression for lateral-torsional buckling of singly symmetric sections given in
Equations F4-4 and F4-5.

Lp, the limiting laterally unbraced length for the limit state of yielding, in. (mm),

[E
Ly=1.76r, ,E (F2-5)

is:
L,. the limiting unbraced length for the limit state of inelastic lateral-torsional
buckling, in. (mm), is:

2 2
: : 0.7F,
L =195 —2— |1, ( ) ) +6.76( )j (F2-6)
0.75\: Syhy Svhy I




Her sey hesapladiginiz gibi!

ideCAD" Celik & Betonarme 8.6

SERET A C

Akma Sinir Durumu (TS EN 1993-1-1)

6.2.5 Bending moment

(1)  The design value of the bending moment Mgq4 at each cross-section should satisfy:

Mea <10 (6.12)
M

c.Rd

where M. gq 1s determined considering fastener holes, see (4) to (6).

(2)  The design resistance for bending about one principal axis of a cross-section is determined as follows:

W
1Ly . : .
Mg =M gy =—— for class 1 or 2 cross sections (6.13)
™o
.71 )
€l mun ¥ . -
M. gy =M g, =— forclass 3 cross sections (6.14)
"
i MO

Celik
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Yanal Burulmali Burkulma Sinir Durumu (TS EN 1993-1-1)

(3) The design buckling resistance moment of a laterally unrestrained beam should be taken as:

v

M,rs = XLTWTY (6.55)

7w
where W, 1s the appropriate section modulus as follows:
- Wy =Wy, for Class 1 or 2 cross-sections
- W, =Wy, for Class 3 cross-sections

- W;=Wg, for Class 4 cross-sections

6.3.2.2  Lateral torsional buckling curves — General case

(1) Unless otherwise specified, see 6.3.2.3, for bending members of constant cross-section, the value of
yrt for the appropriate non-dimensional slenderness A;1, should be determined from:

in = L buigr <10 (6.56)
Dy +Ppp — AL

where @, = 0__5{1 +0lp (Xu - 0_2)+ KiTJ

o.r7 1s an imperfection factor

W I,

XLT =

cr
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Ornek Hesap

wg= 20 kKN/m
wo= 60 kN/m

EEEEEEREFEER RN

N

\ HE 450 A %
\ 8.0m |

a. Kirisin karakteristik egilme momenti dayanimnin belirlenmesi
b. Tasarum egilme momenti dayanmuminin kontrolii (YDKT)
c¢. Giivenh egilme momenti dayanimmnin kontrolii (GKT)
Celik smifi
$355 Fy=355N/mm’ F,=510N/mm’  (Yénetmelik Tablo 2.1A)

Enkesit

HE 450 A

[=63720 cm* W =2896 cm’® W =3216 cm®  J=243.8 cm’
d =440 mm h =344 mm bs=300 mm te= 21mm

fw=11.5 mm iy=72.9mm
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Ornek Hesap

Kirisin karakteristik egilme momenti dayaniminin belilenmesi

Yoénetmelik 5.4 uyarinca

Yerel burkU|ma sinir durumu IGIn enkesmn S|n|ﬂand|r||ma5|, TABLO 5.1B - EGILME MOMENTININ BASINC BiLESENI ETKiSINDEKI
ENKESIT PARCALARI iCiN GENISLIK / KALINLIK ORANLARI

Genislik / Kalinhk Oram
Simir Degerleri

Genislik/ |
Ba§||k par(_‘;aS| Durum Tamm K:lll:lll;i tknn;;\..lk( tkm:;p.lkI Enkesit
Oram, A
' kompakt olmavan
b b, 300 E 200000 __ cimaan) __*ar)
=—=—= =714<4 =038 [—=0.38,|——— =9.02 racas proiter, U
t 2tf 2 X 21 P Fy 355 10 I:Irlil:[.l\l:;l :’Icm-.mlarm b ]- -
z baslhiklan
; TCK ve gIlT Simettt N
£ eksenli vapma I- - ey f
= 1 enkesitli c}\.cm.ml.lrm b 95 [~ 1
_:‘_2 | bashiklan | s
‘E 5 T'ek kormiyerlermn . s | E o1 | E b, '—L
Govde pargasi H . *ﬁ ’ ”ﬁ | T 4]
- Zawf eksen etrafinda
= egilme etkisindeki 3 - oL
h 344 E 200000 ; 13 twm lmi\c\nh bir 0 ‘--*J;:, 1 "“J:_, U ;
= elemanlar ve U- ) § L= !
ﬂ,:r:m:zgglg ﬂ’p =376 F_ :376 W =8924 [ ‘p:nl'l]]\.': |
' [-enkesitli E 2 |E rl
" ! 4 jlcmf‘mlaulm govdeler a1 ’ H\/_i: : lh\ln': Z J
[ |t J-profillerin ve ¢ift JT J',_ | = = -
. = R = E=f 5 simetri eksenl I- ity 3.76 |— 70 [— == T
Yerel burkulma durumuna gére 4, degerini agmadigindan PR | ot sovdeteri | F FoL iy

enkesit kompakt olarak degerlendirilir.
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Ornek Hesap

Akma sinir durumunda karakteristik egilme momenti dayanimi

M, =M, =FW, =355x3216x10" =1141.68kNm

Yanal burulmali burkulma sinir durumunda karakteristik egilme momenti dayanimi
Kirig mesnet noktalarindan ve agiklik ortasindan yanal olarak desteklendigi icin L, = 4m olarak belirlenir.

L, =4m
L, =1.76i, E =1.76x72.9x 200000 =3045.38mm < L, = 4000mm
F, \ " 355
2 . bf
. E J J 0.7F I = =82.40mm

L, =195, —— |[—=+ || —< | +6.76| — | =9860mm L ht

07Fy Weth Weth E 12| 1+=—¥

6D,t,

L, =3045.38mm < L, =4000mm < L, =9860mm

oldugundan karakteristik egilme momenti dayanimini, Mn , yénetmelik 9.2.2(b) maddesi, denklem 9.3 e gore belirlenir.
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Ornek Hesap

Moment diizeltme katsayisi, C,
Yanal stabilite baglantisi ile desteklenen noktalar arasinda kirig uzunlugu boyunca C, katsayisi |.3 olarak hesaplandi.

Kiris boyunca diizgiin Aciklik ortasinda yanal RRRA ¢)¢<¢ RRRE
yayil1 yiik destek var $ 130 f

M, =C,

L,-L
Mp—(Mp—OJFyWex)[L | |=M,
r p

4000-3045.38
9860 —-3045.38

n

M :1.30[1141.68—(1141.68—0.7x355><2896><103)( ﬂ:1407.33kNm

M, =1407.33<M =1141.68kNm
M,=M, =1141.68kNm

GCelik ve betonarme yapitlar i¢in entegre yazilim ¢6zUmd@a
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Ornek Hesap
GKT

Kirigin Gzerindeki yayil yUk dikkate alinarak kirig ortasinda olugan en blyik moment degeri,

q=12G+1.6Q=1.2x20+1.6x60=120kN /m

2 2
% - 1208x 8 1027.51kNm

M
M, =¢,M, =0.90x1141.68 =1027.51kNm
M, 960

v = =0.93<1.0
, 102751

<

YDKT

Kirigin Gzerindeki yayili yUk dikkate alinarak kirig ortasinda olugan en blyik moment degeri,

q=G+Q=20+60=80kN /m

betonarme yapilar i¢in entegre yazilim ¢6zidmdid
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ideCAD 8 sonuglarinin incelenmesi,

CY 2016 (GKT

Kesit Szeflikderi

Kesit Gzellikleri
HE 450 A A= 178038 [an?] )= 244608  [amd] HE 450 A A= 178038 [an?] )= 244608  [amd]
Iy= 9465364 [and] Ix= 63725.147 [cmd) Iy = 7.201 {am ix= 18.919 am) Iy= 9465364 [and] Ix= 63725.147 [cmd) Iy = 7.201 fam ix = 18.919 am)
Wey = 631.024  [an’] Wex= 2896.598 [am’] Wpy = 965.546 Wpx = 3216053 [am?] Wey = 631.024  [an’] Wex= 2896598 [cm’] Wpy= 965546  [am’] Wpx= 3216053 ([om?]
Malzeme Gzellikleri Malzeme Gzellilderi
5355 Fy = 355000 [MN/m?]  Fu= 460909.991 [KN/m?] E= 200000000 [kN/m?] = | §355 Fy = 355000 [MN/m?]  Fu= 460909.991 [KN/m3] E= 200000000 [kN/m?] = |
Komb. 1.26+1.6Q Komb. 6+Q
Kuvvetler ve Momentler Kuvvetler ve Momentler
Konum Pr M Mry Vi Tr Konum Pr Mrx Mry Vry Vi Tr
[m] [kN] [kNm) [kNm) (kN] kNm [m] [kN] [kNm) [kNm) (C)] (kN] [kNm)
4 0.002 959.995 0 0 0 0 4 0.002 639.996 0 0 0 0
thtiyag/Kapasite Orani Kayma Kontroli thtiyag/Kapasite Orani Kayma Kontroli
vr Ve Oran vr Ve Oran
O 0.934 Etid Kapasite O 0.936 Etid Kapasite
Major (2) 0 1077.78 [kN] 0 Major (2) 0 718.52 [kN] 0
Etkilesim Denkdemi = (11.1b) Minor (3) 0 2415.42 [N) 0 Etkilesim Denkdemi = (11.1b) Minor (3) ° 1607.066 ] °
Eksenel Kuvvet ve ki Eksenli Egilme Kontrold Tasanm Deiskenleri Eksenel Kuvvet ve Iki Eksenli Egilme Kontrold Tasanm Deiskenleri
Pr P L3 K L L Pr P L3 K L L
Etki Kapasite Kapasite Faktor Fakttr m] Etki Kapasite Kapasite Faktr Faktor m
Eksenel 0.002 4535.221 5688.301 Major (3-3) 1 1 8 Eksenel 0.002 3017.446 3784.631 [kN] Major (3-3) 1 1 8
) 5 8 y s 8
% N Minor (2-2) 1 05 8 o= N Minor (2-2) 1 05 8
Moment Kapasite @ L L Moment Kapasite @ L L
Major (3-3) 959.995 1027.529 [kNm) Faktr Faktde tml Major (3-3) 639.996 683.652 [kNm) Faktdr Faktte tml
Minor (2-2) 0 308.492 [kNm) LT8 1.209 0.5 8 Minor (2-2) 0 205.251 (kNm) L8 1.299 0.5 8
Tr Tc Tr Tc
Moment Kapasite Moment Kapasite
Buruima 0 ) [kNm)

Burulma 0 0 (kNm)




Her sey hesapladiginiz gibi! ideCAD" Celik & Betonarme 8.6

Il n t e g r a |t e d D e s i g n St Uys st el i

BIZE ULASIN

* Telefon ve internet araciliyla teknik destek

* Program egitimleri ve kullanici seminerleri

* Yardm mendleri ve kullanim kitaplari

* Kullanicr forumu

* Web Uzerinden program giincelleme imkani

Web sitesi: http://www.idecad.com.tr
Kullanici forum sitesi: http://www.idecadsupport.com/forum/

A Bilgi: ideyapi@ideyapi.com.tr
Iﬂp A Satig: satis@ideyapi.com.tr

Teknik destek: destek@ideyapi.com.tr

Simdi siz de ideCAD® ailesiyle tanisin, planlarinizi gercege dénlstlrme firsatini yakalayin.
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