Ornek_|_43.xmcd 22.09.2016

Zorlama: Eksenel kuvvet ve iki eksenli egilme momenti.

Bilinen degerler:

Malzeme := "S235" f,:= 235-MPa E := 210000-MPa
FX M = 1.1 hS =4-m
H;
= Kesit 0 N . fy
Emniyetli akma mukavemeti fgy,:= — fem = 213.6-MPa
Hy ™
\ Q Fy:= 700-kN
J5() . Kabul: Egrinin sekli parabol ~ H, := 60-kN H,:= 40-kN
= Kesit Iy
Kesit 0, iist 0 m:
| S bg:= 420-mm hg:= 380-mm t:=10-mm bg := 10-mm
| Kesit hro:=ho+ 2t hrg=400mm zg:=05-(hg+t) 2zo=195-mm
el
Resim 1 Jyoi= 2mmm 4 2+ 2:4by:20 Jyo=410.9-10"-mm
b 2-Jyo
- . Wyg = —2 W, = 2054.7-10°.mm°
hro
t t Edyo:= E E MN-m?
\ JyO = 'JyO JyO = 86.3- -m
= y - - y 2
2| = = Ag:= 2:t-(bg + ho) Ag = 16000-mm
bC
Yo = 0.5~(b0+t)—bg Yo = 205-mm
VA
- b b03~t t3'h0 2 [§) 4
Jyo= 2 + 2 + 2:t-hg-Yo Jy0=442.9-10"-mm
12 12
- 2-J0
Resim 2 W= — - W, = 2109.2.10°-mm°>
0
Edyo = E-Jyg EJ,o = 93-MN-m>
Kesit 11, ky:=1.5 by := ky-bg by, = 630-mm hy := ky-hg hy, = 570-mm
alt 4 m:
) by Kjip — 1 1
Faktorler kllb =— kllb = 1.500 kb = kb =0.125m ka =1+ kb'X
bo hs
X:=4-m
hy Kjp — 1 1
kllh = kllh = 1.500 kh = kh =0.125m th =1+ kh'X
ho hS

hry:= ho:(1+ kn'x) + 2t hry=590-mm  z,:= 0.5 ho:((1 + kn'x)) + t] z,=290-mm

3 3
bo-(1+ kp-x)t”  tLho(1+ kp-
Jyo =2 ol +12b X) + L 1+2 il + t-bg:(1 + kb~x)~zX2 Jyo = 1368.4-10%.mm
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2y
Wy2 =

th
EJy2 = E'Jy2

yii:= 0.5(bg+t) - by
3 3

bt to-h,
Jooi=2- + 2.
22 12 12
2.,
W, =
z2 b2

Ag:= 2:t-(by+ hy)

EJzz =E 'J22

x e bagh Eylemsizlik ve karsi koyma momentleri ile alan formiilii:

tfho-(1 + kn-x)]°

+
12 12

Jyx

_ 2.{b0~(1 + kb~x)~t3

- 2-Jyx
Y ho-(1+ knx) + 2:t

{b03~(1 Fkex)>t ohg(1+ kpx)
X = 2.
b 2

=" b0~(1 + kb~x)

Ag=2:t[bg (1 + kpx) + ho:(1+ kyx]]

Cozum: 1. dereceli hesaplama kuralina gore

Q,=I
. e
h h
+
e —
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Yo = 205-mm

+ 2:4:hp[0.5:(by + 1) - b

22.09.2016

W, = 4638.7-10°-mm°

Ed,p = 287.4-MN-m°

J,, = 1512.4.10%. mm*

W,, = 4801.2.10°-mm">

A, = 24000-mm?

EJ,, = 317.6-MN-m>

+ t-bg(1+ kb~x)~[0.5~[h0'((1 + kX)) + tﬂz}

2
> + > + t-hg(1+ kyx) 0.5 by (1 + kyx) - t] - bg] }

Resim 3

MOZ = Hy'hS

Moy = 240-kN-m

M, = hg
hs
WOy = MOZ'M1Z dx
O ZX
hs
I( Hy-hg?
Woy = J E-Jx o
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hs
( Hy-hg
Woyx == dx
" bo-(1+ kox)-t® tLho:(1 + knx]]
o boX)- [he: .
J 2.E. - - + b1+ kyx)-[0.5Lho:((1 + knx)) + €]
0
Woyx = 24.876-mm
MOy = HZ'hS
Q-1 Mo, = 160-kN-m
- —re R
My = hs
r'hS
h h Woz = M0y~M1y~ dx
yx
Y0
r'hS
2
H.-hg
+ + Woy = EZJ dx
— T T — Jyx
Moy 77 Miy Y0
dx

Wozx ==

2

Hz'hS
+ b1+ kyx)-[0.5Lho-((1 + knx)) + ]
Wozx = 16.584-mm

bo-(1+ kox)-t® tLho:(1 + knx]]
+
12

12

Resim 5

IV|01zx = f(X) : Fx

Vianelloya gore
y Qy=1
= _
M1z =X
3 h
EJ lineer degil
+ + ("
T T Wiyy = Mo1zx'M1zx'? dx
My, My, J "Yzx
0
3/14
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Resim 6
y z
o Genelde parabol denklemi
2
Mgpizx=a-X +b-x+c
X MO1ZX(X=O) =0 c=0
o V Mo12dX=Ns) = Fyx- Womex
= Mo1x=2.hg) = 0
Eger x=2.hg yerlestirilirse:
0=(2Ls)%a+ 2.Lgb
= + 0=2.lga+b b=-2-alg
2 1My, b yi yerlestirelim X = hg>
| |
| | _ 2 _ 2
\\ : Mgizx=a-X +b-x+c Fywg=a-hg +b-hg+0
| |
L F o = a-hg> — 2-a-hg?
\
\ ' F.-w
| 2 x Wo
Voo Fywo=-a-hg as—y
\ | h
v S
Vo
Vol
\ | 2'FX'W0
v b=_2.a.hS b=-
v hs
\|
o \‘ F 2-F
.WO . .WO
x e baglt moment dagilimi Mo1zx = — A Sl
he? hs
S
M E x2 2-Xx
01zx = FxWoy'| — + —
hg? s
~hg
£ x2 2-x
X.Woy. _— 4+ — |- X
hSZ hg
W1yx = dx
bo>(1+ ko)t ohge(1+ kyx) )
2-E. + + t-hg-(1 + kn-x)| 0.5:{bg-(1 + kp-X) — t| — b
— — o (1 1) [05 b (1 + ) ] - ]
Y0
~hg
x3 2~x2
hSZ hg
W1yx = dx
bo (1 + ko)t ehge(1 4+ kyx) )
2-E. + + t-hg-(1 + kn-x):[0.5-{ bg-(1 + kp-X) — t| — b
. — o (1) [0 b1+ k) - ] - b
Y0
10~ °
Fy-Woy = sabit integralin disina alalim ve integralin degeri: Wyyx = 64.4-———
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Resim 7

IV|01yx = f(X) ’ Fx

y Q=1
= —_—
M1y= X
- EJ lineer degil
S h
W1zx=J M01yx'M1yx'? dx
Jyx
+ + s ,
. L | _ X 2-X
Moty Miy Motyx = FxWoz | =3 + 1+
hs
r'hS
£ x2 2-x
.WO  — 4+ — [ X
X V4 hsz hS
(o) el -
bo(1+ ko)™ t:{hg:(1+ kn-x] 9
2-E. + t-bg-(1 + kp-X)| 0.5 hg-((1 + kp-x)) + 1
{ - — o (1 + %) 05 o (1 + ) + ]
Y0
r'hS
x3 2~x2
2" hg
hs S
(k) el k] -
bo-(1 + kp-Xx)-t t hg-(1 + kn-x 2
2-E. + + t-bg-(1+ Kkp-x)-| 0.5 hg-((1 + kp-X)) + t
{ - — o {1+ k%) 05 (1 + ) + ]
Y0
10~ °
Fyx-Woz = sabit integralin disina alalim ve integralin degeri: Wiy = 67.2 =N
Wyy = 26-mm

Kritik burkulma kuvveti

Wyx i= Woyx + Wiyx: Fx-Woyx
Wy = 17.4-mm

Wy i= Wozx + Wizx Py Woz

Eger F.=F,; 5 Wymax= Woyx V& Wzmax= Wz iS€:
1
Wymax = Fx'Wny'W1yx 1= Fkry'Wyx Fkry = Fkry = 15531.5-kN
W1yx
1
Fuz = Fiz = 14890-kN
Wi1zx

Wzmax = Fx'WOzx'W1zx 1= Fkrz'sz
Fi = 15532k F.— 700

Sonug: Cubukta burkulma tehlikesi yoktur.
514

Fyr = Fkry
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Kesit Il de mukavemet hesabi:

Eylemsizlik radyusu

Euler burkulma boyu

Akma narinligi

Narinlik

Bagintili narinlik

Merkez noktasi mesafesi

Akma kuvveti
Burkulma parametresi
Max burkulma sehimi

Burkulma yardimci faktori

Azaltma faktori

Kuvvetin mukavemet emniyeti

Eylemsizlik radyusu

Euler burkulma boyu

Narinlik

Bagintili narinlik

Merkez noktasi mesafesi

Max burkulma sehimi
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. Jy2
I —
y2 A,
EJ22'7T2
Lpy2 =
y Fiy
N E
E =T —
fy
Ley2
>‘y2 =T
|y2
A
y2
Agyp = —
By2 >\E
g = 22
ely2 -— A2
Foiz = Az fem
og = 0.34 Kaynakli kutular her eksende.

Wymax2 = ke|y2'0¢B'(>\By2 - 0-2)

2
('PByZ = O5|:1 + OLB'(>\By2 - 02) + >‘By2 :|

1

XBy2 =
2 2
PBy2 + 1 PBY2 — NBy2
Fyx
Spypi= ———
y XBy2' Fpi2

. J z2
lyopi= | —
z2 A2

EJ22'7T2
Lpz = F
kr

Lez
>‘22 - .

122
\ . >\22
Bz2 - >\E
K . W22
elz2 -— A2

Womax2 = I‘e|z2'0¢|3'(>\|3z2 - 0-2)

iyp = 238.8-mm

Lpyo = 14.206m

Ag = 93.9
N2 = 59.5
Ngy2 = 0.634

Kely2 = 193.3-mm

Foiz = 5127.3-kN

22.09.2016

Wymaxe = 28.5-mm

('PByZ =0.77
Xgy2 = 0.820
Sky2 = 0.167

izo=251-mm

Ly = 14.206m

A\pp = 56.6

Agz2 = 0.603

Keizo = 200.1-mm

Womaxe = 27.4-mm
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Burkulma yardimci faktori

Azaltma faktori

Kuvvetin mukavemet emniyeti

Moment kontrolii:

Kesit 2 de toplam Moment

AM <1

OLp|>1

22.09.2016/M.Gliven KUTAY/1

2
PBz2 = O5|:1 + OLB'(>\BZ2 - 02) + >\BZZ :|

1
XBz2 =
2 2
P2+ PB2 — NB22
Fx
Sfppi= ——
XBz2 Fpi2

My := Hz-hg + Fy-woy

Mz = Hy-hg + Fy-wyy

Moly2 == Wyo-fem

Mpiz2 := Wao-fem
Myrz = Fy-Way

Mzrz = Fy-Wyx

Myr2
AM2y = ——

My2

Mg
AM2z =

M22

Bwyz = 1.8 — 0.7-AM2y

Mply2
Myz

OLp|y2 =

ay2x = Nay2'(2-Buyz — 4) + (Cpyz — 1)

ay:= |aypy if ayp<0.8
0.8 otherwise
Fx
Kyai= 1 XBy2'Fpi2 2
ky2:= |kyax if kyox< 1.5
1.5 otherwise
Bumzz == 1.8 — 0.7-AM2z
B Mpiz2
Qplz2 = M,

ap = >\BZZ'(2'6M22 - 4) + ("‘plzZ - 1)

Fx
Kppi=1-———ap
XBz2 Fpi2

22.09.2016

¢pBz2 = 0.75
XBs2 = 0.836
Sgyp = 0.163

Myo = 172.15-kN-m

M,, = 258.2-kN-m
Mpiy2 = 991-kN-m
Mpiz2 = 1025.7-kN-m

Mygz = 12.2-KN-m

M,gp = 18.2-kN-m

AM2y = 0.071

AM2z = 0.070
Bmy2= 1.8
Qplyz = 5.756
ayoy = 4.44

Ay2 = 0.8

Kyox = 0.867

kyo = 0.867

Bumze = 1.8

OLp|22 = 3.973
a,y = 2.672

kyp = 0.564

714
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s Fx IVly2 K M22 K

2y = + Ky + =Kz

Y XBy2'Fp2  Mpy2 y Mpiz2 i

s Fx IVly2 K M22 K
2z= + Ky + =Kz
‘ XBz2'Fp2  Mpy2 y Mpiz2 i

22.09.2016

Sonug: Sy, ve S, degerleri I den kiiciik oldugundan konstriiksiyon fonksiyonunu yapar.

Kesit | de mukavemet hesabi:

y1 = 0.5{bg (1 + kyx1) — t] - bg

(1 + ky:x1)

x1:=2-m

{ bo>(1+ k1)t
JZ’] =12
12

2:-dz

W= bo-(1+ kpx1)

z1:= 05 hy((1+ kx)) + ]

t[ho:(1 + kn-x)]°

> +2thy(1+ kh~x1)~y12}

3

bo-(1 + kp-x)-t
Jy1.:2~|:0( ’ bx)
2:-dy

o A ) + 21

+
12 12

+ t~b0~(1 + kb~x)~z12}

Ayi= 2:t by (1+ kpx1) + hg(1+ kyx1]]

Eylemsizlik radyusu

Euler burkulma boyu

Akma narinligi

Narinlik

Bagintili narinlik

Merkez noktasi mesafesi

Akma kuvveti

22.09.2016/M.Gliven KUTAY/1

LBy1
>‘y1 ==
Iy1
A
y1
gy = —
By1 >\E
gyt =
elyl -= A1
Foi1 = Aq-fem

y1=247.5-mm

J,, = 823.2.10% . mm*

W, = 3135.9.10°-mm">
z4y=290-mm

Jyr = 1368.4-10° mm*

W, = 6529:10°.mm°

Aq= 20000~mm2

iy = 261.6-mm

Lgys = 13.513m

Ag = 93.9
N1 =51.7
gyt = 0.550

Kelyt = 276.4-mm

Foi = 4272.7-kN
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Burkulma yardimci faktori

Azaltma faktori

Kuvvetin mukavemet emniyeti

Eylemsizlik radyusu

Euler burkulma boyu

Narinlik

Bagintili narinlik

Merkez noktasi mesafesi

Burkulma yardimci faktori

Azaltma faktori

Kuvvetin mukavemet emniyeti

= 0.5-[1 +og-(hgy1 - 0.2) + >\By12]

1

2 2
"PBy1 + "PBy1 - >‘By1

Nz =

Kelz1 :

$PBz1 -

XBz1 *

Skz1:

= 05{ 1+ 0g-(hear - 02) + 2z

1

/ 2 2
PBz1 T4 PBz1 — >‘Bz1

Fx

XBz1Fpi1

1. Kesitte burkulma tehlikesi yoktur.

1. Kesitte moment kontrolii:

E.J 1
h/2

1. Kisim|

7777
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MIOZ = 05Hyhs

h/2

My,

22.09.2016

PBy1 = 0.71
XBy1 = 0.861
Sky1=0.190
i1 =202.9-mm

Lg,q = 10.481m

Mgt = 51.7

Xgz1 = 0.550

Kelz1 = 156.8-mm

Pg1 = 0.71
XBz1 = 0.861
SEzq = 0.190

Moz = 120-kN-m My, = 0.5-hg
Qy=1
=" —
h/2
_I_
o e
Iz
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(E hs (E
2
1 2 2 2
Wiy = | M’]OZ'M’]Z' dx _ Hy'hs hS 1 - | Hy'hs
y J E-Jy1x Wigy = | - dx Wiy =
0 J 2 2 E'Jz1x J 4-E Jz1x
0 0
hs

dx1

+ thor(1 + knx1) [0.5[bg-(1 + kpxt) - ] - bg]?

- |
W10 :
" | {b03~(1 rkex1)® it Chge(1+ kpxt)
8-E- +
J 12 12

W1ny =3.948-mm

Mgy = 0.5H,-hg Mo, = 80-kN-m My, = 0.5-hg

o 2
H,
—_— [
E.Jyx1 h/2 h/2
h/2
1. Kesit + +
777 T —
MlOy A Mly
(E hS hS
2
2 2 2
Wi = | Mgy Mpy—— dx Hyhs hs 1 B H,-hs
y z w | Jp—— X w |
E'Jy1x 10z 10z
JO J 2 2 E-Jyix J 4-E-Jyiy
0 0
hs
2
( H, -he?
W10zx == dxi1

bo-(1+ kex1)£° tLhg:(1+ kyx1)]° )
8-E.{ r - - + t-bg(1+ kpx1)-[ 0.5 hg: (1 + kn-x1)) + t]]

W10zx = 2.680-mm
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Vianelloya gore

Qy:1
S 1 Myqz = Fx'W10yx
M, = 0.5hg
~
S, h/2
&
+ +
Kesit I ,
My, My,
s s s
2 2 2
( Mo M g ( . hs 1 ( Fx-W1oyxhs
w = X w = “W. — w =
11yx J 11z Vi1z i 11yx J x"W10yx 2 EJz1x 11yx J 2~EJZ1X
0 0 0
hs
( 2 Fx'W1ny'hS
W11yXI: | 3 3 3 dax1
| bo”(1+ kpx1)”-t  t7-hg(1 + kpx1) 5
4.E. + + t-hg-(1 + kn-x1) 0.5 bg-(1 + kp-x1) —t| - b
| - _ o {1+ k1) [0 oo (1 + ko) - ] - b]
0
W11yX: 0.091-mm
hs
( 2 Fx'W11yx'hS
W12yXI: dax1

+ t-hg(1+ kn-x1) [0.5- oo (1 + kpx1) - t] - bc]z}

{b03~(1 ripxt)2it Bohg(1+ kpxt)
4.E. +
12 12

|
Jo
W12yx =0.002-mm
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Q=1
— 7‘7
M4y = Fx-Wigzx
S
S h/2 My = 0.5hg
§
R,
Kesit I ,
M1ty Miy
hs hg hs
2 2 2
|( Mo M g |( . hs 1 g ( Fx-W1ozxhs
Woqpx = . X Woqpx = W1z — X Wy =
11zx J 11y " Vi1z Jix 11zx J x"W10zx 2 EJy1x 11yx J 2'EJy1x
0 0 0
hs
2
( Fx'W1Ozx'hS
Wi11zx == I 3 3 dxi1
bo:(1+ kpx1)t7  t[hg:(1+ kyx1)] 9
4.E. + + t-bg-( 1+ Kp-x1)-{ 0.5 hg- ({1 + kn-x1)) + t
| { - . o1+ k) [0 (1 + oxt) + ]
0
W11z = 0.063-mm
hs
2
( FyxW11zx-hs
W12zx = I 3 3 dx1
bo(1+ kpx1)t7  t[hg:(1+ kyx1)] 9
4.E. + + t-bg-( 1+ Kp-x1)-{ 0.5 hg- ({1 + kn-x1)) + t
| { - . o1+ k) [0 (1 + oxt) + ]
0
Wi1ozx = 0.001-mm
TOp'am sehim W1yI: W1ny + W11yx + W12yx W1y =4.041-mm
Wiz = Weozx + Wiz + Wiz W1z = 2.745-mm
Kritik burkulma kuvveti
. W11zx
eger F.=Fy, ve Wy, = Wy Veya oF = =1 kabul edersek:
W10zx
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hs
2 hs
o (1) tfha(1+ ko "
bo-(1 + kp-x1)-t t-{ hg-(1 + kn-x1 2
J 4~E~{ - ; - + tbge (1 + kpext) L0.5.hg-((1+ knext)) + €] }
0
1
Fyrz = hs
(2 he
I 3 ( ) 3 dx1
bo:(1+ kpx1) 7 tfhg:(1+ kyx1)] 9
J 4~E~{ - + = + tbg-(1+ kpxt)-[0.5 ho-((1+ knxt)) + 1]]
0
Frr1z = 29848-kN
hs
2 hs
1= Fyry: | 3 3 3 dx1
bo” (1 + kpx1)"t  t7hg-(1+ kyx1) 5
J 4~E~{ - - + t-hg-(1 + kn-x1) [0.5 bg:(1 + kpx1) — t] - bg]
0
1
Fkr1y3: hs
(2 hs
dx1

£-hg:(1 + kpx1)

12
0

Fir1 = Firz

Sonug: Cubugun 1. kesiti igin burkulma tehlikesi yoktur.

1. Kesitte mukavemet hesabi

Moment:

22.09.2016/M.Gliven KUTAY/1

|
| {b03~(1 ko)t
J 4.E. +

12

[Fie1 = 29848 kN

Mpiy1 := Wyq-fem
Mpiz1 = Wz1-fem
My1 = H,-hg + Fyrwy,
M, = Hy~hS + FX~W1y

My1g = Fy-wy,

Mz1g = Fy-way

+ t~ho~(1 + kh'X1)'|:0-5'|:b0~(1 n kb'X1) _ t] _ bg]z}

Firty = 30392.3 kN

Mpiy1 = 1181.2-kN-m
Mpiz1 = 670-kN-m
My = 161.9-kN-m
M, = 242.8-kN-m

My¢g = 1.9-kN-m
M,4f = 2.8-kN-m
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My
AM < 1 AMy1 = AMy1 = 0.137
Mply1
Mz1
AMz1 = AMz1 = 0.362
Ilelz1
Bumy1 = 1.8 - 0.7-AMy1 Bumy1 = 1.7
Mply1
OLp| > 1 OLp|y1 = OLp|y1 =7.295
My
ay1x = Nay1-(2-Bwy1 — 4) + (g1 — 1) ay1y = 5.969
ay<0.8 ayr:= |ayx if ay, <08 ay =038
0.8 otherwise
Fyx
Kyix = 1 - ———— a4 ky1x = 0.848
T Xey1-Fprt T
ky<1.,5 kyt:= | kyix if kyix< 1.5 ky1=0.848
1.5 otherwise
Brz1 = 1.8 — 0.7-AMz1 Bzt = 1.5
Ilelz1
OLp| > 1 OLplZ’] = OLplZ’] =2.759
Mz1
Azx = >‘Bz1'(2'6Mz1 - 4) + (O‘plz1 - 1) Az1x = 1.26
a,<0.8 ayq:= |ayy if a,4<0.8 a,y =038
0.8 otherwise
Fyx
Ky = 1— ———a, k,1x = 0.848
XBz1"Fpi1
k;<1,5 k1= | kpx if Kkpx< 1.5 k,q = 0.848
1.5 otherwise
S x M1 e Sy = 0.614
1= + Ky + =Kz =Wk
Y XBy1'Fp1  Mpiy1 Y Mpiz1 ‘ !
Fx My1 Mz1
SZ1 = k 1+ 'kz1 SZ'I =0.614

+ .
y
XBz1'Fp1 Mpiy1 Mpiz1

Sonug: Sy, ve Sy, degerleri 1 den kiiciik oldugundan konstriiksiyon fonksiyonunu yapar.

SON
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