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Zorlama: Eksenel kuvvet ve iki eksenli egilme momenti.

Bilinen degerler:
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Malzeme := "S235" fy := 235-MPa
M = 1.1
fy
Emniyetli akma mukavemeti fgy,:= —
M
Fy:= 700-kN

Kabul: Egrinin sekli parabol Hy = 60-kN
1. Kisim
bs:=320-mm hq:=320-mm t:=10-mm

hry=hy+2t hry=340mm  zq:= 0.5:(hy +1)

bt thy )
Jy1:= 2~? + 2- 12 + 2-t-bq-z4
2-dyq
T by
Edyq = E-Jyq

bt  th
Jy1:=2 + 2. + 2-t-hy-
z1 12 1'¥1
2'Jz1
W4 =
z1 b1
EJZ1 = E'JZ1
b2 = k'b1 b2= 480-mm h2 = k~h1
hT2 = h2 + 2-t hT2 = 500-mm
Jyp=2—+ 2 + 2:t-by-z
¥2 12 12 2142
2-J
y2
Wy2 =
hrz
EJy2 = E'Jy2

zp:= 0.5(hy + t)

E := 210000-MPa

hS =4-m

fEM = 214-MPa
H,:= 40-kN
be:= 10-mm

z1=165-mm

Jy1 = 228.9-10° mm?

W, = 1346.5.10°.mm°

Edyr = 48.1-MN-m”

A, = 12800-mm?

y1=155-mm
J,q = 208.4-10%. mm*
W, = 1302.7-10°-mm°>

EJ,; = 43.8-MN-m>

hy, = 480-mm
Zp=245-mm
Jy2 = 760.6:10°. mm*
W, = 3042.6:10°.mm°

Edyp = 159.7-MN-m?
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Yo = O.5~(b2+t)—bg yo = 235-mm
3 3
Jyp=2 s + 2. + 2-t-hy-y, J,o=7146-10"-mm
2-J,5 3 3
W, = W,, = 2977.3-10"-mm
b,
2
EJ,, = E-J,p EJ,, = 150.1-MN-m
JZZ
Kiz=— ky, = 3.428
Jz1
2
Ag:= 2:t-(by+ hy) A, = 19200-mm
Cozum: 1. dereceli hesaplama kuralina gore Resim 3
MOZ = Hy'hS
0,1 Mg, = 240-kN-m
- =5 T M']Z:: hS
hs
(2
h h Woyq = Moz M4z dx
Jz1
‘0
hs
+ + 2 1
— 7 S Woy2 = Moz M- dx
Mo, 77 Mi, KBz
‘0
! H,-hs-h s ! H,-hs-h s
Wn, = W, + W, =—. ‘Ne- —_— - . ‘Ne-
Oy Oy1 Oy2 3 VARSI 2.EJ,, 3 y' s tis 2.k-EJ,
3
1t he g —S— [44 ] s ()] 24.370-mm
W - — . . . . + —_— W = . + —_ W = . .
O™ 3 YISTS o Ry, k %" 6.El,, k o
Resim 4
Moy = HZ'hS
Q! Mg, = 1
I —_ I oy = 60-kKN-m
M1yZ: hS
hs
B 1
h h Woz1 = MO'M1 —— dx
z y Viy Edyq
‘0
hs
+ + B 1
— 77 — Wogp = Moy-My, - dx
Moy 77 My, 022 oy Myy Ed,
‘0
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22.09.2016
1Hhhhs1 1Hhhhs1
Was = W, + W, = —. ‘he-hg-— - — + —. -he-Na-—-
0z 0z1 0z2 3 z s tls 2 EJy1 3 z s tls 2 k~EJy1
3
! K, he-h s 14 Mahs 14 14.793
Wp, = —-H,-hg-hg- 41+ = Wo, = 41+ = Wo, = 14.793-mm
0z 3 z'11s1ls 2~EJy1 K 0z 6~EJy1 K 0z
Vianelloya gore Resim 5
Mo1z == Fx-Woy
Q,=1 Mgz = 17.1-kN-m
—_ —
Mqz = hg
hs
(2
3 Wyqy = Mo1z-My- dx
7 h Y e z1
& Jn
¥ he
.\ , =
Wigy = Mo1z-My- dx
- — z1
Mo1, My, Y0
F h s > F h s
W4, = W + W = —F,Wn, —_— t —Fo Who S
1y 1y 12y 12 x"Woy'tls 2.E-Jyq 12 x"Woz''ls 2-k-E-Jyq
2
5'Fx'WOy'hS 1
Wiy = ————— | 1+ — Wqy = 2.165-mm
24 -EJ,4 k
Resim 6
Moty = Fx-Wo
Qz:l
—_— - M01y: 10.4-kN-m
My = hs
hs
~ 2
S h 1
T w = M ‘M4, — dx
f 11z 01y " Vl1y EJy1
Y0
h
+ + —
] 2 ]
Moty Miy Wiz = M01y'M1y'FJy1 dx
Y0
hs hs
Wi, = W + W = — . — + — . Fy-Wno-he - —m—m8m8™
1z 11z 12z x Woz''ls 2~E~Jy1 12 x Woz'!ls 2~k~E~Jy1
2
5-Fyx-Woz-hs 1
Wiy = ——— | 1+ — Wiy, = 1.197-mm
24-EJy4 k
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Resim 7
Q=1 Moz = Fx'W1y
T T MOZZ =1.5.kN-m
M1, = hg
hs
3 h 2 1
5] Woqy = Mgo,-M,,-—— dx
& 21y 02z "Vl1z EJZ1
Y0
+ + hs
7 T — 2
Moy, 7// M]L Wqgy = M02 .|\/|1 # dx
y Z % KEdy
Y0
hs hs
Wo,, = W. + W = —_ .F. - Wh -he- F.-Wno.,-he -
2y 21y 22y x"Wo2y''ls 2~E~Jy1 12 x"Wo2y s 2~k~E~Jy1
2
5'Fx'W1y'hS 1
Wy = " 14+ = Woy = 0.175-mm
24-EJyq k
Resim 8
IV|02y = Fx'W1z
Q.=1 M02y = 0.8.kN-m
=_— R
M4y = hg
hs
=
S| h Warp= | Mopy-Myy—— dx
§ 21z J 02y Vl1y EJy1
= 0
hs
+ + B
7 — Wiy = | Mgpy-My-——— dx
M02y % Mly 12z J 02y 1y k'EJy1
0
F h ks > F h ks
Wo, = W. + W. = —F, W4, . + — . F, Wi —_—
2z 21z 22z 12 x W1z lls 2~E~Jy1 12 x W1z lls 2~k~E~Jy1
2
Shcwizhs (1 0.097-mm
Wy, = ——— [ 1+ — wo, = 0. .
Z7 24.El, K %
2
. 5'Fx'W22'hS 1
Bdylece devam edersek Way = ————— | 1+ — w3y = 0.008-mm
24-EJyq k
2
5'Fx'W2y'hS 1
W3, = —————— | 1+ — W3, = 0.016-mm
24 -EJ,4 k
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Toplam sehim

Toplam Moment

Kritik burkulma kuvveti

Wrgty := Woy + Wiy + Woy + W3y
WrTotz := Woz + W1z + Wz + W3z
IVIToty = Hyz-hg + Fy-Wrqt,

Motz = Hy'hS + Fx'WToty

2

5-Fyx-Woz-hs 1

W1y= _— . 1 + —
24 -EJyy k

eger F.=F . ve wy, = wy,

3
_ 9Fiyhs (k + 1)

24 -EJyq k
2
5-Fyx-Woz-hs 1
Wy, = ———— | 1+ —
24 -.EJ,4 k
3
_9Fizhs™ (k41
24 .EJ,q k
Fyr = Fkry

Sonug: Cubukta burkulma tehlikesi yoktur.

2. Kisimda mukavemet hesabi:

Eylemsizlik radyusu

Euler burkulma boyu

Akma narinligi

Narinlik

Bagintili narinlik

Merkez noktasi mesafesi

Akma kuvveti

22.09.2016/M.Gliven KUTAY/1

. Jy2
lyo = e
y2 A,
EJy2'7T2
LBZ =
y Fkry
N E
E=TC | —
fy
LBZy
y2 = T
|y2
A
y2
ABy2 (= —
By2 A
ey 2
ely2 - A2
Foi2 := Ax-fem

W»]y
veya Q= — = 1
WOy
24 EJy1 K
kry = — ——
5 h32 k+1
Wiz
Q= — = 1
Woz
24 By «k
krz = —— :
5 h32 k+1
F. = 8653k

22.09.2016

Wroty = 26.718-mm

Wrotz = 16.102-mm
Moty = 171.27-kN-m

Motz = 258.7-kN-m

kabul edersek:

Fyry = 8652.7-kN

kabul edersek:

Furz = 7878.5-kN

iy2 =199-mm

Lagy = 13.498m

Ag = 93.9
N\y2 = 67.8
gy2 = 0.722

Kely2 = 158.5-mm

Fpiz = 4101.8-kN
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Burkulma parametresi

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

Moment kontrolii:

2. Kisimda toplam Moment

AM <1

22.09.2016/M.Gliven KUTAY/1

ag = 0.34 Kaynakli kutular her eksende.

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

1

XBy2 =
2 2
©By2 + 4 PBY2 — NBy2
Fyx
Sky2:=
y XBy2' Fpi2
. JZZ
= | —
z2 A2
EJ22'7T2
Loz =
“ Fkrz
Lg2,
72 ‘= T
Iz2
\ . >\22
Bz2 - >\E
K ) W22
elz2 -— A2

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

1

XBz2 =
2 2
PBz2 + PBz2 — MB22
Fx
Sppp=—m
XBz2 Fpi2
IV|2y = IVIToty
My, == Mt

Mpiy2 := Wyo-fem
Mpiz2 = Wyo-fem
IV|2yF = Fx'WToty

MZZF = Fx'WTotz

Moyr
AM2y = ——
2y
Mo, ¢

AM2z =
MZZ

22.09.2016

('PByZ =0.85
Xay2 = 0.771
Sky2 = 0.221
i,o=192.9-mm

Lgo, = 13.711m

App = 71.1

Agso = 0.757

Keizo = 155.1-mm

Ppz2 = 0.88
Xgz2 = 0.751
Spp = 0.227

sz: 171.27-kN-m
M,, = 258.7-kN-m
Mp|y2 = 650-kN-m

Mpizo = 636.1-kN-m
Maye = 18.7-kN-m

Moye = 11.3-kN-m

AM2y = 0.109

AM2z = 0.044
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OLp|>1

OLp|>1

Bmy2 = 1.8 - 0.7-AM2y
Mply2
Q ly2 =
ply. My

ay2 = >‘By2'(2'6My2 - 4) + (O‘ply2 - 1)

Fx
ky2 =1- m-ayz
Buzz = 1.8 — 0.7-AM2z
B Mpiz2
Qplz2 = My,

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

XBy2'Fp2  Mpy2

Fx IV|2y

82 = +
‘ XBz2'Fp2  Mpy2

kyp + —— kg
plz2

MZZ

. ky2 + . kzZ

IVIpIzZ

Bwyz = 1.7
ply2 = 3.795
ay2 = 2.396
ky2 = 0.470

BMZZ =1.8

OLp|22 = 2.459

ap=1.11

Kyp = 0.748

Say = 0.649

Say = 0.649

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

1. Kisimda mukavemet hesabi:

Eylemsizlik radyusu

Euler burkulma boyu

Narinlik

Bagintili narinlik

Merkez noktasi mesafesi

Akma kuvveti

Burkulma yardimci faktori

22.09.2016/M.Gliven KUTAY/1

Jz1
151 : e
z1 A
EJZ1"IT2
Lg1 =
‘ Fkrz
I-Bz1
z1 =
Iz1
N ) >\z1
Bz1 -= >\E
K ) Wz1
elz1 -= A1
Foir := Ar-fem

2
$Bz1 = 05|:1 + O‘B'(>‘Bz1 - 02) + >‘BZ1 :|

i, =127.6-mm

Lg,q = 7.405m

Ay = 58

Agz1 = 0.618

Keiz1 = 101.8-:mm

Foi = 2734.5-kN

Pgz1 = 0.76

22.09.2016
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1

Azaltma faktord XBz1 = XBz1 = 0.828
/ 2 2
PBz1 4/ PBz1 — ABz1
Fx
Kuvvetin mukavemet emniyeti Spp=——— Sgz1 = 0.309
XBz1Fpi1
- . Jy1 .
Eylemsizlik radyusu iyq = A_ iy = 133.7-mm
1
EJy1 '7T2
Euler burkulma boyu Lgy1:= | — Lgy1 = 7.405m
Frry
o LBy1
Narinlik A1 = —— Ay =554
Iy1
o - Ayt
Bagintili narinlik Ayt = )\— Agy1 = 0.590
E
. Wy
Merkez noktasi mesafesi Kely1 = v Kelyt = 105.2-mm
1
Burkulma yardimci faktorii Pyt = 0.5-[1 +og-(hgy1 - 0.2) + >\By12] (ppy1 = 0.74
1
Azaltma faktord XBy1 = Xyt = 0.842
/ 2 2
PBy1 +4f PBy1 — >\By1
Fx
Kuvvetin mukavemet emniyeti Spy1i= ——— Sgy1=0.304
XBy1-Fpi1
1. Kistmda moment kontrolii: x1:=2.m
Resim 9 Resim 10 Mo, := 0.5H-hg Mgz = 120-kN-m M, = 0.5-hg
I:X
Q=1
Hhy V- e S
E.J,
z h2 h/2
1. Kisim + - _+
7777 M, 77 My,
hs
E 1
- h 1 H 'hS hS hS
Wiy = | IVIIOZ'M1Z' dx w =1~M ‘M. S Win, = — - y .
E-J, 10y 3 10z"Vhz 2.El,, 10y 3 5 2 2.EJ,
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Wigy = 3.656-mm

Ornek_|_42.xmcd
Hy-hg
Wigy i= ———
' 24 Bl
Resim 11 Resim 12 Mgy := 0.5H,-hg Mgy = 80-kN-m My = 0.5-hg
FX
=1
HZ ‘ - .QZ:> -
= _
EJyi h2 h/2
h/2
+ +
1. Kisim| . > — L |
MIOy 7 ” Mly
hs
“MM iy VL 1 Hzhs hs  hs
W - . o — X W - — . . W - — o —_—
10z 10y Vlly J ] 10z 3 10y Vlly 2.EJ ] 10z 3 2 2 2.EJ ]
y y y
0
H, -hg®
Wjoz = Wigz = 2.219-mm
10z 24~EJy1 10z
h
Resim 13 MI’]Z:: FX~W|0y MIZ = E
hs
. (2
Wity J M|1z'M|z'E— dx
z1
0
hs
S Wiq, = — - My4o-M,, - —m
§ h/2 11y 12 11z Vliz 2~EJZ1
&
5 . hs hs
W - — .W —_——
+ + T Yy o Ry
M, ZzZZ M, 5'FX'WIOy'hS2
W|1y = W|1y =0.097-mm
48-EJ,4
,_ 5FWipy h”
Bdylece devam edersek Wiy = wigy = 0.003-mm
48-EJ,4
2
5'FX'WI2y'hS 0.000
W3y = w3y = 0.000-mm
T 48El, o
wyy = 3.756-mm

Toplam sehim

22.09.2016/M.Gliven KUTAY/1

W|y = W|0y + W|1y + W|2y + W|3y
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Wiy
Veya OLF|y = OLF|y = 0.027
Wiy
1
MFy = T ey = 1.027
- BFly
Wlmaxy = W|0y'}.l4|:|y Wlmaxy = 3.756-mm
Resim 14 Mity = FxWiog My=73
hs
Q-1 E 1
'Z:> T Wiz = | IVll1y'MIy' EJ dx
J 4
0
hs
Wiz = _'Ml1y'MIy'—
~ 12 2-EJ
5 h/2 y1
g h h
& 5 S s
W = —_ .F.wn, —-
Mz 12 x" W0z 2 2~EJy1
* M 5-F, Wigz-hs”
| . FxWjoz s
MIly 7_/;% Mly W1z = 48—EJy1 Wiz = 0.054-mm
2
. 5'Fx'WI1z'hS
Boylece devam edersek Wi, = ——————— Wiy, = 0.001-mm
48-EJys
2
STxWizes 0.000-mm
Wy, = W3z = U. :
13z 48~EJy1 13z
Toplam sehim Wi, = Wig, + Wjq, + Wo, + W3, Wy, = 2.274-mm
Toplam Moment My, = 0.5-H,-hg + Fewy, My, = 82.63-kN-m
Mz = 0.5-Hy-hg + Few, M, = 121.59-kN-m
5.F Wio-hs° W
. . ‘Fx'Wip-Ng
Kritik burkulma kuvveti w,= ———~ > apy = — =
12-EJ Woy
3 12 Edyq
12 2 Fayhs Firly == ?.—yz Fity = 7210.6-kN
12-EJ, hs
3 12 Edy
_ 5Fkzhs Fivtz =~ 22 Fioi, = 6565.4-kN
12-EJ, hs

Fkrl = Fkrly Fkl’| = 721 1 k FX =] 700k

Sonug: 1. kesitte burkulma tehlikesi yoktur.
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1. Kisimda mukavemet hesabi:

Eylemsizlik radyusu

Euler burkulma boyu

Narinlik

Bagintili narinlik

Akma kuvveti

Burkulma yardimci faktori

Azaltma faktori

Kuvvetin mukavemet emniyeti

Moment:

22.09.2016/M.Gliven KUTAY/1

N >\zl
Bzl -— >\E
Foil == Aq-fem
2
PKzl = O5|:1 + OLB'(>\BZ| — 02) + >\BZ| :|
1
XBzl =
2 2
PKzl T4/ PRzl — MBI
Fx
Sk
‘ XBz1"Fpil
N
yl A

2
‘-PKyI = O5|:1 + OLB'(>\By| - 02) + >‘Byl :|

1

XByl ‘= > >
Pyl T4/ Pyl — Nyl
Fx
Moy = Wy1-fem

Mpizi = Wz1-fem
|V|1|y = HZ'hS + FX'WIZ

M1|Z = Hy~hS + FX~W|y

22.09.2016

i =127.6-mm
LBZl =7.405m
Ny = 58

Xg, = 0.618
Fp” = 2734.5-kN
PKz1 = 0.76
Xgz = 0.828
Sk, = 0.309

iy = 133.7-mm
LByI =7.405m
>\y| =554

gyl = 0.590
('PKyI =0.74
XByl = 0.842
Sk = 0.304

Moy = 287.7-kN-m
Mozt = 278.3-kN-m
M1y, = 161.6-kN-m
My, = 242.6-kN-m
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MOFy = FX'W|Z MOFy =1.6-kN-m
MOFZ = FX'W|y MOFZ =2.6-kN-m
AM < 1 AMyl = May AMyl = 0.562
< plyl
IV|1Iz
AMz| = AMz| = 0.872
Moz
Buyt = 1.8 — 0.7-AMyl By = 1.4
Moyl
OLp| > 1 OLp|y| = OLp|y| =1.780
IV|1Iy
3y = Nayr-(2-Buy — 4) + (cpy — 1)
Fx
k|I:1——'a| k|20975
Y Xyl Fpll Y Y
Byt = 1.8 — 0.7-AMz By = 1.2
Moz 1.147
Q = o = 1.
OLpI > 1 plzl M1Iz plzl
3z = Nzl (2 Bz — 4) + (O‘plzl 1)
Fx
kZl = 1 - —'az| kZl = 1264
XBzl"Fpil
Fx IV|1Iy IV|1Iz
Sy AL S, = 1.954
T oo Vo
Fx IV|1Iy IV|1Iz
S| = +_'k|+_'k| S| = 1.959
‘ XBz1'Fpi Mpiyi Y Moz ‘

Sonug: Sy, ve Sy, degerleri 1 den biiyiik oldugundan konstriiksiyon fonksiyonunu yapamaz.

1. Kisim geometrik degerleri yiikseltip hesabi tekrar yapmak gerekir.

SON
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