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' | Iki diizlemdeki cercevelerin kesiti devamli degisen ortak cubugu

Sistem ve bilinen degerler:
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a:= 10-deg
Kesit A:

Emniyetli akma
mukavem eti

Elastiklik modulu

Kirig Lk :

Uc¢ baglanti Ly:=

Kabul: Egrinin sekli parabol

bp = 420-mm hp = 380-mm t:=10-mm

hTAZZ hA+2t
zp = 0.5(hp +1)
bA~t3 t-hA3 5
Jyp =2 +2 +2:t-bp-zp
12
_ 2:Jyp
A=
YA hra
Lg:= Lpy-cos(a)
ya = 0.5(bp +t) — b,
bA3~t t3~hA 5
Jop =2 ” +2 +2:t-hp-yp
2:Ja
W P
ZA .
ba
2
1 Ly
5, = 43507—2 Kyy = ——
m yu

Malzeme := "S235"

fy 1= 235.MPa
"\{M = 11

Iy
M

fEM =
E := 210000-MPa
4

6
Jyk = T447-10"-mm

Jyy = 70310 mm*

zp = 195-mm

6
Jyp = 411-10"-mm*

W, - 2065.10°-mm’

Ap = 16000~mm2
LC =8.123m

ya = 205-mm
6
Jop = 442910 -mm”

W, = 2109.2-10°-mm"
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k. > ky, oldugundan burkulma hesabi Fg = FA~COS(OL)_1 Fg = 406.2-kN
xz kesitinde yapuacakar.
Kesit E: bg := 600-mm  hg = 580-mm
, bg kgp— 1 1
Faktorler: Kgp = — kgp = 142857 ki = ky, = 0.0528m
ba Lc
h Kap, — 1
E h -
ha “C ke = 1+ ko
bx b
th =1+ th

Ag := 2:t:(bg + hg) Ag = 23600-mm’

A, = 2-t~[b~(1 + kb-x) + h~(1 + hb-x)]

Vianelloya gore ¢6ziim:

W
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FE'Womax

FEWomax = Hrlc
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AE ¢ubugunda F; etkili 1. sehim
Mg, Mc ae
. Mgy M
+ + = f DX

X
[ Mo 1o
0 ¢

Mo1 = FE'Womax

x e bagh momentler:

Mg, dagilimi parabol olursa parabollin genel form Gl:

M01x = a~x2 +bx+c

HHD VYD
Moasx(x=0) =0
A | _ -
:\ Moasx(®*=Lc) = Fg- Womax c=0
\
I\
I Moasx(x=2.L¢) = 0
I\
: \ Eger x=2.L, yerlestirirsek:
| \
I _ 2
o 0=(2Lg)7a+2Lcb
|
o 0=2Lca+b b=-2alg
| \
: \\ X = LS
' ‘ M1y = 8-X2 + b-x+ 2
: || ’j.)‘ 01x FE'WOmaX = aLC + bLC +0
Moy ‘ o 2 2
FE'WOmaX = aLC - ZaLC
+ _ 2 _ FE'Womax
FE'Womax = —@'L¢ as—
‘¢
b= 2ol b= 2-FE-Womax
X O B T L
A - c
X evbagll parabol o_Iarak FE'Womax 2 2. FE Womax
dagihmli moment: Mo1y = — X - -X
L2 Le
¢
y _Z FE'Womax = Sabit oldugundan integralin digina alalim.
Degerleri yerlegtirirsek
/-LQ
FE'Womax 2 2-FE-Womax
"02 Lo
W11 = dx
(14> tna2 (14 k)
ba- + X . . .
A b A b 2
2.E 2 + 2 +t~bA~(1 +kb-x)~[0.5~[hA-(1 +kh-x)+t]:|
“0
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o
x3 . 2~x2
L2 Lo
— G
R bA~(1 +kb~x)~t3 t-hA3-(1 +kb-x)3 9 v
2-E- 12 + 12 +t~bA~(1 + kb~x)~[0.5~[h/_\~(1 + kh~x) +tI|

6
1
Wy = o.28<:‘>.0T

AE ¢cubugunda H etkili 2. sehim

" " L x e bagli momentler:
- - W, = f MoaxMex Ma = —La = x

+ + 12x E"Jny C LC C

Mo2 = Hrlg = FE'Womax

0

X
Moox = Hpx = L_’FE’WOmax
G

L
¢ X
—FEWomax*

w = | LC dx
HHD VYD 12x J E. Jny
0
FE'Womax = sabit oldugundan integralin digina alalim.
g ,
Wiox = 3 3 BLQ dx
ba-(1+ky x|t tha -[1+kpx
2-E- A( 12b ) + A (12 b ) +t~bA~(1 +kb~x)~[0.5~[h/_\~(1 +kh~x) +t]:|2
“0
fLQ 6~x2
Wyoy = | dx
J E.[bA.(1 + kb~x)~t3 + t~hA3-(1 + kb~x)3 + 6~t~bA~(1 + kb.x).[hA.(1 + kh-x) + tﬂ.l_C

0

6
1
Wiy = 0.059.0T

EG Kirisinde F, etkili 3. sehim

+ Mo1 = FE'Womax

HHD VYD Mc =Lk
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K
Wqn = |r MOTMC dx E-Jy,, = sabit
137 =, YKy~
0 2
_1 FE'Womax Lk
integral tablosundan Uggen + Uggen W13 = 3 E-dy
L2 -6
. = it oldugundan integralin digina alalim. 1 =K 10
FE WOmaX sabit g g § W13 = — W13 = 0069—
3 By N
EG Kirisinde Hy, etkili 4. sehim
F
Mo2 = FE'Womax
+
My, Mc + MC = LK
HHD VYD
Lk
Wqy = |r MOZ.MC dx E-J, Kk = sabit
14~ =, YyK T
0
2
) . . 1 Fe'w Lk
Integral tablosundan Ucgen + Ucgen Wy = —~&
3 E-Jdyk
y
2 -6
L . . 1 Lk 10
FE'Womax = sabit oldugundan integralin digina alalim. Wygi=—" Wq4=0.069 ——
3 Bk N
Wo1 = FEWomax (W11x+ Wagx+ W13+ W1g)  FE=Fi  Woq=Womax  kabul edersek

Fa = 400-kN

Fr=

Sonug¢: Cubukta burkulma tehlikesi yoktur.

E Kesitinde mukavemet hesabi:

Weqx T Weaox T W13+ Wqg

Fir = 2068 kN

xy diizlemi
e . X Womax
Egilme momenti M, FE\ AZFG
N JE EJy G A
M
EJ
X:=8m S C(X)
7A Y4
7. LK
FFE
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t-hA3-(1 +kb-x)3

Jr=2
yE 12 12
2-J
yE
hte = he + 2:t W o= —2—
TE E E
Y hre
; . ‘JyE
Eylemsizlik radyusu = [——
y AE

Euler burkulma boyu

Ornek_Il_13.xmcd

+ t~bA~(1 + kb~x)~[0.5~[h/_\~(1 + kh~x) + tﬂz

3y = 1292:10%mm*

W, - 4307-10%mm’

iyE = 234-mm

Akma narinligi Ngi=m £ g =93.913
fy
Narinlik _ IByE _ 153.799
NEET NE =199

yE

Bagintili narinlik A = E A =1.638
ByE e ByE = '

Wye

Merkez noktasi mesafesi KelvE == ——— keive = 182.48-mm
y Ag y

Burkulma parametresi ag:=0.34 Kaynakli kutular her eksende.
Max burkulma sehimi Wymaxg = kelyE-og(AByE ~ 0-2) WymaxE = 89.198-mm
Burkulma yardimcr faktéril PByE = 0.5.[1 +ag(rgyg-02)+ xByEZJ PgyE = 2.09

1

Azaltma faktori XByE = - g XByE = 0.296

PByE * J PByE ~ MByE

Fe
Kuvvetin mukavemet emniyeti S =— S =0.272
FyE F FyE

XByE TplE
Plastikligin
en kigik momenti MpIyE = WyE‘fEM MpIyE = 920-kN-m

M.Gilven KUTAY

Meye = FE'WymaxE
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1<, <1 L Yoge
1< y < yE =
Meye
BMyE =1.8- 0.7~1pyE
M
plyE
o > 1 a =
pl plyE
Meye
ay < 0.8 AyxE = xByE'(ZBMyE - 4) - (O‘plyE - 1)
ayE = ayXE if ayXE < 08
0.8 otherwise
k,<1,5 k 1 E
y<T1 yxE = 1~ ‘ayE
XByE FplE
kyE = kyXE If kyXE < 15
1.5 otherwise
MeyE
SMyE = 1 KyE
plyE

Egilme momenti M,

AF = FA— FF
a:= Lysin(a)
LAB = LU +2-a

3 3 3
g =2 ia ‘(11+2kb~><) t +t 'hA~(112+ k)

4 2:JE

6
J,g =1283-10 -mm JE =

=

be

Eylemsizlik radyusu

Euler burkulma boyu

M.Gilven KUTAY

Mg, = Fp-a - 0.5 AF-a.

+ t~hA~(1 + kh~x)~[0.5~[b/_\~(1 + kb~x) - t} - bg}

Ornek_ll_13.xmcd

fyE = 0.000

a e = 23.739

ayE =0.8

kyxg = 0.782

kyE = 0.782

SpyE = 0.031
AF = 40-kN
a=1.389m
L

LaB

Mg, = 544.045.kN-m

2

3
W, = 427810 -mm

i = 233.2-mm

3
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Narinlik

Bagintili narinlik

Merkez noktasi mesafesi
Max burkulma sehimi
Burkulma yardimci faktori

Azaltma faktori

Kuvvetin mukavemet emniyeti

Plastikligin
en kigik momenti

1<y, <1

OLp|>1

~ Lee
NE = :
zE
N =
BzE =
E
K WzE
elzE -~
Ag

WzmaxE = keIzE’O‘B’(>‘BzE - 0'2)

2
kPBZE = O5|:1 + OLB(>\BZE - 02) + )\BZE :|

1

XBzE = 5 >
PBzE * J PBZE ~ MBzE

Fe

S = —
FzE
XBzE FpiE

Mpize = W2eTEM

BMZE = 1 8 - O7'l|)ZE

MpIzE
OplzE = 1,
P MEz

azEx = >‘BzE’(2’BMzE - 4) + (O‘pIzE - 1)

aZE = aZEX |f aZEX < 08
0.8 otherwise
k 1 A a
ZEx = ' T - _9zE
XBzE FpiE
kZE = kZEX |f kZEX < 15
1.5 otherwise
) MEz
SMzE = 1 KeE
plzE
S Fe Meye ) Mg, )
Ey = * YEF "KzE
V" XeyeFpE  MpyE MpizE
Fe Meye Mg,
SEZ = + -k + kZE

XBzE Fpie  Mpiye MpizE

Ornek_ll_13.xmcd

g = 153.799

KelzE = 181.284-mm
WormaxE = 88.613-mm

kPBZE = 209

Sg,E = 0.272

MOZE = OkNm
g = 0.000
BMZE = 18

a gy = 0.025

ag = 0.025

k,gy = 0.993

kyg = 0.993

SpizE = 0-591

Sy = 0.894

Sy = 0.894

Sonug: Sg, ve Sg_ degerleri I den kiiciik oldugundan E kesitinin hesaplarina

gore konstriiksiyon fonksiyonunu yapar.

M.Gilven KUTAY
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O Kesitinde mukavemet hesabi: x1=05Lg x1:= 4-m
xy diizlemi
X Womax
FE FG
— | E
EJg G 77
WOmax
7 My()
< \\___Y . O Kesiti
%
El- ()
N ,
T
FFE
20 = 0.5 hp((1+knx)) +1] 2o = 293.48-mm
3 3
b -(1+k ~x)-t t.[h -(1+k x)}
A b A h 2 6 4
o = 2 > + o + b1+ kpx)-zg Jyo = 1349-10"-mm
2.J
0 3
Wy = Y Wy = 5413.10"-mm°
ha(1+kyx1) + 2t
. 2
Ag = 2:t[ba(1+ kpxt) + ha( 1+ Ky x1] Ag = 19742-mm
Yo = O.5~[bA~(1 + kb-x1) ~t]-bg yo = 239.316:mm

t3-hA-(1 +kyex1)
12 12

4

6
+2thp (14 kyxt)yg 3,0 = 767-10"-mm

2.J,0

3
2 W, = 3018.10°-mm°
bp:(1+kyx1)

W0 =

O Kesitinde moment kontrolii:

O Kesiti

O Kesiti
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O Kesitinde AE ¢cubugunda F etkili 1. sehim

Ornek_ll_13.xmcd

L
c y .
M, Mc 5 Mg 1M x1 e bagl momentler:
= —X Ox dx 2-x1 LC
+ + WO1 J E‘Jyo MCX =— —=X1
0 Lc 2
5 Mo1x = FE'WOmax
pat
Mg¢ dagilimi parabol olursa parabolin genel
form Glinde degerleri yerlestirirsek:
HHD VYD
At
2 FEWOmax 2 2FE'Womax
X1 — -x1|-x1
"02 Lo
Wo1x = 3 3 3 dx1
b (1+koxt)-t7  tha™(1+kyx1) 9
2E > + o b (14 kyxt) 0.5 a1+ kpyxt) +1]]
“0
a
2
x13 2~x12
+
"02 Lo
Wo1x = 3 3 3 dX1
b (1+kpxt)-t7  tha™(1+kyx1) 9
2E > + o + b (14 kyxt){ 0.5 a1+ kyxt) +t]]
“0
10°°

O Kesitinde AE ¢cubugunda H . etkili 2. sehim

e
My, Mc ’r 2 Mooy Mcx
Wox=| ———=dx Mg
+ + | T
0
o
—
v
pi)
c
[ 2 x1
| |__’FE’WOmax’X1
HHD VYD Wy = — o1
Jyx
0

M.Gilven KUTAY

w =0.047 ——
O1x N

x1 e bagh momentler:
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<
2
x12
I:E’WOmax’L_
W02X = dx
3
ba(1 +kb~x1)~t3 t-hAB-(‘l +kyext) 5
2E > > + b1+ kpext) 0.5 a1+ kpyxt) +1]]
0
FE'WOmax = sabit oldugundan integralin disina alalim.
g
? x”
. e 4
"o 3 3 3 g
b (1+kpxt)-t7  thp™(1+kyx1) 5
2E > + > + b1+ kyxt)[ 0.5 a1+ kyxt) +t]]
_JO
-6
10
WO 1x = FEWomax (WO 1x * Wo2x) FE=Fkr  Wo1x=Womax Kabul edersek
1
Fopg=———— Frro = 10403-kN Fa = 400-kN
krO krO A
Wo1x T Wo2x
O Kesitinde burkulma tehlikesi yoktur.
O Kesitinde mukavemet hesabi
40
Eylemsizlik radyusu ivo = |[— ivo = 261.4-mm
yoO AO yoO

Euler burkulma boyu

Akma narinligi

L
Narinlik 2O = B0
Iyo
A
Bagintili narinlik AByO = 0
e
. yO
Merkez noktasi mesafesi kelvO == ——
y AO
Akma kuvveti Fplo = AOfEM

M.Gilven KUTAY

g = 93.913
Ao = 140.668
Ngyo = 1498

ketyo = 274.168:mm

Fpio = 4217.7:kN
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Burkulma param etresi

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

Burkulma yardimci faktori

Azaltma faktor

Kuvvetin mukavemet emniyeti

Plastikligin
en kigik momenti

M.Gilven KUTAY

ag=0.34 Kaynakli kutular her eksende.
Wymax0 = kerO’O‘B’(>‘ByO - 0'2)

2

1

XByO =
2 2
PByO *\ PBy0 ~ByO

Fe

SFyo =

XByo Fpio

=)
0= :

zO

N 20
BzO =

e

K WzO
elzO =

Ao

Wzmax0 = keIzO’O‘B’(>‘BzO - 0'2)

2
kPBZO = O5|:1 + OLB(>\BZO - 02) + )\BZO :|

1

XBzO = 5 >
$BzO* \/ $BzO ~MBzO

Fe

Sk, = ————
FzO
XBz0 Fpio

Mpiyo = Wyo fem

Myo = FE'Wymaxo

.
0=
y MyO

Ornek_Il_13.xmcd

WymaxO =120.982-mm

Sky0 = 0-281

izO =197.2-mm

N\, = 140.668

Kez0 = 152.857-mm

WomaxO = 67.451-mm

kPBZO =1 84

Sg,0 = 0.281

Myo = 49.139-kN-m

My = 0-kN-m
byo = 0.000
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M
plyO
o > 1 Aplyo =T
pl plyO -
MyO
ay < 0.8 ayx0 = xByO‘(Z‘BMyO - 4) * (O‘plyO - 1)
ayo = ayxo if ayxo <0.8
0.8 otherwise
k,<1,5 k 1 E
y<T1 yxO = ' T 8yo
XByo Fpio
kyo = kyxo if kyXO <1.5
1.5 otherwise
s "o,
MyO = Yy
Mplyo
Egilme momenti M,

Plastikligin . Moiz0 = W20 fEM
en kucuk momenti

M,oB = FA'Wzmax0

M,o = Mzoa + Mz0B

M,01

~1 <, <1 P, = Moo
Z

Bumzo = 1.8 - 0.7-1,0

] MpIzO
Q| > o =T
pl plzO -

Mzo

M.Gilven KUTAY

MZOA = 05FAa - 0.25-AF-a-

Ornek_Il_13.xmcd

ay,0 = 21.933

kny =0.775

kyO =0.775

Spyo = 0.033

AF = 40-kN

a=1.389m

L

LaB

M,op = 272.023-kN-m

MZO1 = 0-kN-m

M,o = 299-kN-m
1,0 = 0.000
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a0 = >‘BZO.(2. BMZO - 4) + (O‘pIZO - 1) az0x = 0.557
a,0= |az0x if 8,0x=08 a,0 = 0.557
0.8 otherwise

Fa
kZOX = 1 _—.F ‘azo kZOX = 0846
XBzO FplO
kZO = kZOX |f kZOX < 15 kZO = 0846
1.5 otherwise
M
z0
SMZO = M kZO SMZO = 0392
plzO
F M M
E
Sy = LS Sun = 0.706
yO F M yO M zO yO
XByO'FplO plyO plzO
F M M
E o}
S,0 = 0 o —2 k0 S,0 - 0.706
-F M y M Z Z
XBzO FplO plyO plzO

Sonug: S,gve S, degerleri I den kiiciik oldugundan x1 kesitinin hesaplarina

gore konstriiksiyon fonksiyonunu yapar.

O kesitinin emniyetli mukavet degerine gore kontrolii:

Fe . Myo . Mzo
TheO = 3
Ao Wyo Wyo

C'heo = 129-MP4q

EM

E kesitinin emniyetli mukavet degerine gore kontrolii:

Fe Mgyg Mg,
+

CheE =, _*
A Wye Wy

C'heE = 153-MP4|

Sonucg: Sistemin emniyetli mukavet degerine gore kontroliindede goriildiigii
gibi konstriiksiyon fonksiyonunu yapar.

SON
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