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’ | Iki diizlemdeki cercevelerin kesiti devamli degisen ortak cubugu

Sistem ve bilinen degerler:

; = - - =
b,
z
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Fus (Fg)
2
k- : K
Xz = T,
‘JyK
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1
ke = 43507— K
m

Emniyetli akma
mukavem eti

Elastiklik modulu

Malzeme := "S235"

Kiris Lk :=18-m
Uc¢ baglanti Ly=2m
Kabul: Egrinin sekli parabol
Kesit A: Fy:= 60-kN  F,:= 40-kN
bp:=420-mm hp:=380-mm t:=10-mm
hTAZZ hA+2t
zp = 0.5(hp +1)
bA~t3 t~hA3 9
Jyp =2 + 2 +2:tbp-z
YAT T 12 12 AA
" 2“JyA
A= T
YA hra
Lg:= Lpy-cos(a)
ya = 0.5(bp +t) — b,
bA3~t t3~hA 9
Jop =2 +2 +2:t-ha-yp
12
" 2-J,p
ZAS T
bA

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

Iy
M

fEM =

E := 210000-MPa

6
Jyk = T447-10"-mm

Jy

LH =8m

bg =10-mm
zp = 195-mm

6
Jyp = 411-10"-mm*

Wyp = 2055.10°-mm

Ap = 16000~mm2
LC =8.123m

ya = 205-mm

u = 703.10% mm*

4

3

6
Jop = 442910 -mm”

W, = 21 09.2~1O3~mm

1
Ky = 5690—
m

3
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k. > ky, oldugundan burkulma hesabi Fg = FA~COS(OL)_1 Fg = 406.2-kN
xz kesitinde yapilacakar.
Kesit E: bg = 900-mm  hg = 880-mm
" bg kgp— 1 -1
Faktorler: Kgp = — Kgp = 2.14286 Ky := Ky = 0.1407m
b L
A ¢
h kgp — 1
E 8h -1
A ¢ =
ka =1+ ka
th =1+ th
2
Ag := 2:t:(bg + hg) Ag = 35600-mm

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

L bA~(1+kb~x)~t3 t-[hA~(1+kh~xﬂ3

" s — et (14 k1) 0.5 (14 k) + 1]

_ 2"Jyx
Wyx B hA~(1 + kh~x) +2:t

3 3 3
L =2 ba ~(1 :zkb.x) -t . t .hA.(112+ kb-x) . t.hA.(‘] . kh~x)~[0.5~[bA~(1 N kb~x) ~ t] ~ bg:|2

2.

) bA-(‘l + kb~x)

WZX

A, = 2-t~[bA~(1 + kb-x) + hA-(‘l + kh-x)]

Vianelloya gore ¢6ziim:

W
xy diizlemi Jmax
X FG
F; ] FG Fy FG Hg,
e . o 8| T B~ [ _‘h’,
| g Ik G 1 | g Ik G777 |
I i I ]
I I I
i i i /
EJc () EJ, EJc (X) o !
9 i ¢ ¢ i S i ¢ & /Fa
I I I !
l | | /
| : : /
I I I ,'
7A : | ,7A ; 4 Hg
7,
FFA FFA
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Cozum: 1. dereceli hesaplama kuralina gore

Q=1
_—
L¢
- -
Moy 7 1\_/[1)’
L
[LQ 1 [ i Fz LCZ
Mgy = FyLc Mqy =Lg wOZ-J Moy M1y e, dx WOZ_J £l dx
0 0
¢
2
w = lf FZ.LC dx
o= | b ~(1+k ~x)-t t.[h ~(1+k .x)]3
J 2| ety 1k x[0.5 {1y + ]
0
Wozx = 79.609-mm

AE ¢ubugunun hesabt Vianello metodu ile xz diizlemine gore yapilr.
* Womax Womax
F,
Fe Jx ¢ Hp Mg, Mg, Mc
________________ ’," Mo |+ Mg, |+ M|+
JC ’,’ _|_
Ly 777&5/7 A B C
FE'Womax
HF = L
C
3/16

FE'Womax = HFlg
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AE ¢ubugunda F; etkili 1. sehim

M M L
+01' +C _ fQ MO1X’Mde «
W11 - E.J X M =—11l~=X
Cyx Cx™ . ©
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
\ Moasx(®*=Lc) = Fe- Womax c=0

\ Moasx=2.L¢) = 0

A

|

|

|

|

|

: \ Eger x=2.L, yerlestirirsek:
|

L 0 =(2~LC)2a+2~LC~b
|

|

|

|

|

|

|

|
|

\\ O=2~Lga+b b=—2~a~LC
| =
\ , X=Llg
|
M =ax +bx+c 2
I| ’j.)‘ 01x FE‘WOmaX= aLC +bLC+O
My, | 2
’ F =alel-2alpsl
4 EWomax = at¢c —<4@lc
_ 2 _ FE'Womax
FEWomax = —a'L¢ as—
L
2-FE'Womax
X . b= _2.a.|_o b=—
| = Le
X evbagll parabol o_Iarak FE'Womax 2 2. FEWomax
dagihmli moment: Mo1x =~ X - -X
L2 Lo
G
7 Degerleri yerlegtirirsek
y =
/-LQ
FE'Womax 2 2-FE-Womax
"02 Lo
w = dx
1x 3 3 3
2-E 12 + 12 + t~bA~(1 + kb~x)~[0.5~[hA~(1 + kh~x) + tﬂ
“0
FE'Womax = Sabit oldugundan integralin digina alalim.
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o
x3 2~x2
2 ' L
W — LC ¢ dx
e bA~(1 +kb~x)~t3 t-hA3-(1 +kb-x)3 5
2-E- 1 + 1 +t~bA~(1 +kb~x)~[0.5~[h/_\~(1 +kh-x)+t]:|
“0

-6
10

w =0.109——
11x N

AE ¢ubugunda H etkili 2. sehim

L x e baglh momentler:
Mg, Mc ¢

_ f Mo2x Mcx
+ + W12X_ —dx

X
Mn =—Ln = x
. C ¢
E-Jgyx Le

Mo2 = HpLc = FE'Womax

0

X
Mooy = HE-x = L_’FE’WOmax
C

L
(¥
— FE'Womax*

| Lc
HHD VYD Wi2x = EJ dx
Gyx
0
AL
¢ 2
L
W12X = © dx

. bA-(‘l + kb~x)~t3 t-hA3-(1 + kb~x)3

1 + 1 +t~bA~(1 +kb~x)~[0.5~[h/_\~(1 +kh~x)+t]:|2

FE-Womax = sabit oldugundan integralin digina alalim.

fLQ 6~x2
W12X = | 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
10

EG Kirisinde F, etkili 3. sehim

Mo |+ Mc + Mo1 = FE'Womax

HHD VYD Mc =Lk
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Lk
[ Moq-Mg
Wqg = ——dx E"JKy = sabit
| e
0 2
1 FE'Womax'Lk
integral tablosundan Uggen + Uggen W13 = 3 E-dy
§ . . 1 LK2 10°°
FE'Womax = sabit oldugundan integralin digina alalim. Wqgi=— wq3=0.069.——
3 Edy N
EG Kirisinde Hy etkili 4. sehim
Mo2 = FE'Womax
M + M + _
02 C MC = LK
HHD VYD
Lk
[ Mo Mg _
Wy = ——dx E-J, |k = sabit
14 £y yK
yK
0
2
Fe-w -L
integral tablosundan Uggen + Uggen Wy = 1 ETOmax 7K
3 Edy
y
§ . . 1 LK2 10°°
FE'Womax = sabit oldugundan integralin digina alalim. Wqgi=— Wqq = 0.069-——
3 By N
Wo1 = FEWomax (Wi1x* Wiox +Wig+Weg)  FE=Fi  Wgq=Wopg,  kabul edersek
1
Fer = Fer = 3703kN  [F = 400-kN

Weqx T Weaox T W13+ Wqg

Sonug¢: Cubukta burkulma tehlikesi yoktur.

E Kesitinde mukavemet hesabi:

xy diizlemi
e . X Womax
Egilme momenti M,
i J
M,
EJc (%)
x:=8m 5 ¢
A z
7 LK

M.Gilven KUTAY
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bA-(‘l + kb~x)~t3 t-hAB-(‘l + kb~x)3

2
6
Jyg = 4354.10"-mm*
2.J
yE 3 3
TE
. ‘JyE
Eylemsizlik radyusu iVE = A_E iVE = 349.7-mm

Euler burkulma boyu '-ByE =49.365m

Akma narinligi Ag =T [— g = 93.913
fy
L
- ByE
Narinlik >‘yE = |— >‘yE =141.159
yE
>‘yE
Bagintili narinlik A =— A =1.503
9 ByE A ByE
WyE
Merkez noktasi mesafesi kerE = A kerE =271.772-mm
E
Burkulma parametresi ag = 0.34  Kaynakli kutular her eksende.
Max burkulma sehimi WymaxE = kelyE-op(AByE ~ 0-2) WymaxE = 120.408:mm
Burkulma yardimcr faktéril PByE = 0.5.[1 +ag(rgyg-02)+ xByEZJ PpyE = 1.85
. 1
Azaltma faktori XByE = XByE =0.341
2 2
PByE T J PByE ~ MByE
FE
Kuvvetin mukavemet emniyeti Spypi=—— SFyE = 0.157
XByE FpiE
Plastikligin
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Egilme momenti M,

bA3-(1 + kb~x)3~t t3-hA-(1 + kb~x)

=2
zE 12

Jg = 4432.10% mm*

Eylemsizlik radyusu

Euler burkulma boyu

M.Gilven KUTAY
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M
OyE
P E= Y E= 0.000
y MEyE y
M
plyE
ply MEyE ply
ayE = ayXE |f ayXE < 08 ayE = 08
0.8 otherwise
Fe
K o= 3 k =0.875
xE E xE
Y XgyeFplE * Y
1.5 otherwise
M
EyE
plyE
AF = FA—FF AF = 40-kN
a:= Lysin(a) a=1389m
LAB = Lu+2‘a LAB=4778m
L
M =Fy-a-0.5AFa- +F,-L
zEA A H
y Lag
Mg = FAWymaxe ~ Mzgg = 48-kN-m
MZE = MZEA + MZEB MZE = 1072kNm
2
+ > +t-hA-(1 +kh~x)~[0.5~[b/_\~(1 +kb-x)—tJ—ng
2-J
zE 3 3
WzE = bE WzE =9850-10 -mm

izE =352.9-mm
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Narinlik

Bagintili narinlik

Merkez noktasi mesafesi
Max burkulma sehimi
Burkulma yardimci faktori

Azaltma faktori

Kuvvetin mukavemet emniyeti

Plastikligin
en kiugik momenti

1<, <1

()Lp|>1

LezE
)\ZE = -
I2E
N >‘zE
BzE =
e
K WzE
elzE -~
Ag

WzmaxE = keIzE’O‘B’(>‘BzE - 0'2)

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

1

XBzE = > >
PBzE * J PBZE ~MBzE

Fe

SFzE = Y F
XBzE FplE

Mpize = Wz fEM

BMZE = 1 8 - O7'l|)ZE

MpIzE
Q =
plzE
Mg

8% = NazE (2 Bz - 4) +(opizE - 1)

azE = azEX if azEX < 08
0.8 otherwise
Fa
kzex =1 _—F’azE
XBzE FplE
ke = |kpex if kjpy<1.5
1.5 otherwise
MzE
SMzE = 1 KE
plzE
S Fe Meye ) Mg ’
Ey = + KyE* “KzE
XByE FpiE  Mpiye MpizE
Fe Meye Mz
SEZ = = + M -k E+ M kZE
XBzE TplE plyE plzE

Ornek_ll_33.xmcd

Mg = 141.159

Mg = 1.503

KezE = 276.675-mm

w =122.58-mm

zmaxE
kpBZE = 185

Sg,g = 0.157

MOZE = 0-kN-m
P, = 0.000
BMZE =1.8

a gy = 0.361

ag = 0.361

K,y = 0.944

k,g = 0.944

SpizE = 0.481

Sgy = 0.658

Sgy = 0.658

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=05L¢ x1:=4-m
xy diizlemi

X Womax

— E
EJg G777
WOmax
] M yoO
_Y O Kesiti

L¢

Lk

2o = 0.5 hp((1+kyx)) + 1]

bA-(‘l + kb~x)~t3 t~[hA~(1 + kh.x)]3
12 " 12

Jyo = 2.

240
ha(1+knyx1) + 2t

WyO =
Ag = 2:t[ba(1-+ kpx1) + hp( 1+ Kk, x1]
Yo = O.5~[bA~(1 + kb-x1) - t] - bg

bA3~(1 + kb~x1)3~t t3-hA-(1 +kyx1)
+2-

12 12

JZO = 2.

2,0
) bp:(1+kpx1)

Cozum: 1. dereceli hesaplama kuralina gore

WZO :

Q1

—_—T e

L¢2

Moyo Miyo

M.Gilven KUTAY

+ t~bA~(1 + kb’X)'ZO

+ 2~t-hA~(1 + kh~x1)~y02

zg = 441.2-mm

Jyo = 4582.10°mm”

W0 = 14182.10°-mm°

Ao = 25651-mm°

Yo = 313.177-mm

Jyo=2x10°10% mm*

W, o = 517810 mm°

Moyo = Fz’? Miyo=—"

he
2

1
w = ’r M -M ——dx1
0zO 0oyoO ™"1yO
J y y E.Jyx1
0
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Z z
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0
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3 . t~[hA~(1 + kh-x)]B

12

|[
ool
J

12

dx

vty (1+ kyx) 0.5 (14 k) + ]|

W,0 = 7.708-mm

My, M¢
+ +
o
—~
gn
HHD VYD
e
2

Wz01x =

LQ

2
[ ’V'o1x"V'de
—dX

Wo1x =

0

E"JyO

O Kesiti

x1 e bagli momentler:

Mo1x = FE'Womax f(x1)

Mp¢ dagilimi parabol olursa, parabolln genel

form Glinde degerleri yerlestirirsek:

FE-WOmax x12 2:FE-Womax

2
L¢

2.E

b1+ kb~x1)~t3

t-hA3-(1 + kb~x1)3

12

M.Gilven KUTAY

12

dx1

+tbp(1+kpxt) {05 ha( 1+ kyxt) + tﬂz
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Wz01x =
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e
2 x13 2~x12
2 L
LC ¢ dx1
3 3 3
2.E. bA.(1+1k2b.X1).t +t.hA .(11;kb.X1) +t~bA-(1+kb~x1)~[0.5~[h/_\~(1+kh-x1)+t]:|2
0
107°

w. =0.025——
zO1x N

O Kesitinde AE ¢cubugunda H . etkili 2. sehim

E x1 e bagl momentler:
Moz Mc [ Mo2x Mcx 2.x1 L
W00 = | ————dx Mg=""—2=x1
0
o _ _xi
— Moax = Hp-x1 = FE-Womax
=) ¢
e
2 x1
Q’FE’WOmax’X1
HHD VYD W00 = — dxt
Jyx
0
et
2
x12
FE'WOmax L
Wz02x = 3 3 3 dx
- bp:(1+kpx1) kha 1+ k1) (1 i} [05 g 1+ ] +tﬂ2
12 12
“0
FE'Womax = sabit oldugundan integralin disina alalim.
_ L _
’ u?
_ ¢ d
Wz02x = X
b -(1+k x1)£2 th 3~(1+k x1)°
2.6 2 b ) A b ) +t-bA-(1 + kb~x1)~[0.5~[h/_\~(1 + kh-x1) +tI|2
12 12
“0

-6
]
W00y = o.023.0T
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Wo1 = FEWomax (W201x + W202x) FE=F  Wo1=Womayx  Kabul edersek
1
F =— F = 20795-kN Fa = 400-kN
krO krO A

Wz01x * Wz02x
O Kesitinde burkulma tehlikesi yoktur.
O Kesitinde mukavemet hesabi

‘JyO
Eylemsizlik radyusu ivo = [— ivo = 422.7-mm

yo A yO
(0]
Euler burkulma boyu '-Byo = '-Byo =50.643m
Akma narinligi g = 93.913
L
- ByO

Narinlik >‘yO = |— >‘yO =119.822

yO

O
Bagintili narinlik A =— A =1.276

ByO e ByO
. WyO

Merkez noktasi mesafesi kerO = A—o kerO = 552.884-mm

Burkulma param etresi

Max burkulma sehimi

Burkulma yardimci faktori

Azaltma faktori

Kuvvetin mukavemet emniyeti

Eylemsizlik radyusu

Euler burkulma boyu

Narinlik

M.Gilven KUTAY

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

2

1

XByO =
y 2 2
©ByO *\ ¥ByO ~*ByO

SFyo = FE
XByo Fpio

. ‘JzO

IZO = E

WymaxO =202.245-mm

SFy0 = 0.169

izO =257.4-mm

Mo = 119.822

13/16



Bagintili narinlik

Merkez noktasi mesafesi

Max burkulma sehimi

Burkulma yardimci faktori

Azaltma faktori

Kuvvetin mukavemet emniyeti

Plastikligin
en kigik momenti

M.Gilven KUTAY

ABzO = t\ZO
E

Kelzo = VZZO
O

Wzmax0 = keIzO’O‘B’(>‘BzO - 0'2)

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

1

XBzO = > >
$BzO+ \/ $BzO ~MBzO
s e
F20=_ 5 _
XBzo Fpio

Mpiyo = Wyo fem

Myo = FE'Wymaxo

S 7.
o=
y MyO

Mplyo

Qply0 = ",
ply MyO

ayx0 = ayo'(2 Bryo ~4) * (@pyo ~ 1)

ayo = ayxo |f ayxo < 08
0.8 otherwise
k 1 e a
xO~= '~ - &0
y Xgyo'Fpio
1.5 otherwise
s Myo
MyO yO
y MpIyO y

Ornek_ll_33.xmcd

Kelz0 = 201.912-mm

WomaxO = 73.86-mm

kPBZO =1 50

Sk,0 = 0.169

My o = 82.146-kN-m

My = 0-kN-m
byo = 0.000

a0 = 35373

ayo = 08

kyxo = 0-865

kyo = 0-865

Spyo = 0.023
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Egilme momenti M,

Plastikligin

en kucuk momenti

()Lp|>1

M.Gilven KUTAY

Mpizo = Wzo TEM

Mz0B = FA'Wzmax0 + Fy'LH

M,o = Myop +M;0p
M,01

0=
MzO

BMZO = 1 8 - 0711)20

MpIzO
o R b
plzO -
Mzo

a,0x = >‘BzO’(2’ BMz0 ~ 4) + (O‘pIzO - 1)

azo = azox if azox < 08
0.8 otherwise
Fa
kzox =1 e F 220
XBzO FplO
kZO = kZOX If kZOX < 15
1.5 otherwise
MzO
SMz0 = M k20
plzO
S e MyO k Mz0 k
yO = + Kyo* K20
XByo Fpio  Mpiyo Mpizo
Fe Myo Mzo
S,0 kyo + k20

_ . .
: y
xBzo Fpio Mpiyo MpizO

Ornek_ll_33.xmcd

AF = 40-kN
a=1.389m
L
M op:= 0.5Fpa-025AFa—
AB

M,op = 272.023-kN-m

MZO1 := 0-kN-m

M,q = 782-kN-m

1,0 = 0.000
a,0x = ~0.095
a,o = -0.095
kyox = 1.016
kyo = 1.016
Smzo = 0.717
8,0 = 0.910
S,0=0.910
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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

Theo = 173-MP3

EM

E kesitinin emniyetli mukavet degerine gore kontrolii:

FE Mgy Mg
+

CheE =, _*
A Wye Wy

O'heE = 125-MP4

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

SON
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