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OZET

Tek agikliakla ve'kirisli kdpriilerde 'yiikk dagilimini
burulma teorisi ile bulmak uzun bir yontemdir.Aymi
is Courbon ybntemi ile gabuk ve basit sekilde bulu-
‘nabilir.

Bu galigmada tek acgiklakli ve dort ,besg, altiana
kirigli kopriilerde agiklik ortasindaki yik dagilimi
burulma teorisi ydntemi ile bulunup,Courbon yontemi
ile kiyaslanmistir.Bu iki y®ntemin sonuglarinin

birbirine son derece yakin giktiZi goriilmiigtir.
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SUMMARY

To find the load distribution for a single span girder
bridge using the torsion theory approach is long and
'tedious work.However,using the courbon method one can
do the same work simply and quickly.

This study has been a comparison of the torsion theasory
with the Courbon method for finding the middle load
distribution of single span four,five,and six main
girder bridges,it has been seen that the results

using both methods come extremely close to one another,



I - GIRIs

Kaliteli celiklerim tasiyici sistemlerde kullanilmasiy-
la birlikte malseme kalinliklari da asalmistir,Ince cidar-
11 bu tasiyici elamanlarda burulma kavrami Snem kasanmistir.
Burulma teorisiyle ilgili kavramlar agaZida Gzetlenmistir,
iIxi cins burulma vardir,

I.12-St.VENANT BURUIMASI.(Primer burulna:Mt)

iki ucundan birbirine =1t yonde burulma etkileri olan
bir gubukta ,bu yiizden olusan boylama deplasmanlar herhangi
bir sebeple,brneZin mesnetlenme durumu yiiziinden engellen-
mezse 503 konusu olan burulma tilirine "St.Vemant burulmasa"
denir . Bu tiir burulma durumunda boylama yoniindeki tiim kesit-
ler boyuna yonde ayni deplasmani yaparlar,.,Bunun sonucu
olarak da normal geriime olugmaz.Bir diZer deyisle i§
Kesitlerde normal gerilme yaratmayan burulma cinsine veya

kismina St.Venant burulmasi denir,

Mp: GuJyo VP G:Kayma modiili.
Jt:Dril mukavemeti.

¥ :Donme agisyl 1,tlirevi.

Jy:1/3 > 3 Bj.tg (1-0,630 tj/sj )

83: Gok kollu kesitlerde j kolunum boyu

tjz J kolunun cidar kalinliga.

Hazar profiller igin k deZeri gelik kitaplarindan alimak
lizere gu formiil kullanilabilir.

3
Jgik o1/3 2 8.t
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I.2- ZORLAMA BURULMASI [Sekumder burulma: M=)

Cubuk kesitindeki toplam burulma momentinin normal ger-
ilme vermeyem kismina "St,Vemank burulmas: "olarak adlan-
dirmistik.Ancak gubuun Gselligime baZli olarak ,mesmet-
lenme ,yiikleme durumu,kesit geometrisiden olugan nermal
gerilmelerle birlikte denge gartlarindan yukarda belirti-
len kayma gerilmeleri olusmaktadir.Bu kayma gerilmelerinin
bileske burulma momentine 'sorlama veya carpilma burulmasi'’
ad1l verilir.,

AZirlik merkesi asal eksenlerden gecirmek ve kayma merke-
zini (M) noktasi almakla asafidaki formiil elde edilir,

"/

M : 'E’_Jw ¥ (x)

I.3- BIMOMENT, M, (Carpilma burulmasi momenti imteirali)

1
Mw:sz.dx veya M_: -E.JW.W (x)

I.4- KAYMA MERKEZI:(M) .

Zorlama burulmasi(Sekunder) kayma gerilmelerinin bileskesi
olduguna gore ,bu bilegke kayma merkézindem gecen bir kuv-
vet geklinde olustugunda (veya kesme kuvveti kayma merke-
ginden gegtiginde) kesitte burulma meydana gelmes.

Bu moktanin bir bzelligide,bu nokta merkez alarak bul-
unan g¢arpilma kooriinatlarl(w-) ile hesaplaman sektdr ate-
let no-entinin(Jw > ) minimum olusudur,Bu itibarla kayma
merkezinden gecen eksen aynl samanda gubuZun "Tabii donme
ekseni"dir,

( M ) moktasinin yeri su gekilde belirlenir,

Your



Bu gekilde bulummus olar noktaya 'Kayma merkesi' denir,

I.5-BURULMA DIFPERANSIYEL DENKLEM1
Bu denklemi elde etmek i¢in toplam burulma momentini
yazalim,

M M

Mps:iMy , M=

Buradaki deZeri # cinsindem yasarsak gerekli denklem

elde edilir,

= , e It

MTZ:-E'Jw-w-yol *G Ty u 3

Donme agisl

Y Mps (G.Jy) ( x/2- sn(k1/2)/ k.sh(kl) .sh(kx) )
(0/x £1/2 )
Donme agisinin gerekli tiirevleri.

}”/:MTZ/(G.Jt).(1/2-sh(k1/2)/sh k1l .ch kx)

i i=Mps /(G.3;). sh(k1l/2).k ghkx /sh k1
}//:-MTZ /(G.3,) .sh (k1/2).k°. ch kx./shkl

1.6- CARPIIMA GERIIMELER! (G, , & )

e o My Mz Mw
6/: T” T——l- ™ & o .w-
: Yy J" Jw-w.
- M, kayma gerilmesi
Xw: m
Jw e » Z M : SW(')
n'm win, e G TR
C AP t(s)
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2- COURBON YONTEMI
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W, N

courbon yonteminde kirislere nazaran enlemeler c¢ok rijid
(Je:OO) oldugu kabul edilir.Boylelikle enlemelerin sehim
egrisi dogrusaldir.Basit mesnetli ¢ok kirigli bir kopriide,
kirislerin ag1k11k1a£1 (k6pri boyu),genisliginin iki katin-

dan biiyiik oldugu zaman bu yontem uygun sonug verir,

t_____e' 2
(=L l =2 | ’ iz}] L=y
L . 72 7\/2"’ 2 y

-Courbon formiiliiniin atalet momentleri esit ve kiris
agikliklari egit sistemler icin Ozel sekli.

2 ‘b=af+c *
s — i L>2b
FaN AN
ﬂhg‘!‘ lcl Igh | R 2 = *
e 2 n+I-21
$ 431. I+6 =
+- n -1

Fi:_ : Ai
n n:Ana kiris sayisi
not:Kiris nolari eksantrik taraftan baglar.



3 - SAYISAL ORNEKLER
3.I- GENEL ACIKLAMALAR

Bu boliimde tek agiklikli kirisli kopriilerde yiik dagi-
limi sadece agiklik ortasi igin incelenmistir.K&priiniin
agiklik ortasi enkesiti bir metrelik par¢alara bSliimmiis-
tiir.Bir tomnluk birim gezici kuvvetin her metredeki pozis-
yonu ig¢in yilk dagilimi kirisler icin tek tek incelenmistir,

Burulma teorisine gotre bulunan agiklik ortasi normal
gerilme diyagrami ©lgekli olarak ¢izilmistir.Bu &lgekli
diyagramdan her kiris ayri ayri gikartilarak incelenmis-
tir,Kiris kesitinin aZirlik merkezine giére kuvvetlerin
doZurdugu moment bulunmustur,.,Bu moment degerinden o kirise
diigsen yiik bulunup,bir ton'luk kuvvetim ana kiris sayisina
b&liinmesiyle bulunan deZerle toplanip o kirise diisen yiik'
iin degeri bulunur.Buluman bu degerler yardimi ile kiris-
lere ait tesir giszgisi diyagramlari cgizilmistir,Courbon
yontemi ile bulunan degerle kiyaslanmistir.

rot:Tiim sayisal ormeklerde cidar kalinliZi(t:2cm),L=20™,

Koprii yiiksekligi (h:i5m.),Kiris araliklary (A :2 m.)
alimmistar,



3.2- ORNEK I

DORT ANA KIRISLI VE TEXK AGIXKLIKLI KUOPRUDE YUX DAGILIMININ
BURUIMA TEORISI YARDIMI ILE BULUNMASI VE SONUGLARIN
COURBON YONTEMI ILE KIYASLANMASI.

i
M 3
em rzli-35| :I
F & =) j . '
- - . zA e \ R 5 > do |
: ,j
150
NG T oc e ec o TG M
8 BO - A0 B0 10 .59 150 %§ﬂﬁ5
‘&buﬂ 200 P‘ 200 e 200 100
- 800

3.2.I- AGIRLIK MERKEZ! VE BURULMA ATALET MOMENTININ

BULUNUSU.

2x800xI49+2xI46xT75x4+2x50x4
E.: : 103.03 cm,
2x800+2xI146x4+2x50x4

e :I50-I03.03-I: 45.97 cm.

Tyt I/33 85,47 | 1/3 (27x800+2°x146x4+2°x50x4):4224 cm*,

3.2.2-7Z-2 ATALET MOMENTININ BULNUSU

J,e: JY2.40 1 800%x2/12+ 2x (I46x 2°/12 +146x2x100%)

+2x (I46x2° /12+146x2x300°)+ 2x(507x2/I2+ 50x2xI002)
+2x(50°x2/12+50x2x3002) :163817056 cm?.
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3,2-3 - AGIRLIK MERKEZINE GORE BIRIM CARPIIMA
KOORDINATLARI (w‘):

Kesitin simetri Sselligindem yararlanarak w.degerlerinin
bulunusuna simetrk ekseni (s) lizerimdeki A noktasindan
baslayalim,(saatin tersi ytniinde pozitif )

wezfp.ds

w.A:O

a 2
WepiWgyt /P4y :0+ I00x45.97:4597 cm® :-wgy,
wsc:wSBfng}is :459T7+I148xI00:19397 cn’ t=Woat
wspi¥som/ p.dy:19397-25x102,03:16846.25 cm’:-wgy,
WSE:wsc+zf;.dy :I9397+25x102,.03:21947.75 clzz-wSE,
WgpiWggtd D.dy: 45974200x45.97: 13791 cm’:-wgp,
wSG:wSF+€/;.dz : T3791+148x300: 58191 cm®:-wg .,
wSH:wSG—érg.iy :58191- 251102.03:55640.cnzz-wSH.
wSI:wSG+é/§1ay : 58I91+25x102,03: 60141 em’:-wgr,

1
WggiWgy+ /D.dy 10+4400X45.97 :18388 on’ i-wg;,

(Y) DIYAGRAMI
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3,2-3 SEKTOR DEVIASYON MOMENTI(J’M )
8
Kayma merkezinim bulumwasi igin gerekli elam bu deZer

J,w':]ﬂy.w'.dA

J’wigz x {aoo/s (-400 (I8388x2-18388) +400(-18388x2+18388))
+2x148/6(-300(I379Ix2+581I9I)~-300(5819Ix2+I3791))+2x148/6
(=I00(4597x2+19397)-I00(I9397x2+4597))+2x50/6(-325(55640x2
+60741)-275(60741x2+55640)+2x50/6 (~125(16846x2+21947)-75

(21947x2+16846)i3:¢1.48965.1010 -,

3.2-4.., Kayma merkesi (M).
Simetriden dolayi kayma merkezi M’ -ekseni ilizerindedir.

o . =1.48965 10%°
%, - : - : 90,93 om.
TR 163817056

eyiz -e, :90.93 -45,97: 44,96 cm.

3.2-5, , KAYMA MERKEZINE GORE BULUNAN CARPILMA KOORDINATLARI
(W)

Benzer gekilde su formulden bulunur, Wy iWg+Ey .Y

wM(A) :0

Wyp:4597+90.93x(~-100): - 4496 °l2='WMBt

Wyt I19397490.93x(~-I100): I0304 cnzz-wMCo

Wyp? 16846+90,93x(~125) 15479 cm#wyp,

Wyg?21847490,93x(=75) 15128 ca’ :-wyg,



-\0 -~

wyp: I3791+90.93x(-300) :~13488 cm.

Wy :58I9I490.93 x(-300):309I2 cm?
Wz ¢ 55640+490.93x(~325) :26087 cm?
Wi 60741+90.93x(~275):35735 cu?
Wy 7:18388+90,93%(~400) : ~17984 cm?

('_r\\”T

1984

:-WMF B

$=WMG!

:-WMH. ;

:-WMI'
:-WMJ (]

) j 3 (o]

¥

3 “'"

m

l5\25°"“1‘

w,
2
15123 b
mI ]

'

) DIYAGRAMI
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XONTROL DENKLEMLERI

S 8.wy.4A :0 (Simetri ve antimetridem dolayi)

,fy.wM.iA Yo

JSy.wy dA: 2 x § 800/6 (-400(~I7984x2+17984)+400(17984x2
-17984)+ 2xI48/6 (-300(-I3488x2+309I2)-300(309I2x2-I3488))
+2x148/6(=I00(-4496x2+10304)-I00(I0304x2~-4496))+2x50/6
(-325(26087X2+35735)-275(35735x2+26087) )+2x50/6 (-125

(5479x2+15128)-75(15128x2+5479))} : 72735128 cm°.

Kiyaslama 72735128
oraml.... == : 0,0049 (Uygundur)
I.48965 IO

3,2-6,.CARPILMA MUKAVEMETI( J )
“M"M
Jw o :J{wﬁ +.dA ile ve garpim tablosundan yararlanarak
M™M :

bulalim,
I, t 2% { 800/6 (-I7984(-17984x2+417984)+17984(I17984x2
nn ' :

-17984)+2x148/6 (-13488(-I3488x2+309I2)+ 309I2 (309I2x2
-13488) )+2x148/6 (~-4496(-4496x2+I0304)+I10304(I0304x2
-4496))+2x50/6 (26087(26087x2+35735)+35735(2x35735+

26087)) } :5.461 10 ca®,

3.2=7..Burulma Diferansiyel denklemi ve qﬁzﬁiﬂ.

: 1l
MTZ (x)'Gst'Jt'l/ “Egt - T “F

Goyedy i 8I0000 x 4224
Denklemi k: g < 3
E 2100000 X5.46 10

Sk
st waM

X:5.46 I0™° cm~3



% P
30203"00 Io Ymm

Dis burulma momenti MT{ 3
L.

Fx a1l %1 I ©ta.

shk.1l :

sh (5.46 I0~2 x 2000 ) :0.I084I7I57

8

F=l lm. ]%
5 F jé JA e' F‘ :\|
L"\' =2 b =3 L=4
Wl T ol & el o ‘x.‘___u'
G A " Py
Dénme agisinin genel denklemi
k.l
Y ——J—M“ (12 B2 shkx ) (0¢X{1/2 )
Gggedy #. shk.l
ek
» ——-;—MTZ (1/2 o ch kx)
T Gggedy sh k1 :
o s 0.054627132 >
}0 : -~ (0050- .I.OQ):Z.IB IO
8I0000 X 4224 0.I09417157
" I.10° g 0.054627152
© ot {5.46 I077).0.,054627132,
8I0000. 4224 0.I094I7157
:-4.35 102 m~2
oyt 0,100 0.054627132 e
p (5.46 1077)° ,I,00:
8I0000 , 4224 0.I0941I71I57
<k -14
:=-4.35 IO on D 4
k.1 _5
sh -1———»:sh(2000 x5.46 I0°7)/2 :0,05462T7132

cm

o
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- ..S5t.Vemant burulma mementi (Mt) :

x:0 Igin.

. nt:cst.Jt.y'uzu x 810000 x 2.I8 10~5:7.46 10~* ta.
x:I0 m, i¢cin (agaklik ertasi)

Simetriden dolaya )ﬂlzo » ® Mi:o

- ..Garpilma burulmas: (M)
x:0 i¢in

17/
Mz iBgy.d,  « i 12100000x5.46 10**x (-4.35 10714):0,499 tu.
n

x:I0 m.igin Tiim kesit tesiri burulma momenti cgarpilma
burulmasidie, Mzzo.SO tm.

- ..Agiklik ortasi mermal gerilmeler Gx)

M
C;X:GX.W :+—- WM
hof T ¥

23 . -
:9.I35 I0 §w %

M : -E od od
w st . WM¥M MYM

“M¥M

/
. /'1-2100000x4.35 10
-5 .
9.135 10 Iy

: MM YW -5

-3 JuM WM e M 3 9.I35 I0 © x Wy
oxat O ?? (wy,:0)
CSxB: 9.135 1077 x(-4496) :-0.41 kzf cm’ _ .,
GxCc: " w E0IE) 091 " * - G,
Gxp: " ow M. e P . Gxp*
CxB; n o ow x(I15128) :I.38 . " oo GxE!

GXF: oy x(-I13488) :-I1.23 » n i= OxF!



<3k

CS;xG: 9.135 10”2 x(30912): 2,83 kg/cnz. +=-5XG!
GxE: * » x(26087): 2.38* ® ;- Gxu!
Gxi: " »  x(35735): 3.27" "  :=GxI'
Gxj: " ® - x(-17984):-I.67" " :-GxJ*
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ee I. ANA KIRIS

(il
$:J Fragam“ v G
Qs % & § 2 D -
“L___’/_‘%/j 2, 452%
~ {c L‘
10203 6o
+ Q5
. L T Qu
HE -,
B + T s 1 ==
a e Ay
p éy\\\\\\t:(f//iZ: :
e
qp: L:0440:82 __ y5 y200: 492 xg.
2 ?
1.23 x44.84
Qo : X 235925 %k,
I103.1I6 x 2.83
Qz: x 2 :291.94 Kg&.
2
2.8%+3,27
Q4: » x2 x50 :305 k8.

Kesit agirlik merkezine Zore alinan moment.
Mc :492x45,97+55.15%29.89+291.94x68,77+305x102.03:0,755 tm.
MetFym-"\ 0.755:5 . Fyy P n:0.I5I ton.

OE_ oI 4

- ..COURBON YONTEMINE GORE
3 1 4+1-2 J
FIZ.S—I. Ai A1.1+6—m s, 11,6

FIS_: TxI.G‘z 0.40 ton,




==

- .. II, ANA KiRiS

,l
& oul ol

%

- i
6830
10203 Qs
(__
< ’ Qg

=%
oau“/ 5
e
8 T e
0 -
0.82 x 200
Qr: > - 3. 1164 Kg.
0.4Ix 44.95 :
Qo = n-2—-318.43 X&.
0.94 xI03.05 =
Q.50 + 1,38
Q4: > x2 x50:94 Kg.

Kesit agirlik merkezine Z6re alinan moment,

Mc:164 x45.97+18.43x29,97+96.87x68.70+102,03x94:

Mc:FZM.fL O.24:F2M.5 FZM:O.O48 ton.

Pos :ﬁ- +F,):0.25+0,048:0.298 ton.

-.. COURBON YONTEMINE GORE

Z F = 4+1-4 I
25 .;.AZ 2:I+6 s 7 1 el g 18

3 ' A2
LC

0.24 tm,
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- .o III, ANA KIRIS

| ¢ Mc:-0.24tn. 7., :-0.048 ton.

3M
F31 :1/4-0,048:0,20 ten,

COURBON YONTEMINE GORE

. A Az,
Fzs s#/d =3 3:1+6 e : .

Fzs :I/4 .0.80 : 0.20 Ton,

" os XV . AWA EIRlS

4M

F4Z :F/n+F4M :1/4-0,1I51 :0,I0 Ten.

Courben ytntemine gore

4+1-8

. PaN il a
F4E.F/n « 4 4:1+6 S~ - :0,.40

F42 :I/4 .0,40:0,I0 Ton.,




=19~

3.2.b‘oo IIO YUIWE

M:? x 9 31 x 2 2 ta.

. 3

£ el
. -3 S A 2 F o
t=1 B g (=% L=4
Wl T Q] e E] © - )
v < 8 e G G
Dénme agilari.
o 0.054627132 &
y: 8T0000 4224 (0,50~ xl.00) :4.35 IOl
: 0.I0946I7157 cm-
: _;;ffia QAT s k6 165, o 054627132
.~ s X . 10 . . H
' T0000.4224 ;) 109417157
18,7 1032 cm~? ,
w 2.10° 0.054627132 i ¥
50 ‘= BT0000. 4274 X x(5.46 1I0"°) .I.00:8.I7I0
. 0.I09417157 cm-2,

-+e St.Vemant burulma momenti (Mt)

X9~ 1kin,

8

{
Myt Gst.Jt.}ﬂ:BIOOOOx4224x4.35 I10°°:0,00I5 tm.

x:10 (agiklik ertasi igin)

]
Simetriden dolayi ¥ :0 , M;:0

-.. Carpilma burulmasi (Mz'):
Xt9 i¢in,

S *A 11

-14.0.989 tm.

X110 m.igin tiim kesit tesiri burulma momenti ¢arpilma

burulmasidair, Mz.:I.oo i



- .. Agiklim ortasimnda nermal gerilmelir ((5x )

Mw: -E

. w
i TS o £ P Wy
J
YM¥M
1/ s b
st.JwaM.y7:-2LOOOOO.(- 8.7 10 ).JVMWM:I.BBIO JWM

-4
1.83 1070,

W,

G x: 7 — Wy :1.83 1074w

MM
GxA:0  (wy,:0)
GxB:1.83 1074 x
GxC: " v x (I0304) 1.88 "
Gxp: " x (5479 ) I.oo "
GxE: " n x (I5128) 2.76 "
GxF: ™ x (-13488) :-2.46 "
GxG: " » x (30912 ) :5.65
GxH: ™ "  x (26087) : 4.77 "
g3l "% 5 (35735) 1 6,53
Oxl: » » x (-17984) :-3.29

(-4496 ) : -0.82 Kg/cIZ:-GxB'

n i

n

=

=



0S/1-Z2/1L =0  (*O)INVHOVAID INTYO

IVINION NI TIMNA T

St T
ooy
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e

Cze



I. ANA KIRIS

- e f"‘g
% 1 g 24625%h ¢ —
g\él_’___;__ - § &_w,
a 2393 45933
7 ¥ v
68.%
+ 102.03
=R
H 4 Qy
BEA ié 3
“ 0
T \Uj
3.29+1.64
QI: 5 x 2 x200 :986 Kg.
2.46x44.89
Qy: » x2 110,43 XE.
5.65x105,.11
Q3: % x2 :  582.57 Xi.
4.77+46.53
Q4: 2 x2x50:565 KgZ.

Kesit agarlik merkezine gore alinan moment (Mc):

Mc:986x45.97+IIO.43x29.93+582.57x68.74+565x102.03:I.46Tn.
MC:FIM.Q_ I.46:FIM .5 Fim :0.29 Ton.

F :F/n +F..,:0.25+4+0.29:0.54 Ton,

13 IM
-..COURBON YONTEMINE GORE

F12 SL B A1:I+6 - < e $2 58



=23.

e o II. ANA IIRIS

k%/ m‘L

Q2 :
; 502; 453
7 it

Wy

‘YT
\

680%
102 03
- L 1
Qqy
28
1.64x200
QI:-——?____IZ $3528 Xg.
0082x44 095
Q2: 5 x2 :36.86K3.

1.88xI03.1I
Qg :——p—x2 :193.85 K&.

I.00+2.76 ;
Q4: » x2x50:188,05K§g.

Kesit agirlik merkezine gore alinan moment (Mc):

M,.528x45.97+36.86x30,65+193.85x68.02+102,03x188,05:0,49tn.
Mc:FzM.ﬂ_ 0.49:F2M.5 FZM:O.O97 ton.

F2Z :F/n +F2M:O.25+0.O97:0.35 Ton.

.+ COURBON YONTEMINE GORE

4+41-4 2
Fps t#/n A2 A2:146 —yp—y— »— :1.40

in :I1/4.1.40:0.35 Ton.
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- e III. ANA Kmis

Mc:-0.49 tm. F3M:-0.097 ton.
Fzp :I1/4-0,097:0,I5 Ton.
Courbon yontemine gore

Fgs :F/n .53 A3: 146 —p—— 3~ :0.60
Fzs :1/4.0.60:0,.1I5 Ton.

ot 3 IV. ANA KIRIS

Mc:-I.46 tm. F4M:-O.29 ton

F42 :1/4-0,29:-0204 teon,
Courbon yontemine goére

4+1-8 2
F4Z :F/mn . D4 A4:I+6 g v i 28 :=0,20

F42 :;/4.(-0.20):-0.05 Ton.
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3¢ZoC‘oo III. YUILM
M:Fx e:Ix3 :3 ™.

+ P2
Poit —
3 L B A g F‘ .3'
=4 2 s S, O L=4
& ‘ T
H__C];_I Q_C_E —CL;—D ___o_

Dénme agilara

e S0l 0.054627132 &
y‘m(O.SO- WXI.OO):6.53 I0 “com-

d o 3.19° 0.054627132

Y - BTo550 T2 T TOSITTIET %545 107 x0.054627132:
:13.05 cm™2,

w  3.10° 0.054627132 -8 ot
¥ - BTonOeTII TTOSITITETX (546 10 4xT.00:13.05I0
. L] I I . cm—3

-..St.Venant burulma le-enti.(Mt):

X368 "i¢ia.,

MGy .. ¥ :810000x4224x6.53 1078:0,002 Tm.
x:1e m.I¢in (agiklik ertasi)

¥ 0 , Mi:e (simetriden dolayi)

-+ Garpilma burulmasi.(Ms ):

X:0 ig¢in.

. i - 11 -14,
Mg --EstonMwMoV .-210000015.4620 013005 IO 010496 t"

x:10 m.Igin tiim kesit tesiri burulma momenti ¢arpilma

burulmasidar,

My :1.50 T,
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- .+ Agiklak ertasinda nermal geril-eler.(C;x )

C;X:Gx.'w : —JM:-—— .WM

1/

. ® - l' - -11 .
M, =Bt dwow .50. ZIOOOOO.JWMWM-( I3.05 I0 ):

"M
:2,7410"7 .J
“M¥M

2.74 107%.7

WMW

M

X3 .WM:2.74 10'4.w

MWM
C;xA:O (wMA:O)
GxB:2.74 10~% x (-4496 )

Gxc: » x (I0304 )
Gxp: n x (5479 )
GxE: " x (I5I28)
GxpF: n » x (-I13488)
GxG: n ® x (30812)
GxH: noow x (26087)
GxI: " x (35735)
GxJ: n ow x (-I7984)

:=I1.23 Kg/CIZ

$-2.82
: I.50
: 4.15
:=3.70
: 8.47
3 Esl?
: 9.79
:-4.93

nn

"

n

"

:C;xB'
: GxC!
:GxD!
t S xE!
:cij'
: G xG!
t GxH!
Tat < 5,
:chJ'
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s 2a ABA XIRLY

o
o s «d /vy \:
. F 33 ¢ O y

&
+ 102.03 =
c £°D
k) T Quy
3 (€] ‘JE
4 B
AN
4.93+ 2.47
Q¢ % x2x200 :I480 Kg.
3.7x44.99
i 3 Sewissey X2 :166,46Kg.
8.47xI03.0I .
Q3: > - S :872,50Kg.
7154220979
Q4: 5" ' x2x50 +847  X&.

Kesit aZirlik merkezine gére alinan mement (M ):
Mc: I1480x45.97+166.46x29,99+872.50x68,67+847x102,03:2,I9 Tm.
Mot Frn-NL FIM:2.19¢5:0.44 Ten,

FIi :F/n+FIM:O.25+0.44:0.69 Ten,

- .o COURBON YONTEMINE GORE
4+I-2 3

FI}_:F/n Py < Q1:I46 yr—y— 73— :2.8
FIi :0.25.(2.80): 0,70 Ton.
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.. II, ANA KIRIS

282 <

8

2.47x200

415

102.03)

6830

I/
r
29 45223
G
hSas
Qu

QI: =y X 2 :494 ;80

I.23 x44.9g

I03.05x2.82

Q3: > x2:290.60K&.

(I.50+4.1I5)x2x50

Q4. % 1282.5K§.

Kesit agirlik memkezine gtre alinan momert (Mc):

" Mc:494x45.97+55.29129.97+290.60x68.70+282.5xIO2.03:

3075 .,

Mo :Fope N Fyu:0.73/5:0.15 Ten,

in_:F/n+F2M

-.. COURBON YUNTEMINE GORE

F22 :F/n A2

FZZ :0,25xI.6:0.40 Ton,

:0.25+0.15:0.40 Ton.

4+I-4

3

A2:1+6 s vy gl - o :I1.60
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wod  IITI ) ANK EIRTS
Mc=-0073T-o . FBM:-O.IS Tono
F32 :F/n+F3M:O.25-O.IS:O.IO Ton.
Ceurben yontemine gire.
- S 4+4I-6 3
F3Z tF/n QO3 : 3:I+6 (= e '2—:0.40

F :0.25.(0.40):0,I0 Ten.

32

~ee IVe ANA KIR1S
F42 :F/n+F4M:O.25-0.44:-O.I9 Ten,
Courben ytntemine gore,

e 4+I-8 3
F‘Z :F/n . L4 A4:]:4-6 ¢ % . e :-0,80

F42 :0.,25.(-0,80):-0,20 Ten.



-

3-2.d-.., IV, YUKLEME

Dis burulma momenti Mp :F x e :Ix 4:4 T,

p=dt
E_Zém P
« F 2 A 3 £ <
=4 ) o %\’7 =u
=5
wl T n| € | 14 W
s ot - g G'
Donme agilari
L e 0.054627132 AR
Y ‘5T0000-322% ( ©-50= 5YOBATTIST 1-00):8.7 10 cn
v -4.10° 0.054627132

. -5 : -11
97 *810000.427% 0.100417157 5.461I0 “0,054627132:17.10 cn'z

;) -4.10°  0.054627132 b S
:m4 0-I0BITIIST (5.46 1077).1.00:I7.I0 el 7,

-«e St.Vemant burulma loienti(Mt):
xX:9 10in,

/ .
My:Ggyedye ¥ :810000x4224x8.7 1070

:0,003 Tm,
x:10 (agiklik ortasi icin)
Wéo sMi:0 (Simetriden dolayi)
-..Carpilma burulnasl(ng):
x:0 i¢in
/

B ol ) '+ -2100000x5.46 T0**.17.4 10°24:1.995 T
Z - Sto waMoy v - X . . . . . .

X310 m,
Tim kesit tesiri burulma mementi ¢arpilma burulmasidir.

Mz.:2.oo Tm,
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- .. Acaklik ertasinda nermal gerilmeler (C;x )

GJX!GX.W H ﬁ‘r—-.wﬁ

4

% o i -11, -4
M,:-B_iod, ., o :-2100000.5 . .I7.4 I0""":3.65 I0™"J

M¥M MM “M"M
3.65 1045,
MM =
X3 Wy :3.65 I0 Wy
J
YM¥M

CSIxA:O (wMA:O)

G xB:3.65 104 x (-4496 ) -:1.64 K&/cm® :O xB!
GxC: n n x (10304 ) :3.77 " ® :3xC!
Cxpr « @ x (5479 ) :2.,00 " " : GxD!

GxE: " x (I5I28) :5.56 " : S xE!
Gxps n x (-I3488) -:4,93 n ® 1S xP!
GxG: " » x (30912 ) :II 30" n 13 xG!

GxH: ™ x (26087 ) :9.,53 " n tSxH!
Gali- " x (35735 ) :I3,06" " o xI?
Gxds » = x (-I7984) :6,57 " " s axJ!
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e +o 1.ANA KIRlS 4

/o

Ko
L3S

(]

¥o ol
6 6(\ o
\E

DAY 4523

; €
g
V]
Q
g
6.57+3.29
Qp: —3— x2x200 : 1972 Kg.
4.93x44.,96
Qy: > x2 1221 ,65Kg.
II.3xI03,04
Q3: > x2 :1164.35Kg.
9.53+13%.06
Q4: 5 x2x50 :I1129,.50K8.

Kesit agirlik merkezine gdre alinan momet (Mc)

Mc:1972x45.97+221.65x2$.97+1164.35x68.69+1129.5x102.03:
22,95 ™.

Mot Fye L Pry: 2.93/5 :0.5% Ton.
FI2 :F/n+FIM:O.25+O.59:O.84 Ton.

-.. COURBON YUNTEMINE GORE
4+1I=2 4

FIZ:F/n . D2 AI:I+6-—I-€_—I——— r:3.40
F15:0.25 x (3.40):0,85 Ten,



-..I1I , ANA KIRIS

c% t316umyuﬂ- A AT
2 228} 4533
0 _’r_ﬁ’g 5 e
68735
102.03 L &.5
e
Qu
3.29x200
QI:-T— xe :658 Kg.
I.64x44.88
Qpt 5—X 2 :73.57KE.
3. T1x105.15
Q3: ) e - :388.80Kzg.
. 2.0045.56
Q4: % x2x50 1578 KB,

Kesit afirlik merkezine gore alinan nouent(Mc):
M :Foy 0L Fop:M./5
lc:658x45.97+73.57129.87+68.75x388.8+378x102.03:0.98Tm.

F2M:0.98/5:0.20Ton. FZZfF/n+F2M:0'25+0'2030'45 Ton.

- .. COURBON YONTEMINE GORE

4+I-4 4
Fzz:F/n.AZ A2:I+6 —yr— 7~ :1.80
F21:O.25.(I.80):0.45 Ton.



56

-.. III, ANA KiR1g

F3M:-O.2O Ton.
Courben yontemine gore.
b A 4+1I-6 4
FSZ:F/n .3 3:1I+46 ¢y g —2-—:0.20

F3z:0.25x(0.20):0.05 Teon,

wan: o2Vl ARA KIXIS

Mc:-2.93 ™, F,,:-0.59Ton.

4M
F4i:F/n+F4M:O.25-O.59:-O.34 Ten.
Courbon yontemine gore
4+I-8 4
F42:F/n A4 A4:I+6 e, | T :-1.40
F4Z:O.25.(-I.4O):-O.35 Ton,
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3.3 - ORNEX II

BES ANA xIxIsL'I VE TEK AGIKLIKLI KOPRUDE YUK DAGILIMININ
BURUIMA TEORISI YArwIMI ILE BULUNMASI VE SONUQLARIN
COURBON YONTEMI I1LE KIYASLANMASI.:

F
A
Me p
555 )
M I P ,\eh{( £ I ;X
€ 2 : . . v
o e 3 150
< |18,
G H < g
3 B Fl l’
35,8, 1% _ B0, 150,50, 1%, B0, 150 A 50 35
A = 2 A ® A - s * Pl e
100 | 200 RS2, 200 25 200 B 100
1000

3.3.1 -AGIRLIK MSRKEZ1 VE BURULMA ATALET MOMENTIN IN
BULUNUSU, :
2xI000xI149+I45x75x5+2x50%5

Es: :J03%3,.0% cm.
2xI000+2xI45x5+2x50%5

es:ISO-ID3.03-I:45.97 cm.
Laldain. .4, 383 (23x1000+23x146x5;23x50x5)-5280 cem?
tc j- j S .

3.3.2- z-z ATALET MOMENTININ BULUNUSU

Tpgt V% .44 :10007x2/12+2x(146%2° /12+146x2x400°) +
2x(50°%x2/12+50x2x400° ) +2x ( 146x2° /T2+146x2x200°)
2xi50312/12+50x2x2002)+I46x23/12+503x2/12:

323571320, cm?.
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3.3.,3- AGIRLIK MERKEZINE GORE BIRIM GARPIIMA
KOORDINATIARI (w_):
Kesitinsimetri ©gzelliginden yararlanarak L degerlerinin

bulunusuna simetri ekseni(z) ilizerindeki A noktasindan

baglayalim,

wszjrb.ds

Wsai® 4 WegtO

Weg, Wep=JP-4y : O -25xI02,03  :-2550 em’ : -wgg,
wSD:WSijp.dy : 0+25x102.03 : 2550 cm? P=Wgp

wSE:wSA+}b.dy : 04+200x45.97 :9194 cnz P=Wope

wSF:wSE+jb.dz :9194+148x200 :38794 cm° T=Wopy

wSH:wSFij%.ay :38794+25x102.02 141345 cnz P=Wop
2
wSG:wSF-jb.dy :38794-25x102,03 136243 cm T=Wgq

2
wSI:wSA+jb.dy :0 +45.97x400 : 18388 cm P=Wgrt

2
‘WgriWgr+fP.dz  :18388+148x400 177588 cm® :-wg;,

2
wSL:wSJ+jb.ay :77588+25x102.03  :80I39 em” :-wgy,

2
wSK:wSJ-jp.ay :77588-25x102.03  :75037 cm” :=-wgy,

2
wSM:wSA+}b,ay :0 +500x45.97  :22985 cm” :-wqy,



()
e s
35 § ®
8 S)] =) =) ————9Y @ 5{/‘ (g
: CREli
- ®
T a2 "
l“‘ ﬂ ) ‘5\ %q
L ° I8 o -
A\
(y) pivaGRAMI
2
£
4sHA3 A
45973 4593 ® 259

9
R S S \ \
1020 1020 1020 #3

0203

(Z) DivAGRAMI



3,3,.4- SEKTOR DEVIASYON MOMENTI (sz )
=
Kayma merkezinin bulunmasi ig¢in gerekli elan bu deger

J -
zws.)ﬁy.ws.iA

szs:Zx {1000/6(-500 (22984x2-22984)+500(-22984x2+22984))
2xI48/6 (-400 (2x18388+77588)-400(2x77588+18388))
2x148/6 (-200 (2x9194+38794)-200(2x38794x9194))
2x50/6 (=425 (75037x2+80I39)-375(80I39x2+75037) )+
2x50/6 (=225 (36243x2+41345)-175(2x41344+436244))+
50/6 (-25 (-2550x2+2550 )+25 (2x2550-2550 )

125618 10 ca”

3.3.5 - KAYMA MERKEZI (M):

Simetriden dolayi kayma merkezi (M) z-z ekseni iizerindedirxy

szﬂ -2,9614 IOl.
ZM T e—— 2 :91052 c-o
Jzz 323571320,

e,: 2. -e_ :9I.52- 45,97 : 45.55 cnm,



ol T

3,3,6 - KAYMA MERKEZINE GORE BULUNAN CARPIIMA KOORDINATLARI

Benzer gekilde su formiilden bulunur. Wy iWgtEy .Y

VMC:-2550+9I.52x(-25 ) :-4839 cm":i-wyq,

Wyt 2550 +9I1.52x( 25 ) : 4839 cm
Wyp et 9194+91,52(=200) :-9III cm

T=Wpr

*TWME*
Wyp:38794+91.52x(-200) :20289 cm“:=w, .,

wMG:36243+9I;52x(-225) :I5451 Ccm”:=wy.,
Wyt 41345491.53x(-175) :25328 cm:
wMI:18388+91.52x(-4oo) :=I18221 cm

ml
T=Wyp
WMJ:77588+9I.52x(-496) : 40979 cm:
wMK:75037+9I.52x(-425) 136140 cm T=Wyy s
wML:80139+9I.52x(-375) :458I8 cm“:

wMM:22985+9I.52x(-500) :=22777 cm” =Wy,
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o A le -
588 8334 g ) 3 #6 © eqj °
[y ol 9., < % O FG3IU (1 ¢
8 ® 3 o
a - 9
(4 n 0 3
o @ 15
(g 0
( Ws) DiYAGRAMI
3
¢
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N T 1822\ gamn A Qul € 2221 T p
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-ijSe

KONTROL DENKLEMLERI.
j;.wM.&A : 0 (Simetri ve antimetriden dolayi.) -
Sy, .da 7o

[ 3.wy.4A :2x §1000/6(-500(~22777x2+22777)+500(22777x2
- -22777)+2xI48/6(-400(-18221x2+40973)-400
(40979x2-18221)+2x148/6(~200(-9I1Ix2+20289)
-200(20289x2-9111)+2x50/6(-425(2x36140+45818)
-375(2x45818+36140)42x50/6 (~-225(1545I1x2+25328)
-175(25328x2+15451)+50/6(-25(~4839x2-4839)+25
(4839x2-4839)): 81199529 cm” .

e b 81199529

OYanl ..ee R 3¢ P :0,0027 (Uygundur).

3,3,7 - CARPILMA MUKAVEMET1 & R N

MM

J :}rwz.dA ile ve carpim tablosumdan yararlanarak
Wy Wy M
bulalim.

J :2x {(1000/6 (=22777(-227TTx2+22777)+22777(2x22777
4t =22777)+2x148/6(~-18221(-18221Ix2+40979)+40979 (40979
x2-18221)+2x148/6(-9I1I(~-9IIIx2+20289)+20289 (20289
x2-9III))+2x50/6 (36I40(36I40x2+45818)45818(45818
x2+36140))+2x50/6(1545I(I545Ix2+25328)+25328(253%28
x2+154SI))+50/6(—4838(-4838x2+4838)+4838(4838x2-4838)8:

:1.0794985 10 2cm®.
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3030.-..1. YUKLEME

M:Pxe :Ix1I: 1M, #
f=t
M % e |, (A = I n
1=\ =2 5 e e - T (=5
Bkt 5 o 5 =
GoteTt 810000x5280 e
k: 5 —¥5 $4,%5 10 “om
E t.J 2I00000xI.079 IO
"M M

Dénme agilari.

/ 1.10° 0.0434
515055785~ (0+50- gomgg— -0 ):1.345 107°

, 1.10°x0.0434%x4.3445 107>
‘= BT0000x5280%0.0860 :=2,21 10
I.Io5xo.0434ﬁa.3445 10‘5)2

~ BI0000x5280x0.0869

-110m-2

1
1=2,21 IO-I4CI-3.

-..5t.Venant burulma momenti (Mt)

e :i¢cin.

/ -
M,:GyyeJ . :810000x5280xI.345 107°:5.75 107 *¢m.

T st
x:10 (agiklik ortasi igin)
/

Vo , Myto (Simetriden dolayl)
-.. GCarpilma burulmasi (Mz)’

x:0 igin
4 7
Mo :=Egq.d, , -/ :=2100000x1.079488510
M¥M
X:10 m.icin tiim kesit tesirleri burulma momenti garpilma

x2.2I 10 14:0.499tn.

burulm-sidir., M, :0.50 tm.



i

M

Gx:G -
 H et 8 A 3;;;;—— Wy
"
M, : -Est.JwaM.(,ﬂ : =2100000. (JWM
4,63 10'5.Jw =
s . LSS50 5
JwaM M :4,63 10 “.w
S xA:0 (wMA:O)
G xB:0 (wMB:O)
GxC:4.63 10" 7x- 4839 :-0.22 K&/cm®:-CxC'
SxD: " " x 4839 : 0,22 " " ;_(CxD!
GxE: " v x- 9III :-0,42 " " :-OxBE!
GxF: " " x20289 :0.94 " " :-CxF!
GxG: " " xI545I :0.7I " " :-CxG'
GxH: " " x25328 :I.IT " " :=GxH'
GxI: " ®  x-I822I :-0.84 "™ " :-cxI!
GxJ: "™ " x40979 : I.90 " " :-dxJ!
OGxK: "™ "™ x 36I40 : I.67 " " :-GxK'
GxL: " m x 45818 : 2,12 " " :-CXL'
GxM: " % x-22777 :-I.05 " " :-GxM'

e ).(=2.21 10'11):4.6310-5J
M

.. Agiklik ertasinda normal gerilmeler (Gx )

M

WMWM



0S/L- LR O CONNYHOVAIA IWNTITD TVIARON NI TINNA

S e
ol |3
g o @
@ R
N .Qa _ﬂ J .O\P.l. _I mg ) H d
QG NGO NO ﬂz
2 @[ = N
S 0 -
o 4 ?
: L oP S
¢ N
]

] 7Re 3 7o \\ v : FALE
o / ® 5 .
S \



=Y

« oo T ABA KIR1S

'J y
§ Loss " i() Aéi; s
0 S) (42
im o Lii:»—”’Jg C%E——% 3 g
. o o
)
8 o
- 1% e
\%OL'MMJ_ ~ 28 Qu
- 1 g
& ® ¥
Ton .
© N
1.05+0.63 e e
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Qo 5 x2 :38.60 Kg. . s
I02.03xI.90 '
Q3: T S 44 5193037!\3.
I.67+2.1I2
Q4= > x2x50 :I189.50K%.

Kesit afirlik merkezine gore alinan moment(M,):

Mc:336.6x45.97+38.6x§0.64+102.03x189.5+68.02x193.37:O.49tn.

Mc:FIM'q» 0.49:FIM.5 FIM:O.O98 ton.

FIizF/n+FIM:O.O98+O.20:O.3O Ton.

-..COURBON YONTEMINE GORE
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Qs -5 x2 :389.27 Kg.
3.35+4.25
Q4: A x2x50 :380 Kg.

Kesit aZirlik merkezine gdre alinan mouent(Mc):

Mc:676x45.97+76.99x30.37+68.28x389.27+380x102.03:0.99Tm.
Mc:FIM'rL O.99:FIM.5 FIM:O.ZO Ton,
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5.0246.37
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Kesit aZirlik merkezine gore alinan moment (Mc):.

Mc:IOI4x45.97+3I33xIIS.12+584.25x68.33+569.50x102.03:I.48Tm.

Mo:Frye 1 I.48:F1y.5 F1y:0.30 Ton.

FIz:F/n+F :0.,2040.30:0,50 Ton.
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-.. COURBON YONTEMINE GORE,
5+I=-2 o

FlizF/n RYAN Y A1:1I+6 1 e o :2.50
FIE:O'ZO x 2,50:0.50 Ton.
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Kesit agirlik merkezine gdre alinan moment (Ic):

Mc:507X45.97+30.64XS8.37+287.75x68.03+102.03x283.5020.74Tm.

: s :0,I5 Ton.
MC'FZMDQ 00740F2M05 F2M

Fzz:F/n+E2M:O.20+O.IS:O.35 Ton.,
-.. COURBON YONTEMINE GORE.
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F22=0.20 x I,75:0.35 Ton.
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Kesit afirlik merkezine gore alinan uonent(Mc):

Mc:I348x45.97+153.67x30.39!775.I7x68.27+757.SXIOZ.O3:I.97tm.
Mc:FIM'(L I.97:Fpy.5 Fiy30.39 Ton.

PryiF/n4F,:0,2040.39:0.59 Ton,
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G’xM: " " %=22717 :-5.26 ® " :-dxM'
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- Io ANA KIRIS

ot ©
% M . T A § ¥
" = ° G Q ©
¥ L L\ - . i 2 Tl
o 4 Cy Q > |
n
o @
q %
A \U)
D) 9 k.o
3
%,A?ww 23

WC«}'
835

¢ *
®

0 58 %L

J

I

[

5.26+3,16
QI: > x2x200:1684 Kg.
4.21Ix45.97
Q2: 2’ x2 . 193 . 54Kg.
9.47x102,03
QB: 2 x2 :966.22Ké.
8.35+10.58
Q4= % x2x50:946.5 KE&.

Kesit agirlik merkezine gire alinan moment(MC):
Mlc:1684x45.97+I93.54x30.33!966.22x68.33+946.5x102.03:2.46Tm.
MyetFome1 2.46:Fpy.5 Fiy:0.49 Ton.
FIZ:F/n+FIM:I/5+0‘49:0'69 Ton.

- Courbon ydntemine gore

Hh4l-1x? 9
FD_cF/n.Al /\1:I+6—21;-I—— —5—:3.50

F15:1/5x3.50:0.70 Ton.
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e IIO ANA KIRIS

kalomE o
§ A
) A
A By & §
‘ c . & M
o &
Of @
R e
3 B SR S
)
@
0
3.16+1.06
QI; . x2x200 : 844 Kg.
45.97x2,.11I -
Q - x2 : 96.97 Kg.
4,69x%I102.03
Q3: % > ¢4 :478.52 KE.
3.57+5.85
Q4: 5 x2x50 . 471 Kg.

Kesit agirlik merkezine gore alinan moment(M,):

Mc:844X45 «974+96.97x30.36+478.52x68.30+47Ix102.03:1.23 Tm,
MZC:FZM.Q_ I.23:F2M.5 IZM:O.ZS ton.

Fos :F/n+Fyy:11/5+0.25:0.45 Ton.

- Courbon ybtntemine gore.
54+I1-2x2 9

FZZ'F/n.A2 A2:1+6_§-§:I——— T:2.2,5

Fos:1/5%22.25:0.45 Ton.




=

hadt III. ANA KIRIS

~

5
% A////?gﬂgg & o
g ‘ e 2
§ Cr
g
c@:‘g S| G

QI+Q2:0 o Q3+Q4:0 4 M3c:0

F3Z:F/n:I/5:O.20 Ton.

- Courbon yontemine gore.

- A 5+I-2x3 S
F32.F/n. 3 B I+675—— T I OO

F32;I/5x1.oo:0.20 Ton,



~ T

-.. IV. ANA KIRIS

:“1023 Tmo :‘0025 tono

F4Z:F/n+F4M:I/5-O.25+0.05 Ton.

-. Courbon yontemine gore.
5+1-2x4 5

25:1 5 :"0.25

F4Z:F/n.A4 N4:1+6
F42:I/SX(-O.25):-O.05 Ton.,

e V. ANA KIRIS

M :-2.46Tm. b.‘ :"0149 tonc

1c:-M5c
FSZ:I/S}(-O.49):-O.29 Ton.

5M

-. Courbon yontemine gore
5+4I-2x5 5

Fsz:F/n. AS A53I+6—2-5:I—'— T:-I.SU

F52:I/Sx(-1.50):-0.30 Ton.
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3,4- ORNEK III

ALTI ANA KIRI$L! VE TEK AGIKLIKLI KOPRUDE YUK DAGILIMININ
BURULMA TEORISI YARDIMI 1LE BULUNMASI VE SONUGIARIN
COURBON YONTEMI ILE KIYASLAMASI.

f
; " =
M b = emf 14536 ! \ :
fo 2oy, 8 afenffox, EL Wg B o
‘ < olash
= |
) @ ©F @ ® @ 8
L K M NGk Se’E € o' 0 T o H a ol
50 150 50 150 50, 50 22 4 I5° |®5F
100 | e - SR 200 o T I 200, 200 4 io0
v *

3,4-I.. AGIRLIK MERKEZI VE BURULMA ATALET MOMEN T 1IN IN
BULUNUSU,

2xI200xI149+2x146X75x6+2x50%6

B 3XT1200412x146%6+2%X6X50 :103.03 cm.

°s=150'103‘°3-1:45’97 cm,

Jt:I/ai.-j.t3 F1/3(23x1200+2°x146x6+2°X50%6 ) 6336 *

J
3,4-2.. z-z ATALET MOMENTININ BULUNUSU.

)"y .dA: 1200 x2/12+?x(I46x?5/12+146x2xroo )+2x (146
5/12+14bx,x)uu )+,x([4hx2 /J’ol4ux2x500 )
+2x%(50 32 /12+50x2xI00 )+2x(50 %2 /12450x2x

3002 )+2x(50°x2/12450x2x5007 ) 1562525584 cm*.



»

(Y ) pivadrami

459% 45
o {%‘K; L5X) 4599 LB d
Sl Q F % Y
® 9 x x
L ¢ M Qhor TG TG L
Q ) © S)
10207 10203 Q2 b 1 02.0%

( Z) DiYABRAMI.
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3,4-3,. AGIRLIK MERKEZINE GORE BIRIM CARPILMA
KOORDINATLARI(WS):

Kesitin simetri O6zelliginden yararlanarak W degerlerinin
bulunuguna simetri ekseni (z) lizerindeki A noktasindan

baslayalim.

wszfp.is

WSA:O

WopiWg,+/p.dy : 0+100x45.97 :4597 cm’: “Wons
WgoiWgpt/P.dz i 4597+I48xI00  :I9397" : -wge,
wsnzwsc-jp.dy : I9397-25x102.03 :16846 " : -wgyp,
wSE:wSC+jp.dy : 19397425x102.03 :2I948 " : -wgp
wSF:wSA+[p.dy : 0+300x45.97 :I3791 " : "QSF'
WgiWgpt/P.43 @ I3791+I148x300 :58I91 " :  -=Wgn,
WoyiWgg- /P-4y : 58I91+25x102.03 :55640 " : -wgy,

VSI:WSijp.dy : 58I9I425x102.03 :60742 " : =Wgq,

WeriWgatSPdY 1 04500x45.97 122985 " i -wg;,
WSK:WSJ+jp.dz : 22985+I48x500  :96985 " 1 ~wgy,
. " H et
WSL:wsx-jp.dy : 96985-25x102.03 :94434 WS,
WoyiWgyt P.dy : 96985+25x102.03 :99536 " : =Wgy,

WSN:WSA+jp.dy : 0+600x45.97 :27582 " : =Wgu,
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3.4-4..SEKTOR DEVIASYON MOMENTI (sz ):
S
Kayma merkesinin bulumnmasi i¢in gerekli elan bu deger

sz:/y.ws.dA

sz8:2xI:1200/6(-600(27582x2-27582)+600(-27582x2+27582))
+2x148/6(-500(2x22975+96985)-500(2x96985+22975)) +
2x148/6(~-300(13971x2+58191)-300(2x5819I+13791)) +
2x148/6(-100(4597x2+19397)-100(2x19397+4597)) +
2x50/6(-525(94434x2+99535)-475(2x99535+94434 ) )+
2x50/6(-325(55640x2+60741)-275(2x60741+55640) )+
2x50/6(I25( 16846x2+21947)- 75(2x21947+16846))] :

:-5,17 10*° ca’.

3,4-5., KAYMA MERKEZI (M):

Simetriden dolayi kayma merkezi (M) z-z ekseni lizerindedir,

sz' -5.1I7 10°® &5 8
ST =~ ~ERYEYRERE 155 s OW
M z-%

eyiBy=Cy :91.83%3-45.97 :45.86 cm.
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3,4,6 -KAYMA MERKEZINE GORE BULUNAN GARPIIMA KOORDINATLARI

Benzer sekilde su formiildem bulunur,

Wy WgtZy Y

wMA:O

Vg * 4597+91.83 x(-I00) :-4586 cmzz-wMB,
wMC:19397+9I.83 x(-I00) :I021I4 " =Wyt
wMD:16846+9I.83 x(=I25) :5367 " “Wyy 1
Wyp:2I947+91.83 x(- 75) :I5060 " :i-wypo,
WMF:1379I+9I.83 x(=300) :-I3758 " s
Wyg:58I9I+9I1.83 x(-300) :30642 " :-wya,
wyp:55640+91.83 x(-325) :25795 " i-wyy,

wMI:6074I+9I.83 x(=275) :35488 " :fwMI'

Wyg:22975+91.83 x(-500) :-22940 "  :-Wyg,
Wy : 96985+491.83 x(=500) 51070 "  :-wyy,
Wyp:94434+491.83 x(-525) :46223 " oWy,
Wy s 99535+491.83 x(-475) :559I6 " =Wy,

wMn=27582+91.83 x(=600) :=27516 " :-=Wyy.
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KONTROL DENKLEMLERI

,fz.wM.dA:O (Simetrive antimetriden dolaya)

Jy.wy.44%0

J y.wy-aA:2x [ 1200/6(-600(2x(~27516)+27516)+600(2x27516-
27516) )+2x148/6(~-500(-2x22940+51070)-500(5I070x
2-22940) )+2xI148/6(~-300(-2xI3758+30642)-300( 2x
30642-13758)+2x148/6(~-100(-2x4586+10214)-I00(2x
10214-4586))+2x50/6x(-525(2x46223+55916)-475(2x
55915+46223))+2x50/6(~325(25795x2+35487 ) -275x(2x
35487+25795)+2x50/6(~125(5367x2+I15059)-75(15059x2

+5367)) ] 1253137416 cm’.

Kiyaslama 253137416
! . OTAAX .c0ee 10
511710

:0.0049 (uygundur)

3,4,7- GARPILMA MUKAVEMETI (JWMWM):
JWMWM:,fwﬁ .dA ile ve garpim tablosundan yararlanarak
: bulalim.

JWMWM:zx['1200/6(-27516(-27516x2+27516)+2751§(éx27516
-27516) )+2x148/6(-22940(-22940x2+51070)+5I070(2x
51070-22940) )+2x148/6(-13758x2+430642)+30642(30642
x2-13758))+2x(148/6(-4586(-4586x2+10214)+10214(2x
-4586) )+2x50/6(46223x(46223x2+55915)+55915(55915x2
+46223) )+2x50/6 (25795 (25795%2+35487 ) +35487 (35487x2
25795) )+2x50/6 (5362 (5362x2+15059)+15053(15059x2+

O12 cm6.

5%62)) |: 1.88 I

8 .53 ; 6336
st*'t : 810000.633 Sl ol
st*’ WYy
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3.4.a~ 1. YUKLEME
M:Fxe:IxI:1 ™a.

> 4
T o
F=1
m
e:!
. Emsera e o
3 F B A a ¢ 3
:' . \ o )
L t=2 (=3 3 g |i=4 1=5 i=G
Tk e T ST & g4 - .
Dénme acgilari
! I.10° 0.036033

. : 6 ~Fem™2
Y :BT0000-5336(0-50- goTzITs 10 ): 6,14 10 ™.
v -1 10°x0.036033°x3,603 107>

¥ *BT0600x6336x0.0T2TT Bt R T

» 1 10°x0.036033x(3.603 107°)°

% :=-1,26 10 "Tom “.
8I10000x6336x0.072113

-.. St.Venant Burulma momenti.(Mt):

X:0 icin,

‘4ta.

/ <9 +
Mt:G 9’:8100001633616,14 JO “:3.24 10

st .Jt.
x:10 m,(Agiklik ortasi)

/
#:0 , Mt:o (simetriden dolaya)
-.. Carpilma burulmasi (M.):
x:0 ig¢in.

i > \tn)- - p ¥ t.\‘:" . >

Hz:-l't J .y’:-2100000x1.30 Q" x1.2€ 1IC O T

s
M™M - i
X:10m.Tim kesit tesirleri Dumuima BOomeLIL Qariiime

burulmasaidar. IH‘. 0.50 T,
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-.. AGIKLIK ORTASINDA NORMAL GERIIMELER((Gx):
M

GJX:G‘X.W . Jw .WM
' WM

//

- an ® -— -1l . ; R
M, =Egpd, - :=210000.7 . +(-I,26 107**):2.65 I0 §waM.

M¥M MM
2.65 10°°.J i
G x: 4 MM o :2.65 10~°,w
wa .M.. N
MM
C;xA:O (wMA:O)

G=B:2.65 10~7 x -4586 :0.I2 Kz/cm®:-GxB'
GxC: ™ ™ x I03I4 :0.27 " " :-GxC°

OxD:+ " "™ x 5367 :014 " " :-GxD'
GxE: "™ ®» x 15060 :0.40 " " :-GOxE!
G xF: " " x -I3758 :-037 " " :-GxF'
GxG: " " x 30642 :0.81 " " :-OxG!
GxH: . v x - SPOG 10.65 # B s~ OxH"
GxI: ot » x 3548083 0.,99°. " :=GxI!

GzJ: ® " x -22940 3-0,6I * * :-OxJ'

Cxx: * = x5I100 3I.36 " " :-Oxk!
Gal: % % x §6229 2125 % & s=GxL
Clot: % v x 55016 AR S N Gunt
Cons v & 327516 35 & W G
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e IoANA KIRIS

'J M 30«3”3'/&“1,\1 Ay
gi e Bl B
__q,
o3 ( \y)
&r Ry 3
3 $, 4 cd i T
7
o ¢
. Qq
0.73%0.49
QI: > x2x200 :243% Kg.
45 .86x0,61
102.I3x1.36
Q3: » x2 :I39 Kg.
I1.23+1.48
Q4: 5 x2x(50) : I36Kg.

Kesit aZirlik merkezine gore alinan moment(Mc):

Mc:243x45.97+30.68x28+I39x67.99+I36x102.03:0.35 Tm,

Mo:Fryefl 0.35:Fpy.5 Fy:0.07I Ton.
FIZ:F/n+FIM:I/6+O‘O7I:O‘24 Ton.

-~.. COURBON YONTEMINE GORE
6+41-7" I

FII:F/n'Al A].:I+6—3-F:I— 2——:1.43

FIz:I/6.1,43:0.24 Ton.
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-9 0 II. ANA KIRIs

o 8'\1‘5/("\[

0 o

0.49+40.24

Qivrrere x2x200
45 .86x0.3%7

Q2: 2 XZ
I02.1I3x0.81

QB: S > X2
0.69%0.94

Q4: & o x2x50

Qy -
® &
e T
fww_ " R % 3
9
0
0
N 9
3 £
= s e
: 146 Xg.
:16.7T B,
: 83 Kg.
: 8104 Kg'

Kesit agirlik merkezine gore alinan momeng (Mc):

MC:I46x45.97+16.7x30.68+83x67.99!102.O3x8I.4:O.2I Tm,

Mc:FZM'q—

O.2I:F2M.5

Fom

Fzz:F/n+F2M:I/6+O.O4:O.2I Ton,
-..COURBON YONTEMINE GORE.

20 ,04dn Ton,

Fos:F/n.A2  A2:146 wp—y— —5—:1.26

FZZ:I/G.(I.ZG):O.ZI Ton,



.

h% P o \lub/(ml Q,
5 A e q
3 0
O P & Cj (Q" an
n
0
@ el
@) 9
® & i k Gy
= 9]
034\”/ % Qy
r-‘é = T 5 E\g_ , e
6-4%
3 S
o 0]
0.24x200
Qr® 5 x2 :48.8 Kg.
0.1I2x46.06
Q2: » x2 $5.62 KB,
0.27x102.0%
Q3: % X2 327:955 Kg.
0.I4+40.40
Q4: > x2%50 :27.14 Kg.

(Mc):Kesit agirlik merkezine gore alinan moment.

Mc:48.8x45.97+5.62x30.62+27.55x68.05+27.I4x102.03:o,07tm.
MoiPgyofl  0.07:Fgy.5 Fzy:0.0I4 Ton.
F3Z:F/n+F3M:I/6+O.OI4:O.18 Ton.,

-, ., COURBON YONTEMINE GORE
6+I-2x3 I

F3:F/n.A3 A3:1+6—3F_-_T— g .08 Ton.

F32:1/6x(1.oe):o.18 Ton
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-.. IV. ANA Kirlg
Msc:-M4c:-Ooo7 Tn. F4M:‘OQOI4 tono
F4i:F/n+F4M:I/6-O.OI4:O.IS Ton,

-.% COURBON YONTEMINE GORE.

6+I-2x4 I
Fag :F/m. 84 A4:T+6—ry »—:0.91
bl V. ANA KIRIS
—Mzc:MSC:—O.ZI Tm. FSM:-O.O4 Ton.

FSZ:F/n+F5M:I/6yO.O4:O.IZ ton.
-.., COURBON YONTEMINE GORE

6+I1-2x5 I
FSZ:F/n.AS AS5: T+6—gp—y— »—:0.74
Fsi:I/G.(O.74):O.12 Ton.
e VIo ANA KIRIS
MIC:-MGC:-O.35 T™m., FGM:-O.O7 Tm.

FGI:F/n+F6M:I/670.07:0.IO Ton.
-.. COURBON YONTEMINE GORE.

6+I-2x6 I
FG:F/n.AG A6:1+6—36—F—— —5—:0.57

FGZ:I/G.(O.57):O.IO Ton.
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M:Fxe:Ix2:2Tm.

F:l\ F
e-Q—“\

1 F A .?‘> B +
e (=2 & S Py Gk i
5% A6t §< & EéF_ iT%rw GJE_U
Donme agilara

5

o549 0.036033 o
¥ +aTo000-53%6(0-50- groTerTE-00) :1.26 10T enh.
// =2 10°x0.036033°x3,603 1077 BT

*~BI0000x6336%0. 072113 RSN 20

Yz a -5,2
.=2_10 xU.O§6O33x§g-602 10 7) : 5l 5 W
7z 500% X0 0ToL $2+53. 10 " Tcm

-.» St.Venant burulma lomenti(Mt):
x:0 i¢in.
M,:G_,.J,.{ :8I0000x6336x1.26 10" °:6.49 10~ *mm
t‘ Bt' t. . . . - .
x:10 (Agiklik ortasi igin)
/
#:0 , MM :0 (Simetriden dolayi)
-.. Garpilma burulmasi (M,):
x:0 i¢in

y I2

.¢/ :2100000xI.8810" “x2.53 10-14.0.99 um.

X:1om. (Tiim kesitlerdeki burulma momentg garpilma

burulmasidir. ﬂczl.oo Tm.
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-+« ACIKLIK ORTASINDA NORMAL GERILMELER (G xit’

M

G‘X:GJX.\AH

cWM

w
J
MM
7/

M :=E_..J o f 2 =2 =2, Wi -
w st Wi Wy 9” I00000x~2.53 IO waMwM:5.309lo 5J

WMYM

-5
G s -5
Xy .wM:5.309 I0 “.w

MM

M

C;xA:O (wMA:O)

C;xB:5.309 IO-S x- 4586 :-0.24 Kg/cmz:-C§xB'
GxC: "™ " x I02I4 : 0.54 " " :-GxC'
ngD: " " 538 1 0,29 9% % 1= GxD"

&"1
=

OxE: " " x I5060 : 0.80 " »
GxF: " " x-I13758 :-0.73 » » :-CﬁxF'

GxG: » . X 30642 :1.63: %" ¥ 1= CxG'
GxH: " " 25195 53,31 # *» :-GxH!'
GxI: ® " x 35488 :1.88 " " :-GxI'
G'xJ: m % x-22940 :-I.22 " * :-GxJ'
Gxk: ™ " x5I070: 2.7I" " :-GxK!
Gxls % *» "x 46288 L 2.656% & sl

CxM: .n % x 55006 & 2, 9% % =N’
CxN: " n  x-275I6 :-I.46 " " :-GxN'
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e Io ANA KIRIS

/¥ 2 i
o 05 0

l_uezaml
; 0]
N
\
\
© 3163 ml
b
lg
N
o
| 3063
l LEDY
+

g
e
@ 0 6
Kot a | -
q ~.
Q’Sl, = 2 é - Qy
[ ®
() &
J o
1.46+0.97
QI: 5 x2x200 :487 Kg.
I1.22x45.89
Q2= - X2 :55.89K§.
2.7TIx102:1%
Q3: ” x2 :276.2KZ&.
2.45+2.79
Q4: vi x2x50 :27IKE.

Kesit aZirlik merkezine gbre alinan monent(ﬁc):
Mc:487145.97+55.89130.67+276.7x67.99+27IxIOZ.03:0.71 .
MC:FIM.Q_ 0.7I:Fyp.5 Pry:0.I4 Ton.
FIl:F/n+FIM:I/6+O.I4:0.31 Ton.

COURBON YONTEMINE GORE.
6+I-2 2

FIZ:F/n. Ax D T~y — 7 I.86

FIZ:I/6xI.86:0.3I Ton.
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.. 11, ANA Xinig

r‘% Fo')"s“"""\zé Sy
I 7O =) g
: Lt
N b b C A
O T
10 ?j
® &
g ‘(&3
lv63v‘9/°m2 "'g L '@\q
Pg H @1 }\ Y
g o
& s
0.94+40.49
QI: % X2x200 :292.2 Kg.
0.73x45.84
Qs 5 —X :33,46 Kg.
I02.16xI.63
Q3: ” X2 :166,21IKZ.
I.37+1.89
Q4: % x2x50 :162.65Kg.

Kesit agirlik merkezine gbre alinan moment(Mc):

Mc:292.ZX45.97+33.46x30.69+166.21x67.98+I62.65x102.03:
:0.42 Tm.

0.42:F2M.(L 0.42:F2M.5 F2 :0.09 Ton.

FZZ:F/n+F2M:I/6+O.O9:O.25 Ton.

-.. COURBON YONTEMINE GORE.
6+I-4 2

Foy 1F/n.A2 A2:T+65g—y— ——1.51

M

F22:1/6x1.51:0.25 TOn.
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B oo *

)

: =
6‘{/9%
[y

=

0

-98-

0
o 2
8 LS
% A
g
) 3
0 )
0.49x200
QI:‘ > x2 :97.40 K&
45.97x0.24
Q2: % x2 sEise K&
I102.03x054
Q3: % x2 255.09-K¢g.,
0.29+4+0.80
Q4: % #2x50 :54.25 Kg.

Kesit agirlik merkezine gore

Mc:97.4x45.97+11.22x30.62+55.

MC:F3M.fL O.I4:F3M.5
F3Z:F/n+F3M:I/6+O.03:0.20 Ton.

-.. COURBON YONTEMINE GORE.

641-6

alinan moment (Mc):
09x68.05+54.25x102.03:0.14Tm.

F3M30.03 Ton.

2

Fy5:F/n. A3 As:1+6§§:1—— ——:1.71

F32:I/6x1.71:0.20 Ton.
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-..IV.ANA KIR1S

Mc3:-Mc4:-O.I4Tm. Fius=0.03Ton.

4M
F‘Z:F/n+F4M:I/6-0.03:0.I4 Ton.

-..COURBON YONTEMINE GORE.
6+I1-8 .
F4Z:F/n. A4 A4:I+63-6-_I—— ——:0.83

F‘1:I/6x0.83:0.14 Ton.

-.. V. ANA KIRIS

:-0042Tm. F :-0.0gTOD.

Meo:-Mes 5M

-.. COURBON YONTEMINE GERE., :
FSZ:F/B.AS A5:1+6 7 S Sa :0.49

FSX:I/6x0.49:O.08 Ton.

-.. VI. ANA KIRIS

McI:-MCG:-O.TI Tm. F6M:-0.I4 Ton.

-..COURBON YONTEMINE GORE.
6+I-12 2 )
F6z:F/n. A6 A6:1+6W T-O.I4

F61:1/6x0.14:0.03 Ton.
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M:Fxe:Ix3:"3tm "

]
Falt g
e=="
3 % i |
= A B8 ¢ 1 o
L=t =
Ve e SL___Q =y =5 156
LK™ "o T 5T — i ko
e s I'ag W VA

Donme agilarai
) 3 107 0.036033 =
¥ BYoo00-EsE (O-50 g gyryrs I-e0) " 41800 107 ea™

1 =3 10°%0.036033°x3.603 1072 2
¥ :—BT0000%0-0T2TT3x633% S -10 I e

m -3 10°x0.036033x3.603 10™2)°xI.00 e
¥ :—BT0000x6336%0. 072113 e - T

-.. St.Venant burulma momenti.(Mt):
X0 -1Cin.
/
-8 -4
My:Ggyed s ¢/ :8I0000x6336xI.9 10°":9.55 10 "Tm.
x:10 m.(Agi1klik ortasi igin)
9/;0 , M :0 (Simetriden dolayi)
t

-.. Garpilma burulmasr (M,):

x:0 igin.
/ —
I T ./ :-2100000x1.88 10%%x3.79 107 14:1.49n.

M™M
x:10 m.(Tim kesit tesirleri burulma momenti garpilma

burulmasidar.) MZ:I.5O T™m.
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-.. AGIKLIK ORTASINDA NORMAL GERILMELER.(Gx):

M

C;X:G x.w:-Tw—-—— W

MM

//
M, ~Egy+J¥ywy o :-2100000xIwywy.=3.79 1071:7.69 1072 0wyw,

7.96 1072 . Jwuw

C; M"M -5
X3 JWMWM .wM:7.96 I0 “xw

M

C;XA:O (wMA:O)
C;xB:7.69 IO-S x- 4586 :-0.37 Ké/cm2 : -G xB!
GxC: " " x JORT4 o " :=-OxC"

GxD: * " x 5367 : 0.43 " " :-GxD'
GxE: "™ "™ x I5060 : I.20 " " :=-GXE!
GxF: " » x-I3758 " 3-1,10 ®cu® 1= OxF!
Oxli: » v x 30642 1 2. 48l X 1=Gxg*
GxH: " ®» x 25795 : 2.05 " *® 1 -G xH'
OxI: » » 35488 _is 2.83. " * :-GzI'
(jXJ: . x=-22940 :-1.84 " " +=OxJ"
Cxk: » * x5I070 : 4.07 * ® :1=GxK°
COal: » = 346225 M B.60 < & -G
CxM: m ® x559I6 : 4.45 * * :1-GxN'

:—CﬁxN'

OxN: x-27516 :-2.19
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bl WY Io ANA KIRIS

N\ | lau\"’((mL

2.1a¥Yomt
K;i:
-0} &t
~ -
1@
~
2065
® &
453
g oo

s c4
SV
0
g 2
® 3 K33
; wg/om* "
e o KW
g ® |3
3 9
@ T
2.19+1.47
QI: % x2x200 1T
46.04x1.84
4.07xI0I«95
3.68+4.45
Q4: ) x2x50 :406.45KZ.

Kesit aZirlik merkezine gire alinan moment(Mc):
Mc:731.2145.97+84.53x30.65+4I4.43168.02+406.45x102.O3:I.06Tm.
Mo:Fry-L  I.06:Fpy.5 #ry:0.21 Ton.

FIZ:F/n+FIM:I/6+o'21:0'38 Ton.

Courbon ydntemine gore
6+1-2 3

FIZ:F/I'I.AJ. Al:I+63'€-'—T— —>—12.29

FIE:I/6x2.29:0.38 Ton.
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-.. II. ANA KIRIS

5

= ‘ IoKa«NY\L G\\
| Qo ©

63-38

quksﬁwnl

) \ 0

Xiigé

0q3%3y

>

o b

3

u5.2%

Q3

I0260%

Ry

I.47+40.73
Qp: - x2x200 :439.20 Kg.

I1.I0x45.97
Q2: % X2 :50.34 Kg.

102.03x2.44
Q3: - x2 :248.85 Kéo

2.05+2.83
Q‘v———jr————xeSO 1244 Kg.

Kesit agirlik merkezine gore alinan uonent(Mc):

M2C:439.2x45.97+50.34x30.68+67.98x248.85+244x102.03:0.64Tm.
MyeiFoy- L 0.64:F,y.5 F,y:0.13 Ton.
F,y:1/6+0.13:0.294 Ton.
-..Courbon yontemine gore. :

6}[—4 5
F2Z:F/n.A2 A2:1+6—3(-—I__- TI.T’

F22:I/6x1.77:0.295 Ton.
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e III. ANA KIRIS

ﬁﬂuycml -
R route = e
+ ® C4 EI T
o
0
a Gy
(9] U GS
o —
o
' a
¢ +— -
ol
)
s,
0.73x200
Q¢ > x2 : 146 Kg.
0.37x45.97 :
0.8Ix102.03
Qz: > X2 :82 .64Kg.
0.43+1.20
Q4: ) x2x50 :8I.45Kg.

Kesit agirlik merkezine gore alinan -o-ent(nc):

M3C:I4SX45.97+I6.78x30.65+82.64x68.02+81.451102.03:0.21?..

M3c:F3M.ﬂ_ 0.2I:F5y.5 Fgq:0.04Ton.

- Courbon ydntemine gire
6+I1-2x3 3

F-”_:F/n.A} A321+6——13T v au :1.26

F31:1/6x1,26:0.21 Ton.
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B ] IV. ANA KIRIS
M3c:-M4c:-O.21 Tm F4M:—O.O4 Ton.
F4Z:F/1+F4M:I/6-0.O4:O.I2Ton.

- Courbon yontemine gore
6+I-2x4 3

F4Z:F/n.A4 A4:1+6

F4Z:I/6x0,74 :0.I2 Ton.

oo V. ANA KIRIS

5M
Fsz:F/n+F5M:I/6-O.13:O.O4 Ton.

- Courbon yontemine gore
6+I-2x5 3
Fsy:F/n. A5 AS5:1+46 —gp—p »—:0.23

FSZ:I/GIO'23:0'04 Ton.
-.. VI. ANA KIRIS

M :-MGC:-I.O6 Tm. FGM:-O.ZI Ton.

I¢
FGZ‘F/n+F6M’1/6'0‘21*0'05 Ton.,

- Courbon yontemine gore.
. 6+I1-2x6

3
F61:F/n.156 A6:1+6 5ET 5—:-0.29
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M:Fxe:Ix4:4 Tm,

¢, 2
Fe ! T
m
e=4
g ’ .

N 2 £ =) A 3 E 3

i= =2 =3 5J‘“§ L=y =5 =G

r-Pmn B - ScC € £ ¢ o f%T? '

Donme agilara.

/ 4 10° 0.0360%3 A
Sﬂ :W(O.SO-WXI.OO ) $ 855 IO- Cl-lo
/"4 10°%0.036033°x3.603 107" IR
99:—§T5555§3333§5757§TT3 :=5.06 I0 cm

/i -4 T0°%0.036033x(3.603 10™2)2

Besaeos = -14 -3
9_/ * 8I0000x6336x0,072115 ESiRn- 30 ""om

-+. St.Venant burulma momenti (Mt):
x:0 igin.

/ -8
1Ggpedye g/ :8I0000x6336x2 .53 10

M :0.00I3 Tm.

t
X:10 m. Agiklik ortasi igin)
¢/=° , Mg:o (simetriden dolay1)
-.. Garpiima burulmasi (M,):
X:¢ igin.
Mz:-Est.JwaM.¢//:2100000x1.88 10%%x5.06 10714:1.99 Tm.

X:10 m. (Tiim kesit tesirleri burulma momenti c¢arpilma

burulmasaidar. Mlzz.oo Tm.
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U
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@
w ;
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o
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-.. I. ANA KiR1S

ey o™

) 3 2.uy

1,\1‘
3
X S !
© A Q 4 &
5 T
= 8 5 g
t T
o
0
i )
Q 0
3 i
}: ;’ © ~ 2%
n‘\*“]g
6) 0
N |

2.92+1.95
Qp: 2 x2x200  :974 K&.

2.44x45.97

Q:— x2 :112.I7KE.
I102.0%x5.42

Q3: ) x2 $553 Kg.
4.9I+ 5.94

Q4: - x2x50 :542.5Kg.

Kesit agirlik merkezine gire alinan moment (Mc):
MIC:974x45.97+112.17130.65+553x68.02+542.5x102.03:I.4I Tm.
MotFyye-l  I-4I:Fpy.> Fry:0.28 Ton.

FIz:F/n+FIM:I/6+O.28:0.45 Ton.

-Courbon ybtntemine gore.
6+1-2x1 4

FIZ:F/n. Aa A1:146 —p—p— —7—:2.71

FI1:I/6x2.7I:0.45 Ton.



-III~

=to. IT,. ANA: KIR1S

b = ,\g Gu
§ © a [CYN \‘g g)'
o 2 =1 =8l o9
d ¢ ci —Se—
o
o B
P> -
5 - o
@, 3
g F
N ©
1.95+0.98
QI: 7 x2x200 : 585 KE.
I1.46x45.87
Qo % x2 :66.97 KZ.
3.25x102.13
Q3= % x2 :331:83K8:
2.74+43.77

Kesit agirlik merkezine gtre alinan moment(Mc):

Mzc:585x45.97+66.97x30.58+331.93168.U9+325.51192.03:0.85T-.

MZc:FZM‘rL U.85:F2M.5 F,,30.17 Ton.
Fzz:F/n+F2M:I/6+U.I7:O.34 Ton.

- Courbon ytntemine gﬁgez % :
+I-2x

:F/m. A2 AD2:I+6—poy ——:2.03

Fagt
FZZ:I/6x2,03:0.34 Ton.
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BOA%@K&

) C N pe 1
_&) £ a
& o
.- __,,__,8 I

S /0l

J - o
\%% s—L Erg % o :Gu
N
5 ;
0.98x200
Qr: » x2 :195 Kg.
0.49x45.97
Qp > x2 :22.53 Xp.
I1.09x102.03
Qs: 2 x2 : 11I0.70Kg.
0.57+1.60
Q4: % x2x50 : 108.50K&.

Kesit agirlik merkezine gore alinan moment (M,):

M3c:I95x45.97+22.53x30.69+IIO.7Ox67.97+IO2.03x108.5:0.29 T™n.

M303F3M'(L 0.29:F5y.5 F3M:O.O6 Ton.
FBZ:F/n+F3M:I/6+0;06:0.22 Ton.

- Courbon yontemine gire
6+1-2%x3 4

F32:F/n.133 A3:1+46 <=7 —:1.34

32 :I/6xI.34 :0.22 Yon.
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e Iv. ANA KIRiS

M3c:-M4c:-0.29 Tm. F4M:-O.O6 Ton.
F4iI/6-O.06:O.II ‘'on.,
-Courbon ydntemine gore
A A 6+1-2+4 4
F4Z:I/6xu.66 s0.121 Ton.
e VQ A.NA KIRIS

FSZ:F/n+F 2I1/6-0,17:-0.00% Ton,

5M

- Courbon yontemine goire
6+1-2x5 4
FSZ:F/n.ZSS A5:1+6 5T »—:-0.03

-.. VI. ANA KIRIS

FGZ:F/n+F6M:I/6¢O.28 :-0.I2 Ton.

- Courbon yontemine gire
6+I-2x6 4

FGZ:F/n.A6 A6:I+6-—3z'_—f—- —=—:=0.71

F62:1/6x(-0.71):-0.12 Ton.
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3.4,e- V., YUKLEME

M:Fxe:Ix5:5 tm.

1 =

F=\ |

e=5"

T3 p - - é F' ]‘ W'
L=\ 1=2 i3 34—y fas =5 &
R 5 b sce o Fau -
Dénme agilari.

/5 105 0.036033 il e
Sﬂ: 15000 (0.50~ 5OTIT 00 ") 15:40 10 "om .
4/? _5 105x0.036033°x3.603 107° s

+—BT0000x6336%0. 072113 - e e e

Wi > =3)F

-5 10° x0.036033x(3.603 10 ")

*—BT0000x6336x0.0(12115

-.. St.Venant burulma momenti (Mt):

x:0 ig¢in
; -8
- -4 . Ve 6to.
Mt.GBt.Jt.§/.810000x6336x3 16 I0”°:0.,00I6 tm
x:10 m.(Ag1klik ortasi igin)
9”20 y Mgio (Simetriden dolay1.)

-, .Carpilma burulmasi(M,):
g 12 -14
® - . .88 IO X6o32 IO :2.50 Tm.
M; B, . Jwywy § 32100000x2

x:10 m. (Tum keslit tesirlerd burulma momenti ¢arpilma

burulmasidir.)
Mz:zgs Tm.



-.. ACIKLIK ORTASINDA NORMAL GERILMELER(Gx ):

M

w
G ximpgm—-yy

5 # -1, -4
Mw.-Est.JwaM.yV.ZIOOOOOwaMwa6.32 10 :I.33 I0 "Jw

M™M

-II5-

1.33 1074, Jwyw, i

> IW i Wy:I1.35 10 7w
GxA:0 (wy20)
GxB:1.33 10™4 x- 4586 :-0.61 Kg/cm
GxC: "™ " x I02I4 : I.36" ®
Gxp: "™ ® x5367 : 071"
GxE: " " x I5060 : 2.00 " "
GxF: " " x-I3758 :-1.83 " "
CxzG: * " x 30642 : 4.0 %2
CxB: * % x25795 : .42 8 &
GxI: * * x35488 : 4. 71 = *
Cxys » = ‘gessads -3.05 % o
Gxk: " " x8510j0 t 6.1
CGxi: ¢ ¢ S 4il5 TRy s
ClaMs » * 255535 5 14e ¥
C;xN: o ¢ ¥ RT96 :-3:09 * 9

M

M¥M
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-.. I. ANA KIRIS

"*lg g | ‘50*”)\‘ armt ;";é -
§ l; A ar) :
Q o e 4
: e
10 < Ce s
(9]
9
Q0
) 0 »
/ 3 —2
et =
618“91 L g Qq
- -
3.65+2.44
QI: 5 x2x%200 :I1218.4 KEg.
3.05x45.88
Q2: ) X2 ¢I99.1T - KBs
6.78xI102.13
Q3: 5 x2 :692.24 Kg.
6.I14+47.42
Q4: s x2x%50 :677.75 Kg.

Kesit agirlik merkezine gore alinan moment (MC):

Mlc:1218.4x45.97+139.7Ix30.58+692.24x68.08+677.75x102.03:
:I.77 Tm.,

Mlc:FIM.Q_ I.77:Fqy-5 Fry:0.35 Ton.

FIZ:F/n+FIM:I/6+O.35:0.52 Ton,

-Courbon yontemine gore
Y 6+I-2x1 5

FIi ?/n. A1 Al:I+6-—3-g_—i— o on :3.14

FIZ:I/6x3,14:O.52 Ton.
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e II. ANA KIRIS

~

/o

‘_I
§ . S S
& o |© /]J ' s =
3 l = ‘e 3
o " S ‘AT’ c N ¢ :YW
i) (5
0 Q)
4 g iL -l
B 1’% s By
sl e |8
S )
o T
T
2.44+41.22
QI:————?————IQX200 <732 Kg.
1.8%x45.88
Qo 5 x2 :83.78K§.
4,07xI02.1I3
Qs ” x2 1415.36K5.
4.71+3.42
Q4: % x2x50 :406.7 Kg.

Kesit aZirlik merkezine gore alinan moment(Mc):

M20:732x45.97+83.78x30.58+4I5.36x68.08+406.7XIO2.03:1.06Tn.

M2c:F2M‘(L I.O6:F2M.5 F2M:O.2I Ton.
FZZ:F/n+F2M:I/6+O.21:0.38 Ton.

-Courbon yontemine gore
6+1-2x2 5

FZZ:F/n.A 2 D2:1+b—mry ——12.29

FZZFI/6XZ‘29:O‘38 Ton.
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-.. III. ANA KIRIg

Rocl Ko /ml i

1.29FVemt
0
\%
i
di
f
|
Jsom_

0
8
o0
@ Q > Q
o = 5 2
<__J (_
Kavemt
136 J .

I1.22x200

QIt-——-?————*Q 1244 Kg.
0.6Ix45.97

Qp i — x2 328 K&.
I.36xI02.1I3

Q3: % X2 11586.9 KZ.
0.7I+42.00

Q4: % X2x50:1355.45. K

Kesit agirlik merkezine gore alinan moment/(Mc):
M3c:244x45.97+28x30.58+138.5x68.08+I35.45xIO2.O3:0.35Tm.
M3c:F3M'q— 0.35:F3M.5 F3M:O.07 Ton.
F3Z:F/n+F3M:I/6+O.O7:0.23 Ton.

~-Courbon yéntemine gore
6+I1-2x3 5

F3Z3F/H-A3 A3:1+46 15T 2 :1.43
F32:1/6x1.43:0.24 Ton.
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4M
F4z:F/n¥F4M:I/6—O.O7:O.IO Ton.

-Courbon yontemine gire.
6+1-2x4 5

F4i:F/N.A4 Ag: I+6—gp—p— —5— 0.57
F4Z:I/6x0.57+ 0.I0 Ton.

e Ov. ANA KIRIS

- Courbon yontemine gore

6+1-2x5 5

FSZfF/n.ZSS A5:1+6 3o-T > :-0.29
5Z :I/6x(=0. 29):-0,05 Ton.
- VIO ANA KIRIS
Mlc:-MGC:-I.77 Tm., FGM:-O.BSTon.
Fsz:F/n+F6M:I/6-0.35:-0.19 Ton.
- Courbon yontemine gore
6+1-2x6 5

Fes :F/n. A6 A6:1+6—=p—7 —:-1.14

Fes: 1/6x(-I1.14):-0.IS9 Ton.
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3.,4.,f- VI, Yiikleme
M:Fxe:Ix6:6 Tm,

o
)
0
3
}»4.._—)\

B |
- :

y A € 2
s L= L= 5‘4_——§ b=y -8 (=6
Tk ™M G = O C & e ¢ o ® g W NI
Dénme agilari.
/ 6 10° 0.036033 e
97 *BT0000.6336 (0.50~ 5—67?T13—XI 00): 35.83 IO .
5 2 -5
/ -6 107x0.036033°x3.603 IO : -11_ =2
@ 000x6336x0.,072113 g ISPty . -
-5)2

-6 10°%0.036033%x3.603 10

4 -14__-3
¥ BI5000% =5 OTTT : 7.58 I0- "em .

-.. St. Venant burulma momenti (Mt):

x:0 icin.

Mt:Gst.Jt.972810000x6336x3.83 10°8:0.002 ‘™m.
x:10 m. (Agiklik ortasi igin)

Vdgo y Myio (Simetriden dolayi)
-..Carpilma busulmasi (Mz):

x:0 icin.

9;{2100000x1 88 1012x7 58 10'14'2 99 Tm
Mz: -E‘t.JwaM.- . . - -
x:10 m, (Tim kesit tesirleri burulma momenti’ ¢arpilma

burulmasidir.) MI:S.OO Tm,
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-e+ ACIKLIK ORTASINDA NORMAL GERILMELER (C;x):

MW

//
A . -11, -4
M =By o IWywy o) :2100000xJ wywyx7.58 107 1:1.59 107",

-4
.99 10 waMwM

Jwy Wy

X: Wy, :I1.59 10'4.\;1

M M

GxA:O (wMA:O)
C))xB:I.59 IO-4x-4586 :=0.73 Ié/cnzz-de'

GxC: o * x 10214 : 1.60.° "o -GxC!
GxD: "  ® x 5367 .00 " i-GxD'
GxE: " " x I5000%: 2.90°% " i-OxE'
dxF: " " x-I3758 :-2.1IY " “ :-dxF'
de: ® & x 30642258 4,808 " -GxG'
OxH: " " x 25795 : 4. II " " :=~GxH'
CxI: " x 35488 : 5.65 " " :-OxI'
CxJ: » ® x-22940 :-3.65 " " -GxJ!
Oxk: " " x5I070 : 8,I3 " " :~CxK'
GxL: * " x 46223 : 7.36 " " :-COxL'

x 559I6 : 8.90 " " :-(OxM'
x-2T5I6 : 4.38 " % :-GxN'

G‘XM:
de: »
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-.. I. ANA KIR1S

N Y ek &

2 ciuiﬁ% 1
|
|
el
-
46321
T

g)
0

WL 1]
0 U} Qs
3 g
! 24
4.38+2.92
QI: 5 x2x200 :I460 Kg.
3.65x45.86
Qz: j x2 :167.391(3.
8.I3x102.13
Q3: - X2 :830.32Kg.
7.36+8.90
Q4: % x2x50 :81I3 Kg.

Kesit aZirlik merkezine gore alinan moment (Mc):

Mlc:I460x45.97+167.39x30.57+830.32x68.09+813x102.03:2.12 Tm,
M o:Fry-fL 2.I2:Fpy.5 Fim:0.42 Ton.

FIZ:F/n+FIM:I/6+0.42:0.59 ton.

- Courbon ytntemine gore
6+I-2xI 6

FIZ:F/n.Al AI:I+6—_3_5:T— g o % 5 4 §

FIZ:I/6x3.57:O.60 Ton.
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-.. II. ANA KIRIg

ik

o

\g ;‘ R <k
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&y e
8
i; 0
I s
2.92+1.46
QI: 3 x2x200 :876 Kg.
2.19x45.84
Q2: r x2 :IOO.39K€.
4.88x102.1I5
4,11+45.69
Qy: > x2x50 :490 Kg.

Kesit agirlik merkezine gdre alinan moment (Mc):
M2c:876x45.97+IOO.38x30.56+498.46x68.IO+49Ox102.03:I.27Tm.
MZc:FZM'q— MZC:F2M'5 Foymi0. 26 Kg.
FQZ:F/n+F2M:I/6+0.26:O.42 Ton,

- Courbon ytntemine gire.

6+I-2x2 6
FZZ:F/B.AZ A2:I+6-—%:—i———- T:2.54

FZZ:I/6x2.54:O.42 Ton.
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-.. III. ANA KIRlg

Bor-2~ ot ! a,
o o )
' N (N
i ©
,1" 23
; o - ¥ i L
5 § 5
t N Q@ ¢
'] 0
@ 3
0 o
I1.46x200
s x2 :292  K&.
0.73x45.77
Qp % x2 :33.41KE.
1.63x102.23
Qs: % x2 :166.64K§.
0.85+2.40
Qyt > x2x50 :162.50Kg.

Kesit agZirlik merkezine gore alinan moment (Mc):

Mac:292145.97+33.4Ix30.51+166.64x68.15+162.5x102.03:O.42Tm.

M3c:F3M.q_ 0.42:F3M.5 F3M:O.09 Ton.

F3Z:F/n+F3M:I/6+O.O9:0.25 Ton.

- Courbon ybtmtemine gore.
o+I1-2x5 6

Fyp:f/n. A3 D3: 1+6—5p— ——:1.51

F3sz/GXI‘SI:O'25 Pon.
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-.. IV, ANA KIRIS
M}c:-M4c:-o'42Tm‘ F4m:—u.09 ‘Ton.
F4Z:F/n+F4M:I/6+(—O.O9):0.08 Ton.,
-Courbon yontemine gore

A 6+1-2x4 6 .
F4Z;b/n. 4 A4:1+6 55T 2 :0.49

F42:I/6x0.49:o.08 Ton.

-.. V. ANA KIRlS

f5
FSZ:F/n+F5M:I/6-O.26:;O.O9 Ton.,

-Courbon yontemine gore.
6+I-2x5 6

Fsz:F/n.AS AS:I+6—33:I_ —2'—:—0.54
FSZ:I/GX(-O.54):-O.O9 Ton,

-.. VI, ANA KIRiS

F6Z:F/n+F :1/6-0,42:-0.25 Ton,.
6M

-Courbon ydntemine gdre.
6+I1-2x6 6
FSZ: I/6XA6 AG:I+6_3F—T_— T:I.57

F6Z:If6x(-I.57)}O.26 ton.,
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4-. SONUG

Bu galigmada tek agiklikli kirigli kopriilerde yiik
dagilimi sadece agiklik ortasi igin incelenmigtir.
Koprii acikliga (1:20 m.) sabit tutularak,kdprii ge-
nigligi ve ana kirig sayisi degigtirilmistir,

Sayisal Orneklerde dort,beg,alti ana kirisli kop-
rilerde agiklik ortasindaki yilik dagilimini burulma
teorisi ve Courbon ydntemi ile ayri ayri incelenmisgtir.
Bu iki ydntemle bulunan sonug¢lar arkadaki sayfada
kiyaslama tablosu olarak verilmigtir.Bu tablo'incelen-
diginde iki yontemle bulunan sonug¢lar virgiilden sonra
iki rakam alinarak g¢aligildiginda bir birine son derece
yakin g¢iktigi goriilmiigtir,

Tek agiklikli kOpriilerde yilik dagilimini burulma teorisi
ile bulmak uzun bir yontemdir.Ayni ig Courbon yodntemi
ile daha kisa ve basittir.Zamanin ve iglemin kisaliga
bakimindan tek agiklikli kOpriilerde yiik dagilimina

Courbon yoéntemi ile bulmak daha avantajladir.
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KIYASLTAMA TABLOSU

4 ANA KIRISLI 5 ANA KIRISLI 6 ANA KIRISLI

KOPRU KOPRU KOPRU
Burulma |Courbon |Burulma |Courbon [Burulma |Courbon
§ 0.40 0.40 0.30 0.30 0.24 0.24
u 0.30 0,30 || 0.25 0:25% 0.21 0,21
x 0.20 0,20 || 0.20 0.20 0,18 0.I8
24 ] o.10 0.I0 | 0.I5 | 0.I5 0.15 ] 0.5
-l == 31— —1 o30.] o, 0. } 0,12 | 0,12
1 FEEN TN N s 0.I0 0.I0
24 V.08 L i VI S ¢ LT 00 B
Y21 0.35 0,35 &) S0. 50, | QG0 1 0,25 | 025
wi3 0.I5 0.15% _ 020 | 0.20 0.20 0.20
N 4 -0004 "0.0 O.IO O.IO 0014 0.14
250 - — — — -0.00 0.00 0.08 .08
=6 — — bl Bea - | — 0.03 0,03
I 0.69 0.70 | 0.50 0.50 0.38 0.38
2 0.40 1 0,40 1 Q.35 0.35 0.29 0.30
3.1 .0.30 0.I0 0,20 0.20 0.21 0.21
4 - 0019 - 0020 0005 0005 0012 0012

= TEiw ey s -OLIO "OQIrO 0004 0004

II.YUKLE ME

6 — | — =l — ' — — 1 oo l.n g8
wi2 ] 0.45 0.45 | 0.40 | 0.40 0.34 | 0.34
&ls] 9.0 .95 Vet AT 8.22 < 0.2
21, | -0.34 | =0.35 0.00 | 0.00 0.IT~] 0.I1
:2 -g i e e . 2 -10019 - 0020 -0003 -0004
> — R e e Tl IR

21 — — = St e 0.38 | 0.38

al — — = 0.23 | 0.24

— — 1 -0,29 | -0,%0 -0.05 |-0.05

V.YUKLEME

— p—-— — -0.19 "0019

e e 0,59 | 0.60
0.42 | 0.47

— - S “ 48 iy e s o v 0025 0-25

— R - : 0.08 0.08

V. YUKLEME
ofln & v o ol

e pa— —_— e - 0025 -0.36
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4 ANA KIRISLI KOPRUDE BURULMA TEORISINE GORE YUK DAGILIMI
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5.ANA KIRISLI KOPRUDE BURUIMA TEORISINE GURE YUK
DAGILIMI DIYAGRAMI. v
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6 ANA KIRISLI KOPRUDE BURUIMA TEORISINE GORE YUK DAGILIMI
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ANA KIRISE AIT TESIR ¢I2GIST DIYAGRAMI.
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