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+ Onceki dersimizde hiperstatik bir yap1 sisteminde
yapt elemanina etkiyen burulma momentinin

malzemenin dogrusal elastik davrandigi varsayimina
gore hesabinin gercekci sonu¢ vermedigi anlatildi.

Nedeni:

# Catlayan bir betonarme kirisin burulma rijitligi
btiylik olctide azalir.

+ Sistemde ihmal edilemeyecek kadar onemli bir uyum
meydana gelir.
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+ PCA 1968 (Prof. Hsu) deneylerinde, burulma
catlamasini belirleyen T, diizeyine kadar davranisin
dogrusal oldugu,

* deney elemaninda burulma catlamasi olusmasi ile
deformasyonlarin arttig1 ve davranisin yaklasik
olarak sekildeki gibi elasto-plastik bir davranis gibi
kabul edilebilecegi anlatilda.
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* Bu asamadan sonra elastisite teorisine dayanan
yontemlerle hesaplanan burulma momenti gercek
degerlerin ¢ok ustiine ¢ikmaktadir.

* Dolayistyla  betonarme  elemanlarin  burulma
hesabinda burulma catlamasinin mutlaka dikkate
alinmasi gerekir.
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+ Betonarme elemanlarin burulm

iki asama vardir.

+ Birinci asamada yapi sisteminde meydana gelen
burulma momenti tuarinin belirlenmesi ve
hesaplanmasi.

« Ikinci asamada kesitin tasiyabilecegi burulma
momentinin hesabi yani kesitin burulma momenti
tasima giici hesabinin yapilmasi gerekir.

+ Yapi1 sistemine bagl olarak betonarme kirislerde iki
tir burulma olusur.

+ (a) denge burulmast  (b) uygunluk burulmasi
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Sabit burulma momenti
P T=P(a) statik denge icin|
zorunludur.

P

y

T/2
T/2 . |<3xh

hesaplarda, govde digina tasan tabia genisligi,
tabla kalinli§inin Gc katindan fazla alinmamalidir. #
a) Denge Burulmas:

Yap1 sistemi veya elemaninda dengeyi saglayabilmek ig¢in burulma

momentine gereksinme varsa, burulma denge burulmasidir. So6zii edilen

gereksinme, elastik asamada degil tasima gilicti asamasindaki gereksinmedir.
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Denge burulmasinda, burulma momenti sistemin ayrilmaz

bir parcasidir. Kirisin kritik kesitleri, olusan burulma
momentlerini  karsilayacak sekilde boyutlandirilmali  ve

donatilmalidir.

Denge burulmasi olan sistemlerde klasik yontemlerle

(dogrusal-elastik) hesaplanan burulma momenti azaltilamaz.



b) Uygunluk Burulmasi:

Eger bir sistemde burulma momentinin bulunmasi denge
icin zorunlu kosul degilse s6z konusu burulma uygunluk

burulmasidir.



Sistem elastik sinirlar icindeyken denge kosulunda burulma

momenti yer almakta ise de, bu asamadan sonra sistemin
stabilitesini bozmadan, belirli noktalarda olusturulacak plastik

mafsallarla denge icin burulmaya gereksinme kalmayabilir.

Yapilarda uygunluk burulmasina, denge burulmasina oranla

daha sik rastlanir.



T/2 L NS
o\
T/2 L M



Uygunluk burulmasinda, burulma c¢atlamasi ile olusan

plastik mafsallarda burulma momentinin sabit kaldig:

varsayllmaktadir.

Bu sabit deger catlama momentine esit olacaktir. O halde
uygunluk burulmasinin s6z konusu oldugu durumlarda, burulma

momentinin hesabina gerek yoktur.

Bu moment en fazla catlama burulma momenti (T_)

degerine esit olarak alinacaktir.



Varilan bu sonu¢ son derece onemlidir. Bu durumda,

pratikte en sik rastlanan burulma tiari olan uygunluk
burulmasinda, burulma momentinin saptanmasi i¢in ti¢ boyutlu
yapisal ¢oziimlemeye gerek kalmamaktadir. Bu cok biyiik zaman

tasarrufu saglamakta ve islemleri kolaylastirmaktadir.

Ancak bu sekildeki bir ¢ozimde “uyumun” neden olacagi
degisimler dikkate alinmali, mafsallasan kesitlerin donme
kapasitelerinin yeterli olmasi saglanmali ve catlak genisligi kontrol

edilmelidir.



5|
]

hohlr

M=2T,, (AB)

M=2T_(AB)

M=2T_(AB)

L/2
=
|
=~ '"J

T
- M=2T_{(CcD)

D

T

M=2T_(cD) Ter

Sekilde, uygunluk

T burulmasi durumunda
burulma momentinin

T elemanda nasil

-
M=2T,(cD)

meydana geldigi asama
gosterilmektedir.
T

T

cr

M=2T_(CD)

Mpe=M=A f,4(2)




AB kirisi tizerindeki max.
burulma momenti P nin
buiytikligiinden bagimsiz
olup daima sabit

kalacaktir.



<3 Xxh;

Denée ve uygunluk
burulmasi i¢in yapilacak
hesaplar oldukca farkli
oldugundan oncelikle
burulma tiirtiniin

saptanmasi gerekmektedir.



a) Denge burulmasi

V=065 fo4g (b d)
Ter=135 S foia
Catlama Kontroli:

T |
{T—d}l +{F_d)1 =y ("'=1 ise catlamamais, =1 ise catlamas).

&r &r

T.~—Basit burulma altinda catlama momenti.
Vee—Burulmanimn olmadigi durumda egik catlama davanimmi
Ta ve Vi= Uwgulanan burulma momenti ve kesme kuvvetinin hesap degen.

V=1 Catlamamaisg:

min Donati:

T
Min Pee= —o =n:}.15“":“ﬂr (1+1.3"2=
sh, et V. b,
Ys  —1.0olmalidmr.
vdbw

Ilave Bovuna Donati-
T, U, ~ U.
2 [,

min A . =min




=1 Catlamais:
Govde donatis: gerekli

Govde ezilmesi kontrol edilmeli
I, Vs
= + CTmax—0.22 £
S R =
Bu denklem saglanmivorsa saglanana kadar bovutlar biiviitiilmelidir.
T=Ts=2 Aot (A _Nfq) TS5500-2000
5
Aut _ Td AOv _ Vd - O-Sfctd(bwd)
s 2Af s fywad(n)
n=kesme etriyesi kol sayisi
Az — Va— V. basit etriye n=2; A,,=2A,,
5 f e & (1)
A, _Ag An LA Ao g psted ()3 Td b,
o * - I:]]]]Il) S vwd 1"';1::1 bw
5 5 s 5 )




b) Uygunluk Burulmasi

a<b
a: burulma agikhgi

/ e
o M Pd
E et
L 3 L4 L4 kd . L 3 . L J

a AT
D [L}( b ﬁ; V=P dg%}( b .b) L Min burulma donatisi saglanir;
A +
2 ath : min Pwe= 4, =0.15 ﬁﬂ I:]+].3 Ts }
b 5 W Jwd d E}w
m'.iﬂ Ag]_: UETJ
2 f 44,
Ts=T.; (Ihmal edilir) Ti=T kullanilir.
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/ L ko L ko "_I-'- ¥
a<b
a: kritik burulma agiklgi

a<p
a: kritik burulma acgikligi

Birim Dénme, ¢=§£lﬂ*lﬂ_3 rad/m,
a

Bu kosul saglanmazsa

boyutlar degistirilmelidir.

ONEMLI

Burulma acikhgi Kirig
yuksekliginin 3 katindan (a <
3 X h) kuguk ise donme
acisinin kontrol edilmesi
gerekir




Detaylandirma: \

Burulma icin gerekli boyuna donati, olabildigince kesit

cevresine dagitilmali ve koselerdeki ¢ubuk capi, en az 12 mm
olmalidir. Ayrica iki c¢ubuk arasindaki uzaklik 300 mm'yi
gecmemelidir.

Etriye capt en az 8 mm olmali ve etriye araligi, asagidaki
kosullar1 saglamalidir. Cok kollu etriye diizenlendiginde, ic¢ kollar

burulma donatisi olarak goz oniine alinamaz.




Oroek: ‘ . a_)

115
40 112.5
_ oz 12
115 = ® >
Vi > -
_ 112.5 -
Momentler ve kesme kuvveti LN
b . ) m

kolon yiiziindeki degerlerdir. T

“ - -~

o o

é . . . .':‘ll" k. . . /_’ 1Gt::| ¢
115 [ — 400

A0

(W)
40 \I 115 | 250 |

7 = 7
112.5 | /I 112.5 (VD) br=180 mm

hesaplarda, govde disina tagsan tabla genigligi, tabla kalinhginin
8§1.25 Uic katindan fazla alinmamalidir.




o300 3k = 3100

400

100 §
| 250
bi=180mm
hi=330mm

hesaplarda, govde digina tasan tabla genigligi, tabla kalinhginin

81.25 Uc katindan fazla alinmamaldir.

Bilinen:

Malzeme C20, 8420, =1 N'mm?, f¢=191 N/mm?

Hesap yiikleri: ps=30 kN/m, P;=80 kN
Kirig boyutlari: 25*40 (d=36.5 cm)

Mesnet icin verilen degerler kolon yiiziindeki degerlerdir.




e300< 3% iy = 3 X 100

100 3

Cozim:

a) Burulma, denge burulmasidir.

b) K112 L kinsidir. x1=25 cm, v1=40 cm, x2=10 cm, v2=30 cm
br=bw-2*3.5=18 cm, hx=h-2*3.5=33 cm

A.=by: h=18*33=594 cm?, U.=2(bx+hir)=102 cm

1
C) Tee=1.35S fera TS 500 de S= (-3') ¥x:2 vi

1.355=0.45(252*40+10°*30)=12600 cm’
T.~1.35S feta=1*12600*%10°=12.6 kN m
Ve=0.65 fia by d=0.65%1%250%365*%103=59.3 kN
V~=0.8 V=474 kN




e300< 3% iy = 3 X 100

100 ¢
100

d) Te=12kNm
Vg= 102 kN (kolon yiiziinden d uzakliginda) V; = 112.5 — 30 X 0.365 = 102 kN
V. T, 102 10° N 12*10°

= a a — _
b.d 1355 250%365 12600*10°
T2x=0.22 £.,=0.22%13=2.86 > 2.03 N/mm?

Ts o Vo 2 [12)\2 [102)2 _
(Tﬂ) +(V¢: _(F.s) +(ﬁ) = 3.86 > 1 kesit catlanustir

= 2.03 N/mm?2




Pl

- /
et o &
b L L L b b k3 2 1 GG w
400
\l 40

\i__,/ hi =330 mm
81.25
A Vy-V T
o) 2= ¢, Ao _Aot L Aov 5 Ao iy

s 2fpq(d) 2A,. 1y 5 s 5 S

4, (102 -474)%10°  12*10°
s 2*191*365 2*594*10 *191

= 0.92 mm2/mm

A |
— = 0.528
S
A, 12*10°
min —= =0, 15—(1 1.3—=—-)250= 0.32 mmZmm < 0.92 mm2/mm

S 191 102*250



o P

-
. i . o . . . 2 1 UD t
115 [ TTT—m 00

AAANNY

A 191 ,
Ag=—0U =280 mm? Ag = 0.528 X 1020 X — = 280 mm

365

Boyuna donati alt ve iistte yerlestirilecektir. Her bir yiizde Ay/2=140 mm?



Z 100

115 [ TTT—m o0

AAANNY

P10/8 cm

2612

Eilﬁf
2418 ////f

2018




w300 3 hy =3 X100

.

100 3

400

| 250 |

br=180 mm
hi=330 mm

81.25

) Egilme hesab1

+W=81.25 kKN m A= M“j =678 mm?2
f:'u.-:! jd
-WM=112.5 KN m E=374.62 mmakKN=K;=380 mm/kN (Cift Donat1)
b _d?
M= = =87 6 ktNm_ M;=25 kINm
Ky
1R &
A= AL _ E87.6™10 765 mm?
Foxjd 365%0.86%365
Aoa— M, - = 2208 mm?2
f;a-:.f (d —d }

A=A+ AL=—073 mm?




SOKN 30 LN/ 300< 3 X hy = 3 x 100

P - !

Egilmetburulma icin gerekli boyuna donati;

Aciklikta:

Altta 678+140=818 mm? (2418 diiz, 2¢18 pilye)=1016 mm?

Ustte 0+140=140 mm? (Var olan) 2¢12

Mesnette:

Altta 208+Ay/2=208+140=348 mm? (Var olan 218=508 mm?)

Ustte AstAy/2=073+140=1113 mm? (Var olan 4¢18 pilyet+2¢l2

montaj=1232 mm?)




Donati detayi

P10/ cm

2612

2018
ffff EH“HHH 2018 f/f/f
2018

2018




S — — S m— m—

Bilinen: Kirigler 25*50 cm (d=46.5 cm)
Kolonlar 60 cm, L=3 m

Ddseme kalmligt h=10 cm

Kirig hesap viikleri:

| K101 P=25 kN/m, K105 P4=15 kN/m
Malzeme C20, $220 (f1¢=1 N/mm?, f¢=191 N/mm?)
| Istenen: K101 ve K105 kirislerinin donatt hesabs

K 101

a= 1.0 m burulma agiklgi

O W
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A A A A 2

= =-112.5 kKIN m

st 8
Q3. T5* 025
Mesnet vilziinde: +MhI[=112.5- 3 —105 kKN m
25* 6 0O—112 5
Vsag=— + =-03.75 KN
2 (o]
25% 6 —112.5
N eor= -+ =56.25 kKN
2 (5]
+hI=63.3 kKN m (x=2.25 m)
36.25 56.25
. 15 kN/m )
N |~
1y voy v v v v vy y K105
..r]-m -..l..- 3]]1 "-.l..- ].]1'[ -
- "'T'" .-'l"-. =
Pa
M1]=T(L_a}

V=093.75 kN, -M=76.25 kN m




Y v v v v v

._) -112.5 KNm

K101
112.5 KNm
25KN/m 0.0
TR |
+
A |
25 x 25 % 6 0+ 1125 041125
— 75kN — = ———=1875kN  ————=18.75kN

/ )

75— 18.75 = 56.25kN

6-Xx=3.75m

f

75+ 18.75 = 93.75 kN

75 — 18.75 = 56.25kN l\

»
»

1
P [

1 © x=2.25m .
Maguaue = 7 X 56.25 x 2.25 = 63.28 kNm

] 75 4+ 18.75 = 93.75 kN



S ——

o 15 KN/m 5525 )
! HlJrH,lHlJ,i 103
Jm oy  Sm et

Pa
M=~ (L ~a)
E-'—9375 kH, 'M=Tﬁ.25 kH m Ma(,‘lkllk = 27 kNm

Mesnet yiziinde M, ve V,

15 x 52 56.25x 1 93.75 X 0.6
—M = 17 + c (5—-1)=-7625kNm, —M,; = 76.25 — 3 =~ 58 kNm
15x5 2 X56.25 0.60
V = > + > = 93.75 kN, V; =93.75-15 - = 89.25kN

2

2.
Magae = 93.75 X 2.5 = 15 X —— — 56.25 X 1.5 — 76.25 = 27 kNm



\

Uygunluk burulmasi soz konusu oldugundan Kios
kirisine uygulanan burulma momenti ihmal edilecek ve Kio1
kirisinin egilme momenti hesaplanirken, Kios kirisinin
burulma rijitliginin sifir oldugu kabul edilecektir.




K101
Mg=63.3kKNm A~=790 mm? (2616 diiz=400 mm?, 2618 pilye=510 mm?)
-Mg=105 kN m -A~1370 mm? wvar olan 4418 pilve=1020 mm?

Ekolarak 2¢12 montaj=226 mm? 1414 ilave=154 mm?

1400 mm?
Diger mesnette (K105 e saplandifi nokta)

-M=T=fctq 1.358

135
1.358=—"= (%12 y1+Xa? y2)=0.45(252*50+102*3*10)=15412 cm’

-M=T=1*15412*10-*=15.4 kN m
-M=15.4 kNm -A=200 mm? var olan pilye=510 mm?

25*025
Vd=93.?5-T=9U.3 KNV =75 kN Vg&=Vg




A, f
. min — = 03—"4b_=0.39
3 fd

A, V,-V. (90.3-0.8%75)*10°
5 f:wd (d} 191 * 465

=0.34 mm?/mm (68/23 kullanilir.)

RIOS 4 yo= 27 kNm A, = 338 mm?
—M,; =58 kNm — A, = 760 mm?
T, =T, =154 kNm

V,=89.25kN V.. =75 kN V. = 0.8 X 75 = 60 kN

A T
min —2 = 0.15 o (1+1.3—=)b

¥ wed dew "
1 15.4*10°
=0.15—(1+13—"""")250 =04
191 89.3x 250

Yalniz kesme icin gerekli etrive alani;
A A Vy—V.  (89.3-60)*10°

03 W

=0.17<0.4

s 2s 2 4(d) 2%*191%465




A

min—=0.4 $8/12.5 veya $10/20 cm
S

TS 500 e gbre s=d/2=23 cm
s=U./8=122/8=15 cm, s<30
Bu durumda ¢8/12.5 kullanilacaktir.

Tr.u

mnd, = —2*°_ =635 mm? Tq=Te
Ef_}ad‘de

Bovuna Donati:

Aciklikta Altta= A +Aq/2= 338 + 318 =656 mm?
(3014 diiz+2016 pilye=864)

Ustte=0+A4/2=0+318=318 mm?
3612 (montaj dahil)=340 mm?
Mesnette Altta=0+A4/2=0+318=318 mm-?
Var olan 3014=462 mm?
Ustte=A+Ay/2= 760+318=1078mm?2
Var olan 4616+3612=1143 mm?




Burulma acikligi 3h=150 cm

donme acisinin kontrol edilmesi gerekir. Kio1 kirisinin her iki

pyL3
24EI

ucu da mafsalli kabul edilirse mesnetteki donme agisi, 65 =




\

3 Kio1 kirisinin her iki ucu da mafsalli kabul
- P, L

pyL3
24EI

24EI  edilirse mesnetteki dosnme acis1, 8 =
Ik101=25*(500P/12= 2.6*10° cm* E=2850 kN/cm?
EI=74.1*107 kN cm? olur. P; =0.25kN/cm

0.25*%(600)°

05 - =3.04 %10 rad
24%74.1%10

a= 1.0 m burulma acikligi

»=6gp/1 m=3.04*10- rad/m<10*10-* rad/m




VAR ESTESIRENMINIDIE BUREIENTATEURIEER]
BESI@INARINVIIES EIRENIAINIDAYBIY RUEAENIA
IVASYARIINAI

—

UYGUNLUK BURULMASI

SAP 2000 iLE FARKLI MODELLER UZERINDE
ELDE EDILEN COZUM SONUGLARININ
IRDELEMESI
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4

Bu bolumde ayni ornek
SAP2000 programi ile farkl
modeller kullanilarak analiz
edilecek ve elde edilen
egilme, burulma momentleri
ve kesme kuvveti degerleri
diyagramlar uzerinden
irdelenecektir.
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K101 KIRISI TEK ACIKLIK MODE
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m Diagrarms for Frame Object 1 (TKESIT)

End Length Offset Display Options

Location
DEAD w ( Yo ® Scroll for Values

Major (W2 and M3} -~ || Single valued -~ ?{}m ) {:} Show Max
.m
It 2

om Location

Equivalent Loads - Free Body Diagram (Concentrated Forces in KM, Concentrated Moments in KN-m)
Dist Load (2-dir)

111.67

25. KN/m
J D atgé. m
56.3

&1 Positive in -2 direction

PLESSUILANIL Seredl

Shear V2

93612 KN
atgé. m

Resultant Moment

Moment M3

-111.66% KN-m
atgé. m

Deflection (2-dir)

0.m
até. m

Positive in -2 direction

() Absolute i) Relative to Beam Minimum (@ Relative to Beam Ends

| Resetto Initial Units | | Done | Units
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x Diagrams for Frame Object 1 (TKESIT)

End Length Offset Dizplay Options

Location
Case |DEAD w ( Yo (® Scroll for Values
tems Major (V2 and M3} - | Single valued E:-;Pm} {:} Show Max
.m
It 2

- Location
(6. m} 220555 m

Eguivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m)

Dist Load (2-dir)
111,67
25. KN/m
D at 2. 20558 m
EE.EJ 13_61 Positive in -2 direction

PiEsEUILAlIL STl

Shear V2

F’_ at 220556 m

Resultant Moment

Moment M3

62 8055 KN-m
at 2. 205586 m

Deflections
Deflection (2-dir)
0.001323 m
at 220556 m
Po=itive in -2 direction
() Absolute () Relative to Beam Minimum (® Relative to Beam Ends

| Resetto Initial Units | | Done | Units
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SOL UCTA K105 CATLAMA BURULMA MOMENTI UYGULANIYOR

¥ Diagrams for Frame Object 1 (TKESIT)

End Length Offzet

Dizplay Options

Location
Case |DEAD w ( bt ® Scroll for Values
tems Major (W2 and M3} || Single valued -« ?’ﬁm} {:} Show Max
.m
It 2

o.m Location

Equivalent Loads - Free Body Diagram (Concentrated Forces in KM, Concentrated Moments in KN-m}

Dist Load (2-dir)
15.4 1[!4 14
25, KMN/m
atd. m
G0 21 IQ 748 Positive in -2 direction
PES UL SEdr
Shear V2
-60.21 KN
att. m
Rezultant Moment
Moment M3
-15.4 KH-m
at®. m
Deflections
Deflection (2-dir)
0. m
atd. m
Positive in -2 direction
() Absolute () Relative to Beam Minimum (® Relative to Beam Ends

| Resetto Initial Units | | Done | Units
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SOL UGCTA K105 CATLAMA BURULMA MOMENTI UYGULANIYOR

¥ Diagrams for Frame Object 1 (TKESIT)

End Length Offzet

Dizplay Options

Location
Case |DEAD v ( Dt (® Scrol for Values
tems Major (v2 and M3} - || Single valued -~ E:j""} {:} Show Max
.m
Jt 2

- Location
(6. m) 244028 m

Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m}
Dist Load (2-dir)

15.4 104.14

25. KNim
c D at 2.44028 m
60.2 I IQ_?Q Posttive in -2 direction

PiEUILAlIL STl

Shear V2

7_ at2.44028 m

Rezulttant Moment

Moment M3

567636 KN-m
at 244028 m

Deflections
Deflection (2-dir)
0.001198 m
at 244028 m
Positive in -2 direction
() Absolute () Relative to Beam Minimum (®) Relative to Beam Ends

| Resetfo nital Units | [ oone | Units 49/116
IMZ-304 Betonarme 2 Ders Notlari / Prof Dr. Cengiz DUNDAR-Ars. Goér. Sedat KARAAHMETLI




K101 KIRISI 2 ACIKLIKLI MODEL
T KESIT (K105 e baglandigi ugta T_=15.4 KNm
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MOMENT DIYAGRAMI
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KESME KUVVETI DIYAGRAMI
(K101)
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SOL UC K105 KIRISI BURULMA CATLAMA

MOMENTI(T_=15.4 kNm)

3¢ Diagrams for Frame Object 1 (TKESIT)

End Length Offset

Caze |DEAD - ‘ (Location) It 1
tems |Major (W2 and M3) - ||5'ngle valued v| ?{1 m }
.m

Display Options
(@) Scroll for Values
() Show Max

Location

ORI

Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KMN-m})

15.4 1.55
52.EI .69

PLESSUILENIL SIreedl

—__,__..-‘

Resultant Moment

————

Deflections
i) Absolute i) Relative to Beam Minimum (® Relative to Beam Ends
| Resstto Initial Units | [ Done |

Dist Load (2-dir)

25, KN/m
atg. m

Positive in -2 direction
Shear V2

27691 KN
atg.m

Moment M3

-51.5476 KN-m
at6.m

Deflection (2-dir)

0.m
at6.m

Positive in -2 direction

IMZ-304 Betonarme 2 Ders Notlari / Prof Dr. Cengiz DUNDAR-Ars. Goér. Sedat KARAAHMETLI
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SOL UC K105 KIRISI BURULMA CATLAMA
MOMENTI(T_=15.4 kNm)

E Diagrams for Frame Object 1 (TKESIT)

End Length Offset Dizplay Options
DEAD " ‘ (Location)

@ Scroll for Values

Major (V2 and M3} ~ || Single valued | S () Show Max

Location
(6. m) 23881 m

Equivalent Loads - Free Body Diagram (Concentrated Forces in KM, Concentrated Moments in KN-m)
Dist Load (2-dir)

15.4 91.55

25. KN/m
C D at 2.38611 m
EE.EI I?_ﬁg Positive in -2 direction

FEEUILENIL Sl

Shear V2

el
—'- at2.38611 m

Resultant Moment

Moment M3

61.5568 KN-m
at 2.38511 m

Deflections
Deflection (2-dir)
0.001387 m
at 2.38811 m
\ Positive in -2 direction
() Absolute () Relative to Beam Minimum (® Relative to Beam Ends

| ResettoIntalUnits | | Done | unis 54/116
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K105 KIRISI KAT CERCEVESI MODELI
K105 YUKLEME DURUMU

(K101 REAKSIYON KUVVETLERI VE 15 kN/m)

—=0)

BAARAREEELREEE

63
63.23
69

68.23

62
|(6.23

1] (1]
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K105 KIRISI KAT CERCEVESI MODELI

K105 YUKLEME DURUMU

(K101 REAKSIYON KUVVETLERI VE 15 kN/m)

PHETEOSEBEITUI T ¢

1] 1]
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3 BOYUTLU K105 KESIT GORUNUSU

_q_{/

-
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K105 MOMENT DIYAGRAMI

58/116
IMZ-304 Betonarme 2 Ders Notlari / Prof Dr. Cengiz DUNDAR-Ars. Gor. Sedat KARAAHMETLI



K105 MOMENT DIYAGRAMI

N

(76.25 kNm) Basit model

\ (27 KNm) Basit mojel/-g
w3 . 3 i

;/
ils}
8

[] -8168
L

~— :

':‘Ih"""'l'-—-—-_._l___mj___l_._-—-—-l"'""—),

- —
3]

ﬂé&

11
2B.05
1
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'KESME KUVVETI DiYAGRAMI

il i
HE N
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KESME KUVVETI DIYAGRAMI

N

%5
9% 48 &
—
.
2%
99 73 o []
%5
99.98

-0j4 0.

gd o8
|_| -
275
2
-99 73| 99. -
i 275
b,
99 48
[ ] - - L]
22 ps
2
u
L]
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K105 MESNET ILE K101 ARASI

%kmm‘lb‘mr NDEADY |

E Diagrams for Frame Object 17 (LKESIT)

End Length Offset Display Options
Location
Case |DEAD w ( ) goa () scroll for Values
tems  Major (v2and M3) - Single valued | *(’c-."" } @ Show Max
.m

Jt 18

[ 4End | 0.m

(1. m}

Egquivalent Loads - Free Body Diagram (Concentrated Forces in KN, Cencentrated Moments in KN-m)
Dist Load (2-dir)

80.99 1.24
15. KN/m
[l | [l | g D at1.m
99.?1 id_?3 Positive in -2 direction
ka N ResuLaliL Snedln
Shear V2
-89.73 KN
3 z g atl.m
o E - | 0 ; S
i1 A NS T B
! | B Resultant Mement
Moment M3
-4 o4
-80.8804 KN-m
atl. m
Deflecti
(| | ions

Deflection (2-dir)

/[\ -0.000039 m

at0.5m
| Positive in -2 direction

(O Absolute (O Relative to Beam Minimum (®) Relative to Beam Ends

| ResettomitialUnts | Unts | KN, m, C
62/116
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[ 3 Shear Force 2-2 Diagram (DEAD) |

K101 ILE K101 ARASI

1 = -20.45 99.73l = []
=]

E Diagrams for Frame Object 18 (LKESIT)

End Length Offset

(Location)

Case |DEAD v| It 18
tems | Major (V2 and M3) v | Single valied | ?ﬁmmy
It 19
(3. m)

Dizplay Options.
() Scroll fer Values
® Show Max

Eguivalent Loads - Free Body Diagram (Cencentrated Forces in KN, Concentrated Moments in KN-m)

RESUILdlL Sedl

11.24 1.24
22.5T 2.5

Resultant Moment

Deflections

_//

\

() Absolute () Relative to Beam M

| Reset o Initial Units |

inimum (® Relative to Beam Ends

Dist Load (2-dir}

15. KN/m
at3d. m

Positive in -2 direction
Shear V2

Z25KN
at3d. m

Moment M3

28.1148 KN-m
at1.5m

Deflection (2-dir)

0.000261 m
at1.5m

Positive in -2 direction

63/116
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BURULMA MOMENTI
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BURULMA MOMENTI(K105)

L L]

Z

o . i i %

[ [ ] ° |8 § I
L[] 1]
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EGILME MOMENTI

L] L] ]
Z
Eh «| (76.25 kNm) Basit model e -
evg. o x sorflvg a5 RN 5 s rp
! . — i s :
SR A R I Alsin

(27 KNm)
L[] [ ][]
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K105 MESNET ILE K101 ARASI

¢ Diagrams for Frame Object 9 (LKESIT)

End Length Offzet Dizplay Optionz
Case DEAD v (Location) ;54 @® Scroll for Values
ltems Axial(Pand T) ~ || Single valued -~ D{.}m O Show Max
Et:. T:é

o m Location
o'm :

Eguivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Torsions in KM-mj
Dist Load (1-dir)

1.37 137
A —_— 0. KM/m
< — S5 at 0.93835 m
14.65 14.65 Positive in -1 direction
FESUILEIIL A FUTes
Axial
1.373 KN
at 0.93935 m
Resultant Torsion
Torsion
14,6518 KN-m
at 093935 m

| ResettoInitial Units | | Done | Units

71/116
IMZ-304 Betonarme 2 Ders Notlari / Prof Dr. Cengiz DUNDAR-Ars. Gor. Sedat KARAAHMETLI



K105 MESNET ILE K101 ARASI

Z

EiAY

-

« .

@ s s @

r~ £ r~ = M~ &2 o e ~ = r— o I~
o _ Ll 1 1 [ 1= —1_ T ] T T |

mRlE S T 1

E Diagrams for Frame Object 9 (LKESIT)

End Length Offzet Dizplay Option:
Location,
Case |DEAD v| { ) it o3a O Seroll for
tems | Major (W2 and M3) ||5'ngle valued vl ?ﬁm } @ Show Ma
. m,

Jt: 26
om

(1. m}

Eguivalent Loads - Free Body Diagram (Concentrated Forces in KN, Cencentrated Moments in KN-m})

Dist Load (2-di
1153 91 ' e
C D 5. KN/m

t1.m
a4 Positive in -2 direc

PUESUILENL SNEEn

Shear V2

96.935 KN
atl.m

Resultant Moment

___.—‘i

Deflections

Deflection (2-dir

/[\ -0.000043 m

Positive in -2 direc

| at0.5m

() Absolute (O Relative to Beam Minimum (® Relative to Beam Ends

Resetto nfialUns | [ oone 1] ol
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K101 ILE K101 ARASI

-B-v loment 3-2 Diagram (DEADY |

[]-79.31
L]
0
1/%’

E Diagrams for Frame Object 8 (LKESIT)

End Length Offset

Case |DEAD

(Location}

Hems  Major (V2andM3) | Single valed |

V| Jt: 35
(0. m})
Jt 34
(3. m)

Display Options
() Scroll for
® Show Max

Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m)

1015

(s

225

RESULdIIL STedl

Resultant Moment

Deflections

\

O Absolut () Relative to Beam M

| ResettoinfialUnits |

/

inimum (®) Relative to Beam Ends

Dist Load (2-dir)

15. KNém
at3.m

Positive in -2 direct
Shear V2

225KN
at3. m

Moment M3

27.0237 KM-m
at1.5m

Deflection (2-dir)

0.0002% m
at1.5m

Positive in -2 direct

Units | KN, m
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K101 KIRISI

iMZ-304 Betonarme 2 Ders Notlari /

Pr

x Diagrarns for Frame Object 45 (TKESIT)

Case

tems

DEAD v|

Major (V2 and M3) ~ || Single valued |

End Length Offset
(Location)

Jt 34

o m
(0. m)
It 59

om
(5. m)

Dizplay Optionz

() Scroll for Values

@ Show Max

Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m)

59.4

Cf

14.65

PESSUILEN L S Tedl

| 108.04
| I{I.Sﬁ

Resultant Moment

Deflections

\/

() Absolute () Relative to Beam Minimum

(@ Relgtive to Beam Ends

Dist Load (2-dir)

25 KM/m
at4.5sm

Positive in -2 direction
Shear V2

90.564 KN
atg. m

Moment M3

-108.0372 KN-m
atg. m

Deflection {2-dir)

0.0014 m
at2sm

Positive in -2 direction
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RROBILEMINIIRDELEENMESI

Kirisine aciklik
ortasinda yalniz bir Kirig
saplansaydi; K101
kirisindeki negatif
moment 2T, olacakti.
Eger K105 kiriginin
kesit boyutlari 500x700
mm ve tabla kalinhgi
h= 200 mm olsaydi;
burulma catlama (T, )
momenti olduk¢a buyuk

olurdu.



1355 = I'T?"r’[(sooz)(mo) + (2002)(3)(200)] = 89.5 * 10° mm?

Ter = feta 1.355 = 1.0+ 89.5% 10 107° = 89.5 kNm
Bu durumda K101 (250*500) kirisinin kenar mesnedindeki moment 2T ...

—M; =2%895=179 kNm

Bu moment oldukeca biiyiiktiir. Limit analize dayanan su yaklasim daha uygun
olacaktir.

Plastik mafsal K101 kirisinin kenar mesnedinde olustugu varsayilarak mevcut
donatiya gore kapasite momenti hesaplanir.
M, ~14M, =144, f,,(d—d")

K101 iist donat1 (mesnette) 2¢18(510 mm?)+2¢p12(226)=736 mm?2
M, =1.4+736 0.365=430 =« 1072 = 161.2 kNm

Bu moment temel alinarak K105 kiris uclanna giden burulma momenti

hesaplanar.

161.2




Bu durumda plastik mafsalin K101’in ucunda olustugu varsayimi dngmui'.

K105 catlamada burulma momentine erismez. Minimum burulma donatisi

konulacakfur.

Eger K101 kirisinin mesnedindeki iist donati

4018 +2¢12 (-A= 1246 mm? olsaydi. Hesap burulma momenti;
M, =14% 1246* 0365430+ 107> = 273.4 kNm

K105 kirisi mesnetlerindeki burulma momenti;
My
Tq=—"= 1369kNm >T,

Bu durumda mafsalin K101 kirisinde olusmasi olanaksizdir. Plastik mafsallar
K105 kirisinin 2 ucunda burulma catlamasindan olusacakfir.
Ty =T, =895 kNm

K101’in kenar mesnedinde moment M; = 2 X T, olacaktir.

Mgz =2+%895=179 kNm
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BURULMA MOMENT] L'Ll




H Diagrarms for Frame Object 2 (K103)

End Length Offzet Dizplay Options
Location
Case | DEAD w ( ) o2 (® Scroll for Values
tems |Major (V2 and M3} ~ |Single valued -~ ?ﬂm : () Show Max
.m
Jt: 3

- Location
cm .

Equivalent Loads - Free Body Diagram (Concentrated Forces in KM, Concentrated Moments in KN-m})

Dist Load (2-dir)
T4.24 6915 74.24
15. KN/m
C D at2sm
?E.UJ 12,03 Positive in -2 direction
HESUILAIIL ZEdn
Shear V2
-34 576 KN
at2sm
Resultant Moment
Moment M3
59.0741 KN-m
at2sm
Deflections
Deflection [2-dir)
0.000242 m
at2sm
Positive in -2 direction
() Absolute () Relative to Beam Minimum (® Relative to Beam Ends

| Resetto Initial Units | | Done | Unts  KN,mC  ~




E Diagramns for Frame Object 2 (K105)

End Length Offset Dizplay Opticns
Location
Case DEAD e ( ) a2 (@ Scroll for Values
tems Axial (Pand T} w~ || Gingle valued -~ “E L ?ﬂ m } E} Show Max
.m
Jt 3 .
JEOd | o.m Location
(3. m}) 2.5 m

Egquivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Torgions in KN-m)
Dist Load (1-dir)

1.26E-16 1.26E-16

: 1 < 0. KNim
< —=> «—  at25m

26.22 2622  Positive in-1 direction

PRESSUILDINIL ARl DUl oe

Axial

-1.261E-16 KN
atzsm

Resuftant Torsion

Torsion

262249 KN-m
at25m

Re=set to Initial Units Done Units KN m, C




x Diagrams for Frame Object 3 (K101)

End Length Offzet Dizplay Options

Location
Case |DEAD w ( b 7 () Scroll for Values

ftems Major (V2 and M3} -~ | Single valued -~ ?ﬂm } @ Show Max
.m

Jt: 8

(6. m)

ds - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m}
Dist Load (2-dir)

87.53

25, KN/m
I D at45m

085 Positive in -2 direction

RESUILATIL STl

Shear V2

80.847 KN
até. m

Resultant Moment

Moment M3

-87.5323 KN-m
até. m

Deflections
Deflection (2-dir)
0.001616 m
at3. m
Positive in -2 direction
() Absolute () Relative to Beam Minimum (®) Relative to Beam Ends

| Resetto Initial Units | | Done | Units  KN,m,C  ~




Sekil 8.3

Sekil 8.3’te gosterilen K103 Kirisinin
donatisini hesaplayiniz. (M, V, T
altinda) Malzeme: C20, S420.
Kolonlar: (1000*1000) mm

(Kolon boyu Ustte ve altta 3.0 m)
Kirigler: (300*500) mm (d= 465 mm)
Duzgun yayili kirig yukleri:

K103 icin;p =7.1 KN/m, P,~=9.0 KN/m
K105 igin;pg:16.0kN/m,pq:5.0 KN/m
(kendi agirliklari dahil)



i

Yalniz 1.4G + 1.6Q yuk

birlesimi icin hesap yapiniz.

K103 kirisinin arkasinda

doseme bulunmamaktadir.

Kiris acikliklari net acikliktir.

Sekil 8.3

COzUM 8.3.

K105 P;=14+*16+1.6*5=304kN/m

K103 P;=14+71+1.6%9 =2434kN/m




B —

30.4 KIN/m

Jrb v b vt bbby vy
A K105 A

6.0m
- ~

F Y F N
91.2 91.2

W




30.4 kKN/m

JY Yy b v v bbby vy

— A K105
6.0m
- -
K105 kirisi egilme ve kesme hesabi 4 4
91.2 91.2

—M, =2T., = 1.35 S f..q K105 kiriginin K103 kirigine saplandigi noktada ki
u¢ momenti K103 kiriginin T, momentinin 2 kati olur

1
S=§*3002*500=15*106mm3

T. = 1.35%15* 10° * 1 * 107° = 20.25 kNm +M=136.8 KNm

1368 - 10° 937.2 mm? Secilen: 4918 = 1018 mm?2
~ 365 * 0.86 * 465 -4 mm ecilen: 49018 = mm

242025 + 106 1 2% e

—A. = = 2 M t:2018
S = 3cc:o08C . dcg = 2774 mm evcut: 20 V

V, =91.2 kNm
V.. = 0.65 %1 * 1073 % 300 * 465 = 90.67 kN
V, >V, V. = 72.54 kN

+A,




T

K105 kirisi etriye hesabi

fos Aoy _(912-05:7254)210°
e T gedoledss T oL

08 ==> A, = 50.26 mm? =031 s=161mm=16cm (08/16)



91.2

24.34kN/m

|
Pl LY

K103

\ / Pal = 32.45
12 77
\M

IS ] s
— =145

91.2
48.68 + — = 94.28 ¥4 6

2
T 94.28

AN

>—Mﬂ = 80.05 kNm




TS

K103 Egilme Donatisi hesabi

6182+ 10°
365 +0.86 * 465

Secilen: 4012 = 2012 diiz + 2012 pilye = 452 mm?

80.05 * 10°
S~ 365 +0.86 * 465
Mevcut: 2012 + 2012 + 1012 = 565 mm?

+4, =423.5mm?>

= 548.42 mm?




K103 kirisi burulma donatisi hesabi

- . e
llma + kesme etriyesi ve burulma boyuna donatis1

minﬁ =0.15* i x (1 + 1.5 # 0.5+ 103) 300 = 0.49 mm®/mm
S 191 94.28 * 300
V:;W =0.71<1 V
P8 ==> A, = 50.26 mm? 50'526 =049 s=102mm=10cm (08/10 )
b, =300—2%35=230mm
hy =500 — 2% 35 =430 mm
U, = 2(b, + hy) = 1320 mm
A, = (b, * hy) = 98900 mm?
ind = Ty _ 20.25+10°+1320 _ N % — 185 mm?

2fyade 2 %365+ 98900



.

K103 Kkirisi burulma birim donme kontrolu

p I3 K105 kiriginin her iki ucu da mafsalli kabul
__Id

— 3
B 24E]1 edilirse mesnetteki donme agisi, 8 = %

IK105=30*(50)3/12= 3.125*%10° cm* E=2850 kN/cm?
EI=89.06%10" kKN c¢m? olur.

_ 0.304 *(600)’

0
% o4 89.06%10

= 3.08*10°° rad

a= 2.0 m burulma acikhgi
$=0p/2 m= 1.54*10% rad/m <10*10~* rad/m



SAP2000 ile 3 Boyutlu




V=94.28 kN (Basit Model)

KESME KUVVETI

V=91.2 kN

K105 | V=91.2 kN

M=80.05 kNm (Basit Model)

EGILME MOMENT]

M=136.8 KNm



H Diagrams for Frame Object 4 (K103)

End Length Offset Digplay Options
Location e
Case |DEAD v ( ' s @ Scroll for Values
tems. Major (V2 and M3} -~ | Single valued ?ﬂ i ) D Show Max
.m
It 6

o.m Location
m -

Eguivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m})
Dist Load (2-dir)

B2.78 100.61 8276

24,34 KN/m
g D at2. m
QB.QJ 13_99 Positive in -2 direction

PESSUILdINIL Sredl

Shear V2

-50.306 KN
at2.m

Re=sultant Moment

Moment M3

86.5322 KN-m
at2.m

Deflections
Deflection (2-dir)
0.000756 m
at2. m
Positive in -2 direction
() Absolute (C) Relative to Beam Minimum (® Relative to Beam Ends

| Resetto Initial Units | | Done | Units  |KN,m,C
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BURULMA MOMENTI (T_=20.25 kNm)

28.23
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13 Diagrams for Frame Object 4 (K103) TCI‘:20'25 kNm
et Dizplay Opticns
Locati
Case | DEAD v (Location) . ¢ @ Scroll for Values
tems Axial (Pand T} || Single valued - ?ﬂm } E‘I Show Max
.m
Jt: 6 .
- Location

Equivalent Loads - Free Body Diagram (Concentrated Forces in KM, Concentrated Torsions in KN-mj
Dist Load (1-dir)

— 0. KM/m
— — - atZ2 m
28.23 56.47 2823 Positive in -1 direction
PEsUILA L A U s
Axial
| 0. KM
| atZz m
Re=sultant Torsion
Torsion
28.2331 KM-m
atz m

Reset to Initial Units | Done | Units KN, mC  ~




E Diagrarns for Frame Object 3 (K105)

End Length Offzet Dizgplay Options
Location
Case |DEAD w ( ' 2 () Scroll for Values
tems Major (W2 and M3) « | Single valued -~ ?ﬂm \ @ Show Max
. m
It 4
0.m
(6. m}
Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m)
Dist Load (2-dir
G 47T e
30.4 KN/m
C at4.5m
1|:|l].hI1 | 11 i) Positive in -2 direction
RESUILENL Zedl
Shear V2
-100.611 KN
atld.m
Resultant Moment
Moment M3
109.4724 KN-m
at3.sm
Deflections
Deflection (2-dir)
0.004532 m
at3d.m
Positive in -2 direction
() Absolute () Relative to Beam Minimum (® Relative to Beam Ends

| Resetto Initial Units | | Done | Units  KN,mC  ~




ORNEK 8.6

500 mm
1.0m

K501 4/\

. e
5.0m (q v
' 300 mm

a= 1.0 m burulma acgikligi
(a) (b)
Sekil 8.6b’de goruldugu gibi Sekil 8.6a’da ki yapi sistemine ait kirig

kesitleri dikdortgendir ve net beton ortisu (beton yuzinden etriyenin
disina), 15 mm'dir. Kirigsler icin gerekli boyuna donatiyi ve etriyeyi

hesaplayiniz. Donatiyi bir gizimle gosteriniz.



a= 1.0 m burulma agiklgi

(2)

Hesap YUkleri:

Kiris
uclarindaki  kolonlarin  egilme
rijitlikleri cok yuksek oldugundan,
bu noktalarda kirigler ankastre
kabul edilmistirr. K502 Kiris
acikhgr net aciklik, K501 Kirigi
sag u¢c mesnet genigligi 30 cm.
alinacaktir.

Malzeme: C20, S420

K501, P_= 45 kN/m; K502, P= 15 kN/m (Kendi agirliklari dahil)



45 kKN/m

T

K501
< S m > '(q
P, 1° * 52
M-S = P 140,625 kKNm @
8
#
Mesnet yiiziinde: -M=140.625- 140.625 0'302126.563 kNm
K501 kirisinin sag mesnet
* -140.625 isliqi ildi
Viam — 45%*5 N —.140.625 KN genisligi 30 cm kabul edildi.
2 5
* _
Vo= 452 2y 1;2'5 =84.375 kN

+M=79.15 kNm (x=2.00 m)




45 kN/m

vy vy

yvvoyy
VAN

K501
Sm

>

Pas payi=30 cm

Myg=79.15 kNm

W Ma _7915+10° e
LT fjd 365+086x470 oo

-Mg=126.653 kNm

4 — Map _ 126.653 * 10° 657 a6 2
27 fjd 365x086+470 o

K502’ye saplandigi noktada; —>

M, = MSnl:j Mg = M591;_b

My=T, Mg, = T,:,.:ﬂ - 2{}.253 = 25.31 kNm

1
Mg = ZD_ESE = 5.06 kNm

N



M
MA — A C > k B o MB
K502 \
s a= 1.0 m burulma agikligi
Ma b=4.0m
Mg
b a

My = Mgo4 tb Mg = MSDlm
My, =T., Mgy = TC,.“bi’ = 20.252 =[25.31 kNm

1
Mg = 20.25 g: 5.06 kNm

[ 25.31x10° |

_ — 2
A= 365x0.86x470 171.55 mm




1 1
§ =3 b}, h=+30%+ 50 = 15000 cm®

T, = 1% 1.35%15000 1072 = 20.25 kNm

[ 25.31x10° ¢
S 365%0.86x470

atb 5
=171.55mm?2 | Msor =T === 2025~ = 2531 km

0.30
V; =140.625 — 45 (0.4?0 +T) =112.725 kN

V..=0.65f.og b, d=065%1+300470+10"2 = 91.65 kN
V.=0.8+V.,. =73.32kN

Vg = V.,




T

2
mm
minsw _ g 3 Jeta b, = 0.47
s fywa mm
A V,— V. (112.725—73.32)+ 103 mm? mm?
w_ Yoz Ve ( ) = 0.44 < 047
s fywa d 191 =470 mm mm

@8 /20 cm kullanilir.



84.375 kN
15 kN/m

AR
105 kN i/ 5 m net aciklik ‘I54.375 KN

105

85.25

V)

>~

~ ,|
I

I

I

I

:

| . i

| ! i -

| ; \I 54.375
| : !

|

|

N aans OO

! |

20. I
|

]




K502

+Mg=26.69 kiNm

4.95 300 « 4702
1 13*10_3380111111 /KN , K 5669~ 106 2482 mm</kN , K=K,
_ Mgy 2
A, _ﬁp i 181 mm

-M4=85.25 kNm  Mesnet yuzunde (aciklik net olarak verildi.)

4.95 300 = 4707
K, 137100 380mm=</kN , K 8E 25 » 106 777 mm</kN , K=K,
Mg,
Ay, = ——— = 578 mm?
= fajd

IMZ-304 Betonarme 2 Ders Notlari / Prof Dr. Cengiz DUNDAR-Ars. Gor. Sedat KARAAHMETLI



V4 =105 kN_ Mesnet yuzunde (agiklik net olarak verildi.)
Mesnet yuzunden d uzakhkta V,=105-15*0.470=97.95 kN

V.. =0.65f., b, d=065+1+300x470= 103 =91.65 kN

V.= 0.8V, =73.32kN

T; =T. = 20.25 kNm

W

minZte —015ad (1413 Tﬂ; )b

&) wed g w
.
=0.15 L(1+1.3 20.25710° Y300 =0.446
191 97.95*300

Yalniz kesme icin gerekli etrive alanai;

A A V.-V —73.32)*10°
os _fsw _ Ve = Ve (9795 ) =0.14 <0.446 mm
5 25 2f4(d) 2%191% 470

. A,
min—- =0.446 $8/11 cm
5



U, = 2(440 + 240) = 1360 mm
A, = 440 = 240 = 105600 mm?

T,U., _ 2025*10°*1360

mind, = = = 357.25mm’
“ 2fad,  2*365*105600
K501 kiriginin her iki ucu da mafsalli kabul
P4L3
B — < edilirse mesnetteki donme agisi, 6z = Pal’
24E1 T

lksor =30%(50)3/12= 3.125*10° cm?* E=2850 kN/cm?
EI=89.06*%10" kN c¢m? olur.

e IR =2.632*107" rad

e *10)
<4789.00710 a= 1.0 m burulma acikligi
$=08/1 m=2.632*10- rad/m<10*10- rad/m
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- 54,375 kN
H Basit model

KESME 140.625 kN

Basit model

-

Vel
*;/ 84.325 kN
IS Basit model
105 kN
Basit model
26.7 kNm A MOMENT
85 25 kNm Basit model o1
Basit model 140.6 kKNm
79.15 kNm Basit model
. Basit model .
[ f____.f*l.
is \l!:#_?p} HE{]T - __F__,F-" r‘;{é-?]lll
— odf



x Diagrams for Frame Object 2 (K502)

End Length Offset Display Options
Location
Case |DEAD w ( T (® Scroll for Values
tems | Major (V2 and M3} | Single valued -~ ?ﬁ-m} () Show Max
.m
Jt 4

o.m Location
&m .

Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KM-m)

Dist Load (2-dir)
89.64 | 2864 93 44 PP
| c C 15. KN/m
ﬁ D atl.m
121'12 22.28 I?,ng Positive in -2 direction
K502 PLESUILAI L sl
Shear V2
———————— -108.418 KN

Resultant Moment

Moment M3
‘ ‘ 24,2765 KN-m
at1.m
2428
Deflections
Deflection (2-dir)
0.000413 m
‘1._,\ at1.m
Positive in -2 direction
() Absolute () Relative to Beam Minimum (@) Relative to Beam Ends

| Resetto Initial Units | | Done | Units  KN,mC




T

BURULMA MOMENTI (T_=20.25 kNm)




E Diagrams for Frame Object 2 (K502)

End Length Offzet

Dizgplay Options
@ Scroll for Values
I‘.:.'I Show Max

Location

141887 -

Dist Load (1-dir)

0. Kh/m
at 1.41867 m

Positive in -1 direction
Axial

0. KN
at 1.41667 m

Torsion

-6.4675 KN-m

Case  DEAD y (Location} . -
tems | Axial (Pand T) ~ || Single valued -~ E:}m :
.m
Jt 4
0.m
(3. m)
Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Torsions in KN-m)
K502
6.47
Resuttant Torgion
6.47
25.87

Reset to Initial Units | Done |

at 1.41667 m

Units KN, m, C




E Diagrams for Frame Object 1 (K501)

End Length Offset Dizplay Options
(Location)

Case |DEAD w Jt: 1 () Scroll for Values

ftems | Major (V2 and M3) ~ | Single valued -~ ?ﬁ-m} (® Show Max
.m
gt 2

(5. m}

Eguivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KM-m}
Dist Load (2-dir)

32.34 127.62
45, KN/m
C D at 3.58539 m
93_41 | 111 RE Positive in -2 direction
K501 PESEUILETIL STl
Shear V2
131.556 KN
ats m
Resultant Moment
Moment M3
-127 6155 KN-m
ats m
64.21
Deflections
Deflection (2-dir)
0.001481 m
at 2222 m
Positive in -2 direction
() Absolute () Relative to Beam Minimum (@) Relative to Beam Ends

| Resetto Initial Units | | Done | Units  KN,mC  ~ A
Sonraki Bolum
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