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IKI YUZU DONATILI DIKDORTGEN KESITLER
( Simetrik Donatil)

Dengeli Durum:

x;=—x1=d"f2
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X:_?,:—Xlzd"fz

Birim deformasyon dagilimindan:

cp=0.003 os1=-fva , o=ty
" 0.003 + ¢ Fo "

Al , ,
Xp=h/2 ve A51=Asg=7t degerler1 denklemlerde yermne konularak N ve M

hesaplanir.

3/77
IMZ303- Betonarme 1 Ders Notlari/ Prof Dr. Cengiz DUNDAR-Ars. Gor. Sedat KARAAHMETLI



< b >
Nu=0.85 fea ki co b+As f}fd'ﬂsl f}?d

Np=0.85 fea ki c» b , bu deger moment ifadesinde verine konur:

h kl Cb AS’[ I[:IIO A 0.003 0.003
My=No (5 = =5 )+~ fya (d-d) 7f

0.003

/

h k;c,. Ay
My=No (5 - H(— tya—7)2

2 2 ) 2 N 4 Bé Es1=Esy 0.003
g 0.003E e A
esv—=—— almirsa, cp= d e :
- E, 0.003E, + fﬁ,d Mo M, M
Al77
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Cekme Kirilmas:
Tanim geregi:
1) es1>€sy Ve Os1=-Tya
2) Eksenel yiikiin ¢ok diistik oldugu durumlar disinda os:=fyq varsayilabilir.

(0 507 2998 @y dugu durumlarda basng donatist ak
bhf, 0003E,-f,y h oldugu durumlarda basing donatisi akar).

st

A
3) As1=An= >

4) XPZE ve Xo=-X1=d"/2
Simir durumda basing donatisindaki birim kisalma &gy degerine ulasacaktir

(es2=€sy). Tanim gered1 ¢cekme donatis1 akmus olacagindan 6s;=-G51=fyq

5/77
IMZ303- Betonarme 1 Ders Notlari/ Prof Dr. Cengiz DUNDAR-Ars. Gor. Sedat KARAAHMETLI



T = e L
dTT
« ~<|® e
d' I:
b
. N
Benzer ti¢genlerden uygunluk denklemi:|  |a 0.003 0.003
0
ES: C — dl
0.003 ¢

€s2=esy—1yd/Es oldugundan;

0.003E, d' . Nb
c= , denge denklema;
0.003E, — f4 =

N:U-SS fcd, k]_ (e b+A52 552+A51 O=1

Cs>=-Cs1—fyave ¢ nin degeri yerine konursa; 6/77



0003E,d" A,

As‘r
NEZO.SS fcd,k]_ f’d — 2 flﬂ

+ :
0.003E,—f, 2 ;

Denklemin her iki1 tarafi bhf.q ye boliintirse ve k1=0.85 alinirsa;

_ 07220k (d') hesapl degeri w. den biiyii
bhfy,  “0.003E,-f, h”’ esaplanan y deger1 y. den biiytikse

We™
basing¢ donatisi akar.
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Yukarida verilen degerler denklemde yerine konursa,

N:D.85 fc.;j, k]_ C b+A52 f}rd—Asl f}rd
N=0.85fcaki c b elde edilir.

h k;c n
M=Ne=0.85fuski ¢ b (5 —— +D A o, X,
i=1
h 1{1 C A ot . .
M=N (= — )+ fyad", 1fadesibulunur.
2 2 2 - 'y
A 0.003  0.003
No : >
__851 é gs1<Esy
0.003

/

B Aeimey 0003

T oe=ep
_-*"-- A ¢ Sl
S é,eslﬁesy

Nb

My Mo il 8/77
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Eksenel ytikiin ¢cok diistik diizeyde oldugu durumlarda,

L7, 8_ O003E,
bhfy  h0003E, -f,

basm¢ donatisi  akma konumuna

ulasmayacagindan uygunluk denklemi yardmmiyla o5 degerlerini bulmak gerekir.

dll
2 —

N |

55220003 Es(l"‘ )

C
dl
G2=0.003 Es(1-—)

Basing donatisinin akmadigi durumlara ¢ok az rastlanir.
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Basinc¢ Kirilmasi: N
A 0.003  0.003

et B NU
Tamm gerega: - 7/
| —est A gor<ey
1) €s2>€sy Gs2=lyd -
: : 0.003

2) £1<-&sy Os1<-fya (Veya Gs1<fyq)

Np :
st e=8p_,,,m‘"'_

3) As1=A=

Mo M:b M
4) XPZE ve Xxo=-x1=d"/2, Budegerler denklemlerde yerine konursa;:

A
N=0.85 foqki ¢ l::-+T5t (fya+os1)
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klc +A5t ] d"
5 It (hyaos) (5

h
M=Ne=0.85f.akicb (5 - )

G1=0.003 E (1+ )

d
6:1=0.003 Es (1--)

Basing kirlmasinda 1 olarak isaretlenen donati, eksenel yiik diizeyine gore

cekme veya basing tagtyabilir. Bu donatmimn ¢ekme bolgesinde oldugu durumlarda

EH olacagindan os; (-) olur. Donatinin basing bolgesinde kaldig1 durumlarda Efil

olacagindan donatidaki gerilme (+) olur.
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Sekilde A-B olarak gosterilen basing kirilmasini simgeleyen egri, diiz bir

¢izgi ile degistirilebilir. Bu yaklasim énemli bir hata olusturmaz.
N

' 9

A

-No
z
>

N

N

W - >

M C M M
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A-B egrisi diiz bir dogru ile degistirildikten sonra benzer iicgenlerden

yararlamlarak
N,-N M
No-Ny M,

N=N0-M— (N, =N, ), buradakimomentler N e olarak ifade edilebilir.

b

, buradan;
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2 Ne N .
N=No-= (N,-N,)= - elde edilir.
¢

I
L

My M

M

Bu denklemin kullanilabilmesi i¢in kesitin eksenel yiik kapasitesinin (No) ve
dengeli degerlerinin (e, ve Np) bilinmesi gereklidir. Kesit geometrisi ve donati

yerlestirme diizen1 ne olursa olsun gegerlidir.
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Ornek:

Bilinenler: Sekilde gosterilen kolon kesiti, Ng=500kN, Malzeme C25, S420

I[stenen: M,

N ©

Z

4
0.85fd  F.
* i $ ) mil
// // —1" KR
< '
// & Fc
d'=| sttty L/ te
430
ag.m
Asl
> le ® o= —
y d=465 Fsi
300

As 1 :A52:6 sz

15/77
IMZ303- Betonarme 1 Ders Notlari/ Prof Dr. Cengiz DUNDAR-Ars. Gor. Sedat KARAAHMETLI



Cozum:
Once kesitin kirilma bi¢imi saptanir. Eksenel yiik bilindigine gore, kirilma

bi¢iminin saptanmasi, hesaplanacak dengeli eksenel yiike (No) gére yapilmalidir.

N
0.003 1 l;_SSfcd Feo
T / // ‘
d'"'=
430
As
- | e e o
300 "
As1=As>=06 cm?
0.003E, 0.003 %2 *10°
Co™ d= ; 465=289 mm
0.003E, +f,y  0.003*2*10° +365

K,C,=246 mm

N,=0.85f  k, ¢, b=0.85*17*246*300*103=1065 kN
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N<Nj oldugundan ¢cekme kirilmasi olugur. Basing donatisimin akip akmadigi

kontrol edilmelidir.

N @

Asl
- | @ o @

300
ﬁslzﬁszzé sz

Sinir durum:

ogady_O0BE, 35 60
Ve I 0003E, — £, 7500 600— 365
N 500 *10°

v —0.20 >y, basing donatis1 akmistir.

bhf,y  300%500%17
N=0.85f.qaki¢chb 17/77



Np=

Nd5

0.003

0.003

/

Es1%Esy

0.003

€51-Esy
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N ®

Asl
- | & <@ o

300
As]_:AsZ:é sz

N 500 *103
= = =115 mm
K1 e 085F, b 0.85%17%300
V=N (2 ki | A £ d"
(2— D ) 2 yd

1200
M=500(250-57.5)+—— 365 * 430 * 10°=190300kNm

M=190.3 kNm

19/77
IMZ303- Betonarme 1 Ders Notlari/ Prof Dr. Cengiz DUNDAR-Ars. Gor. Sedat KARAAHMETLI



N ®

Asl
- | & <@ o

300
As]_:AsZ:é sz

N 500 *10°
= - =115 mm
K1 e 085f., b 0.85%17*300
MBS A
(2— D ) 2 yd

1200
1\/[=500(250-.57.5)+T 365 %430 *107°=190300 kNmm

M=190.3 kNm
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Ornek:
Bilinenler: Aynikesit, Ng=1200 kN
N &

RIZ

430

As]_

300
A51:A52:6 sz

Cozium:
Ornek 1 den N,=1065 kN . N>Nps basing kirilmas1 olusur.

d c— 465
G51=0.003 Es (1-—)=600 (———)

A
N=0.85 foq ki c b+?5t (fya+os1)

21177
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A 0.003  0.003

/

—7 &l é Es1<Esy

, 0.003
e<ep .~ |
Nd51200kN
B _
Np={1065 KN- -2 - e ) Aesmesy o 0003
T ey
: **** é.ﬁsl}ﬁsy
Mo Ms M
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1200*%10°=0.85*17 *0.85*c*300+600 (365+051)
os1 ifadesi (¢) tiirtinden denklemde yerine konursa;
¢=313 mm ve k;¢c=266 mm bulunur.

o1=-290 N/mm?2

c — 465
C

1200 x 103 = 0.85 x 17 X 0.85¢ X 300 + 600 [365 + 600

3684.75 ¢? — 621000c — 167400000 = 0

c =313.46 mm kyc=266.44 mm

_op31346-465
Os1 = 313.46 ¢

kIC +Ast f dn
5 ) 5 (fya-0s1)( 2)

M=Ne=0.85fcakich (5 -

M,=0.85*17*266.44*300(250-133.2)+600% (365+290 )(%O))* 106=219.4 kKNm
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Ara Donatili Dikdortgen Kesitlerin Tagsima Gucu

Ara donatisi bulunan dikdortgen kesitlerin tasima gucu daha
once elde edilen genel denklemlerle bulunabilir. Uygunluk denklemi ise
kesitte bulunan donati duzeyi sayisina baghdir. Ara donatili kesitlerde
donati en az ug¢ ayri dizeye yerlestiriimis oldugundan bu tur kesitlerin

tasima gucu deneme yanilma yontemi ile bulunabilir.

a) c icin varsayim yapilir.

b) Benzer ucggenlerden cesitli dizeylerdeki donati icin birim
deformasyonlar hesaplanir (g).

c) Her duzeydeki donati igin gerilme degerleri ve bunlara

karsilik gelen kuvvetler hesaplanir (o =¢,; E;<f 4 ve F=A; o).

24177
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d) Beton basing bilegkesi hesaplanir (F.=0.85f_, A_.).

n
e) Denge kosulu kontrol edilir (N:FE+ZA51 o ).
i=1

f) Denge saglaniyorsa devam edilir; saglanmiyorsa (a) ya gidilerek c igin

yeni bir varsayim yapilir.

g) I¢ kuvvetlerin kesit agirlik merkezine gére momenti alinir.

25177
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Ornek:

Malzeme C25,5420 (f.,=17 Mpa, f,4

Istenen: M,=?

Cozum:
N ®
ks = |® o - 35
ASB
215
dn:
430 | [@As ¥
215
Asl
- - ® ® - 35
e
300 mm

=365 Mpa), £,=0.001825 ve N4=500 kN
A, =A,=6 cm? | A, =4 cm? , h=500mm.

Fl

0.003

26177
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A3 c=250
215
d'r'r:
h 430 .ASE L ] % TTTTTmTTTTTTTTT
215
ﬁsl
- -~ | @ - ® = 35
P -
300 mm

a) c=250 mm kabul edelim. k;¢c=212 mm

215
b) 853:—551:{)-003%?55? ., €52=0

¢) Os3=-G51=365 N/mm?’ , G5>=0

Fs3=-Fs1=365*600*10°=219kN, F:=0
d)F.=0.85f , k, cb=0.85*17*212*300*10-3=921 kN
e) SF=021 +219-219-500=421 kN

sonug (+), ¢c<250 mm olmalidir.

27177
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A3 c=250
215
d'"'=
h 430 .ASE -®| = T
215
ﬁsl
- > | @ o e = 35

x
L

300 mm
a)c=150 mm , k,c=127.5 mm

b) €s3” € €2~ € €1~ €

Sy ! Sy ! Sy
C) 683:-682 :-681:365 N/mm2

F,=-F,=219 kN F., =-146 kN

d)F_=553 kN
) YF=553+219-146-219-500=-93 kN

¢>150 mm olmalidir. 150 ile 250 arasinda dogrusal oranlama ile ;
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421 B_ 42l 181mm
150 X 100-X
‘/ 250
93

X 100-x
1 b q

c=150+18.1=168.1 k,;c=142.9 mm

Fu,=-F,=219 kN ,F,, =-117 kN, F_ =619 kN

€)XF=619+219-117-219-500= 2 KN= 0 kabul edilir.

M= 619(250-1@)+215(219+219) 204767 KNmm=204.8 kNm
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Dikdortgen Olmayan Kesitler:

Tasima gucu, dikdortgen kesitler icin izlenen yontemle
hesaplanir. Bu durumda tek fark beton basin¢c bileskesinin ve

bileskenin agirlik merkezine gore momentinin hesabinda gorulur.

Fc:{}. 85 fcd Acc

M=F_ (Xp- X )

30/77
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Ornek:
Bilinenler: Uggen kesit, malzeme C20, $420, Ng=100 kN, A¢=9.4 cn’,
Ap=6.3 cm?, As=3.1 cm’

[stenen: M,;=?

—>

0.851cq

31/77
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300 mm

Cozum:

]

a) Tarafsiz eksen derinligi c=160 mm , kic=136 mm
b) £5y=0.001825

€51=-0.00187>¢sy , €0, £3=0.00187> &gy
¢) 6s3=-651=365 N/mm’ , 65,=0

Fs1=940%(-365)*10°=-343 kKN , F,=0,Fss=310*365*%10°=113 kN 39777
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300 mm

1
d) Acc= (k1 €)’=136/2=9248 mn’

Fc=0.85 fed Acc=11.05%9248%10-°=102 kKN
e) 2F=102+113-343-100=-228 kN
¢>160 mm olmalidir.
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300 mm
a) c=200 mm ki;c=170 mm

b) €s1= -9%10* , €527 6*10* ,» €537 Esy
¢) 651=-180 N/mm* 6,=120 N/mm? , 63=365 N/mm?
Fsl= -170 kI\T s P52=75 kN s Ps3=115 kN

34177
IMZ303- Betonarme 1 Ders Notlari/ Prof Dr. Cengiz DUNDAR-Ars. Gor. Sedat KARAAHMETLI



300 mm
d) Fc:085 fcd Acc . Acc:1702/2:14450 '.l'].':ll':l'].2

F=159 kN
e) 2F=159+115+75-170-100=79 ka X " 40-x
Dogrusal enterpolasyon ile; 160 e

N s—130
X779 1 ppg 0T VI

228

/ 200
35/77
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300 mm

a) c=160+x=190 mm kj;c=161 mm

b) £1=-1.12*%107 , £o= 4.6*10* , gs3>8sy

¢) 6s1= -226 N/'mm? , 6= 92 N/mm? , 653= 365 N/mm?
F1=-212 kN, F>=58 kN , F3=115 kN

d) Acc=161%/2=12960 mm?* , F.=11.05%12960*10-=143 kN

36/77
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300 mm

e) 2F=143+115+58-212-100=4 kN=0 kabul edilir.
D Mr= Fc (Xp')_()"'Fsl (’60)+F52 (40)+Fs3 (140)

Xp=200 mm, i=§k1c=107 mm, (Xp-X)=93 mm

M=143%93-212*(-60)+58*40+115%140=44439 kN mm=44.4 kN m

37177
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Ornek:

Bir dnceki kesit, burada ara donatisiz (As=0).
M;=?

Cozum:

Ara donati olmadigindan kapali ¢6ziim yapilabilir.
As=9.4cm?, Ap=0. A;=3.1 cm?
Ng=100 kN yiik diizeyinin hangi tiir kirllmaya neden olacagi saptanmalidir.

Bunu belirlemek i¢in dengeli Ny degeri hesaplanmalidir.

0.003 0.003
d_

- = 260=161.5
0.003+&,,  0.00483 Hh

Ch

kicy=137 mm

38/77
IMZ303- Betonarme 1 Ders Notlari/ Prof Dr. Cengiz DUNDAR-Ars. Gor. Sedat KARAAHMETLI



16
s3—V. =V. >€s
£s3=0.003 1613 0.00188>¢sy

Gs3— 'Gslzfyd

K,Cp,)?
Np=0.85 fcd(lTb) + A fg +A, Fy

Ne=(0.85 13 237 1 310365+ 940 * (=365))*10°=-127 kN

2

Dengeli yiikiin isareti (-) oldugu i¢in ¢ekmedir.
N=>Np (100 kN>-127 kN), Basin¢ kirilmasi olusur.

Basmg kirillmasi: €s3=gsy, 0s3=fya, €s1=7

39/77
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+N 3

N, =951 kN

N=100 kN

.M

N,=-127 kN -

40177



Coziimi¢in genel denklemlerden yararlanilir.

N=0.85 fea Acct P A . G,

i=1
M:{}85 fcd Acc (Kp'i)—l_ ZASI GSi Xi
1=1

X; — X,
0, = 0.003E, (1+ ——)<fs

(k)2 - _
Acc= 5 xp—g 300=200mm, K—§k1C , X1=-60 mm
—60 — 200 c— 260
Gs}zf}rd: Gsl=600(1+ ° ):600( o )Efvd
(0.85¢)* c— 260

N=100*10°=11*% > +940%*600( )+310%365

C
. ) 41/77 .
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0—-200 c— 260

—6
Gs}zf}rd . Gsl=600(1+ ):6UD(T)£fvd

C
. (085¢)’ ¢ — 260
N=100*10"=11* 5 +940*600(——)+310*365
C
az® + bzl +ecx+d=0
3.9918 ¢ + 577150 ¢ — 146640000 = 0 a=[B.9918 |
b=|0 |
¢ =199.31 mm c=[577150 |
d =|-146640000 |
— 6002290 _ _1gamp
O41 = 199 = a | Clear | | Calculate |
Answer:
Solutions for X
X4 = 199.31305

¥p = -99.65653 +1* 417.58612
X5 =-99.65653 -1" 417.53612
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¢c=199mm, kic=169mm, cs=-184 N/mm*<fys ¢6ziim gegerlidir.
Ac=14300mm?, X=2/3*169=113 mm
M=11*14300(200-113)+940 (-184) (-60)+310*365*140=40* 10° N mm
M=40kN m

Yaklasik yontemle ¢oziim:

Np=-127 kN ve kicy=137 mm

)
My=Fe (200- < kicu)Fis*140+Fs1 60
)
M=103 (200 * 137)+113*140+343%60=47592 kKN mm

My=47.6kNm

A43/77
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€= -375 mm
No=0.85 fcd ActAst fyd
No=0.85%13*(1/2)*300%>+1250*365=951250 N=951 kN

N=No- M(No-Nv).  100=951- M (951-(-127))
M, 47.6
M=37.58 kN m

44/77
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+N 3

N, =951 kN

N=100 kN

.M

N,=-127 kN -

45177



EGIK EGILME ve EKSENEL BASING TASIYAN ELEMANLARIN

TASIMA GUCU
Fsl
/ F.
—
N@* B
F53
Ih ¢z z /F54

46/77
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N:F c-l_ ZF g1

M;=N ¢,=F. [E = E] +(F, +F, {E = d'] +(F,, +F_, {E — d']

2 2 2
M~=N EF:FC[% o §] + (Fil + F54 {g - dl] - (FEI + F53 {g - dl]

X .
£5=0.003— ., c=(k;h)Cosb
C

X; : Donatilarin tarafsiz eksenden mesafeleri

47177
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™~

Sekilde gorulen kolon kesiti, eksenel yuk ve iki dik yonde
egilme momenti etkisi altindadir. Bu kolonun tasima gucu, tasima
glcu yonteminde temel alinan varsayimlar yardimiyla bulunabilir.
Yazilacak iki denge denkleminde bulunmasi en gug¢ olan, beton
basing bileskesi ve bileskenin kesit agirlik merkezinden olan
uzakligidir. Tarafsiz eksenin yeri k,h ve 6 olmak uzere iki

degiskene baglhdir.
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Ozetlenen yontem kullanilarak, varsayilan ¢ degerleri
icin istenilen sayida N, M, ve M, degerleri elde edilir. Bu
degerler dik ekseni N, yatay eksenleri M, ve M, olan eksen
takimina yerlestirilirse noktalarin birlestiriimesinden bir ylzey
elde edilir. Bu yuzeyi olusturan noktalar tasima gucunu

simgelediginden, elde edilen ylzey bir dayanim zarfi olur.
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Genel ¢ozum ancak deneme yanilma yontemi ile mumkundur.
Once tarafsiz eksenin yeri ile ilgili varsayim yapilir ve denge
saglanincaya kadar c degistirilir. Tarafsiz eksenin yeri k, ve 0

parametrelerine bagl oldugundan ¢ozum uzun ve kulfetlidir.
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AnySection : Software for the analysis of arbitrary

composite sections in biaxial bending and axial load
November 2019
Vassilis K. Papanikolaou I:EEI

AnySection

Linearization sweeps :
32| W Auto

Properties

C (0.1500,0.2500)

P (0.1500,0,2500)

A = 1500.00 cm2

I, = 312500.00 cm?

I, = 112500.00 o

Nmax = 38175 kN

Nmin = -3746. 13 kN

My skew = 0.000000 kNm/kN
My skew = 0.000000 khm/kh
Np = 0.00 kN

Mp, = 0.00 khm

Report results at

@ Plastic center (blue)
Geometric center (green)
Drawing origin {yellow)

Custom

(Lo, 9

W Apply C-Restriction

Apply AutoOrigin@

+ Conc
+ reinf
- reinf_holes

Copy material to dipboard
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https://www.researchgate.net/publication/309313622_AnySection_Software_for_the_analysis_of_arbitrary_composite_sections_in_biaxial_bending_and_axial_load
../../../../../Desktop/AnySection.lnk

mj Concrete Column Rectangular with Tension.txt - Mot Defteri

Dosya Ddzen Bigim  G&rdndm  Yardim

brea

label conc

-=x
material concrete paraboliclineargeneral 38000 20 ©.002 9.8835 0 2.2 0.081

section rectangular 8.3 8.5
end area

fibergroup
label reinf
material steel_bilinear 280000 588 1.8 1.8 8.82
bar ©.85 8.85 d25
bar ©.25 8.85 d25
bar ©.85 8.45 d25
bar ©.25 B8.45 d25
end fibergroup

0.5 m

fibergroup
label reinf_holes
material concrete paraboliclineargeneral 38800 208 8.802 8.8835 0 2.2 8.081
open

bar 8.85 8.85 d25

bar 8.25 8.85 d25

bar 8.85 @.45 d25

bar 8.25 8.45 d25
end fibergroup

0.05 m+«—

.|:n
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2D Plot option

(7) Constdand B

(7) d-N for const B

(7) N-M for const a

M-M for const M and 8

M-M for const M and a

) M- ¥ Bilinearize

(7) Benchmark ¥ Random

Calculate

N My | My, | d [} a | Evalks [~
100,00 -183.78 0,000 0,188 .00 180,00 10
100,00 -183.73 -2.418 0,188 100 180,75 10
100,00 -183.67 -4.824 0.188 2.00 181.50 5
100,00 -183.66 7.167 0.188 3.00 182,23 5
100,00 -183.59 -5.282 0.187 4.00 182,859 5
100,00 -183.51 -11.29 0.188 .00 183.52 5
100,00 -183.43 -13.20 0.185 .00 184,12 5
100.00 -183.33 -15.04 0.185 7.00 184,69 5
100.00 -183.22 -16.80 0.184 E.0D 185.24 5
100.00 -183.11 -18.48 0.182 5.00 18576 5
100.00 -182.50 -20.10 0.181 10.00 186,27 [
100.00 -182.74 -21.72 0.180 11.00 186,78 5
100.00 -182.57 -23.29 0.17% 12.00 187.27 &
100.00 -182.39 -24.80 0.178 13.00 187.74 &
100.00 -182.20 -26.27 0.176 14.00 186.20 &
100,00 -182,00 -27.65 0175 15.00 186,65 L3
100,00 -181.80 -25.07 0,174 16,00 185,08 L3
100,00 -181.58 -30.41 0172 17.00 185,51 &
100,00 -181.36 3171 0.171 18.00 189,92 &
100,00 -181.13 -32.58 0.165 19.00 150.32 &
100,00 -180.81 421 0.168 20.00 150.72 5
100,00 -180.59 -35.41 0.168 21.00 151.10 5
100,00 -180.37 -36.58 0.164 22.00 15147 5
100.00 -180.12 -37.73 0.163 23.00 191,83 5
100.00 -175.87 -3B.84 0.161 24.00 152,19 5
100.00 -179.61 -35.93 0.160 25.00 192,54 5
100.00 -179.34 -41.00 0.158 26.00 192,88 5
100.00 -179.07 -42.04 0.156 27.00 193.21 5
100.00 -178.78 -43.05 0.154 28.00 193.54 4
100.00 -178.42 -44.04 0.153 29.00 193,87 4

_alculation time : 22,0 ms - Total integrations : 2058 - Integrations/sec: 93360

% Column

My

y Column

100 o

-110 =

-130

-100
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2D Plot option

) Constdand 8

(") d-M for const A

") MM for const M and 8

(7 MM for const M and a

VM-V Bilinearize

() Benchmark ¥ Random

Calculate

Mo preloading supparted

mo| ome [ My [ d [ a | Eals [a
981,75 0,000 0,000 0.000 0.00 0,00 [/}
S70.00 2131 0.000 0,255 180.00 0,00 18
950,00 6,117 0.000 0.252 180.00 0.00 18
520,00 12,08 0.000 0.248 180,00 0,00 14
S00.00 16,18 0,000 0.245 180,00 0,00 15
E70.00 2242 0,000 0,243 180,00 0,00 14
BE50.00 2661 0,000 0.241 180,00 0,00 14
B30.00 30.84 0.000 0.23% 180.00 0.00 14
B0D0.00 3725 0.000 0.238 180.00 0.00 12
780,00 4149 0.000 0.234 180,00 0,00 12
780,00 45,75 0,000 0.233 180,00 0,00 12
730,00 E2.15 0,000 0.230 180,00 0,00 11
710.00 EE.43 0.000 0.22% 180.00 0,00 ii
690,00 &0.70 0.000 0.227 180.00 0.00 12
&80.00 e7.12 0.000 0.225 180,00 0,00 12
&40.00 7135 0,000 0.224 180,00 0,00 10
610,00 TrTE 0,000 0,222 180,00 0,00 10
550.00 B2.01 0,000 0.220 180,00 0,00 10
570.00 B5.26 0.000 0.21% 180.00 0.00 1
540.00 92.69 0.000 0.217 180.00 0.00 11
520.00 96,92 0.000 0.216 180,00 0,00 10
500,00 101.1% 0,000 0.214 180,00 0,00 9
470,00 107.51 0,000 0,212 180,00 0,00 9
450,00 111,71 0.000 0.211 180.00 0,00 5
430.00 115.89% 0.000 0.210 180.00 0.00 B
400,00 122,24 0.000 0.208 180,00 0,00 g
380,00 12637 0,000 0.207 180,00 0,00 9
350.00 132,80 0,000 0.205 180,00 0,00 9
330.00 136,74 0,000 0.203 180,00 0,00 9
310.00 140,88 0.000 0.202 180.00 0.00 9 W

1024 _ Intanratinnc fea- - 1310587

Talrulatian a1 8 mae - Takal intenratinne -

% Column

y Column

200 20

T T
300 350 400
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= & | 0
Section 2D 3D
i v Horizontal
IR S5 W | Vertical
Vertical steps

M and A step [~

Calculate

Volume (MM3mz2)
1.620

0 pen] 5

DXF N-scale
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B @ |
Section 2D 30
v Horizontal

S
s

N and 8 step ]

I Calculate I

Volume (MN3m2)
1.620

| 30 | |Plan| |Elev|

DXF N-scale
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= @ |

ection 2D 30

2D Flot option

(7) Constdand 8
d-N for const 8
M-M for const a

M- for const N and 8

(3 MM for const M and a

9 M-p ¥ Bilinearize

Benchmark ¥ Random

Calculate

N Me | My | d 9 a | Evals [~
100,00 -183.78 0.000 0.188 0.00 180.00 10
100,00 -183.73 -2.418 0.188 1.00 180,75 10
100,00 -183.67 4,824 0,188 .00 181,50 5
100.00 -183.66 -T.167 0.188 3.00 182,23 5
100,00 -183.59 5,282 0.187 4.00 182,89 5
100,00 -183.51 -11.29 0.186 5.00 183.52 5
100,00 -183.43 -13.20 0,185 00 184,12 5
100,00 -183.33 -15.04 0.185 7.00 184,69 5
100,00 -183.22 -16.80 0.184 B.OD 185,24 5
100,00 -183.11 -15.48 0.182 5.00 18576 5
100,00 -182.30 -2, 10 0,181 10,00 188,27 &
100,00 -182.74 -21.72 0.180 11.00 186,78 5
100,00 -182.57 -23.29 0.179 12.00 187,27 &
100,00 -182.39 -24.80 0.178 13.00 187.74 &
100,00 -182.20 -26.27 0178 14,00 186,20 &
100,00 -182.00 -27.89 0.175 15.00 18B.65 [
100,00 -1E1.80 -29.07 0.174 16.00 185.08 &
100,00 -181.58 -30.41 0.172 17.00 185,51 &
100,00 -181.38 -31.71 0171 18.00 15552 &
100,00 -181.13 -32.58 0.169 19.00 190,32 [
100,00 -180.81 -34.21 0.168 20.00 190,72 5
100,00 -180.5% -3541 0,186 2100 151,10 5
100,00 -180.37 -36.58 0,184 22,00 191,47 5
100,00 -180.12 3773 0.163 23.00 191,83 5
100,00 -179.87 -3B.B4 0.161 24.00 192,19 5
100,00 -175.61 -35.53 0,160 25.00 152,54 5
100,00 -17%.34 41,00 0,158 26.00 192,58 5
100,00 -179.07 42,04 0.156 27.00 193,21 5
100,00 -178.78 -43.05 0.154 28.00 193,54 4
100,00 -178.42 4404 0.153 25.00 153,57 4

alculation time : 22.0 ms - Total integrations : 2038 - Integrations/sec : 93487

% Column

110 1
100 ==
o0 -

20

My

y Column

100 <

-110 =4

-150

T
-100
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EGIK EGILME ve EKSENEL BASING TASIYAN ELEMANLARIN TASIMA GUCU
HESABI iCIN YAKLASIK YONTEMLER

ki eksenli egilme ve eksenel basin¢ tasiyan elemanlarin tasima
gucu hesabinin zaman alici ve zahmetli olmasi nedeniyle bir takim
yaklasik yontemler gelistiriimisti. Bu yontemlerden basglicalari

Bresler Yontemi ve ingiliz Betonarme Yoénetmeligi (CP110) dir.
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Bresler Yontemi
Prof. Bresler tarafindan onerilen bu yontem olduk¢a basit

olup, N = 0.1N, oldugu durumlarda oldukca iyi sonuclar vermektedir.

N, N, N, N, &=

Ifadesi ile tanimlanmaktadir. Burada;

Bresler yontemi;

N : Iki yonli egilme altindaki kesitin eksenel yik kapasitesi.

r
N,,: Yalnizca e, dismerkezligine maruz kesitin tagima gucu (e,=0).

N,,: Yalnizca e, dismerkezligine maruz kesitin tagima gucu (e,=0).

N,: Eksenel basing altindaki kesitin tagima gucu (e = e,=0).

o
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N.. e.=0 Sadece M

ry Uy
momenti ile tasiyabilecegi

eksenel kuvvet (N,,)

xyd

-
——
J-F’.
—_—
-
e

| — 1~
T'Ez - ”,{i"”// f’;‘, ¥
k.h £ % % -1~
. - s - :_ff“ _.—B
v - h
o 4 |\
N,, e,=0 Sadece Mx:d b )

momenti ile tasiyabilecegi
eksenel Kuvvet (N,,)

&

¥
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Ingiliz Betonarme Yénetmeligi (CP110)
Ingiliz yonetmeliginde, iki ydnde egiime momenti tagiyan
kolonlarin tasima gucu i¢cin onerilen denklem, Bresler tarafindan verilen

denklemin ozel bir halidir.

M Cn Cly
M M

ov 0Z

M
M

: Kesite etkiyen ve vektorel yonu y olan moment (M, ,=N, e,)

xyd* xyd

«za- Kesite etkiyen ve vektorel yonii z olan moment (M, =N, e,)

Mo, :Ng4 €ksenel yukunun ve yalnizca M, , momentinin etkisindeki

kesitin tagima gucu (e, =0).
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N ey=0—) Moy

N ile sadece y-
ekseni etrafinda
tasiyabilecegi
moment (My,)

4_‘_:'4‘:‘.'1'
—F F 3
|2 Pl |
k.h ///.,«W//,f:‘ﬂ__ -
e d_,;-’"-‘ =0"
.-f"’#_..-'
Y ¥ ‘ e h
v 3 4 .
N ez=0 - MOZ ht ¢ ~¥
N ile sadece z- b
ekseni etrafinda - .
tasiyabilecegi
moment (M,,) ' Z
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M,,: N, eksenel yukunun ve yalnizca M,,, momentinin etkisindeki

kesitin tagima gucu (e,=0).

o,

1.0 ile 2.0 arasinda degisen katsayi olup asagidaki gibi

hesaplanmaktadir.

N
o, =0.67 6T 02<—d <03

N N

o o
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Computers & Structures Vol. 49, No. 4, pp. 643662, 1993 0045-T49/93 56,00 + 0.00
Printed in Greatl Britain. i) 1993 Pergamon Press Lid

ARBITRARILY SHAPED REINFORCED CONCRETE
MEMBERS SUBJECT TO BIAXIAL BENDING
AND AXIAL LOAD

C. DunDAR and B. SAHIN
Department of Civil Engineering, Cukurova University, 01330 Adana, Turkey

(Received 29 June 1992)

Abstract—An approach to the ultimate strength calculation and the dimensioning of arbitrarily shaped
reinforced conerete sections, subject to combined biaxial bending and axial compression, is presented. The
analysis is performed in accordance with the American Concrete Institute (ACI) code. A computer
program is presented for rapid design of arbitrarily shaped reinforced concrete members under biaxial
bending and axial load. In the proposed method the equilibrium equations are e¢xpressed in terms of the
three unknowns, e.g. location of neutral axis and amount of total reinforcement area within the
cross-section, which lead to three simultaneous nonlinear algebraic equations which are solved by a
procedure based on the Newton—Raphson method. One design problem, available in the literature, is
solved by this program to provide possible design procedures. A listing of the computer program is given
in the Appendix.
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Arbitrarly Shaped Reinforced Concrete Members Subjected to Biaxial Bending and Axial Load .pdf

Contents lists available at SciVerse ScienceDirect | ENGINEERING
| STRUCTURES

Engineering Structures

journal homepage: www.elsevier.com/locate/engstruct

Tests of eccentrically loaded L-shaped section steel fibre high strength
reinforced concrete and composite columns

Serkan Tokgoz **, Cengiz Dundar®

* Department of Civil Engineering, Mersin University, 33340 Mersin, Turkey
" Department of Civil Engineering, Cukurova University, 01330 Adana, Turkey

ARTICLE INFO ABSTRACT
ﬂ-rrid_e history: Influence of steel fibres on the behaviour of L-shaped high strength reinforced concrete and concrete-
Received 10 October 2011 encased composite columns is presented. A total of 16 L-shaped plain and steel fibre columns were con-

Revised 13 January 2012

structed and tested in this study. The main parameters were the concrete compressive strength, load
Accepted 16 January 2012

eccentricity, slenderness effect and steel fibre content. The experimental results of L-shaped reinforced
concrete and composite column specimens were discussed in the paper. In addition, the column speci-
mens were analysed based on a theoretical method considering the nonlinear behaviour of the materials.
. The slendemess effect of the columns has been taken into account by using The Moment Magnification
Reinforced concrete column . . . . . .
Composite column Method suggested by ACI 3“18 specification. The results shaw‘that the inclusion ofste?l fibres into high
Steel fibre strength concrete has considerable effect on structural behaviour of L-shaped both reinforced concrete
Ductility and composite columns subjected to biaxial bending and axial load.
Crown Copyright @ 2012 Published by Elsevier Ltd. All rights reserved.

Keywords:
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Tests of eccentrically loaded L-shaped section steel fibre high strength.pdf

Boyutlandirma ve Donati Hesabi

M,’: Hesap momenti ve hesap eksenel yuku temel
alinarak dis merkezlik yonetmelikte ongorulen dis
merkezlikten kuguk ise, boyutlandirma ve donati hesabi min.

dis merkezlige gore hesaplanan moment temel alinir.

N—d < e, 1se Hesap momenti =Nd(€min) alinir.
d

6.3.10 - Minimum Dis Merkezlik Kosulu (TS500)
Yapisal cozimlemeden elde edilen ve tasarimda kullanilacak olan
kolon u¢ momenti ile hesaplanan dis merkezlik, asagida verilen

minimum degerden kiiclik olamaz:

e, . =15mm+0,03h (6.16)

Burada h, kolonun egilme diizlemindeki kesit boyutudur.
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TS500 de belirli bir rijitligi ve sunekligi saglamak icin, eksenel yuk

dlzeyine bir ust sinir getirilmistir.

N<0.6 fx Ac veya N<091fqAc (TS500)

Ny <A*(0.40 f,. ) veya N, <A *(0.60f,) (TBDY 2018)

On tasarim asamasinda kesit boyutlari saptanirken kesit

alaninin min. degeri:
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AF

mnA_= olmalidir.
0.9f 4
Diger bir amprik ifade:
N, e o s 1a B . .
A = f—(l+ mﬂ) o=3 (dikdortgen), o=5 (dairesel kesit)
cd

Bu bagimti kullanilirken E degerinin tahmin edilmesi gerekir.
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Kolon Tasima Gucu Abaklari
Karsilikli etki diyagraminin ordinati bhf_, , apsisi bh?f_, ye

bolunduginde eksenel yuk ve moment ifadeleri boyutsuz hale gelir,

N M
Ve .
bhf_,  bh2f_,

Boylece belirli bir donati turl, belirli bir d”/h ve belirli bir
donati duzeni ve orani igin diyagram genellestirilmis olur.
Abaklarda donati orani p,m olarak ifade edilmistir. Burada m,

f 4/f.q oldugundan egriler beton dayanimindan bagimsiz bulunmus

yd
olmaktadir.
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Dikdortgen kesitler igin verilen abaklardan hangisinin
kullanilacagi kesitte kullanilan donati sinifina , d”’/h oranina ve
A katsayisina baghdir.

Abaklar iki ayri d”/h orani i¢in hazirlanmis olup ara
degerler icin iki abak arasinda dogrusal oranlama yapilir.

A katsayisi, ara donati alaninin, kesitteki tum donati
alanina oranidir.

Abaklarda TS500 de bulunan iki sinir, koyu cizgilerle
gosterilmistir. Bu sinirlardan ilki min. dis merkezliktir, e/h=0.1.
Egrilerin bu sinirin solunda kalan parcgalari kullanilmamalidir.
Ikinci sinirlama yUk duzeyi ile ilgilidir, N<0.9 f_, A .
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Abakta bu smir % = 0.9 olarak gosterilmisgtir.
cd

Egrilerin bu sminn tistiinde kalan kisimlar kullanilmamalidir.
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Problem 1)

Bilinenler: feq, fyd, Nd ve Ma’, kesit boyutlari, b ve h

[stenen: Donati alani

Cozim:

-

e Donati diizeni i¢in bir varsayim yaparak (2.) kullanilacak abak secilir.

Nd . M[udI

ve — —. d""/h, m=fyd/feq
bhf 4  bh-f_,

N M,
4 ve ?d

e Hesaplanan
cd fcd

degerlerinin kesistigi yerde pim bulunur.

o pe=pm/m hesaplandiktan sonra donati secilir.
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N M,
Hesaplananb—d ve — ¢

. degerlerinin kesistigi nokta en kiicik pm
hf 4  bh°f,

degerine ulagsmiyorsa, secilen kesit gerefinden biiyilktiir. Bu kesit kiiciiltiilebilir,
kiiciiltiilme 1stenmiyorsa min. donat1 yeterlidir.

Eger kesisme noktast en biiyiik pan degerine sahip egrinin disinda kaltyorsa

veya % =0.9 ile belirlenen smirn iistiinde kaltyorsa kesit boyutlar yetersizdir.
cd
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Problem 2)

Bilinenler: Hesap vyiiki, fed, fya, N, b, h pr

[stenen: My
Coziim:
N
] &7/, m=fye/fg
bhf

o Donati simfi d’/h ve X i¢in uygun abak secilir.
o i hesaplanr.

N
o Abaga # ile girilerek, pim egrisimi kesinceye kadar devam edilir. Bu
cd
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noktadan dik olarak mnilir vee. ———— bulunur.

h*feq s

e M= 3 bh?f.q ifadesinden moment bulunur.
bh2f_,
1.8 N o
PN ]
L bh 'cd I \ \ 2 " r 'As1 : As10
= N ) d"/h =08 R . ®N
' V\ \ \\ \ id ° Szl Y
N \ \ N =1/4 _L E
1.5 PN N = AV L-— d.———] 3
NA N XY h
14 A NAVE W) AR WAV & W AN B
12 NONCWYSCST XTI\ g B
1 -l . \\ ,\ \O ){\ / \ \ // A
g i ™ ‘f A A VAN \\ X N A : s2
1.0 \\ i ,\\ x A \ \ B 2Ag, +Ag,
0.0 BD) AW YAINAVAVA \
il == i - ¥ \ NP \ oF
7 \ s ;
Ge ALV SANAVARY NN
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O T A VAYAVZ D @ N AVAY N
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\ | ALY N \ 3
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0.4 JAVIPEE & Zaimi = o
A s —
02 71 1 =]
0.2 ) [ 14 L L 3
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WP y 7] /1] | bh?
C ¥ 74 1% .'/,i~ 1A / I ’ 1 1 1 59
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