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BILESIK EGILME - EKSENEL BASING VE EGILME
ALTINDAKI ELEMANLARIN TASIMA GUCU

Betonarme kolon, yapisal sistemin, yani ¢cercevenin bir
parcasidir. Bu nedenle kolonlar dusey ve yatay yukler altinda
eksenel basinca ek olarak, egilme momenti ve kesme kuvveti

tasirlar.

Betonarme yapilardaki kolonlarin  kesit boyutlari
boylarina oranla kucuk oldugundan, kolonlar genellikle narin

elemanlardir.
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e Kolona etkiyen eksenel kuvvet ve
moment eksantrik bir kuvvet ile vyer

degistirebilir.  Kolonlar  genellikle  narin

elemanlar oldugundan, moment etkisi ile
Vmax olusan egilme nedeniyle kolon eksenini
simgeleyen c¢izgi yukin etkime yonunu

belirleyen kesik cizgi ile ¢gakismayacaktir. Bu

 /Kolonekseni durum kolon uglar diginda kalan bolgede ek

N [ bir moment olusturacaktir. Kolonda normal
kuvvetten dolayl olusan bu ilave moment;

e
e —» AM=N vy olup ikinci mertebe momenti adini

allr.
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Kolona etkiyen maksimum moment birinci mertebe momenti
ile ikinci mertebe momentlerinin toplamina esittir. ikinci mertebe
momenti yer degistirmeye gore kolon boyunca degismektedir. Bu
nedenle maksimum moment, yer degistirmenin en buyuk oldugu

kolon boyu ortasinda olusacaktir.

N maIZN (‘E‘i‘};max)
N e=Mg
h[? ma]::N E(l—l_}'mﬂ_:[flllfl): B P\‘Iﬂ
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BILESIK EGILME ETKIiSi ALTINDAKI ELEMANLARIN

TASIMA GUCU .
® N r Y »
0.003 0.85fcq
o As4 G54
X
Fe=0.85fcdAcc
As3 053
________ e
Ag.mer
—Aocn
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T As4 Os4

X

F 3

v

Fc=0. SSfchcc

—

| As3 053

Sekilde gorulen, kesit geometrisi duzgun olmayan ve donatisi
degisik duzeylere yerlestiriimis kesite etkiyen eksenel yuk ve moment
kesit agirlik merkezinden (e) uzakhginda etkiyen bir eksenel kuvvete

donusturalmustur.
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A AS4 GS-’?

v X
F=0.85 fchcc

_ As3 Os3

Asl Osl

Denge Denklemleri:

N=0.85 fed Acct+ D A O

1=1

M=N(e)=0.85 fed Acc Xp-X )+ D A G4 Xi

1=1

Uygunluk Denklemi:

X, —C—X;
-25i—=0.003 .
C

Osi—Esi Esifgd
X; — Kp
c5i—=0.003 Es(1+——— )=fyd
C

7/51
IMZ303- Betonarme 1 Ders Notlari/ Prof Dr. Cencgiz DUNDAR-Ars. Gor. Sedat KARAAHMETLI



Denge denklemlerinde basing kuvvetleri (+), cekme
kuvvetleri (-) alinmahdir. Uygunluk denkleminden elde edilen (-)
degerler, birim kisalma olarak dikkate alinmalidir. x. degerleri agirlk

merkezinin Ustunde (+) altinda (-) alinmalidir.

Verilen Uu¢ denklem en genel halde verilmistir. Herhangi bir
geometriye sahip bir kesit icin, M=0 (Basit egilme) durumundan, N=0
(Eksenel basing) durumuna kadar gecerlidir. Bu U¢ basit denklem
bilesik egilme altindaki bir betonarme kesitin tasima gucunu

tanimlamaya yeterlidir (0<e<wo).
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Tarafsiz eksenin derinligi ¢ icin ¢esitli kabuller yaparak her bir c

icin N ve M ciftleri hesaplanir. Bu sekilde elde edilen N ve M ciftleri

kullanilarak, eksenel yukun moment ile degisimini gosteren bir egri elde

edilir. Bu egri karsilikh etki diyagrami olarak adlandirilir.

N
No

F

A 0.003 0.003 * o o =
- Es
* a0 M
Esl“:ﬂsy
0.003
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A 0.003  0.003

_ sl é 851‘:85}'

0.003

/

-
-
-

-
-
-
aa

B é Es1=Esy

tasiyabilir.
é,ﬁsl}ﬁsy

I
Ll

Egri dayanimin
zarfl niteligindedir. Bu eqgri
icine dusen herhangi bir
N-M kombinezonu so0z

0.003 fkonusu yuku guvenle

M

B noktasi dengeli durumu belirler. Dengeli durumun tanimi

kirigler icin yapilan tanimla aynidir (N, e,).

N<N, veya e>e, oldugu zaman dig yuze en yakin ¢cekme

donatisi, beton ezilme konumuna ulagsmadan akacagindan sunek bir

Kirtlma olusacaktir.
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A 0.003 0.003
ND 7 7/
— €sl é 851{:85}'
0.003

Nb

L 4

N>N_, veya e<e, oldugu durumlarda dig merkezlige badgli
olarak birim deformasyon dagilimi Gg¢gen veya trapez olabilir. Her iki
durumda da en dis lifteki beton ezilme konumuna ulastigindan
cekme yuzune en yakin donati akma birim uzamasina ulasmaz. Bu
tar kirllma basing kirilmasi olarak adlandirilir.
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A 0.003  0.003
No 7
831{85'_';
0.003
B /z 0.003
Nb é Es51—&sv
é,ﬁsl}ﬁsy

Goruldugu gibi bilesik egilmede kirilma turu donati oranindan
bagimsiz olup, eksenel yuk duzeyine ve dis merkezlige baglidir. Burada
kiriglerdeki gibi donatiyi sinirlayarak gevrek kirilmayi onlemek mumkun
degildir. Asiri gevrek kirilmayi onlemek icin bazi 6nlemlerin alinmasinda

yarar vardir.
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A 0.003  0.003

-

851{85'}'

0.003

7

B Nea=es 0003

é,ﬁsl}ﬁsy

B
-

M

Np

a) Sik yerlestirilmis sargi donatisi ile stineklik arttirilabilir.
b) Eksenel yuke bir tst sinir konularak asiri gevrek kirllmalar
onlenebilir. TS500 de eksenel yukun 0.90 f_; A, duzeyini gegmesine

Izin veriimez.
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Dikdortgen Kesitler icin Tagima Gucu Denklemleri:

Ac=kic (b), x=h/2 ve X=kz ¢=ki ¢/2
Bu degerler denge denklemlerinde yerine konuldugunda;

N=0.85fua ki cb+ 2 A o,

i=1

M=N e=0.85 f.a ki ¢ (b) (———)+ZA

asi=0.003 Es(1+ )<fya Budenklemler dikdortgen kesitler icin geneldir
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Ornek1:

Bilmenler: b, h, (Acc=bh), ZAs=As, M=0
[stenen: N

Coztm:

Eksenel basmg durumu i¢in birim deformasyon kesitte diizgiin yayilt olacagmdan
(ew=0.003) tiim donat1 akar. (gsi>esy Ve Gs=fyq)

kic=h, N=0.85 foa b h+Ast £56=0.85 fed Acct Ast fid

M=0
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Ornek2:
Bilinenler: Basit donatili kiris (As1=As), denge alt1 (6s1=1fyq), N=0 ve b=bw
[stenen: M
Cozim:
N=0icin  0.85 fa ki ¢ bu+As(-fya)=0
0.85 fed k1 ¢ bw= As(fyd)

ATy
K =85t b,
0.85 fea ki ¢ bw yerine As (fyd) yazilirsa;
M= A (ﬁ;d}g - %} As(-ﬂ'd}{-(d-g}}: M= As(ﬁ;d}[d — %] bulunur.
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Karsilikli Etki Diyagrami:

Es1 H
i —

i) Once e=0 igin N,, hesaplanir.

i) Dengeli N, ve M, degerleri hesaplanir. €.,=0.003 ve g =¢

y
olacagindan birim deformasyon dagilimi uUggenlerinden c, ve g ler

bulunur. Buradan N, ve M, degerleri hesaplanir.
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N @ 3 >
0.003 0.85f:q Fes
7y v ry |

7 ’// c Es4 |le/2

/;Asél 1 K klc ——

- s3 / 1€ e Fec
€l b /ACC /"’ Xp=h/2 £53 Fs3
_"_ S N S [ I ......... - 1F_7 AN N VR B fe

Ag. m
® As2 L - &s2 » Fs2
_.-."55..51 £s1 H
+|® ) e ! >
rlq hI Fsl

iii) Tarafsiz eksen derinligi ile ilgili bir varsayim yapilir. Once buyiik
bir ¢ degerinden baslanir (c=1.2 h).

Iv) £.=0.003 ve varsayim c ile tanimlanan birim deformasyon

dagiimindan tum g, ler ve bunlara karsilik gelen o ler hesaplanir.

X, — h/2
65=0.003Es 1+ =——— |fiq
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N @ —% >
0.003 0.85fcd Fes
x EArg 7 T
-~ <3 / le e FC
© h /fﬂic.c A Xp=h/2 €53 Fs3
_"_ e I I ......... - !r_7_ ........................ S te
) Ag m
® As2 L - Es2 = Fso
A1 £s1 H
-+ |® o o f >
Fs1
I - "
v) Degisik dizeylerdeki donatinin tasidigi kuvvetler hesaplanir.
(Fsi:Asi 0-si)

vi) Beton bileskesi bulunur. (F.=0.85f_, k, c b)
vii) N ve M verilen denklemlerden hesaplanir. Boylece secilen ¢

icin N ve M cifti bulunmus olur.
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Es1

—

viil) 1l adimina gidilerek c icin yeni bir deger secilir ve islemler
tekrarlanir. Yeterli sayida N ve M bulunarak karsilikli etki diyagrami

cizilir.
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Ornek:
Bilinenler: Sekilde gosterilen kolon kesiti, malzeme C25, S420

Istenen: Karsilikli etki diyagramu

® ® ® T35
215 M
500mm | |® ® T
N
215
1|® ° o+ 35
© 300mm
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215 )
500 mm ® * T

215

/%

i—\.\__‘-f

A1 (® . ® 1 35 k

300 mm
Ag=As=6 cm? . Ap,=4 cm?

1) Noy=0.85 fog b h+A, £,,~=2751 kN, M=0
11) Dengeli durum, £.~0.003, g,,=&,,=0.001825

0.003 00— 33 289 Kk =246
Cr—Lr. = 1 C1— L 1
b 0.001825 + 0.003 1o
> Nb
0.003 0.85f.4
289-25=254 ‘= T pa— i Fes
254 =289 Lot D — F.

289-250=39 T 39 e

PN . . SN FSE

176 =465-289

-
»
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M=,
A
3

F'y

Fsl

9
. = Uu. . 2= / :
2890003 0.000405, o©-=81 N/mm

€378y, Ox3=365N/mm?. ©4=-365N/mm?
iv)F=-F3=600%365%10-=219 kN, F»,=400*81*10-°=32kN
v) F=0.85 f.4 k; c;p=1065 kN

YF=N,=1065+219+32-219=1097 kN

111) €=

*M(Kesit agirlik merkezi etrafinda)=M,

h k¢
My=219%215+219%215+1065 *(5 —;25:233.7 KNm

N, =1097kN, M, =233.7 KNm
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ii1) Ilk deger ¢=1.2 h=60 cm secilir. k;c=51>500ld.k;c=50 cm alinur.

n
>

0.003 0.85f4
| o o 0 | ¢ ¢ « Fs
= €
- i ) F
S o — c
I |e . Ve ¢ < 4
E} c=600 IQIJF £ ].:53
mm - ¢
l | o ° | —f -—
. 565 Fsl
"~ b=300mm 135
. . - ¥
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0.85f.4

) ° ™ Ed — ! < « Fg

® o 600 3 > é + FSE*

. L] L s —— I—FSI
iv)£4=0.000675, 64=135N/mm?, F;=600*135*10-=81 kN

£o=0.00175 , 69=350N/mm?, Fu,=400*350*10-=140kN

£37Esy 63=365 N/mm? F3=600%365*10°=219kN
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Z

0.85f.
° . P~ Ed — L < < Fs
: F.
. . < “ “
600 ¢ Fo
T <
® ® ™ —_‘:‘ —
565 Fg
135
vi)F=0.85 f.q ki ¢ b=0.85*17*500*300*10-3=2168 kN
Tiim kuvvetler basin¢ oldugundan isaretleri (+) dur.
vi)) N=XF=81+140+219+2168=2608 kN
500 500
M=215(219-81)+140*0+2168 ( ——— )=29700 kN mm
N=2608 KN, M=29.7 KNm
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111) c=50cm, kic=42.5cm

> N
0.003 0.851cq
+ é ¢ F53
¢ k,c/2
k,c=42.5]| [ F.
<
465 < « Fo
q:—
IBS
r . 1:'51

35
IVve V) 551=% 0.003=0.00021, 64=42N/mm? F4=25kN

£5=0.0015, 6-,=300N/mm? Fy,=120kN

£37Egy G3=365 N/mm? Fy=219kN
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Z

0.003 0.85f.4

f ¢ F53
< k,c/2
< F.
4 L
€ < Fsl
€

—

Fsl

vi)F=0.85*17*425%300%103=1842 kN
vil) N=XF=1842+219+120+25=2206 kN

425
M=215(219-25)+120.0+1842(2 50-7)=110756 KNmm

N=2206 kKN, M=110.8 KNm
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i11) c=30cm , k;c=25.5cm

> N
0.003 0.85f.q
| / > = < <« F
Es3 < k,cl2 ~ %
300 j . ¢ - |
mm 265 1€=235.5¢ F.
p; P
et ] e el FSE
>
Fsl
iv) €4=-1.65%103, €o=5%10"*, &g ey
V) 6=-330 N/mm?, 64o=100N/mm?, G3=365N/mm?
F=-198kN, Fo=40kN, F3=219kN
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0.003 0.85f.4

Kcl2 T

265 k,C=

w
o
o
N
U
I \
N
(@)
(@)
FrY WYY Y
A
A
iy
]

165

vi)F=1105 kN
vii) N=2F=219+40-198+1105=1166 kN

500 255
M=215(219+198)+40%0+ 1105(=~ — —=)=225070 kNmm

N=1166 KN, M=225.1 KNm
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i1)c=16cm, k;c=13.6cm

> N
0.003 0.85f.4
. *_u FSE-
e k,c/2
< ¥
< F.
>
FSE
€s1 . —_—
Fsl

1V VE V) 5178y , Os1= -365 N/mm? ., Fg=-219kN
€o—1.7*1072, 6-,—=-338N/mm?, Fo—-135kN
Es37Esy . O3=3653 N/mm?, F3=219kN
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0.003 0.85f.q

?i)FE:D.SS f.:d ](1 ¢ b=590 kN
vi))N=590+219-135-219=455 kN
M=215(219+219)+135*0+590(250-68)=201470 KNmm

N=455 kN, M=201.5 KNm
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Katsayi (h) c (mm) M (kN) M (kNm)
Salt Eksenel Yiik eo 2752 0
1,2 600 2608 30
1,1 550 2432 68
1,0 500 2207 111
0,9 450 1972 147
0,8 400 1724 178
0,7 350 1459 203
0,6 300 1166 225
D.Durum 289 1098 234
0,5 250 921 227
0,4 200 677 216
0,3 150 407 197
0,2 100 222 171
0,1 50 -73 112
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Karsihikh Etki Diyagrami
3000

2750
2500
2250

2000

=Y
~
a1
o

1500

1250

Eksenel Yiik (kN)

N,=1098kN

1000

750

-0 N3
500 =0y -
250

. M, =234kNm
0 25 50 75 100 125 150 175 200 225 250
Moment (KNm)
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Experimental behaviour of steel fiber high strength reinforced concrete and
composite columns
Serkan Tokgoz **, Cengiz Dundar ®, A. Kamil Tanrikulu ®
* Civil Engineering, Mersin University, 33340 Mersin, Turkey
b Givil Engineering. Cukurova University, 01330 Adana, Turkey
ARTICLE INFO ABSTRACT
Article history: This paper presents experimental behaviour of eccentrically loaded plain and steel fiber high strength rein-

Received 16 March 2011
Accepted 28 February 2012
Available online 27 March 2012

forced concrete and concrete-encased composite columns. In the experimental study, a total of 32 square sec-
tion both reinforced concrete and composite column specimens were fabricated at 0, 0.5, 0.75 and 1.0%
volume fractions of steel fiber contents to examine the effects of steel fibers on column behaviour. Besides
this, the composite columns were constructed and tested using almost the same conditions with reinforced

ﬁm:ﬁ; concrete calumn concrete columns to investigate the column experimental behaviour. The complete load —deflection behav-
Concrete-encased composite column iour and strength of column specimens were obtained and the results were discussed in the study. In addi-
Steel fiber tion, the column specimens were analysed based on a theoretical method considering the nonlinear
Ultimate strength behaviour of the materials. The presented experimental study indicates that the inclusion of steel fibers in

the range 0.75 to 1.0% volume fraction improves confinement and ductility features of high strength rein-

forced concrete and composite columns significantly.
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Experimental behaviour of steel fiber high strength reinforced concrete and.pdf
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Table 1

Concrete composition of the column specimens.

Specamen Gravel Sand Cement Water Plasticizer  Steel fiber
no. (kg/m*)  (kg/m*) (kg/m*) (kg/m®) (kg/m’)  (kg/m’)
SC-0 1100 650 420 125 15 -
S5C- 1100 640 420 125 15 39.25
SC-11 1100 630 420 125 15 58.88
SC-1n 1100 620 420 125 15 78.50
SCC-0 1100 650 420 125 15 -
SCC-l 1100 640 420 125 15 39.25
SCC-11 1100 630 420 125 15 58.88
SCC-n 1100 620 420 125 15 78.50
ci-0 1120 720 420 145 5 -
cz-0 1120 700 420 135 8 -
c3-0 1100 650 420 125 15 -
C1-1 1120 710 420 145 5 39.25
2-1 1120 690 420 135 8 39.25
3-1 1100 640 420 125 15 39.25
ci-n 1100 720 420 145 5 58.88
c2-n 1100 700 420 135 8 58.88
Cc3-1 1100 630 420 125 15 58.88
c1-m 1100 720 420 145 5 78.50
c2-m 1100 690 420 135 8 78.50
-1 1100 620 420 125 15 78.50
CC1-0 1120 720 420 145 5 -
ccz-0 1120 700 420 135 8 —
CC3-0 1100 650 420 125 15 =
cca-l 1120 710 420 145 5 39.25
ccz-1 1120 690 420 135 8 39.25
CC3-1 1100 640 420 125 15 39.25
CC1-n 1100 720 420 145 5 58.88
ccz-n 1100 700 420 135 8 58.88
CC3- 1100 630 420 125 15 58.88
cCa-m 1100 720 420 145 5 78.50
ccz-m 1100 690 420 135 8 78.50
CC3-m 1100 630 420 125 15 78.50
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Table 2

Experimental properties of the column specimens.

Specimen nao. f. (MPa) Lt (r=10.3B) e, (mm) ey, (mm)
SC-0 73.42 22567 45 45
SC-1 76.87 22567 45 45
SC-1 72.53 22567 45 45
SC-M 69.71 22567 45 45
SCC-0 65,94 22567 45 44,75
SCC-1 74.72 2257 45 44 75
SCC-1 76.52 2257 45 4475
SCC-m 73.75 22567 45 44,35
C1-0 53.82 3467 40 40
C2-0 58.46 3467 45 45
C3-0 69.28 3467 50 50
C1-1 56.32 3457 40 40
C2-1 59.03 3457 45 45
C3-1 71.86 3467 50 a0
C1-1 56.74 3467 40 40
C2-11 61.20 3467 45 45
C3-11 72.24 3467 50 50
C1-11 50.48 3467 40 40
C2-111 58.81 3457 45 45
C3-1 67.43 3457 50 50
CC1-0 52.28 3467 40 39.25
CC2-0 58.19 3457 45 4475
CC3-0 68.42 3457 50 49,325
CC1-1 55.67 3467 40 39.25
CC2-1 61.13 3467 45 44,75
CC3-1 71.27 3457 50 49,35
CC1-1 55.72 3457 40 39.25
CC2-11 60,64 3457 45 44 75
CC3-1 66.21 3467 50 49,325
CC1-m 52.30 3467 40 39.25
CC2-M 59,04 3467 45 44,75
CC3-M 66,24 3457 50 49,75

Steel plate

Transducer

|
|
|
|
|
|
|
|
|
‘l"“ ~_Column specimen
|
|
|
|

-

N

Fig. 3. Test setup and instrumentation.
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Cift eksantrisiteli eksenel kuvvet etkisinde CC3 kolonu deney videosu 3/4/2006
N,=167 kN ¢,=50 mm e,=49.25 mm

\
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Table 3
Ultimate strength results of the column specimens.

Specimenno, Ny (KN} Ny (KN} My, (kNem) My, (KNem)  Ny/Npey

N
5C0 249 22729 102274 102274 0913
sC 256 23465 109643 109643 0917
SCI 264 22258 100242 1002 42 0.843
SCAIl 243 21684 97653 97653 0.892
sCcO 236 23471 103996 105649 0995 Y — *—‘
sccd 262 24414  1081.84 109893 0932 :
sccHl 253 24755 109685 111427 0978 ! I Steel plate
sccn 265 24272 107546 109254 0916 le |
C1-0 211 19139 850,61 85061 0907 I"H'|
C2-0 194 17044 84423 84423 0.879 | :
C3-0 150 15047 827,64 827 64 0946 L
C1-1 215 194385 88477 88477 0.906 |
C2-1 192 17293 863.84 86384 0901 |
C3-1 167 16034 886.02 886.02 0.960 | === @ ||} Transducer
C1-11 212 10438 882,96 88296 0917 | :
c2-11 206 17395 872.46 87246 0.849 o
C3-11 173 16317 805,12 89512 0943 - .
C1-11 219 18097 855.75 85575 0.867 ! T“‘H%m" specimen
c2-11 201 18064 891.11 89111 0,899 I
C3-11l 176 163.19 898.48 898 48 0927 ||
CC1-0 219 20784 867.51 886.65 0,949 | :
cC2-0 183 18142 846,53 861.01 0,991 v L
CC3-0 167 17024 87844 20003 1.019
cC1-1 234 226.15 94757 96851 0.966
cC2-1 213 20612 968,52 085.19 0.968
CC3-1 198 19459  1011.48 102491 0983
CC1-11 236 22686 95072 97174 0961 N
cr2-11 194 20606  967.49 98415 1.062
cC3-l 188 18917 981.54 006 64 1.006 _ _ _
cC1-1i 738 21989 91891 94167 0924 Fig. 3. Test setup and instrumentation.
cc2-11 214 20335 95465 971.15 0950
CC3-11 196 18898 980.46 995 54 0.964
Mean ratio 0938
Standard deviation 00491

44/51




45/51
IMZ303- Betonarme 1 Ders Notlari/ Prof Dr. Cencgiz DUNDAR-Ars. Gor. Sedat KARAAHMETLI



(a)
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(b)

Fig 4. (a,b) The typical failure mode of the column specimens.
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Fig. 5. (a,b) The typical experimental load — deflection curves of the column specimens.
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