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reinforcement bar/ =
' 250 t
stirrup roll diameter D=40mm
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Columns
Concept

COLUMN 300 x 300 mm (with critical and non-critical areas)
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Concept

Column with section 400x400mm

star:gégars starter bars
860
I
} .
| : ‘ critical
| 500 s s 1q0 joint area
l ‘ 5@8/100
: 350
Y/
o \ 00 o
100 E &
350

” o)
‘ critical area 0
2500 y of the column's
‘ main body
| 25@8/100 <+ 400
[
¢ 8
<
*
5 S | C1 40140
i A 4020+4016
N R Sjcinl 5@8/100
Irebar = 4.08 m, 3.86 m
ler = all
Ser 25@8/100
s 400 ¢
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Columns
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Columns
Concept

A column with 10% fewer rebars has around 10% lower capacity strength. However, if we re-
move even a single intermediate stirrup, the capacity strength of that same column will be low-

ered even by 50%. This happens because the stirrup’s removal doubles the buckling length of
the rebars previously enclosed by it.
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In a seismic event, columns always fail in the same way:
a. When stirrups open, concrete disintegration in the column’s head or foot occurs.

b. Once the stirrups’ ends become apart, longitudinal reinforcement buckling and concrete
disintegration take place.
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Columns
Concept

That type of failure does not appear only to columns dimensioned according to old regulations
and therefore have fewer rebars but also to newer columns with large amount of reinforcement,
when they are not constructed according to the correct specifications:

a. with internal and external stirrup adequacy,
b. with correctly formed, antiseismic stirrups.

Throughout the world, structures collapse even when they have a large amount of reinforce-
ment. The reason for this is always the same; lack of properly shaped and placed stirrups.

The earthquake resis-
tance of beams and col-
umns depends mainly
upon their vertical rein-
forcement. Stirrups en-
sure the confinement of
the rebars fitted inside
them and the integrity of
the concrete that tends to
spall due to Ilateral
enlargement. If stirrups
are not properly anchored
they may open even in
low intensity seismic
events.

Failure of a column dimensioned according to old regula-
tions that required a peripheral stirrup with its end bent in

RC_RCSD_4 90° instead of 135° (45°).
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Concept

Properly closed stirrup with a

hook length equal to 100 mm, _ _
Ty Properly reinforced column 500x500 with

(for stirrup bar @ 10) 3 stirrups in each layer

RC_RCSD_4
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1st way
to overlap rebars

starter bars

“

starter bar
length

bottle type
by-pass

startar hars

2nd way
to overlap rebars

Lap Splices in columns

In multi-storey buildings it would be ideal if each of
the column’s longitudinal rebars could be placed as
one single piece throughout the structure’s entire
height. This however cannot be accomplished for
practical reasons therefore, the length of the longi-
tudinal rebars is equal to the height of each storey.

The length of the placed bars must be extended by
an additional length called ‘lap length’, which has to
be equal or greater than the length required for the
lapping of corresponding rebars between two suc-
cessive storeys. This length is equal to the rebar’s
diameter multiplied by the ‘contact coefficient’ (its
value varies from 45 to 60).




Columns

Reduction of the column’s section size

The reduction of the column’s size from one storey to the other is not favorable either from a
theoretical or from a practical point of view. Especially in columns where earthquake resistant
behavior is required it must be avoided. However, there are cases where the subjacent column
is larger than is the superjacent column.
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Reduction of the section’s size along the Redugtion of the spetions 826

height by bending rebars into the shape of a alengiheiegiiyaemilng

RC_RCSD_4 bottle some of the old rebars and im-
u _ planting new ones



Columns Reinforcement detail

Placing a rebar in the internal corner of composite sections (I, ‘Z’ section etc) is optional be-
cause:

a) it does not significantly enhance the flexural strength since it is not placed in a section’s cor-
ner (based on the fact that tensile stresses appear to the external corners of the elements’ sec-
tions)

b) it does not increase the confinement because in case of an intense earthquake, where con-
crete spalling will occur, that rebar might buckle since it is not completely restrained.

c) however, in all cases this corner rebar may be constructional used without though calculating
its contribution to the section’s confinement.

[
\®_

The internal rebar (in red), in a severe seismic event, might buckle (due to the bulking of stirrups)
and therefore it will not contribute to the confinement.
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Fig. 11-9
Load and moment on column.

Interaction Diagrams

(a} Cross section,

(b) Eccentric load.

(c) Axial load and moment.

[
Y
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Columns o
Interaction Diagrams

To illustrate conceptually the interaction between moment and axial load in a col-
umn, an idealized homogeneous and elastic column with a compressive strength, f,,, equal
to its tensile strength, f,,, will be considered. For such a column, failure would occur in
compression when the maximum stresses reached f,.,, as given by

P My
—_— + I ou _I_ ]._2
=1 (11-2)
where
A, I = area and moment of inertia of the cross section, respectively

y = distance from the centroidal axis to the most highly compressed
surface (surface A—A in Fig. 11-9a), positive to the right

P = axial load, positive in compression
M = moment, positive as shown in Fig. 11-9¢

RC_RCSD_4
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Interaction Diagrams

Dividing both sides of Eq. (11-2) by f., gives

P My
— =1
Jad  Jad

The maximum axial load the column can support occurs when M = 0 and is Py = feuA.
Similarly, the maximum moment that can be supported occurs when P = 0 and M is

Mﬂl'rl."; = (f{"u‘r/.}‘) SUbStitUtlng PITIEL“. ﬂ‘nd Ml'l'.l.&l?l gives

P M
—+ — =1 (11-3)
Fnax M max
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M

Mmax )
Counterclockwise

moment

Fig. 11-10

Interaction diagram for an
elastic column, | f.,| = |f,.l.

P Compression
ax

Interaction Diagrams

M
Mmax

1.0

> Clockwise moment

RC_RCSD_4
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Interaction Diagrams

P

Prn ¥

Compression

101 A

MiMmax
MiMmay - = Clockwise moment
positive
f= .
Tension
Prna:-:

(a) Material with f;, = 0.

RC_RCSD_4
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Fig. 11-11

[nteraction diagrams for elas-
tic columns, |f,.,| not equal to

| frud.

Interaction Diagrams

(Negative) MIMp g, -

(b) Material with
|fru = 05 f.::u.

A_P Compression
max
101 A
B
-05|C
' P Tension
PIT‘IEIK

= MIMmax {Positive)
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Interaction Diagrams

Uniform compression

fou

-:" Balanced failure

Axial load resistance, P,

E
Moment resistance, M,

g~ 0.005

Fig. 11-13

RC  Strain distributions corresponding to points on the interaction diagram.
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Interaction Diagrams

NA 0.002

- P

f.o62

Ng 0003
COMPRESSION
<t FAILURE
Ny 3, A
‘KLM‘JCED
€y CONDITION
Nop [
oY
|TEI\SIDN
:FAILURE
= = 3
ﬁ Mnh M
i)
7
=005

Figure 3.23 Bending—axial load interaction curve

RC_RCSD_4




Columns

Interaction Diagrams

e=M/N

e:. eccentricity of load

=0: axial load

< ey compression failure
= ¢y, balanced condition
> e tension failure

= 0 pure bending

{a) Cross section.

(b) Eccentric load.

(c) Axial load and moment.

RC_RCSD_4
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Fig. 11-12
Calculation of P, and M,, for
a given strain distribution.

Rectangular CS with symmetric reinforcing

b ey = 0.003
|« , I 0.85f,
— -
A A , - ——
A, | e o - e - f
J o a=pic| |+
h -
L 4 -
As | * * ¥ A > fg
—l-| | €5

(a) Section.

(b)

- Cs = Af,
€ Cc = 0.85f.ab

— [ = Agfs

{d) Internal forces.

Strains.

(c) Stresses.

(e} Resultant forces.
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Rectangular CS with symmetric reinforcing

M+N effect
AS
Geometric reinforcement ratio Po = bR
Mechanical reinf Pom =W = p fya _ A5 Ty
echanical reinforcement ratio om — — Fo- = .
fcd b h fcd
Dimensionless m. = M,
Moment " b.h% fcd
Dimensionless n, = L
Normal force b.h.fcd

RC_RCSD_4
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Rectangular CS with symmetric reinforcing

Interaction diagrams:

n,

Not used

=

To prevent brittle compression
failure

* In the case of a sudden brittle
failure; maximum stress occur
at each point of CS

RC_RCSD_4
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Interaction Diagrams
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C16 — f, = =106.7kgf /cm?
50
S220 - f,, = 3050 —1913.04kgf / cm’

C16; 5220 — fq/f,, =179

213400 5
ny = =100 m, =240 447
40x50x%x106.7 40x50% x106.7

h =50cm, d’ (pas pay1) = 4cm

&= d’/h=0.08, poy = 0.30 , f,q / foq = 17.9

A, =A_ =p,bh= Pom bh Aa = Ay = 3352cm? — 8¢24 (36.19 >
s1 52 0 foq!fe 33.52 cm?)
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Donati gubuklar enkesit alanlari

) g Cubuk Sayisi

mm_| kg/m 1 2 3 4 5 6 7 8 9 10

8 | 0395 | 050 | 1.01 | 151 | 201|251 ]|301|352]|402]| 452 503

10 | 0617 | 079 | 157 | 236 | 3.14 | 3.93 | 471 | 550 | 6.28 | 7.07 | 7.85

12 | 0888 | 1.13| 226|339 |452|565]|679]|792]|9.05|1018]11.31

14 | 121 | 154|308 462|616 770|924 |10.78|12.32|13.85| 15.39

16 | 158 | 201|402 ]| 603|804 |10.05|12.06|14.07|16.08|18.10| 20.11

18 | 200 | 154|500 7.63|1018|12.72|15.26|17.81|20.36 |22.90]| 25.45

20 | 247 | 314|628 | 942 |1257|15.71|18.84|21.99|25.14 | 28.28 | 31.42

22 | 298 | 380 | 7.60 |11.40|15.27|19.01|22.81|26.61)|30.41|34.21 | 38.01

24 | 355 | 452|905 |1357|18.10|22.62|27.14|31.67|36.1d | 40.72 | 45.24

26 | 4.17 | 5.31 |10.62|15.93|21.24 | 26.55 | 31.86 | 37.17 | 42.47 | 47.78 | 53.09

28 | 483 | 6.16 |12.31|18.47|24.63|30.79|36.94 | 43.10 | 49.26 | 55.42 | 61.58

30 | 555 | 7.07 |14.14|21.21|28.27(35.34 | 42.41 | 49.48 | 56.55 | 63.62 | 70.69

32 | 631 | 804 |16.06|24.13|32.17|40.21|48.26 |56.30 | 64.34 | 72.38 | 80.42

34 | 713 | 9.08 |18.16|27.24|36.32 | 45.40 | 54.48 | 63.56 | 72.63 | 81.71 | 90.79 | re cap1 ve A donatisi [cm?]

36 | 7.99 |10.1820.36|30.54|40.72(50.90 | 61.07 | 71.25 | 81.43 | 91.61 | 101.7

38 | 890 |[11.34|22.68|34.02|45.36(56.70 | 68.04|79.38|90.73 | 102.0 | 113.4 | Gubuk | 7 Cubuk | 8 Cubuk

40 | 9.87 |12.57|25.13|37.70|50.26 | 62.83 | 75.40 | 87.96 | 100.5 | 113.1 | 125.6 Al A lb A

45 | 12.48 |15.90|31.81|47.71|63.62|79.52|95.43|111.3 |[12723|143.1| 159.0] = > - 2 - >

50 | 15.41 |19.64|39.27|58.91|7854|98.15|117.8|137.4]|157.0|176.7| 19634 68 [246 79 1278 91
14 | 8 | 124 46 | 158 62 |19.2 7.7 |226 9.2 |260 108 |29.4 123
16 | 8 |13.0 6.0 |16.6 80 |200 100|238 121|274 141|310 161
18 | 8 |136 7.6 |17.4 102|212 127|250 153|288 17.8|32.6 204
20 | 8 | 146 9.4 | 186 126|226 157|266 188|306 22.0|346 251
22 | 8 | 156 11.4|200 152|244 190|288 228|332 266 376 304
24 | 8 | 166 136|214 1811262 226|310 271|358 31.7 1406 362
26 | 10 | 180 159|232 21.2|284 265|336 319|388 37.2|440 425
28 | 10 | 19.0 185|246 246|302 30.8|358 36.9|41.4 431|470 493
30 | 10 | 200 21.2|26.0 283|320 353|380 424|440 495|500 565
32 | 12 | 21.4 241|280 322|342 402|406 483|470 56.3|53.4 643
34 | 12 | 224 272|292 363|360 454|428 545|496 636|564 72.6
36 | 12 | 234 305|306 407|376 509|450 611|522 713|594 81.4
38 | 14 | 248 34.0|32.4 454|400 56.7|47.6 680|552 79.4 (628 90.7
40 | 14 | 258 37.7|338 50.3|41.8 62.8|49.8 75.4|57.8 880|658 100




8024 8 adet donati 40cm’e sigmadigi igin
50 yandaki sekildeki gibi bir donati
87124 duzenlemesi yapilmistir.
-t

40—+
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