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Columns - Definition & Materials
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= Definition. Typically, columns are vertical e ||
structural elements that support loads from the e
floors and roof slabs and transfer these loadsto  EEls S & =\
the footings. Strictly speaking, columns need not == =
be only vertical. Rather, they are rigid linear
elements that can be inclined in any direction,
but to which loads are applied solely at member
ends.

-
=
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= Material. Common column materials are:

* Stones or block (Pillars) 'I

 Timber
Columns designed to carry

* Steel N
} significant loads are made of
* Concrete J | siryctural steel , reinforced

concrete or both (composite).
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Column Stresses & Capacity

= Although columns are designed to carry

vertical loads (P), the stress in columns
also includes uniaxial bending, biaxial
bending, and shear stress in addition to
axial stress.

The load-carrying capacity of a column is
determined based on the cross section
properties (area(A); Inertia (Ix and ly);

radius of gyration-r = /I /A; and the

KL

slenderness ratio — Where L is the

unsupported length of the column and K
is column effective length factor varies
between 0.5 to 2.0 based on the column
end conditions.
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Column Stresses & Capac1ty
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The sIenderness ratio has a detrlmental
effect on the load-carrying capacity of the
column. As shown in the figure, the column
load-carrying capacity decreases where the
slenderness ratio increases.

Accordingly, columns can be categorized in
terms of their slenderness ratio as:

1. Short columns tend to fail by crushing.
The strength depend on cross sectional
area and material strength. Those can be
quite strong and carry high loads.

2. Long columns tend to fail by buckling,
which is an instability failure rather than
a strength failure.
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Steel Columns

e

= Steel columns are fabricated:
1. Utilizing the standard structural steel sections such as H, |,
tubes, or pipe sections.

2. Developing a built-up section by jointing
several structural sections, as shown in the
figure, or welding steel plates to the desired
shape.

* |naddition to buckling, steel is sensitive to
temperature, so all structure steel members
shall be fireproofed, as shown below.

T

Protective coating — {5088 soetions
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Reinforced Concrete Columns
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= Concrete columns have a breadth-to-thickness ratio of less than
3 to 4. Where the ratio exceeds 4, the element is considered a
wall.

Typical concrete cross sections Reinforcement
bars

= Regarding cross-sections, :
they may be square, <>
rectangular, circular |
g ! ! Composite column cross sections
octagonal, orany of a Encased

steel section
variety of shapes in cross- I o
section, suchasT or L. s brCI

= Concrete columns may be classified as long or short columns.
The column is considered long when the ratio of its height to
the smallest cross-section dimension is more than 12.
otherwise, it is considered short.
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Concrete Columns Reinforcement

____ ——S—

As shown in the figure, concrete
columns are typically reinforced

by:
1. Longitudinal bars - Main bars:

resist compression loads and v B
tension force due to bending. e

2. Transverse reinforcement: resist shear
forces, if any, and laterally support D

longitudinal bars to prevent buckling.

Longitudinal bars

\

Spirals,

These include: (
* Ties (Tied Columns) 1
* Spiral (Spirally-Reinforced I
Columns) = = >
e Links Tied Spirally reinforced

column column
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Concrete Columns Relnforcement
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Behavior oleed and Splrallv Relnforced Columns

. . Spirally reinforced column
Cimate oad, he e T
tied column fails >
suddenly. On the Tied column fails suddenly
other hand, the Tied and spirally reinforced columns [—
spirals provide a
confining force to the Deformation (unit shortening)
concrete core in the
spiral column, thus
enabling the column
to sustain large
deformations before
the final collapse
OCCUrs.

¢| Spiral column

Load

Tied column

= Accordingly, ductility in columns
can be ensured by providing spirals
or closely spaced ties.
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Design & Detailing Requirements

1. Concrete grade

* It shall be noticed that Concrete grade is important in
columns, as they are — mainly — compression members.

* Concrete grades less than 28/35 MPa (cylinder strength/
cube strength) are not normally used.

2. Maximum and Minimum Reinforcement Ratios
e Minimum 1% and maximum 8 % of cross section area.
3. Number of bars and bars distribution

* Minimum 4 and 6 bars for rectangular and circular columns
respectively.

e The recommended minimum bar diameter is 16mm.

* Total number of bars shall be even to ensure symmetrical
distribution to two or four sides.
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De51gn & Detailing Requ1rements
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4. Mlnlmum Cross Sectional Dlmensmns

* Although there is no limit to column size in the code for
vertical load design, it is recommended that the least
dimension of the column cross section shall be = 250mm.

* For practical considerations, column dimensions are taken as
multiples of 5 cm.

5. Clear Distance between Reinforcing

Bars %
. . . " .
* ACl specify that for tied or spirally
reinforced columns, clear distance - .
between bars (S,) shall not to be less S,
than the larger of 1.50 times bar | . .

diameter or 4 cm.
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Lateral Reinforcement

= Column lateral reinforcement (Tles Splrals) are effectlve in
restraining the longitudinal bars from buckling out through the
surface of the column, holding the reinforcement cage together
during the construction process, confining the concrete core and
when columns are subjected to horizontal forces they serve as
shear reinforcement. i |

= Ties (stirrups) and links requirements
 Size
i. @10 mmif longitudinal bar < 32 mm

ii. @12 mmiif longitudinal bar = 36 mm
iii. @12 mm if longitudinal bars are bundled

* Vertical spacing (S), smallest of

i. 16 times longitudinal bar diameter. P AR

ii. 48times tie diameter. Bucklmg of main bars

lii. Least cross sectional dimension. in columns due to ties
large spacing

STUDENTS-HUB.com
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Lateral Relnforcement

= Ties and links arrangement
Tie

Long. Bar

,%'61:11, = 75mm
RN Alternating
position
link .
i Type 1:
"‘| 45° stirrup 6dp = 75mm

Alternating the position of
Standard hook requirements hooks in the longitudinal
direction
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Lateral Relnforcement

e

= Minimum number of ties or links in the Cross sectlon although
number of ties shall be calculated based on shear stress, ACI
specifies that ties and links shall be arranged in such a way to
restrain every single longitudinal bar, so:

= Every corner bar shall be restrained by the corner of a tie with an
included angle of not more than 135 degrees.

= All bars shall be restrained by link/ tie where bars are spaced at
centers > 150 mm.

= Atleast every alternate bar shall be restrained by link/ tie where
bar centers < 1gomm.

.

T * ® N | / <15 cm

=15 cm ﬂltﬁ

J—"L - 1 i

| £ 15 em
»15em

| <15 cm

& F_ \ ) ]

s v ol s
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T_. _r._ o /7 7 7 7
Slj: >lt j [ [ 1 1
slI: >11: n, u
L detle 15cm) > 15 15 om
two ties (3 bars)
15cm)|< 15 oml,
one tie (4 bars) one tie (8 bars)
I s B,
- = : —  H [
i 2 L ¢
2 1
. — et SR Y N
<15cm) <15 cm| > 15 cm >15al|1[ > 1 cm| > 15 oo 15 e > 150n] b 1Sca b 15 on
one tie (6 bars) two ties (6 bars) three ties (10 bars) three ties (12 bars)
e i sif=] ( ( )
S1l5cm
i < L ] site
>15em
l <13 om)
15 cm| [> 15 cm kg]‘g}—"”‘g
o= reular (spiral,
ree e 3 are) e s 16 bere) L-shaped (two ties)  T-shaped (two ties) (d g‘:u'::) hexagonal (one tie)

Ties and links arrangement in the cross section - Examples
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Lateral Reinforcement

__ T —— — =~ TS -

'
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> 15 om| P—
_— L15cm
T_ .
>15om <15
yhe T
T $15cm
>15em - m—
— <15 cm
T |
>15om
- . F >15cm | [ >15cm
>15cm| > 15 a:“ 15 an‘[ 1S cm) two ties (12 bars)
Jour ties (16 bars)
T 7
>15om
<15em h
$15em S15om
$13om! S15om
$13om) T
>15om|
Jour tles (14 bars) Plsem K1 K14 p 13 o
three ties (12 bars)

Ties and links arrangement in the cross section - Examples
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Lateral Reinforcement

= Spirals
o According to ACI:
* Spirals shall not be less than 20 mm (ds) in diameter.
* The clear pitch of the spiral (S) is not to be less than 2.5 cm and
not more than 7.5 cm.

XXX X I X X X X X987 I
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Lateral Reinforcement

= Notes

In any case, one should notice that the arrangement of ties, links, or
spirals in the column cross-section may affect:

* Concrete mix parameters, including slump and maximum
aggregate size.

* Method of concrete placing and
compaction to minimize potential
segregation and poor consolidation. It is
recommended to provide a free space of
15 cm in diameter to allow the pump pipe
to be lowered in the column up to 1m
from the bottom.
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Column splice and surface offset

* |n most cases, column reinforcement is ’
spliced on every floor. The splice brings
some problems during construction, such
as steel congestion at the splice location.
Mechanical couplers can solve the
problem, yet it is not always feasible.

= Typical details of columns splices are
shown | the following slides.
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Typical Details of Column Splices

BEAM WIDTHS > COLUMN WIDTHS

OTHERWISE AS PER EXTERIOR COLUMN
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COLUMNS WITH DROP BEAMS
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Typical Details of Col

A
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Typical Details of

Column Splices

[ cotumn BaRS I
" L 1 ] Ll
-_J © r _} se (X
V DOWEL BARS i 5 oo o0
"‘1 SECTION A-A
l - l
"I == Fixine 1iEs 10 BE 20 MRS S
RITES REMOVED BEFORE T ——— 3
- T3 1[| ERECTING CAGE OVER ° °
|~ DOWELS ‘_ _* ® &
" (THE CROSS SECTIONAL ® ®
AREASE JEDouELS : e
MU AME AS TH i
>Timm, 4 BARS ON THE UPPER SELTION B=6
;.Ei"' "“ | COLUMN.
2 T — 1 A
=1
t =ttt
H—P w
b
T 81 K
wvi
¥ A A
at;?“s"r:-' Enf '-vi’

COLUMN SPLICE USING LOOSE

FULL MOMENT LAP SPLICES WITH
DOWELS WHEN COLUMN STEP > 75 mm

NO OFFSET
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Typical Details of Column Splices

Lower bar
Upper bar

Lower bar

Upper bar
«  "Sminis the greatest

Section A-A Section A-A of 40 mm, 1.5dj,
Acceptable arrangement  Preferred arrangement and (4/3)dagg

Provide separate
dowels if this offset
is 75 mm or more —{ |=—

Ay __E___ YA

. = /—Lower :aﬁset bend
| , 2d ‘ |
==
é End spiral at capital
— to a width of 2d
=
8y [E=}| s
v
d
SPIRAL COLUMN LAP SPLICES

Section B-B
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Typical Details of Column Splices

Standard

Standard
j __Top of = Top of
, ook \ i / beam ; TOOK X | 4/ beam
- = - - = -
| L !
7 ! | i = iI
- - olumn size
% : " o see column details
' : __ Column size |
[ i - see column details ! __Vertical reinforcement
13 L see column schedule
I __Vertical reinforcement i _— Splice (see lap
o | _~~  see column schedule 0 3 splice table and
o | g ‘”' note 2)
| N' Hoops and crossties
| HGDQ‘S and crosstias w ,-"':/_ sae column details
1 T L~ see column details 1 = T ———
s opof __ | i | , 5 opof__ __See joint detai
N beam ' |-—Splice (see lap | beam | / for reinforcement
L \ [T splice table) * \ /
s | l Els - / -rL
E El"“h Max. 1:6— J-_'" Beam reinforcement e | | Beam reinforcement
djo~- Slope ~~ =7 not shown for Bo T <= not shown for
] _ il | clarity T | clanty
| I-_ _Continue hoops and
; crosstie at ends of
' column thru joint at same
| spacing as in column
|
Boltorn column splice Mid-height column splice

Splices and Longitudinal Section Details for Columns Designed As
Part of The Lateral Load-resisting System
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Column top

detail
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n<O 75 mm iy EE)J
ZWo =
worRF . —
I—j — L4 %
& - >
7 — | § |
y s
c [ [——=1
C 3 £ l‘q_ - 3
PLAN PLAN
DETAIL 'A' DETAIL 'B’

TO DESIGN

BARS MAY
SLAP NEED TO BE
BENT
™ 11| INWARD
BASED ON
N THE TABLE
N

BELOW.

DETAIL ‘C’

CAN BE USED IF
REINFOREMENT IS SPLIED IN
THE LAST FLOOR

DETAIL ‘A’ APPLIES WHEN SLAB

DEPTH IS NOT LESS THAN

« 200 mm AND COLUMN BARS
20mm

« 250 mm AND COLUMN BARS
25mm

« 300 mm AND COLUMN BARS
32mm

OTHERWISE DETAIL ‘B’ APPLIES



https://students-hub.com

Starter bars (column dwells)

= Usually, columns are connected to the foundations through
column necks - the columns' extensions under the slab-on-
grade. The dimensions of the column's neck cross sections are
usually larger than those of the column to provide more cover to

the reinforcement.

This detail allows bars to be
extended easily to give
foundation level tolerance

Spacing of links at lap not
greater than

COLUMN
LT NECK
o
I
Va AV
-

- 120 of longitudinal bar

- 0.6 x lesser dimension of column
- 240

At least 3 No. links

Top of foundation -

COLUMNSTARTER BARS. THE BARS SHALL BE
LOCATED IN POSITION ACCURATELY.

FURTHERMORE, ITSHOULD BE FIXED TO ENSURE _—~
THEY WILL NOT MOVE DURING CASTING. AT

-Compression lap plus 150
for foundation level tolerance

- Kicker: 75

450

P

= == - |
LU LB 0.0 _T__-U_..0 L

(150 below ground)

LEAST 3 TIES SHALL BE ADDED WITHINTHE
FOOTING.

STUDENTS-HUB.com


https://students-hub.com

Columns Drawings

e

= Required information. Drawings must show:
* Locations of columns relevant to grid lines.
* Size of columnsin plan.
* Height of columns (vert. section, elevations)
* Reinforcement: number, location, grade, and size of
reinforcing steel.
* Method of splicing.
* All necessary details where column section or reinforcement
changes.
* Typically the column drawing usually consist of
1. Grid lines plan
2. Floors plans
3. Longitudinal section
. Columns schedule.
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GPld Lines Plan

—Si—

Exhibits the dlmen5|on ofthe columns at the foundatlon IeveI
columns number, type, and columns center lines relative to the
grid lines.

The planis Tt Q\‘/I' E
S A L P
used for * 2000 é‘% |

the setting COLUMNDIMENSIONQ‘
out of the AND OULUMNCL. |

COLUMN

NUMBER \ |

COLUMN

RELATIVETO THE
building's ~ Axes,
foundation
and
columns at

the start of
the works.
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Longitudinal Section

— . ___ S R — — = - = eI T

* The drawing aims to show T o
details of the vertical [ ] s eamssm e
reinforcement splices, column Ay
height, and the details and R == e e

JOINT e, ISERE, P EVEN SR

T Y- -"-.
sl T LT
i RS W O P

FOR THE DEPTH OF THE SHALLOWEST BEAM
WHEN BEAMS WITH WDTH >§ TIMES THE

/{ JOINT HOOPS MAY BE SPACED AT "2Sh”

distribution of transverse [ | -
. COLUMN
reinforcement. s I 1
! 2
10 db EXTENSION g 4p EXTENSION 8 LAP SPLICE
AR @] 1 ONLY WITHIN CENTER
HEXGHT cocbwe HALF OF CLEAR COLUMN
= 7 T oF TES HEIGHT
% H CONSECUTIVE CROSSTIES COLUNN
o — SHALL HAVE THEIR 90 Sh = HOOP AND SUPPLEMENTARY
| DEGREE HOOKS ON " e
CROSSTIE SPACING, NOT TO EXCEED
Q b_q OPPOSITE SIDES OF THE X 78 e A
— X% L, X . X _  COLUMN by 2 * St = COLUMN TIE SPACING NOT TO
X SHALL NOT EXCEED 30cm EXCEED 18db OF VERTICALS, 48db OF
| TIES, OR Bs.
sroscre « Bs = SMALLER DIMENSION OF COLUMN
~& CROSS—SECTION
N = o, $ « 1o = LARGEST COLUMN DIMENSION, BUT
e | NOT LESS THAN ONE—SIXTH CLEAR
o f HEIGHT, OR S0cm.
SUPPLEMENTAY CROSSTIES j’
TRANSVERSE REINFORCEMENT IN COLUMNS ? Bt < “,A
1) 1
7
%
TYPICAL LONGITUDINAL EECTIOR
STUDENTS-HUB.com SE[SMIC DETAILS
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Column Schedule

e

Column schedule is a table showing, for each level, the following
information:

= Column types and number of columns of each type.
= Column dimensions and cross-section.
= Main (vertical) reinforcement details

= Transverse reinforcement details.
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Column Schedule
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_ —S— T —— N — ——
| COLUMNS SCHEDULE
TYPE C1 Cc2 c3 C4 C5 CB Cc7 ca8 c9
LOCATION ALL SECTION ALL SELTION ALL SECTICN AL SECTION ALL SECTION AL SECTION AL SECTION ALL SECTIN ALL SECTION
s aF s 1 2 sq 4 1 2 25 1
STAIR
CASE
] 1 ii Y i'
* e B | P Bl
I—K
DX B 40050 SOED pluey B
MAIN BARS 18416 16816 12820 12620
IR10810em for Full 2R10010em fer Full 2R10810em for Full ZR10810cm for Full
HCOPS wolumn height nlumn haight eslumn hei column height
TE Bﬁﬁs] T TRIOB 0em for for Full ey TRTOB 0em far for Fell |
OTHER
FLOORS T Gazs
It ; — ik —
e ls| R E | B | B | Bl | B | ger Bl
X
D X8 40X80 40050 4OXAD 30K50 3050 30050 3050 0040 3050
MAIN BARS 12816 1818 12818 10816 12816 16616 12618 10818 12620
IR10010er for Full SR10910cm for Full IR10D10em for Full ZR10D10=m for Full 2R10D10em for Full AR10010=m for Full AR1OB10om for Full ARTO@10om for Full 2R D@ 10em for Full
Arasceteat ot [TTT =Ty 84 Eadcbe 8 Eadct [TTTTrrr— [ITESTTT=r— TR TOcm for for Full EacEetnnscentt Bsactatasaceet [ TRTOW T0em far for Fall |
column_helght column_helght
GROUND
FLOOR s
S| B B B Bl | Bal | B | B | Bl
]_., — = — = — = e g — . ——
DXB 40050 40050 4040 30150 30450 30050 300 30X 30X50
MAIN BARS 12816 18616 12616 10816 12816 16816 12818 10818 12020
Jr10@10cm for Full SR10@10cm for Full JR10@10cm for Full ZR1001Cem for Full 2R10010em for Full 2R10910cm for Full 2R10810em for Full 2R10&10cm for Full 2R1 0@10cm for Full
HOOPS column helght column_ helght column height column helght column helght column halght column helght column helght column_ helght
TIE wsl S RLLL L T . S et 0 m Ll LT 1] Ll LT LT m
s B | D {2 & B5e! | G4 | Bdal | B0 | gea | Bl
—_, —_— A p— = = = - = .
_F%" 10%50 [ +0X4D 30X50 30050 3050 30K50 ) XS0
MAIN BARS 12816 16816 12816 10#16 12416 16016 12016 10016 12020
IR10810cm for Full JR10®10em for Full JR10®10cm for Full ZR10810cm for Full ZR10810em for Full R10910cm for Full R10810em for Full 2R10@10cm for Full R10810cm for Full
HOOPS column height column haight column haight column haight column haight lumn haight colemn hei column column hoight
TE Bms] ] TIRESET T ETRY P TIREeeT IR reeT ETE T W F T TR
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Column Schedule

—— S ——— e —— — —_— -
OTHER 2
FLOORS 17—
K\—'—lﬂ_] T
J:Eﬂ | { ; ; h , v
Y 1L | k) 1L { =
U —_— 40 —
) — e -
D X B 40X50 40X50 40X40 30%50
MAIN BARS 12616 18916 12616 10016
3R10@10cm for Full 3R10@10cm for Full 3R10@10cm for Full 2R10@10cm for Full
column height column height column height column height
HOOPS ’ ° ’ °
TIE BARSI FEREbbER bbb ok ioohk kb ko PR ok o ook o ok
GROUND 7
FLOOR -
1 1
(= T =1 =
i b , J
v 3| | =[
‘ —_0 —_— —_— —_—
D X B 40X50 40%50 40X40 30X50
MAIN BARS 12616 18916 12016 10816
3R10@10cm for Full 3R10@10cm for Full 3R10@10cm for Full 2R10@10cm for Full
HOOPS column height column height column height column height

TIE BARS |

ook deokoh e

ek ok e ok o e ook b e e

EXRREFRERERRRE

e e ok ok e ok o de ok
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(Columns Form) omﬁ\,bgja
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