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Short column

Pedestals

Short columns

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠ide sway ⇒
𝑘𝑘 ℓ𝑢𝑢
𝑟𝑟

≤ 22

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠ide sway ⇒ 𝑘𝑘 ℓ𝑢𝑢
𝑟𝑟
≤ 34 + 12(M1/M2) ≤ 40

Short column

The short column is a reinforced concrete compression member with a length greater than three times 
its shortest dimension. If it is shorter than that, it will be called a Pedestal. In these two cases the failure 
will be initiated by either yielding of steel reinforcement or crushing of concrete due to high stresses.
If the slenderness ratio of a column (a relation between its length and cross section dimension) is high, 
the column may be failed by buckling, rather than the high stresses in steel or concrete, in this case the 
column is classified as a long column.



Types of Transverse Reinforcement

Ties Spiral

CircularPolygon







Code Limitations 1
Minimum Concrete Cover=40mm

Minimum Number of Longitudinal Bars (is depending on Tie shape):

for Square or Rectangular Ties=4

for Circular Ties =4 (Practical =6) for Spiral = 6

for Triangular Ties=3, Generally for Polygon Ties=1 at each corner
The diameter of Ties or Spirals should be not less than Ø10 for main reinforcement ≤Ø32 and not less than
Ø12 for main reinforcement > Ø32 or in the case of Bundle bars.

For Ties Maximum Spacing Smax ≤ Min of (16Ø of main Bars, 48Ø of Ties, The least dimension of the Column)

Spacing S

For Spiral (25mm ≤ S ≤ 75mm) (to be calculated)

The proper hook
The longitudinal bar said to be properly hooked either by a (continuous) tie corner (normally angle=90o), or
(discontinuous) end of the tie hooked by an (angle>135o)

Each longitudinal bar should be not far from the adjacent properly hooked one by more than 150mm, if this
happen the bar should be braced by additional tie (crosstie).

For Longitudinal (Main) bars the Minimum Clear Spacing Smin=Max of (40mm , 1.5db, or (4/3) dagg)





𝜌𝜌𝑠𝑠 =
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜𝑜𝑜 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝ℎ 𝑆𝑆

𝜌𝜌𝑠𝑠 =
4 𝐴𝐴𝑠𝑠𝑠𝑠
𝐷𝐷𝑐𝑐ℎ𝑆𝑆

≥ 0.45
𝐴𝐴𝑔𝑔
𝐴𝐴𝑐𝑐ℎ

− 1
𝑓𝑓𝑐𝑐′

𝑓𝑓𝑦𝑦𝑦𝑦

ρs: volumetric ratio of spiral

Asp: cross sectional area of spiral wire

Dch: Out-to-Out distance of a spiral loop

S: the spacing of the spiral loops (pitch)

Ag: Gross section total

Ach: Core concrete area

Spiral Reinforcement

25mm ≤ S ≤ 75mm



Code Limitations 2

Main (Longitudinal) Reinforcement Area

0.01 𝐴𝐴𝑔𝑔 ≤ 𝐴𝐴𝑠𝑠𝑡𝑡 ≤ 0.08 𝐴𝐴𝑔𝑔 (Code)

0.01 𝐴𝐴𝑔𝑔 ≤ 𝐴𝐴𝑠𝑠𝑡𝑡 ≤ 0.04 𝐴𝐴𝑔𝑔 (Practical)

Notes:
The concrete cover function in columns differs than the cover at beams, because it has a structural function in addition
to protecting the reinforcement from the environment. And it is a part of the equation of strength.

When we use As of longitudinal bars near to the upper limit (0.04Ag) the reinforcement will be condense and we may
need to make a Bars Bundle (use two, three or four bars together at one position). Normally the bar bundles are used
at the corners of the column.

Normally and economically we use larger diameter bars in longitudinal reinforcement of columns.

Actually the special large bar diameters such as Ø36 and Ø42 are mainly manufactured for columns.



Purpose or Functions of Ties and Spiral

The Function of the transverse reinforcements (Ties or Spiral) in columns is differ than the (Stirrups) in beams.
The (Spiral) is more efficient and has more functions than (Ties).

Regarding the ties and spiral transverse reinforcement we should put the following points in mind:

1- The first job of the ties or spiral is to prevent the Longitudinal reinforcement from buckling outside the column
because they are under a very heavy compression load (spiral is stronger in this point)

2- They make confinement to the concrete and give it more strength than the strength of the test specimens.

3- They give the column more ductility, because the confinement makes the concrete cover to crack and fail first,
before the final failure of the column, and this will give (some) warning before the total failure.

4- They work for shear if exist similar to the stirrups of beams, this is important when subjected to transverse
loading such as Seismic and Wind loading.

5- They used during construction to keep the longitudinal reinforcement straight and at place, due to this point the
whole reinforcement can be done as (a Cage) at the workshop and then transfer it to its final place.

Note: The (Spiral) is more active in all the above 5 points than the (Ties). 

They sometimes called (The Closely spaced ties or spiral) because the spacing is notably less than the spacing between
the stirrups of the beam





Design and Calculation
CASE I: Column with Concentrated Load
Even when the structural analysis shows there is no moment applied on the column and the column 
subjected only to Concentrated load, small moment can be exerted on the column due to many reasons:

- Live load distribution
- Misalignment
- Slightly difference in thickness of slabs.
- Other reasons

Theoretical column strength according to ACI code:

𝑃𝑃𝑜𝑜 = 0.85 𝑓𝑓𝑐𝑐′ 𝐴𝐴𝑔𝑔 − 𝐴𝐴𝑠𝑠𝑠𝑠 + 𝑓𝑓𝑦𝑦 𝐴𝐴𝑠𝑠𝑠𝑠

Nominal strength according to ACI code (due to accidental moment):

𝑃𝑃𝑛𝑛 = 0.80 𝑃𝑃𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

)𝑃𝑃𝑛𝑛 = 0.85 𝑃𝑃𝑜𝑜 (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

Design strength according to ACI code:

∅𝑃𝑃𝑛𝑛 ≥ 𝑃𝑃𝑢𝑢 𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 �
)∅ = 0.65 (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

)∅ = 0.75 (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆



Notes:
1- When column subjected to a theoretical concentrated load the main reinforcement reaches to yield 

before the crushing of concrete because the strain at yield (approximately =0.002) is less than the strain 
of concrete at crushing (approximately=0.003). After that and sooner the concrete will crush causing the 
total failure of the column

2- As the upper stories subjected to lower loads than the lower stories, then we have options either 
reducing the section size of the column after several number of stories or keeping the cross section and 
reducing the area of reinforcement.

3- Normally and economically the concrete used in columns is to have more strength (f’c) than the 
concrete used in beams or slabs. And the longitudinal reinforcement, for the same reasons, to be larger 
in diameters than that used in beams or slabs.

4- From the constructability point of view, casting columns need more care than casting beams and slabs, 
because of the small dimensions of the formwork, the congestion of the reinforcement, as well as the 
casting from height which may case a segregation of concrete.

5- From the construction point of view, the vertical alignment of columns and right positioning is very 
important, because any error will be magnified due to the high compression load coming from the upper 
stories.



Ex1: Design an axially loaded short square tied column for Pu=2600 kN, Given: fc’=28MPa and fy=350Mpa.

Solution:

0.01 ≤ 𝜌𝜌 ≤ 0.08

Assume: ρ=0.02
For tied column:

∅𝑃𝑃𝑛𝑛 ≥ 𝑃𝑃𝑢𝑢

∅𝑃𝑃𝑛𝑛 = 0.65 × 0.8 × 0.85 𝑓𝑓𝑐𝑐′ 𝐴𝐴𝑔𝑔 − 𝐴𝐴𝑠𝑠𝑠𝑠 + 𝑓𝑓𝑦𝑦 𝐴𝐴𝑠𝑠𝑠𝑠

0.65 × 0.8 × 0.85 × 28 𝐴𝐴𝑔𝑔 − 0.02𝐴𝐴𝑔𝑔 + 350 × 0.02 𝐴𝐴𝑔𝑔 = 2600 × 103

15.7685 A𝑔𝑔 = 2600 × 103

A𝑔𝑔 = 164885.9 𝑚𝑚𝑚𝑚2

𝐴𝐴𝑔𝑔 = 406 𝑚𝑚𝑚𝑚

Choose Square column of 400×400 mm

Calculate Ast:
0.65 × 0.8 × 0.85 × 28 400 × 400 − 𝐴𝐴𝑠𝑠𝑠𝑠 + 350 × 𝐴𝐴𝑠𝑠𝑠𝑠 = 2600 × 103

𝐴𝐴𝑠𝑠𝑠𝑠 = 3654.2 𝑚𝑚𝑚𝑚2



Try Ø25 Ab=490

𝑛𝑛𝑛𝑛. 𝑜𝑜𝑜𝑜 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 =
3654.2

490
= 7.45

Use 8Ø25 Ast=3920 mm2

𝜌𝜌 =
𝐴𝐴𝑠𝑠𝑠𝑠
𝐴𝐴𝑔𝑔

=
3920

400 × 400
= 0.0245

Design of Ties:

For longitudinal Ø25<Ø32use ties Ø10

- Spacing of ties ≤48×Ø10=480mm

- Spacing of ties ≤16×Ø25=400mm

- Spacing of ties ≤b=400mm

Use ties Ø10@400mm
Check for spacing:

𝑆𝑆𝑛𝑛 =
400 − 2 × 40 − 2 × 10 − 3 × 25

2
= 112.5 𝑚𝑚𝑚𝑚 > 40𝑚𝑚𝑚𝑚 &1.5 × 25 𝑜𝑜𝑜𝑜



Ex2: Design an axially loaded short round spiral column to support an axial dead load DL=800kN, and axial
Live load LL=1610kN. Given f’c=30MPa, fy=400MPa, fyt=400MPa.

Solution: 0.01 ≤ 𝜌𝜌 ≤ 0.08

∅𝑃𝑃𝑛𝑛 ≥ 𝑃𝑃𝑢𝑢

𝑃𝑃𝑢𝑢 = 1.2 × 800 + 1.6 × 1610 = 3536 𝑘𝑘𝑘𝑘
Assume: Ast=0.02Ag

Selecting Column dimension:
∅𝑃𝑃𝑛𝑛 = 0.75 × 0.85 × 0.85 𝑓𝑓𝑐𝑐′ 𝐴𝐴𝑔𝑔 − 𝐴𝐴𝑠𝑠𝑠𝑠 + 𝑓𝑓𝑦𝑦 𝐴𝐴𝑠𝑠𝑠𝑠

0.75 × 0.85 × 0.85 × 30 𝐴𝐴𝑔𝑔 − 0.02𝐴𝐴𝑔𝑔 + 400 × 0.02 𝐴𝐴𝑔𝑔 = 3536 × 103

21.031 A𝑔𝑔 = 3536 × 103

A𝑔𝑔 = 168131.75 𝑚𝑚𝑚𝑚2

𝐷𝐷2𝜋𝜋
4

= 168131.75 𝑚𝑚𝑚𝑚2 𝐷𝐷 = 462.68 𝑚𝑚𝑚𝑚2

Choose D=450mmAg=159043.128 mm2



Calculate Ast:

0.75 × 0.85 × 0.85 × 30 159043.128 − 𝐴𝐴𝑠𝑠𝑠𝑠 + 400 × 𝐴𝐴𝑠𝑠𝑠𝑠 = 3536 × 103

𝐴𝐴𝑠𝑠𝑠𝑠 = 3981.487 𝑚𝑚𝑚𝑚2

Try Ø25 Ab=490
𝑛𝑛𝑛𝑛. 𝑜𝑜𝑜𝑜 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 =

3981.487
490

= 8.12

Use 9Ø25 Ast=4410 mm2

𝜌𝜌 =
𝐴𝐴𝑠𝑠𝑠𝑠
𝐴𝐴𝑔𝑔

=
4410

159043.128
= 0.0277

Design of Spiral:

For longitudinal Ø25<Ø32use spiral wire Ø10Asp=78mm2

𝜌𝜌𝑠𝑠 =
4 𝐴𝐴𝑠𝑠𝑠𝑠
𝐷𝐷𝑐𝑐ℎ𝑆𝑆

≥ 0.45
𝐴𝐴𝑔𝑔
𝐴𝐴𝑐𝑐ℎ

− 1
𝑓𝑓𝑐𝑐′

𝑓𝑓𝑦𝑦𝑦𝑦

𝐷𝐷𝑐𝑐ℎ = 𝐷𝐷 − 2 × 40 = 450 − 80 = 370𝑚𝑚𝑚𝑚

𝐴𝐴𝑐𝑐ℎ =
370 × 370 × 𝜋𝜋

4
= 107521 𝑚𝑚𝑚𝑚2



4 × 78
370 × 𝑆𝑆

= 0.45
159043.128

107521
− 1 ×

30
400

𝑆𝑆 = 52.14𝑚𝑚𝑚𝑚
Use Ø10@50mm spiral (25≤50≤75) ok

Check for longitudinal clear spacing:

𝐷𝐷𝑠𝑠 = 𝐷𝐷𝑐𝑐ℎ − 20 − 25 = 370 − 20 − 25 = 325𝑚𝑚𝑚𝑚

𝑆𝑆𝑛𝑛 =
𝐷𝐷𝑠𝑠𝜋𝜋 − 9 × 𝑑𝑑𝑑𝑑

9
=

325 × 𝜋𝜋 − 9 × 25
9

= 84.44 𝑚𝑚𝑚𝑚 > 40𝑚𝑚𝑚𝑚 &1.5 × 25 𝑜𝑜𝑜𝑜
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