
Short Column
Design

Dr. Majed Ashoor

4 of 4

Biaxial Moments



Columns under Compression and Biaxial Moments

The clear example of column subjected to compression force and biaxial moments 
are the columns at corners of the building, however even the middle and edge 
columns can be subjected to such a state of loading when beams spans connected 
to these columns are significantly different.

In such a case we can consider this system of loading as a (One Force P) applied at 
a point that has two eccentricities from the center of the cross section of the 
column, (ey-from X-X axis), and (ex-from Y-Y axis).

Moments are named by the axis of rotation, while eccentricities named by the 
axis of the arm (perpendicular to the axis of rotation):

Mx: is the Moment trying to rotate the column about X-X, and comes from (P×ey ).

My: is the Moment trying to rotate the column about Y-Y, and comes from (P×ex ).

Name Convention:



Three Dimensional Interaction Diagram
In previous lectures, we dealt with case I (Concentrated Load without Moment) and Case II
(Concentrated Load with Uniaxial Moment)
In Case I we used equations to calculate Pn
In Case II we used equations to draw the Interaction diagram
and we used the ready Charts for Design.

For Case III (Concentrated Load with Biaxial Moment)
It is not easy to draw the interaction diagram or find a
ready charts because it will not be a curve, but it will
be a 3D Surface as in the beside figure.
By looking at figure (c) which represent the resultant
effect of force Pn that has to eccentricities (ex & ey), (i.e
the combination of figures (a) and (b), we can notice
that the N.A has an inclination angle θ with the X-axis.
This inclination of the N.A makes the distribution of
stress in both (Compression of Concrete) and (Tension
of Steel) difficult to dealt with.
So, to solve this problem, we either use a sophisticated
computer program, or we use one of the Hand calculation
Methods such as [Bresler Reciprocal Equation]



Bresler Reciprocal Equation
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To understand and use the above Bresler Reciprocal Equation we should notice the followings:

1) Po is the largest nominal load capacity that this column can be withstand because it comes concentrated on the
column without any moment.

2) Pnxo is the nominal load capacity of the column when Mx is applied i.e. (Mx ≠ 0 & ey ≠ 0) while (My= ex =0) (This
load in all cases is less than Po)

4) Pn is the required nominal load capacity of the column when Mx & My are simultaneously applied, i.e. (ex ≠ 0 &
ey≠0) (This load is the smallest load capacity among all four load capacities mention above).

5) We will use CHARTS to determine Po, Pnxo & Pnyo, and we should use (The NOMINAL) Curves only because only
these curves will work with Bresler Equation. And after finishing calculations with this equation we can use the
reduction factor Ø depending on the location of the points on the curves.

6) We should Neglect the Horizontal Cutoff lines in the charts but we need to make sure that the resulting ØPn that we
calculated is in all cases not greater than (0.8 ØPn for Tied Columns) or (0.85 ØPn for Spiral Columns).

3) Pnyo is the nominal load capacity of the column when My is applied i.e. (My ≠ 0 & ex ≠ 0) while (Mx= ey =0) (This
load in all cases is less than Po)



Using Bresler Reciprocal Equation
In Practice we know all (Pu, Mux, and Muy) applied at a specific column from structural analysis of the building.

By assuming compression failure for the column (as a reasonable assumption) we can use Ø=0.65 for tied columns to
check the capacity of the trial column.
For design, either we have the column section and all its properties or we try one.

To check if this state of loading is acceptable for this column or not we should go through the following procedure:

1) From the section properties of the column we should select the correct chart or two charts (one for the strong axis
and the second for the weak axis)

2) Find the value of Po directly from either one of the two charts (It should be the same), or use equations.

4) Find the value of Pnyo from the correct chart (h-in x direction) and use ex.

3) Find the value of Pnxo from the correct chart (h-in y direction) and use ey.

5) After finding all (Po, Pnxo, and Pnyo) we can find the calculated value of Pn from Bresler equation.

6) Apply the reduction factor Ø to the calculated value of Pn from Bresler equation (ØPn) and compare it with Pu that
applied on the column, if it is bigger than it, then the (capacity is greater than the applied) and the column is safe, if
it is smaller than it, then the column is not safe and we need to change the column section or reinforcement or both.



Ex1: Determine the ultimate strength Pu of the short tied column subjected to biaxial moments: ex=100mm, 
ey=200mm, use: f’c=28MPa, fy=420MPa

Solution:

1)) Solve for Pnxo (M about X-X strong axis): 𝐴𝐴𝐴𝐴𝐴𝐴 = 8 × 615 = 4920 𝑚𝑚𝑚𝑚2

𝜌𝜌 =
4920

400 × 600
= 0.020 𝑑𝑑′ = 40 + 10 +

28
2

= 64𝑚𝑚𝑚𝑚

𝛾𝛾 =
ℎ − 2𝑑𝑑′

ℎ
=

600 − 128
600

= 0.78

Use two charts (ɣ=0.7 & ɣ=0.8)

𝑒𝑒
ℎ

=
200
600

= 0.333

From chart (ɣ=0.7)

For Po (Kn=1.13) For Pnxo (Kn=0.49)

From chart (ɣ=0.8)
For Po (Kn=1.13) For Pnxo (Kn=0.51)

Using Linear Interpolation:
𝑦𝑦 = 𝑦𝑦1 + (𝑥𝑥 − 𝑥𝑥1)

𝑦𝑦2 − 𝑦𝑦1
𝑥𝑥2 − 𝑥𝑥1

𝐾𝐾𝐾𝐾 = 0.49 + 0.78 − 0.7
0.51 − 0.49

0.8 − 0.7
= 0.506 𝐾𝐾𝐾𝐾 =

𝑃𝑃𝑛𝑛
𝑓𝑓′𝑐𝑐 𝐴𝐴𝑔𝑔

0.506 =
𝑃𝑃𝑛𝑛

28 × 400 × 600

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 3400 𝑘𝑘𝑘𝑘





2)) Solve for Pnyo (M about Y-Y weak axis):

𝛾𝛾 =
ℎ − 2𝑑𝑑′

ℎ
=

400 − 128
400

= 0.68

Use two charts (ɣ=0.6 & ɣ=0.7)

𝑒𝑒
ℎ

=
100
400

= 0.25

From chart with (ɣ=0.6)
For Po (Kn=1.13) For Pnyo (Kn=0.62)

From chart with (ɣ=0.7)
For Po (Kn=1.13) For Pnyo (Kn=0.64)

Using Linear Interpolation:
𝑦𝑦 = 𝑦𝑦1 + (𝑥𝑥 − 𝑥𝑥1)

𝑦𝑦2 − 𝑦𝑦1
𝑥𝑥2 − 𝑥𝑥1

𝐾𝐾𝐾𝐾 = 0.62 + 0.68 − 0.6
0.64 − 0.62

0.7 − 0.6
= 0.636 𝐾𝐾𝐾𝐾 =

𝑃𝑃𝑛𝑛
𝑓𝑓′𝑐𝑐 𝐴𝐴𝑔𝑔

0.636 =
𝑃𝑃𝑛𝑛

28 × 400 × 600 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 4273.92 𝑘𝑘𝑘𝑘

Calculate Po, we noticed Kn for Po from all curves is 1.13 𝐾𝐾𝐾𝐾 =
𝑃𝑃𝑛𝑛

𝑓𝑓′𝑐𝑐 𝐴𝐴𝑔𝑔
1.13 =

𝑃𝑃𝑛𝑛
28 × 400 × 600

𝑃𝑃𝑃𝑃 = 7593.6 𝑘𝑘𝑘𝑘

Using Bresler Equation: 1
𝑃𝑃𝑛𝑛

=
1

𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛
+

1
𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛

−
1
𝑃𝑃𝑜𝑜

1
𝑃𝑃𝑛𝑛

=
1

3400
+

1
4273.92

−
1

7593.6 𝑃𝑃𝑛𝑛 = 2522.6 𝑘𝑘𝑘𝑘 ∅𝑃𝑃𝑛𝑛 = 0.65 × 2522.6 = 1639.73 𝑘𝑘𝑘𝑘





Ex2: The 300×500mm column shown in the figure, is reinforced with 8Ø29 bars arranged around the column 
perimeter. A factored load Pu of 1135 kN is to be applied with eccentricities ey=75mm, and ex=150mm. Use 
f’c=28MPa, fy=420MPa, to check the adequacy of the trial design (Ref. Nilson 2014)

Solution:
1)) Solve for Pnxo (M about X-X weak axis):

𝐴𝐴𝐴𝐴𝐴𝐴 = 8 × 660 = 5280 𝑚𝑚𝑚𝑚2 𝜌𝜌 =
5280

300 × 500
= 0.035 𝑑𝑑′ = 40 + 10 +

29
2

= 64.5𝑚𝑚𝑚𝑚

𝛾𝛾 =
ℎ − 2𝑑𝑑′

ℎ
=

300 − 129
300

= 0.57 𝑆𝑆𝑆𝑆𝑆𝑆 𝛾𝛾 = 0.6
𝑒𝑒
ℎ

=
75

300
= 0.25

From chart (ɣ=0.6) For Po (Kn=1.35) For Pnxo (Kn=0.67)

𝐾𝐾𝐾𝐾 =
𝑃𝑃𝑛𝑛

𝑓𝑓′𝑐𝑐 𝐴𝐴𝑔𝑔
0.67 =

𝑃𝑃𝑛𝑛
28 × 300 × 500

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 2814 𝑘𝑘𝑘𝑘
2)) Solve for Pnyo (M about Y-Y strong axis): 

𝛾𝛾 =
ℎ − 2𝑑𝑑′

ℎ
=

500 − 129
500

= 0.742
𝑒𝑒
ℎ

=
150
500

= 0.3

Use two charts (ɣ=0.7 & ɣ=0.8)



From chart with (ɣ=0.7)

For Po (Kn=1.35) For Pnyo (Kn=0.63)

From chart with (ɣ=0.8)

For Po (Kn=1.35) For Pnyo (Kn=0.67)

Using Linear Interpolation:

𝑦𝑦 = 𝑦𝑦1 + (𝑥𝑥 − 𝑥𝑥1)
𝑦𝑦2 − 𝑦𝑦1
𝑥𝑥2 − 𝑥𝑥1

𝐾𝐾𝐾𝐾 = 0.63 + 0.742 − 0.7
0.67 − 0.63

0.8 − 0.7
= 0.6468

𝐾𝐾𝐾𝐾 =
𝑃𝑃𝑛𝑛

𝑓𝑓′𝑐𝑐 𝐴𝐴𝑔𝑔
0.6468 =

𝑃𝑃𝑛𝑛
28 × 300 × 500

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 2716.56 𝑘𝑘𝑘𝑘

Calculate Po, we noticed Kn for Po from all curves is 1.35

𝐾𝐾𝐾𝐾 =
𝑃𝑃𝑛𝑛

𝑓𝑓′𝑐𝑐 𝐴𝐴𝑔𝑔
1.35 =

𝑃𝑃𝑛𝑛
28 × 300 × 500

𝑃𝑃𝑃𝑃 = 5670 𝑘𝑘𝑘𝑘

Using Bresler Equation:
1
𝑃𝑃𝑛𝑛

=
1

𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛
+

1
𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛

−
1
𝑃𝑃𝑜𝑜





1
𝑃𝑃𝑛𝑛

=
1

2814
+

1
2716.56

−
1

5670

𝑃𝑃𝑛𝑛 = 1827.78 𝑘𝑘𝑘𝑘

∅𝑃𝑃𝑛𝑛 = 0.65 × 1827.78 = 1188 𝑘𝑘𝑘𝑘

)1188 > 1135 ∅𝑃𝑃𝑛𝑛 > 𝑃𝑃𝑢𝑢 (𝑂𝑂𝑂𝑂 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑖𝑖𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

Note for circular column:
In circular columns the biaxial moments can be easily transformed to a uniaxial moment because 
the circular section has a polar symmetry and same ultimate capacity in all directions, So we can 
use the following equations:

𝑀𝑀 = 𝑀𝑀𝑥𝑥
2 + 𝑀𝑀𝑦𝑦

2 Or 𝑒𝑒 = 𝑒𝑒𝑥𝑥 2 + 𝑒𝑒𝑦𝑦
2

And then solve the problem as a uniaxial moment problem.
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