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Introduction

By default, ProtaStructure designs columns bent about a single axis, or bent about both axes using the
code clauses given in BS EN 1992-1-1:2004 Part 1.

The following table summarises the various stages of the EC 2 column design process:

Step Calculation Clause
1 Braced or Unbraced 5.8.3.2 (3)
2 Calculate effective Length 5.8.3.2 (3)
3 Determine First Order Moment 5.2 (7a) & 5.8.8.2 (2)
4 Determine Minimum Moment 6.1(4)
5 Check slenderness ratio 5.8.3.2(2)
6 i:lfewizkeflenderness limit and Classify as short or 5831
7 Calculate Moments
7a If short - calculate design moments 5.8.8.2 (2)

b If slender - calculate Nominal Second Order Moment 58.8.2(3) & 5883

and design moments

In ProtaStructure, the second order moments of slender columns will be determined using nominal
curvature method (Cl. 5.8.8).

The EC 2 Column Design Process

1. Braced or unbraced - Cl 5.8.3.2 (3)

Individual columns can have their braced/unbraced status modified within the Column Interactive
Design, via the Slenderness tab as shown below:

SteelBars | Links | Shear Design | Slenderness | Settings

Bracing Slenderness
Edited
A2fAimit2 0.203
| Dir-2: Braced
A3/Adimit3 0.38
| Dir-3: Braced

Effective Length Factors
Edited
B-z: 0.677

B-3: 0.622

For walls, the braced/unbraced status is applied in the same way as it is for columns. However, it should
be noted that walls can always be considered as braced along their major axis (i.e dir 1).
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2. Calculate effective height - Cl 5.8.3.2 (3)

The effective height is determined from the equation:

le =Bl

For Braced members:

=0.5x (1+ ki )><<1+ ke )
=0 0.45 + k, 0.45 + k,

For Unbraced members:

= 1+10><(k1><k2)
B = ki+k,
Or

—(1+ ey )x(1+ ks )
= 1+k, 1+k,

Whichever is greater.

In ProtaStructure, the lower limit and upper limit of k are 0.1 and 10 respectively.

k = 0.1 for fixed bases, k = 10 for hinged bases.

The beta value can be edited and replaced by the value from the tables if required.

3. Determine First Order Moment —Cl. 5.2 (7a) & 5.8.8.2 (2)

Page -5

In ProtaStructure, the additional minimum imperfections moment from Cl. 5.2 (7) will always be added

to the first order moments.

Moy = min{|Mqop |, IMpottom!|} + €iNEa

Mo, = max{|My,p,|, IMpoom|} + €:Nga
where

"~ 400

€

Ngq = Design Load in the column
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4. Determine Minimum Moment —Cl. 6.1 (4)
The minimum moment will be determined by design load applied with a minimum eccentricity, eo.

€, = == = 20 mm, where h is the section depth.

30
Min.moment = Ng4 X e,

5. Check Slenderness ratio — Cl. 5.8.3.2 (2)

The slenderness ratio is defined, A, of the restrained length about each axis is calculated as follows:

1= lo/l. equation 5.14

A =346 l"/h for rectangular sections
A=40 l"/d for circular sections
Where

o |, is the effective length.

e jisthe radius of gyration of the uncracked concrete section.
e histhe overall depth.

e disthe column diameter.

6. Check slenderness limit and Classify - C| 5.8.3.1

The limiting slenderness ratio about each axis can be determined by:

AMiim =20 X AX B x C/\n

Where:

= 1 i i =
o A /(1 +o. Z(Pef) (if @eris not known, A= 0.7 maybe used)

e B=+vV1+4+2w (if @ is not known, B =1.1 may be used)
Where @ = Asfyo/ (Adfcq); mechanical reinforcement ratio.
e C=0.7

In ProtaStrutructure, the value of Cis 0.7 regardless of braced or bracing columns. This is to
produce the result which is more conservative. Using the value of Mo that gives the largest
positive value for rn and hence the smallest value for C.

Ngq
e n-=
/Acf o)
The value of @er can be obtained from the design report after performing interactive design.

The column will be classified as short column if A < Aim. Likewise, the column will be classified as slender
column if A = Ajim.
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7. Calculate Moment

a. Ifshort (braced or unbraced) — Calculate Design Moments — Cl. 5.8.8.2 (2)

For the short columns (not slender column), the design moment, Meqis equal to Mo,.

Column Reinforcement Design

Material: C25/30 / Grade 500 (Type 2)

Combination= 2

Dir Anl: Top Anl: Bot Minimum Beta Design " »
N (k) 127.0 150.2 150.2 pulilee,

2 M33 (kN.m) 50.9 -24.9 3.0 0.677 52.0 vy \" =

3 M22 (N.m) -15.5 7.7 -3.0 0.622 -16.8

N-max (kN) 1671.9 >Nd ...0K...

DesignSettings

Y-bar (mm) 234.7

Alpha (drc) 46.62

Ast (mm2) 311.30 (%0.25) . . =

short Column...
A2 [ ALimit2 = 23,4/ 115.4 =0.20 < 1
A3 [ ALimit3 =44.0/115.8 =0.38 < 1

Critical Load Combination: 2
{ " Reinforcement: 6H12 (678.58 mm2 / 0.54 %)

Where Mg is the design moment in directions - 2 and -3 and gets stated under the
“Design” column in the dialogue shown above.

Also, note that ProtaStructure will continue the conservative practice where the design
moment in each direction is determined separately, so in direction - 2 the critical case
could be at the top of the member and in direction - 3 it could be at the bottom, but these
moments are then considered as co-existent for the purposes of section analysis.

b. If slender— Calculate Nominal Second Order Moment and design moments —Cl. 5.8.8.2
(3) &5.8.8.3

For slender symmetric columns, the additional nominal second order moment will be
calculated using nominal curvature method, whereas Nominal stiffness method will be
used to calculate additional nominal second order moment for slender asymmetrical
columns.

In order to calculate the additional moment induced in the column it is required that
factor K be determined. Although the code allows for K to be conservatively taken as 1.0,
ProtaStructure calculates K using the equation 5.36 in the code:

n,—n

K=—-<1 equation 5.34
Ny — Npat

Calculation of n, relative axial force —5.8.8.3 (3):

o= Nea
Acfcd

Where
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e Ngis the design value of axial force.
e F.4isthe concrete compressive strength.

Calculation of npa —5.8.8.3 (3):

The code indicates that Npg is the value of n at maximum moment resistance.
The value of 0.4 is used in ProtaStructure.

Calculation of nu—5.8.8.3 (3):

The value of n, will be calculated by:
n,=1+w

_ Asfyd
w= Acfcd

Where

As is the total area of reinforcement, whereas Ac is the area of concrete cross
section.

Calculation of K, — 5.8.8.3 (3):

K,= 1+B<pef =1
Where

e (= The effective creep ratio
e (3 =0.35+fy/200—2/150
e A =theslenderness ratio

Calculation of e; — Cl. 5.8.8.2 (3):

The deflection due to second order effect, e, can be calculated by

Where Es is the elastic modulus of reinforcing steel (200GPa).

Calculation of Additional Moment - Cl. 5.8.8.2 (3):

The additional nominal second order moment can be obtained by multiplying Neg
and e,.

Mggq = Ngq X €,

Calculation of Design Moment - Cl. 5.8.8.2 (3):

EC2 does not explicitly deal with the fact that the end moments of a fixed end member
would also be amplified as a result of the strut buckling P-delta effect. The UK design
guidance makes this clear.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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In the “How to Design Concrete Structures using Eurocode 2: Column”, the design
moment of the slender column is whichever greatest of Moy, Moe + Madgd Or Moz +
0.5M.dq. (see Concrete Centre “How To Design Concrete Structures using Eurocode 2:

Column” guide — diagram in figure 4 and equation in figure 3 flowchart).

MEd = MAX(MOZ ,MOe + Mz ,M01 + 05 MZ )

MDZ

First order
moments for
‘stocky” columns

— |-
0.5M,
Additional second
order moments for

‘slender’ columns

My. +M;
—1

L-l—.—‘

My, +0.5M,
Total moment
diagram for
‘slender’ columns

8. Member Design

With the design axial load and design moment established, the program determines the required steel
area using the EC 2 stress block. The neutral axis of the cross section is determined and a bar size and
spacing obtained to provide sufficient moment capacity.

Each design combination is considered and the one that results in the largest steel area requirement is

selected as being critical.

If the minimum area of steel is satisfactory for every combination, the program will record combination
1 as being critical, irrespective of the relative magnitude of loads in each combination.
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Three methods of bar selection are available:

Options

S 21|~ selection Method

» ° ProtaStructure Environment ~

Fixed Bar Layout Method
+ @ ProtaDetails Environment

®) Bar Spacing Maximisation Method
» = Project Preferences

G5 Unit and Format Bar Size Minimisation Method

» P Label
[ Codes Program modifies the layout so that the steel bar sizes are maximised to achieve the maximum spadng (within the
3 Lateral Loading range spedfied in setting) between the bars.

[ Lateral Drift & Bracing

4 U Column & Shearwall
4 Design
Min. Steel Percentages
Parameters
4 Rebars
| Selection Method
Column Containment

Wall Containment
Longitudinal Bars
Links
Mesh Steel

> Detailing

e Fixed bar layout — The bar locations are defined by the user and the program determines the
bar size required.

e Bar Spacing Maximisation — The program determines the bar size and spacing with the aim to
maximise the spacing. This is normally the preferred option.

e Bar Size Minimisation — The program determines the bar size and spacing with the aim to
minimise the bar size.

Worked Examples

A simple structure is built as shown in the figure below to demonstrate the design process of a square
column. In this model the steel grade is 500 and the steel material factor is 1.15. Bar diameters of 12
mm are used. The minimum link diameter is set to 8 mm.
1C1 (500x500) 5000 mm 1C2 (500x500)

1B1-250x500

Wi 000S
_____—____182_2561530__________

1C4 (D=500)

e - - — - — )
n 183 250x500 \)

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM’
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3 m of storey height

Column Design Settings
The column design settings initially adopted are as shown:

Design Parameters:

Options

Search Settings.
‘ carth oo |p| Max. Effective Length Factors

» @ Protastructure Environment A
» @ ProtaDetails Environment Columns: |4
» = Project Preferences Shearwalls (Major Direction): |4

[#d) Unit and Format )
Shearwalls (Minor Direction): |4
» B Label ™ )
|z Codes
3H Lateral Loading Joint Shear Check
[{ Lateral Drift & Bracing

Reinforcement Overstrength Factor: 1.25 |
4 ) column & Shearwall (valid Input Range: 0.87 -1.25)
4 Design
Min. Steel Percentages
{Parameters
4 Rebars
Selection Method

Column Containment
Wall Containment
Longitudinal Bars
Links
Mesh Steel

b Detailing

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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Steel Bars — Layout/Selection:

Options

‘Search Settings... |p| ~ Selection Method

>

» _’ Project Preferences
Unit and Format

b [ Label (®) Bar Spacing Maximisation Method
() codes
3H Lateral Loading
[ Lateral Drift & Bracing

() Fixed Bar Layout Method

() Bar Size Minimisation Method

Program modifies the layout so that the steel bar sizes are maximised to achieve the maximum spacing (within the
3 ﬁ] Column & Shearwall range spedfied in setting) between the bars.

4 Design
Min, Steel Percentages
Parameters
4 Rebars
Selection Method

Column Containment

Options

%Sea'm Settings.. ‘P‘

|» == Project Preferences ]
[0 Unit and Format
» B Label
|3 codes
3H Lateral Loading
[ Lateral Drift & Bracing

4[] Column & Shearwall
4 Design
Min, Steel Percentages [ |
Parameters b/h>18 Single Link Double Links Triple Links [ Cross Link
4 Rebars )

Selection Method » 3
st — - BJH Ratio For Cross Links: | 12
mzonmﬂmt Above option will be activated when Re-Select All Bars' is used.

Longitudinal Bars

links

b/h<18 Single Link Double Links Triple Links Cross Link

Steel Bars — Longitudinal Steel:

Options

‘Seacw Settings... [}3‘

~ Longitudinal Bars ~Concrete Cover

» @ ProtaStructure Environment A
N ‘ ProtaDetails Environment Min Max (Measured to outside edge of links)

Column Bar Size: ‘HIZ '\L ‘HBZ \l Concrete Cover: | 35.0 mm |

V8 Profect Preferences wall Bar Size: [H10 |v|[H16 |
g Unit and Format p— —
» E Label (Concrete Cover of 25 mm will be used when '0'
. . is entered.)
@, Codes Min. Column Steel Bar Spading: [ 25 mm

g z:era: :;o::n i Max. Column Steel Bar Spading: 200 mm
era racing

Max. Wall Web Steel Bar Spacing: l 200 mm

4 ﬂ Column & Shearwall
‘ De;:r‘swel Percentages || Use similar Bars as Web Bars for Walls Without EndZones
Parameters
4 Rebars
Selection Method
Column Containment
Wall Containment
{Longitudinal Bars J

Steel Bar Spacing Step: [ 5mm

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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Steel Bars — Links:

Page - 13

Options

‘Sae'c_r' Settings...

£

» ) ProtaStructure Environment
» @ ProtaDetails Environment

~

» ‘_ Project Preferences
Unit and Format

» % Label

) codes

[ Lateral Loading

[ Lateral Drift & Bracing

4 ﬂ] Column & Shearwall

4 Design
Min. Steel Percentages
Parameters

4 Rebars
Selection Method

Column Containment
wall Containment
Longitudinal Bars

Links

Mesh Steel

~ Links

Min. Link Bar Size:

Min. Link Spacing:

Manx. Link Spacing

Link Spading Step:

Wall Horizontal Bar Max. Spacding

~— Link Properties

[ Create Support Regions for Links

|| Provide Link Through Beam Depth

ProtaStructure’

ProtaSteel’
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Short Square Column Example

Column 1C1 will be used to demonstrate the design process for a square column.

Page - 14

Column Design

E = L FE %

Interactive Column Diagrams Save & Reset Parameters
Design  Analysis Report  Bars
b2 /b3: 500,0 mm
e2fed 0.0 mm
L2/13: 2500.0 mm
Concrete Cover: 35.0 mm

Loading: User Defined

Select Marked Combinations as User Defined

C25/30 / Grade 500 (Type 2)

Column Reinforcement Design - 1C1 (Storey 1)

= i

Al

Image FElevation
MasMin  Drawing

500.0 mm
0.0 mm

2500.0 mm

Update

T
O .

i

i

i

i

i

i

i

i

i

i

i

i
- b s mmmm e o L]

]

i

i

i

i

i

i

i

i

i

i

i
L .

v X
OK  Cancel
SteelBars | Links
Steel
Pos. o
Corner 1
1-Int 1
2-Int 1
Required
Minimum
Supplied
M
No
)
1-Top 41.8
-Bottom 67.1
2 Top 41.3
-Bottom 67.1
3 -Top 41.8
-Bottom 67.1
4 -Top 41.5
-Bottom 66.8
5-Top 41.5
-Bottom 66,8
6 -Top 420
-Bottom 67.3
7 -Top 42.0
-Bottom 67.3
8 -Top 419
-Bottom &87.2
9 -Top 419
-Bottom 67.2
10 Top 41.7
=
lae M
La
i\ T

Shear Design | Slenderness

Area Ratio Ar::?rl;ir?;
1 31.25
i 3125
i 31.25

Clear Bar Spacing (mm):

As= 250,00 mm2 (%0.1)
As= 500,00 mm2 (%0.2)

As=904.78mm2 (%0.36) = As,min

M22 M33
(kM.m) (kM.m)
-17.8 7.9
8.0 8.3
-17.8 7.9
8.0 EX]
-17.8 17.9
8.0 8.3
-17.6 17.5
7.6 7.4
-17.6 17.5
7.6 7.4
-18.0 18.3
8.4 4.3
-18.0 18.3
8.4 9.3
-18.1 17.9
8.5 8.3
-18.1 17.9
8.5 8.3
-17.6 7.9

Utilization Ratio =0.28

0 x
(1
Settings
) Supplied
Diameter {mm) Area (mm2)
H12 113.10
Hi2 113.10
Hi2 113.10
-x: 189
-y: 189
v V3
Label
) )
5.5 8.6 G+Q ~
8.8 8.6
8.8 8.5 G+Qpl
8.8 8.6
8.8 -8.6 G+Qp2
8.8 8.6
8.3 8.4 GHQHNx
8.3 8.4
8.3 -8.4 GHb+Q
8.3 6.4
2 8.8 GHQNx
L 8.8
9 8.8 GNx+Q
L 8.8
8.8 -8.8 G+QHly
8.8 8.8
8.8 3.8 GHly+Q
8.8 8.8
8.8 8.3 G+QNy o
Select/Unselect All

Column Design Completed... Critical Load Combination: 1

Column dimension in direction 2, b2 = 500 mm
Column dimension in direction 3, b2 = 500 mm

The clear height of column in the two directions takes account of the beams framing into the top of
the column.

Lo2 = 3000 mm - 500 mm = 2500 mm
Lo3 =3000 mm - 500 mm = 2500 mm

Click the Design button to perform the calculations. This will design the column for all the highlighted
design combinations. Design combination 1 is found to be critical and is highlighted in red in the table
as shown below.

ProtaStructure’
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s Column Reinforcement Design - 1C1 (Storey 1) 0o x
Column Design 2
! a A T fae] ==
E L % B % B v x
Interactive Column Diagrams Save & Reset Parameters  Image OK Cancel
Design Analysis Report  Bars MaxMin
b2 [b3: 500.0 mm 500.0 mm Steel Bars Links Shear Design Slenderness Settings
el felk 0,0 mm 0.0mm
Sed |y AeaRatio| , REMEd pianeter fm) pee pplicd
L2 /L3 2500.0 mm 2500.0 mm 0% rea (mm2) rea (mm2)
Corner 1 1 3125 H12 113.10
Concrete Cover: 25.0mm tint 1 1 31.25 H12 113.10
Update 24nt 1 1 31.25 H12 113.10
Loading: cer Defined Clear Bar Spacing (mm): -x: 189
Required As= 250.00 mm2  (%0.1) -y: 188
= 0.
Select Marked Combinations as User Defined supplied As=004.78mm2 (%0.36)
€25/30 / Grade 500 (Type 2) No N M11 M22 Vi V21| ahel
(kN) (kN.m) (kN.m) (kN) (kN)
1-Top 63.2 -26.5 26.2 12.5 -12.7 G4HQ ~
-Bottom 88.5 1.4 -1.3 12.5 -12.7
° S ® 2 Top 63.2 6.5 2.2 12.5 -12.7 G+Qpt
/ ) -Bottom 88.5 LS -1.3 125 -12.7
3 -Top 63.2 -26.5 2.2 12.5 -12.7 G+Qp2
-Bottom 88.5 1.4 -1.3 2.5 -12.7

Each stage of this design process will now be explained in detail.
1. Braced or unbraced — Cl 5.8.3.2 (3)

In this example the column has been defined as braced in both directions. This can be confirmed by
clicking on the Slenderness tab.

Bracing
Edited

w*| Dir-2: Braced

w| Dir-3: Braced

2. Calculate effective height — Cl 5.8.3.2 (3)

The effective length factors 1 and 2 that have been calculated are also displayed on the Slenderness
tab as shown.

Effective Length Factors

Edited
B-2: 0.729

B-3: 0.73

These effective length factors, (5 is calculated as follows:
In Direction 2:

At the bottom of the column is fix end, hence the relative flexibilities of rotational restraints at bottom
end, k; will be taken as 0.1.

Beam stiffness at top of the column

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM’
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L =5000 mm, b =250 mm, d = 500 mm
ky, =bxd?/(12 x L) = 520833.33 mm?

Column stiffness
kep = by X by /(12 X Lyy) = 2083333.33 mm?

The relative flexibilities of rotational restraints at top ends, ka:

ky = (kcz/z X kbz) =2

Calculation using the formulae given in EC 2: Cl. 5.8.3.2 (3)

k k
Effective Length Factors, 3 = [0.5 X \/(1 + m) X (1 + m> =0.733

In Direction 3:

At the bottom of the column is fix end, hence the relative flexibilities of rotational restraints at bottom
end, k; will be taken as 0.1.

Beam stiffness at top of the column

L =5000 mm, b =250 mm, d =500 mm

ky, =b xd3/(12 x L) = 520833.33 mm3
Column stiffness

kep = by X by /(12 X Lyy) = 2083333.33 mm®

The relative flexibilities of rotational restraints at top ends, k:

e = (kcz/z X kbz) =2

Calculation using the formulae given in EC 2: Cl. 5.8.3.2 (3)

k k
Effective Length Factors, 3 = [0.5 X \/(1 + m) X (1 + ﬁ) =0.733

Effective Member Length

lez = Bdi?"—z X lOZ = 1832 5 mm

le3 = .Bdir—S X l03 = 1832 5 mm

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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3. Calculate First Order Moment — 5.2 (7a) & 5.8.8.2 (2)

According to the clause 5.8.8.2 (1), the Eurocode indicates that the first order moment must include the
effect of geometric imperfections.

In direction 2:

[ ] MTop = 26-2 kN.m

e Mgy =-11.3kN.m
e ¢ = 1,/400 = 4.58 mm
e Ng =88.5 kN.m

My, = min{|Mtop

) |Mbottom|} + eiNEd

My, = min{|26.2],|—11.3|} + (4.58/1000)88.5 = —11.72 kN.m

Moz = max{|Mqgp |, IMportom!|} + €iNEa

My, = max{|26.2|,|—11.3|} + (4.58/1000)88.5 = 26.62 kKN.m
In direction 3:

e Mg =-26.5 kN.m
e Mpt =11.4kN.m
o g = 1,/400 = 4.58 mm
® N =88.5 kN.m

Mo1 = min{|Mqop |, IMpottom!|} + €iNEa

My, = min{|—26.5|,|11.4|} + (4.58/1000)88.5 = 11.80 kN.m

My, = max{lMtop ’ |Mbottom|} + e;Ngq

My, = max{|—26.5,|11.4]} + (4.58/1000)88.5 = —26.91 kN.m

If the column is in tension on the same side, Mo1 and Mg, should have the same sign.
4. Determine Minimum Moment — 6.1 (4)

Eurocode 2 dictates that it is necessary for all compression members to consider a minimum
eccentricity, e, which not less than 20 mm.

eo = max(h/30,20) = max(500/30,20) = max(16.67,20) = 20 mm
Mipnin, = Ngg X €, = 885 x 20/, 000 =1.77 kN.m
5. Check Slenderness - C1 5.8.3.2 (2)

The slenderness in direction 2 and 3 are the same as the column is symmetrical.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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6. Check Slenderness limits and Classify as short or slender — Cl 5.8.3.1

The limiting slenderness can be calculated by the equation below:

Miim =20 X AX B x C/\n

Calculation of A:

Page - 18

To calculate the effective creep ratio, @er, the final creep coefficient, @(..,«) and SLS/ULS ratio can be

obtained from the column design report.

olumn: 1C1

Concrete: C25/30 / Steel: Grade 500 (Type 2)

(Rectangular)
b2 = 500.0 mm
b3 = 500.0 mm
Area = 0.25 m2
I-33 = 5.21E-03 m4
I-22 = 5.21E-03 m4
r2 = 1.44E+02 mm
r3 = 1.44E+02 mm
Es = 200000.00 N/mm2
Ecd = 26229.84 N/mm2
Eta Fcd = 12.75 N/mm2

EFFECTIVE CREEP RATIO

SLS/ULS = ©.70 SLS/ ULS ratio

RH = 50.00

to = 14.00

Fecm = 33.00 MPa
he = 250.0 mm
Beta-H = 625.04
::;_;H - ;;Z Effective Creep

Phi(inf,t0) = 2.90 Coefficient

Per = Pineoy X SE5/ g = 0.7 X 2.9 = 2.03

Hence,

A= 1/(1 +0.2007) = 1/(1 +0.2(2.03))

Calculation of B:

=0.71

e Concrete Compressive Strength, feq = a(fyk/yc> = 0.85(25/1 5) = 14.17N/mm?

e Steel Design Strength, fy,q = fyk/ys = 500/1 15 = 434.8 N/mm?

e Area of provided reinforcement, As provided = 904.78 mm?

e Areaof concrete, A, = (500 x 500) — 904.78 = 249095.22 mm?

e The mechanical reinforcement ratio, m:

© = Asfya _ (904.78 x 434.8) / — o011
= A fed = (249095.22 x 14.17) ~

Hence,

B=vV1+2w=,1+2(011)=1.11

Calculation of C:

C =17—-rm, where rm = My, /My,

ProtaStructure’
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Cindir—2=17 ( 11'3)—213
mn ailr = 1. m =
Cind 3=17 ( 11'4)—213
mn air = 26.5 =

Calculation of n:

e The design axial load, Ngg = 88.5 kN

_ Nea _88.5x
n /(Ac cd

Hence, the limiting slenderness will be:

1000
/(249095.22 x 14.17)

Page -

=0.03

—20XAXBXC; _20XAXBxC; __20%0.71x111x2.13 _
Aiim = /= /= / o3 = 21171

Aiim = 211.71 < 1 =12.73,

hence the column is classified as short column.

The classification is shown on the Column Reinforcement Design dialog.

Material: C25/30 / Grade 500 (Type 2)

Combination= 1

Dir Anl: Top Anl: Bot Minir
N (k) 88.5 67.1
2 M33 (kN.m) 26,2 -11.3
3 M22 (kN.m) -26.5 1.4
N-max (kN) 3185.4 >Nd ...0OK...
DesignSettings
Y-bar (mm) 96.3
Alpha (drc) 13.00
Ast (mm2) 250.00 (%&0.10)
Short Column...
A2 [ ALimit2 = 12,6 /210.8 =0.06 < 1
A3 [ A-Limit3 = 12,6 / 210.7 = 0.06 < 1
7. If short, calculate design moments — Cl 5.8.8.2 (2)
If the column is not slender, the design moment, Mgg = Mo.
In direction 1:
MEd - M02 == 2662 kNm
In direction 2:
MEd = MOZ - _2691 kNm
ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM’
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Dir
N (kN)

N-max (ki)

Combination= 1

2 M33 (kN.m)
3 M22 (kN.m)

Column Reinforcement Design

Material: €25/30 / Grade 500 (Type 2)

Anl: Top Anl: Bot
88.5 e7.1
26.2 -11.3
-26.5 11.4

3185.4 >Nd ...OK...

Slender Square Column Example

Mini

irnum

1.8
-1.8

Beta

0.729
0.730

Column 1C1 will be used to demonstrate the design process for a slender square column.

Page - 20

Column Design Completed... Critical Load Combination: 1

B Column Reinforcement Design - 1C1 (Storey 1) m]
Column Design
B * X FEB % v x
Interactive Column Diagrams Save & Reset Parameters  Image oK Cancel
Design Analysis Report Bars Max/Min
SteelBars | Links | ShearDesign | Slenderness | Settings
b2 /b3: 500.0 mm 500.0 mm
e2/e3: 0.0mm 0.0mm ||| |Steel Requred| . Supplied
/ Pos. Qty Area Ratio Area (mm2) ter (mm) Area (mm2)
L2/13: 7500.0 mm 7500.0mm ||| | Corner 1 31.25 H12 113.10
Concrete Cover: 35.0 mm l4int 1 3125 H12 113.10
24int 1 31.25 H12 113.10
Update
Clear Bar Spacing (mm): -x: 189
Loading: User Defined -y
Required As=250.00mm2 (%0.1) LS
Select Marked Combinations as User Defined Supplied As=904.78mm2 (%0.36)
C25/30 / Grade 500 (Type 2) No N M11 M22 Vi v2 Label
) (kN.m) (kN.m) N) (N)
1-Top 42.5 -13.9 13.9 2.5 -2.5 G+Q
-Bottom 110.0 6.2 6.2 2.5 -2.5
° r ) 2-Top 2.5 -13.9 13.9 2.5 2.5 G+Qp1
-Bottom 110.0 6.2 6.2 25 -2.5
3 -Top 42.5 -13.9 13.9 2.5 -2.5 G+Qp2
-Bottom 110.0 6.2 6.2 2.5 -2.5
4 -Top 4.1 -13.9 13.0 2.2 -2.5 GHQ#Nx
-Bottom 109.6 6.2 -4.8 2.2 -2.5
5 -Top 42.1 -13.9 13.0 2.2 -2.5 GHIx+Q
-Bottom 109.6 6.2 -4.8 2.2 -2.5
6 -Top 42.9 -14.0 149 2.8 -2.5 G+QNx
B e e L -Bottom 110.4 6.2 7.6 238 2.5
7 -Top 42.9 -14.0 149 28 -2.5 GhNx+Q
-Bottom 110.4 6.2 -7.6 28 -2.5
8 -Top 429 -14.9 14.0 2.5 -2.8 GHQ#\y
-Bottom 110.4 7.6 6.2 2.5 -2.8
9 -Top 4.9 -14.9 14.0 25 -2.8 GHNy+Q
-Bottom 110.4 7.6 6.2 25 -2.8
10 -Top 42.1 -13.0 139 2.5 -2.2 G+QNNy
. A ~ .-....V._'1 ., ane “a A s A
pLit,
(1 I 7 s
Min. Steel %: 0.2 Select/Unselect Al

The longer the column, the higher the tendency of the column to be slender. Thus, the height of the
storey has been increased from 3.5 m to 8 m.
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Edit Storey

Level

(mm) Label

, 8000.00 1

Imposed Load Reduction Similar Stoi
Apply
Reset

Assume Roof as Normal Storey

Foundation Depth

The clear height of column in the two directions takes account of the beams framing into the top of
the column.

e [,2=8000mm-500mm=7500 mm
e |,3=8000mm-500mm=7500 mm

Uncheck the options of Dir-2: Braced and Dir-3: Braced to design 1C1 as bracing column.

Steel Bars Links Shear Design | Slenderness | Settings

Bracing Slenderness
Edited
A2fA-dimit2 1.249
Dir-2: Braced
) A3 /hdimit3 1.255
Dir-3: Braced

Effective Length Factors
Edited

B-2: 1.5

B-3: 1,507

1. Braced or Unbraced —Cl 5.8.3.2 (3)

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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Steel Bars Links Shear Design Slenderness Settings

Bracing Slenderness
Edited _
A2fAdimit2 1.249
Dir-2: Braced
A3 Aimit3 1.255

Dir-3: Braced

Effective Length Factors
Edited
B-2: 1.5

B-3: 1.507

The circular column in this model should be considered as unbraced. If the column is designed as such,
the effective length factors in the two directions will be calculated using the equation 5.16 as stated in
EC 2.

In Direction 2:

The stiffness constant at both ends is the same as the stiffness constant in the previous example. At the
bottom of the column is fix end, hence the relative flexibilities of rotational restraints at bottom end, k;
will be taken as 0.1.

The relative flexibilities of rotational restraints at top ends, ka:

Calculation using the formulae given in EC 2: Cl. 5.8.3.2 (3). The effective length factors are whichever
greatest of:

ki-k
Effective Length Factors,f =| |1+ 10——2| =1.36
ki +k,

or

k k
Effective Length Factors, = (1 + 1 +1k1> : (1 + 1 +Zk2) =1.50

Hence, f = 1.50
In Direction 3:

At the bottom of the column is fix end, hence the relative flexibilities of rotational restraints at bottom
end, ki will be taken as 0.1.

The relative flexibilities of rotational restraints at top ends, ka:
k2 = 06

Calculation using the formulae given in EC 2: Cl. 5.8.3.2 (3). The effective length factors are whichever
greatest of:

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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k1'k2
ky + k;

Effective Length Factors,f = \/1 +10 =1.36

or

, k4 k,
Effective Length Factors, = (1 + T k1> (1 + g kz) =1.50

Hence, § = 1.50
2. Calculate effective height — Cl 5.8.3.2 (3)

The values of (52 and (35 are calculated in the same way as in the previous square column example.
Therefore, the full calculations will not be repeated here.

The effective height of the column is calculated as:
leo = Baly, = 1.50 X 7500 = 11250 mm

les = B3los = 1.50 X 7500 = 11250 mm

3. Determine First Order Moment — Cl. 5.2 (7a) & 5.8.8.2 (2)

Column Reinforcement Design

Material: C25/30 [ Grade 500 (Type 2)

Combination= 1

Dir Anl: Top Anl: Bot Minimum Beta Design y
N (kN) 110.0 83.5 110.0 puleoe, =

2 M33 (kN.m) 13.9 0.2 2.2 1.500 24.0 A (. —

3 M22(kN.m) -13.9 6.2 -2.2 1.507 -23.9

N-max (ki) 3185.4 >Nd ...OK...

In direction — 2:

e Mrp =13.9kN.m

e Ms =-6.2 kN.m

l,/400 = 11250/400 = 28.13 mm
110 kN

) |Mbottom|} + eiNEd

[ ] [Sh
®  Neg

My, = min{|M,,,,

My, = min{|13.9],|—6.2|} + (28.13/1000)110 = —3.1057 kN.m

MOZ = max{lMtop ) |Mbottom|} + eiNEd
My, = max{|13.9],|—6.2|} + (28.13/1000)110 = 16.99 kN.m

MOe - (06 X Moz) + (04 X MOl) 2 04(M02)

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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My, = (0.6 X 16.99) + (0.4 X —3.1057) = 8.95 kN.m > 6.796 kN.m
Hence, My, = 8.95 kN.m
In direction — 3:

o M =-13.9kN.m

b Megot =6.2 kN.m

o ¢ lo/400 = 11310/400 = 28.3 mm
e Ngg =110 kN

) |Mbottom|} + eiNEd

My, = min{|Mtop

My, = min{|—13.9],16.2|} + (28.3/1000)110 = 9.313 kN.m

Moz = max{|Mqop |, IMpottom!|} + €iNEa

My, = max{|—13.9],16.2]} + (28.3/1000)110 = —10.787 kN.m

My, = (0.6 X My,) + (0.4 X My;) = 0.4(My,)

My, = (0.6 X —10.787) + (0.4 X 9.313) = —2.747 kN.m > —4.315 kN.m

Hence, My, = —2.747 kN.m
4. Determine Minimum Moment —Cl. 6.1 (4)

Column Reinforcement Design

Material: C25/30 [ Grade 500 (Type 2)

Combination= 1

Dir Anl: Top Anl: Bot Minimum Beta Design

N (kM) 110.0 88.5 110.0
2 M33 (kN.m) 13.9 5.2 2.2 1,500 24.0
3 M22 (kN.m) -13.9 6.2 -2.2 1.507 -23.9
N-max (kIN) 3185.4 >Nd ...OK...

In Direction-2 :

e, = max(h/30,20) = max(500/30,20) = max(16.67,20) = 20 mm
Mpnin = Ngg X €5 = 110 x 20/, 000 = 2.2 kN.m

In Direction-3 :

e, = max(h/30,20) = max(500/30,20) = max(16.67,20) = 20 mm

Minin, = Ngg X o = 110 x 20/, 000 = —2.2 kN.m

5. Check Slenderness —Cl. 5.8.3.2 (2)

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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The slenderness of the square column:

In direction - 2:

_1 _ 11250 _
A="of; = /144.25 = 7799

In direction - 3:

_1 _ 11250 _
A="of; = /144.25 = 7799

6. Check Slenderness limits and Classify as short or slender — Cl 5.8.3.1

The limiting slenderness can be calculated by the equation below:
AMiim = 20X AX B X C/\n

Calculation of A:

To calculate the effective creep ratio, @er, the final creep coefficient, @..,« and SLS/ULS ratio can be

obtained from the column design report.
Column: 1CI

Concrete: C25/30 / Steel: Grade 500 (Type 2)
(Rectangular)
b1 = 500.0 mm
b2 = 500.0 mm

Area = ©.25 m2

I-22 = 5.21E-83 m4
I-11 = 5.21E-83 m4
rl = 1.44E402 mm

r2z = 1.44E+02 mm

Es = 200000.00 N/mm2

Ecd = 26229.84 N/mm2
Eta Fcd = 12.75 N/mm2

EFFECTIVE CREEP RATIO
L SLS/uLs = @.7@
‘RH="5¢ee "~ ~

te = 14.00
Fcm = 33.00 MPa
he = 25@.0 mm

Beta-H = 625.04
Phi-RH = 1.79
Phi-e = 2.92

I
~

Per = Pintro) X S5/ g = 2.9 % 0.7 = 2.03

Hence,

A=l 0.2007) = 1/(1 +02(2.03) =071

Calculation of B:

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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e Concrete Compressive Strength, fq = a(fyk/yc> = 0.85(25/1 5) = 14.17N/mm?

e Steel Design Strength, fyq = fyk/ys = 500/1 15 = 434.8 N/mm?

e Area of provided reinforcement, As provided = 904.78 mm?
e Areaof concrete, 4, = (500 X 500) — 904.78 = 249095.22 mm?
e The mechanical reinforcement ratio, :

w = Asfyd/ _ (904.78 x 434.8)/ —011
= A fed = (249095.22 x 14.17) —

Hence,

B=vV1+2w=,1+2(014)=1.10
Calculation of C:
C =17—-rm, where 1, = My, /M,
T = 1if column is unbraced.
C=17-1=07
Calculation of n:

e The design axial load, Ngg = 110 kN

— Niq _ 110 x 1000 _
=" )= /(24909522 x 14.17) = 0-03

Hence, the limiting slenderness will be:

_ —20xAxBxC —20XxAXBXC —20x0.71x1.10x0.7 - 1
Allm /\/ﬁ /\/ﬁ /\/m 63.13
In direction - 2:

Alim = 63.13 <A1 =77.99, hence the column is classified as slender column.
In direction - 3:
Alim = 63.13 <A1 =77.99, hence the column is classified as slender column.

The classification is shown on the Column Reinforcement Design dialog.
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Material: C25/30 / Grade 500 (Type 2)

Combination= 1

Dir Anl: Top Anl: Bot Minimum Beta
N (kN) 110.0 88.5

2 M33 (kN.m) 13.9 6.2 2.2 1.500

3 M22 (kN.m) -13.9 6.2 -2.2 1.507

N-max (kN) 3185.4 >Nd ...OK...

DesignSettings —

Y-bar (mm) 86.6
Alpha (drc) 9.56
Ast (mm2) 250.00 (%0.10)

Slender Column...
A2 [ AdLimit2 =779 /62.1=125>1 11!
A3/ALimit3=78.3/621=126>1 1!

7. If slender — Calculate Nominal Second Order Moment and design moment — Cl 5.8.8.2 (3) &
5.8.8.3

Calculation of correction factor depending on axial load, Kr

(nu -n)
K. =——<1 Eq 5.36
" (ny — Mpar) (Eq )

o n=Ng/(Acfe) = 110 x 1000 / (249095.22 x 14.17) = 0.031

o =Afq/ (A f) =904.78 x 434.8 / (249095.22 x 14.17) =0.11
e nu=1+w=1+0.11=1.11

® nNpa = 0.4 as recommended by EC 2.

(n,—n) _ (1.11-0.031)

K. = =
T (ng — npa) (1.11-0.4)

=1.54<1 ,henceK, =1

The effect of creep should be taken into account by the following factor:

Kp=1+Bge =1 (Eq 5.37)
o (.=2.03
e [3=0.35+ /200 — /150 = 0.35 + 25/200 — 77.9/150 = -0.04

Ko

1+ (-0.04)(2.03) =092 <1, hence K, =1

Calculation of reference curvature, r:

1
r= KKy (—) (Eq5.34)
rO
e d=(h/2)+is whereisis the radius of gyration of the total reinforcement area
d =(500/2) + 174.10 = 424.1 mm
o &,=fu/Es=424.1/200000=0.002121
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o ro=045d/&q=(0.45x424.1)/0.002121 = 89978.78
1—1(1((1)—(1><1)( ! )—0000011114
LAY A 89986.96/

Calculation of the deflection, e;

(/)12  (0.000011114)11250?
e2 = =
C

o = 140.66 mm (Eq5.33)

Additional Moment, M4

=15.5kN.m

M, .. indir —2 &di 3—110><140'66
add In dir ir = 1000

Page - 28

The nominal second order moment, as known as additional moment in both directions will be shown in

the design report:

LOADINGS (COMBINATION)
Analysis Results:

No N M22 M33 V2 VE

(KN) (KN.m) (kN.m) (kM) (kN)
1-Bot 110.00 13.90 13.90 8.75 8.59
-Top 88.50 6.20 -6.20 8.75 -8.59

No N M22 M33 M22(min) M33(min)
(k) (kN.m) (kN.m) (kN.m) (kN.m)
1 116.00 23.87 24.02 2.20 2.20

CRITICAL COMBINATION: #1 ()

Added Moment-22 = 14.91 kN.m
Added Moment-33 = 15.05 kN.m
N-Design = 110.00 kN
M22-Design = -23.87 kN.m
M33-Design = 24,02 kN.m
As(Req) = 250.08 mm2
Y = 86.61 mm
Alpha = 9.56
EpsC = 8.8035

8. Calculate Design Moment

In Direction - 2:

L |\/|01 =-3.11 kN.m
e Mg, =16.99 kN.m
L] Madd =15.5 kN.m

e Mo =895kN.m

Mgy = max( My, Mop + Mygg, Moy + 0.5Myqq) = max(16.99,24.45,4.64) = 24.45 kN.m

In Direction - 3:

° Mo =9.313 kN.m
e Mg, =-10.787 kN.m
L] Madd =15.5 kN.m
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o Mo =-2.747 kN.m
MEd = maX( Moz, MOe + Madd' MOl + O-SMadd) = maX(_10.787, 12.753, 17.063) =17.06 kN.m

Braced Circular Column Example

Open the example model Doc_Example_4 and save to a new name (so not to destroy the original
example). The copied model is then adjusted so that its storey height is increased to 5.5 m and it is then
re-analysed. In this model the steel grade is 500 and the steel material factor is 1.15. Bar diameters of
12 mm are used. The minimum link diameter is set to 8 mm.

The actual design process would be identical irrespective of which steel grade and material factor and
bar diameters are used.

Column 1C12 will be used to demonstrate the design process for a circular column.

o
%
2

1W2 (4793.8x250)

I
I
I
I
|
I
I
I
18 \
X &
— |8 1513 Y
g \2
1€ d=150 \
I
I
|

-
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s Column Reinforcement Design - 1C12 (Storey 1) O x
Column Design n
v O Bfe 3 'E’J
I:l SR & H < X
Interactive Column Diagrams Save & Reset Parameters Image  Elevation oK Cancel
Design Analysis Report  Bars Max/Min  Drawing
Steel Bars ‘ Links | Shear Design I Slenderness I Settings |
Diameter: Int/Ext: | 500.0 mml | 0.0 mm‘
el /ek 0.0 mm 0.0 mm Steel Required Supplied
| | | ‘ Pos, Qty Area Ratio Area (mm2) Diameter (mm) Ares (mm2)
t2/13: [ 3000.0mm| [ 3100.0mm] Comer 8 1 78.47 H12 113.10
Concrete Cover: 35.0 mm 1nt 0 1 31.25 Hi2 0.00
Update 2-Int ] 1 3125 Hiz 0.00
Clear Bar Spacing {mm): 173
: [ ] User Defined
Loading: []user Define Required As=627.78mm2 (%0.32)
o Minimum A 92,70 mm2 (%%0.2)
Select Marked Combinations as User Defined supplied As=004.78mm2 (%0.46) = As,min
©25/30 / Grade 500 (Type 2) o N M22 M33 vz V3| | pel
) {d.m) Qad.m) ) )
1-Top 233.1 95.9 0.0 0.0 40.8 GHQ ~
-Bottom 262.3 -46.8 0.0 0.0 40.8
2-Top 2313 93.1 7.5 3.2 39.6 G+Qpl
-Bottom 254.5 ZEG) 3.7 3.2 39.6
3 -Top 210.1 819 7.5 -3.2 34.8 G+Op2
-Bottom 233.3 -40.0 3.7 3.2 348
4 -Top 238.1 95.9 0.0 0.0 40.8 GHQHx
-Bottom 262.3 -46.9 0.0 0.0 40.8
5 -Top 228.1 90.9 0.0 0.0 38.7 GHIx+Q
-Bottom 2513 LELG) 0.0 0.0 38.7
6 -Top 238.1 95.9 0.0 0.0 40.8 GHQNx
-Bottom 262.2 -46.8 0.0 0.0 40.8
7 -Top 228.0 90.8 0.0 0.0 38.6 GNx+Q
-Bottom 251.2 -44.3 0.0 0.0 38.6
8 -Top 239.0 95.8 0.0 0.0 40.7 GHQHNy
-Bottom 262.2 -46.7 0.0 0.0 0.7
S -Top 228.0 90.8 0.0 0.0 38.6 GHIy+Q
-Bottom 251.2 44,2 0.0 0.0 38.6
10 -Top 238.1 96.0 0.0 0.0 40.8 G+Q-Ny ¥
i u
¥
C Utilization Ratio = 0.84 Select/Unselect All

Click on the Parameters button and change to fixed bar layout.
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Loading: User Defined

Select Marked Combinations as User Defined

C25/30 | Grade 500 (Type 2)

-
Column Design
7 A o T 5 S =N
B S X HPE %
Interactive Column Diagrams Save & Reset Parameters
Design Analysis Report Bars E
Diameter: Int/Ext: 500.0 mm
e2fe3: 0.0 mm
L2/L3: 3000.0 mm
Concrete Cover: 35.0 mm

8 # v x

Image  Elevation oK Cancel
Max/Min  Drawing

SteelBars | Links

0.0mm
0.0 mm Steel
3100.0 mm
Update 2-Int 0

Shear Design | Slenderness

Pos. Qty 1 freaRatio Area (mm2
Corner n 1
1-Int U 1

Design Parameters

Design Method

Bar Layout Optimization Method

Material
Concrete: €25/30 - Fck=25.00 Nfmm2

a

Help

Default (Bar Layout Optimization Method)

oK Cancel

Page - 31

This will force the design to adopt the number of bars shown in the 'Qty' cell of the above table. In this

example we will use 8 bars in the design, (Qty = 8). When the design is performed, the bar sizes will be
adjusted to obtain an economic solution based on this layout.

Column Diameter, D =500 m

The clear height of column in the two directions takes account of the beams framing into the top of

the column.
Loz = 3500 mm — 500 mm = 3000 mm

Loz = 3500 mm — 400 mm = 3100 mm

1. Braced or Unbraced —Cl 5.8.3.2 (3)

Steel Bars Links Shear Design

Bracing
Edited

v Dir-2: Braced

/| Dir-3: Braced

Effective Length Factors
Edited

B-2: 0.679

B-3: 0.707

Slenderness Settings

Slenderness
A2fAimit2 0.139

A3fhHimit3 0.468

The circular column in this model should be considered as braced. If the column is designed as such,
the effective length factors in the two directions are calculated as:

3,=0.679

f35=0.707

ProtaStructure” ProtaSteel
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2. Calculate effective height — Cl 5.8.3.2 (3)

The values of 51 and (3, are calculated in the same way as in the previous rectangular column
example. The full calculations will therefore not be repeated here.

The effective height of the column is calculated as:
le,Z = ﬁzloz = 2037 mm

l€,3 = ﬁ3l()3 = 2192 mm

3. Determine First Order Moment —Cl. 5.2 (7a) & 5.8.8.2 (2)

Column Reinforcement Design

Material: C25/30 [ Grade 500 (Type 2)

Combination= 1

Dir Anl: Top Anl: Bot Minimum Beta Design »
N (kM) 239.1 267.9 267.9 T\_;,E*w” %

2 M33 (kN.m) 0.0 0.0 -5.4 0.679 0.0 U, 2

3 M22 (kN.m) 97.3 47.6 5.4 0.707 98.8

N-max (kN) 2569.8 >Nd ...OK...

o MTop =97.3 kN.m

o Mgt =-47.6kN.m

e ¢ = |,/400 = 5.70 mm
o  Ngg =267.9 kN

Moy = min{|Mqop |, IMpottom!|} + €iNEa

My, = min{|97.3],|—47.6]} + (5.70/1000)267.90 = —46.07 kN.m

Moz = max{|M,,,

) |Mbottom|} + eiNEd

My, = max{|97.3],|—47.6]} + (5.70/1000)267.90 = 98.83 kN.m

4. Determine Minimum Moment —Cl. 6.1 (4)

Column Reinforcement Design

Material: C25/30 / Grade 500 (Type 2)

Combination= 1

Dir Anl: Top Anl: Bot Minimum Beta Design »
N () 239.1 2%67.9 267.9 pulales, 22

2 M33 (kN.m) 0.0 0.0 -5.4 0.679 0.0 Uy, =

3 M22 (kN.m) 97.3 47.6 0.707 98.3

N-max (kN) 2569.8 >Nd ...0K...

eo = max(d/30, 20) = max(500/30, 20) = max(16.67,20) = 20 mm
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Mnin = Ngg X €, = 267.90 x 20/, 000 = 5.36 kN.m

5. Check Slenderness — Cl. 5.8.3.2 (2)
The slenderness of the circular column:

2192
A3=4(l°/d)=4><m:17.54

6. Check Slenderness limits and classify as short or slender — Cl 5.8.3.1
The limiting slenderness can be calculated by the equation below:

Alim=20XAXBXC/\/7l

Calculation of A:

To calculate the effective creep ratio, @ef, the final creep coefficient, @.. ) and SLS/ULS ratio can be

obtained from the column design report.
" | DOC_Example_D4_PS_R5_EC2Column-ColDesignResults.txt - Notepad

File Edit Format View Help
kolumn: 1c12

Concrete: C€25/3@ / Steel: Grade 500 (Type 2)
(Circular)

R = 50@.0 mm
Area = @.20 m2
I-22 = 3.07E-03 m4
I-11 = 3.07E-03 m4
ri 1.25E+02 mm
r2 1.25E+02 mm
Es 200000.80 N/mm2
Fcd = 26229.84 N/mm2
Eta Fcd = 12.75 N/mm2

EFFECTIVE CREEP RATIO

Fcm = 33.88 MPa
he = 250.@ mm
Beta-H = 625.10
Phi-RH
P85 20920, )

nwon i
[y
o ~J
| o

SLENDERNESS CHECK (For Critical combination)

Per = Pintro) X S5/ g = 0.7 X 2.9 = 2.03

Hence,

A=l 0.2007) = 1/(1 +02(2.03) =071

Calculation of B:

e Concrete Compressive Strength, feq = a(fyk/yc> = 0.85(25/1_ 5) = 14.17N /mm?
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e Steel Design Strength, fy,q = fyk/ys = 500/1 15 = 434.8 N/mm?

e Area of provided reinforcement, As provided = 904.78 mm?
e Areaof concrete, A, = (1 X (250)%) — 904.78 = 195444.76 mm?
e The mechanical reinforcement ratio, :

o = Asfyd/ _ (904.78 x 434.8)/ ~0.14
= A fed = (195444.76 x 14.17) —

Hence,

B=vV1+2w=,1+2(0.14)=1.13

Calculation of C:

_ _ My,
C =17—-rm, whererm = —
02
¢ =17-_207 547
T 9883

Calculation of n:
e The design axial load, Ngg = 267.94 kN
_ Ngq _ 267.94 x 1000 _
n=" 0 £ )= /(195444.76 x 14.17) = 0-1

Hence, the limiting slenderness will be:

—20XAXBXC; _20XAXBxXC; __20x0.71x113x2.17 _
Aiim = N /= /o7 = 110-11

Aiim = 110.11 > 1 = 17.54, hence the column is classified as short column.
The classification is shown on the Column Reinforcement Design dialog.

Column Reinforcement Design

Material: C25/30 / Grade 500 (Type 2)

Combination= 1

Dir Anl: Top Anl: Bot Minimum Beta Design u
N (kN) 239.1 267.9 267.9 f\;,”n" %

2 M33 (kN.m) 0.0 0.0 -5.4 0.679 0.0 Yy L—¢ =

3 M22 (kN.m) 97.3 -47.6 5.4 0.707 98.8

N-max (kN) 2569.8 >Nd ...OK...

DesignSettings

Y-bar (mm) 132.7 P
Alpha (drc) 0.00 /’
Ast (mm2) 635.49 (%0.32)

|
i| Short Column... |
' A2/ALimit2 = 16,3 /113.5=0.14< 1 |
i A3/Adimit3=17.5/36.3=0.48<1 !
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7. |If short — Calculate Design moment — C| 5.8.8.2 (2)

If the column is not slender, the design moment, Mgq = Mos.
MEd == MOZ == 9883 kNm

Column Reinforcement Design

Material: C25/30 / Grade 500 (Type 2)

Combination= 1

Dir Anl: Top Anl: Bot Minimum Beta Design )
N (N) 239.1 267.9 267.9 T;;,”eon =
2 M33 (kN.m) 0.0 0.0 -5.4 0.679 ._0.0 vy L -
3 M22 (kN.m) 97.3 -47.6 5.4 0.707 : 98.8 |
N-max (kN) 2569.8 >Nd ...OK...
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Bracing (Unbraced) and Slender Circular Column Example

Column 1C12 again will be used to demonstrate the design process for an unbraced circular column.
The column can be set to unbraced column by unchecking the Dir-1 and Dir-2 in the Slenderness tab.

Bracing
Edited

Dir-2: Braced
Dir-3: Braced

Then, click the Interactive Design button to update all the parameters.

1. Braced or Unbraced —Cl 5.8.3.2 (3)

Steel Bars Links Shear Design Slenderness Settings
Bracing Slenderness
Edited
A2fAdimit2 0.983
Dir-2: Braced
A3fAdimit3 1.122
Dir-3: Braced

Effective Length Factors
Edited
B-2: 1.487

B-3: 1.642

The circular column in this model should be considered as bracing (unbraced). If the column is
designed as such, the effective length factors in the two directions are calculated as:

f3,=1.487

(3=1.642
2. Calculate effective height — Cl 5.8.3.2 (3)

The values of 31 and (3, are calculated in the same way as in the previous example. Therefore, the full
calculations will therefore not be repeated here.

The effective height of the column is calculated as:
le'z = leoz = 4460 mm

le’3 = ﬁglo:; = 5090 mm
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3. Determine First Order Moment —Cl. 5.2 (7a) & 5.8.8.2 (2)

Column Reinforcement Design

Material: C25/30 [ Grade 500 (Type 2)

Combination= 1

Dir Anl: Top Anl: Bot Minimum Beta Design "
N (kM) 239.1 267.9 267.9 T";‘ 33” —
2 M33 (kN.m) 0.0 0.0 -5.4 1.487 ——-00 ., U, =
3 M22(kN.m) 97.3 -47.6 5.4 1.642 11015 |
N-max (k) 2569.8 >Nd ...OK...

In direction — 3:

e M =97.3kN.m

o Msx =-47.6kN.m

o« o l,/400 = 6455/400 = 16.14 mm
o N 267.9 kN.m

) |Mbottom|} + eiNEd

My, = min{|Mtop

My, = min{|97.3],|—47.6]} + (16.14/1000)267.90 = —51.79 kN.m

Moz = max{|Mqgp |, IMportom!|} + €iNEa
My, = max{|97.3|,|—47.6|} + (1614/1000)267.90 = 101.49 kN.m
MO@ = (0.6 X Moz) + (0.4 X MOl) > 0.4(M02)

My, = (0.6 X 101.49) + (0.4 X —51.79) = 40.18 kN.m < 40.596 kN.m

M,, = 40.596 + (16 14) 267.9 = 44.92 kN
Oe — . 1000 I = . .m

4. Determine Minimum Moment —Cl. 6.1 (4)

Column Reinforcement Design

Material: C25/30 / Grade 500 (Type 2)

Combination= 1

Dir Anl: Top Anl: Bot Minimum Beta Design

N (i) 239.1 267.3 267.9 pulates,
2 M33 (kN.m) 0.0 0.0 54, 1.487 0.0 Vg =
3 M22 (kN.m) 97.3 -47.6 i 54 1.642 101.5
N-max (kN) 2569.8 >Nd ...OK...

e, = max(d/30,20) = max(500/30,20) = max(16.67,20) = 20 mm

Minin = Ngg X €, = 267.90 x 20/, 100 = 5.36 kN.m
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5. Check Slenderness — Cl. 5.8.3.2 (2)

The slenderness of the circular column:

In direction - 3:

5090
/1:4(l0/d):4xm:4°-7

6. Check Slenderness limits and Classify as short or slender — Cl 5.8.3.1

The limiting slenderness can be calculated by the equation below:
Miim =20 X AX B x C/\n

Calculation of A:

To calculate the effective creep ratio, @ef, the final creep coefficient, @.. ) and SLS/ULS ratio can be

obtained from the column design report.

EFFECTIVE CREEP RATIO

RH = 58.00

te = 14.00

Fcm = 33.80 MPa
he = 250.0 mm
Beta-H 625.18

.....................

.................

Per = Plinteo) X LSy g = 2.9 X 0.7 = 2.03

Hence,

A=l 0.2007) = 1/(1 +02(2.03) =071

Calculation of B:

e Concrete Compressive Strength, feq = a(fyk/yc> = 0.85(25/1 5) = 14.17N/mm?

e Steel Design Strength, fy,q = fyk/ys = 500/1_ 15 = 434.8 N/mm?>
e Area of provided reinforcement, As provided = 904.78 mm?

e Areaof concrete, 4, = (7 X (250)?) — 904.78 = 195444.76 mm?>
e The mechanical reinforcement ratio, w:

© = Asfyd/ _(904.78 x 434.8)/ ~0.14
= A fed = (195444.76 x 14.17) —

Hence,

B=vV1+42w=,1+2(0.14)=1.13
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Calculation of C:
C = 0.7 when the column is bracing.
Calculation of n:

The design axial load, Neg = 267.94 kN

— Niq _ 267.94 x 1000 _
n=" 4 )= /(19544476 x 14.17) = 0-1

Hence, the limiting slenderness will be:

_20xAXBXC _20xAXBXC —20x%x0.71 x1.13 x 0.7 —
Alim_ /\/ﬁ_ /\/ﬁ_ /m—35.52

In direction - 3:
Alim = 35.52 <1 =40.7, hence the column is classified as slender column.
The classification is shown on the Column Reinforcement Design dialog.

Column Reinforcement Design

Material: C25/30 / Grade 500 (Type 2)

Combination= 1
Dir Anl: Top Anl: Bo Minimum Beta Design "
N (kN) 239.1 267.9 267.9 t\;, " Fend

2 M33 (kN.m) 0.0 0.0 5.4 1.487 0.0 u, =
3 M22 (kN.m) 97.3 -47.6 5.4 1.6492 01.5
N-max (kN) 2569.8 >Nd ...OK...
DesignSettings o -

= b - e =

» 5 '

Y-bar (mm) 134.3
Alpha (drc) 0.00
Ast (mm2) 678.0 35)

7. |If slender — Calculate Nominal Second Order Moment and design moments — Cl 5.8.8

5.8.83

Calculation of correction factor depending on axial load, Kr

(nu - Tl)
K, =————7-—-<1 Eq 5.36
" (nu - nbal) ( 1 )
o n=Ne/(Acfe) =267.9 x 1000 / (195444.761 x 14.17) = 0.097
o ®=Afya/(Acfea) =904.78 x 434.8 / (195444.761 x 14.17) = 0.142
e n,=1+0.142=1.142
® npa = 0.4 as recommended by EC 2.
n,—n 1.142 — 0.097
K, = (=) _ ¢ )=1.4121,henceKr=1

(n, —npg)  (1.142—-0.4)

The effect of creep should be taken into account by the following factor:
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Ky =1+B@per =1 (Eq 5.37)
®  (ef=2.03
e [3=0.35+f4/200-A/150 = 0.35 + 25/200 — 40.7/150 = 0.204

K, =1+ (0.204)(2.03) =1.41 =1, hence K, =1.41

Calculation of reference curvature, r:

1
r= KK, (r—) (Eq 5.34)
(1]

e d=(h/2)+is whereisisthe radius of gyration of the total reinforcement area
d = (500/2) + 142.16 = 392.16

o &4=fya/E=434.8 /200000 = 0.002174
® 1,=045d/€,=(0.45x392.16)/0.002174 = 81173.87

1 1 1
= KKy(—)= (1x1.26)(——]=0. 17
ro 7 @(ro) ( 6) (81173.87) 0.0000
Calculation of the deflection, e;
17312 (0.000017)50902
ezz(/rc)" _ ¢ 10) = 44.46 mm (Eq 5.33)

Additional Moment, Maggq

44.46
Mgqq indirection — 3 = 267.9 X 1000 11.91 kN.m

Page - 40

The nominal second order moment, as known as additional moment in both directions will be shown in

the design report:

LOADINGS (COMBINATION)

Analysis Results:

No N M22 M33 V2 V3

(k) (kN.m) (k. m) (kn) (k)

1-Bot 267.98 97.30 0.08 0.00 49.78
-Top 267.9@ -47.60 0.00 0.00 49.78

No N M22 M33 M22(min) M33(min)
(kN) (kN.m) (kN.m) (kN.m) (kN.m)
1 267.90@ 101.43 9.00 5.36 5.36

CRITICAL COMBINATION: #1 ()

Qdded Moment-22 = 11.8@ kN.rD
Added Moment-33 = @.00 kN.m
N-Design = 267.90 kN
M22-Design = 101.43 kN.m
M33-Design = .00 kN.m
As(Req) = 684,23 mm2
Y = 133.89 mm
Alpha = 0.00
EpsC = 0.0035
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Calculate Design Moments, Meg

[ ] M01 =-51.79 kN.m
e My =101.49 kN.m
e Magd=11.91kN.m

o Mo =4492kN.m

MEd = maX( Moz, MOe + Mz, MOl + 0.5M2) = maX(101.49 ) 56.83 ) _29.33) =101.49 kN.m

Column Reinforcement Design

Material: C25/30 / Grade 500 (Type 2)

Combination= 1

Dir Anl: Top Anl: Bot Minimum Beta Design

N () 239.1 267.9 267.9 poldles,
2 M33 (kN.m) 0.0 0.0 5.4 1.487 0.0 v L2
3 M22 (kN.m) 97.3 47.6 5.4 1.642 101.5
N-max (k) 2569.8 >Nd ...OK...
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Thank You...

Thank you for choosing the ProtaStructure Suite product family.
It is our top priority to make your experience excellent with our software technology solutions.

Should you have any technical support requests or questions, please do not hesitate to contact us at all
times through globalsupport@protasoftware.com and asiasupport@protasoftware.com

Our dedicated online support center together with our responsive technical support team is available
to help you get the most out of Prota’s technology solutions.

The Prota Team
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