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PREFACE 
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gratefully acknowledged. The discussions with Mr. Arto Sivill, Finnmap Consulting Oy, and Mr. 

Aarne Seppänen, Rautaruukki Oyj, were very helpful when completing the study. 

 

This study is part of on-going research dealing with optimization of load bearing structures of 

metal based buildings. The previous report of Karol Bzdawka dealt with design of WQ-beams 

and cost estimations of different framing systems for office buildings. In this study the design 

of composite columns is presented based on EN standards. The design methods are imple-

mented into MATLAB enabling in the future the applications of mathematical optimizations 

tools to be used to find better solutions for load bearing structures than now are available 
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COMPOSITE COLUMN  CALCULATION EXAMPLES 
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1 ABSTRACT 

Composite columns are often used in structures due to the ease and speed of erection, and 

high performance in fire situation. Concrete filled tubes are steel tubes that are in site filled 

with reinforced concrete. In normal situation column works as composite while in fire situation 

majority of the load is carried by the reinforced concrete core. There are numerous publica-

tions about this type of columns but all of them use very simplified methods. Especially regard-

ing the calculation of the neutral axis of circular columns. Also the shear resistance of the 

column is often omitted.  

The reason for this document is to present the calculation of concrete-filled tubes in details. 

Also to investigate the influence of the bars arrangement in circular columns on their bending 

resistance. Calculations have been carried for ambient and fire temperatures.  

This report includes calculation examples and results in different design situations, for a 

number of various column cross-sections. 
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2 SQUARE COLUMN 

2.1 Ambient design 

effective length of the columnLeff 3600mm

distance from the inner surface of the tube to the surface of the barus 35mm

stirrups spacings 300mm

diameter of stirrupsfis 6mm

diameter of reinforcing barsfi 20mm

number of reinforcing barsn 4

wall thickness of the steel tubet 6mm

width and height of the steel tubecol 250mm

Data for the calculation:

 

fi.s

fi

col

u.s
c
o
l

t

 

            Figure 1. Symbols used for the basic design variables 

 

Young modulusEs 210000MPaEcm 35000MPaEa 210000MPa

fsd 434.8MPafcd 29.6MPafad 322.7MPa

design strengthsfsd

fsk

gammas

fcd

fck

gammac

fad

fy

gammaa

material safety factorgammas 1.15gammac 1.35gammaa 1.1

characteristic strengthfsk 500MPafck 40MPafy 355MPa

ReinforcementConcreteSteel

Material properties
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second moment of area

of the reinforcement
Is

col

2
t us

fi

2

2

As Is 6.881 10
6

mm
4

Concrete core

gross cross-section area 

of the concrete
Acgross col 2 t( )

2
Acgross 56644mm

2

nett cross-section area 

of the concrete
Ac Acgross As Ac 55387mm

2

gross second moment of area

of the concrete
Icgross

col 2 t( )
4

12
Icgross 2.674 10

8
mm

4

nett second moment of area

of the concrete
Ic Icgross Is Ic 2.605 10

8
mm

4

Check if the reinforcement meets the requirement of the reinforcement level

As

Acgross
max 6.0 % > 2.2% >

min 1.5 % Requirement met

Forces in the column in normal situation:

NSd 1842.0kN

MSd1 131.5kN m bigger bending moment (upper or lower end)

MSd2 113.0kN m smaller bending moment (upper or lower end)

(bending moments on the same side of the column have the same signs)

VSd

MSd1 MSd2

Leff

VSd 67.9kN constant shear force

Characteristics of the cross section 

Steel tube

Aa 4 col t( ) t Aa 5856mm
2

tube cross-section area

Ia
col

4

12

col 2 t( )
4

12
Ia 5.814 10

7
mm

4
tube second moment of area

Wpa
col

3

4

col 2 t( )
3

4
Wpa 5.359 10

5
mm

3
plastic modulus

Reinforcement 

cross-section area 

of the reinforcement
As

n fi
2

4
As 1257mm

2
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Maximum design bending resistance for the cross-section is given by equation:

Mmax.Rd Wpa fad Wps fsd

Wpc

2
fcd

Wpc

Where:

Wpa  is the plastic section modulus of the steel tube 

Wps is the plastic section modulus of the reinforcing bars

Wpc is the plastic section modulus of the conctrete, in above equation only half is 

taken into account since concrete does not carry tension.

Wpa
col

3

4

col 2 t( )
3

4
Wpa 535.9cm

3

(reinforcement area times the 

distance from the midline)
Wps As

col

2

fi

2
us t Wps 93.0cm

3

Wpc
col 2 t( )

3

4
Wps Wpc 3277.3cm

3

Thus: 

Mmax.Rd Wpa fad Wps fsd

Wpc

2
fcd Mmax.Rd 261.9kN m

For a column cross-section in pure bending the neutral axis is not the same as the axis of 

symmetry of the cross-section. New neutral axis has to be calculated from the equations of 

equilibrium. For details of used symbols see Figure 2.

 

 

  A.cn

A.sn

A.an

h
.n

 

Figure 2. Symbols used in calculation of plastic bending resistance 
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characteristic resistanceNplR 4923kNNplR Aa fy Ac fck As fsk

design resistanceNplRd 4077kNNplRd Aa fad Ac fcd As fsd

Values of the resistance to axial force (EN 1994-1-1 [3] ,   6.7.3.2)

Mpl.Rd 239.2kN mMpl.Rd Mmax.Rd Wpan fad Wpsn fsd

Wpcn

2
fcd

Wpcn 731.9cm
3

Wpcn

col 2 t( ) 2hn
2

4
Wpsn

there are no bars in considered regionWpsn 0 cm
3

Wpan 36.9cm
3

Wpan 2
t 2 hn

2

4

Where:

Mpl.Rd Mmax.Rd Wpan fad Wpsn fsd

Wpcn

2
fcd

Wpcn

Difference between maximum plastic bending resistance Mmax.Rd  and plastic bending 

resistance around the neutral axis Mpl.Rd is equal to the bending resistance of the part of the 

cross section that is in distance hn from the centerline.

hn 55.453mmhn

NpmRd Asn 2 fsd fcd

2 col 2t( ) fcd 4t fad

After rearranging the equilibrium equation, distance between the centerline and the neutral axis is 

given:

Asn 0mm
2

Asn is the cross-section area of the reinforcement in range - hn to hn from the centerline of the 

column cross-section. In this case equal to zero because there are no bars lying on the centerline.

0.5 NpmRd col 2 t( ) hn fcd Asn fsd 4 t hn fad

Equilibrium equation:

NpmRd 1641kNNpmRd Ac fcd

Design axial resistance of the concrete only is equal to:
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Ncr 12292.5kNNcr

2

Leff
2

EIeff

And the elastic critical normal force:

EIeff 16141.5kN m
2

EIeff Ea Ia 0.6 Ec.eff Ic Es Is

If the long term effect has to be taken into account, effective flexural stiffness is equal:

Ec.eff 15.9GPa

is the permanent part of the load, in this case assumed 0.8 NSdNG.Sd

t 1.50
is the creep coeff. acc. to EN 1992-1-1 [4],   3.1.4, calculated for relative 

humidity 80%, loading time 30 days, concrete C 40/50

Where:

E

Ec.eff Ecm
1

1
NG.Sd

NSd
tt

Calculation of the long term effect

According to [1], if  is smaller than vert, long term effects do not need to be taken into 

account.  

vert 1.491vert
0.8

1

0.581
NplR

Ncr

is the relative slenderness of the column, has to be smaller 

than 2  (EN 1994-1-1  6.7.3.3)

0.464
Aa fad

NplRd

is the contribution ratio of the steel tube, has to be between 

0.2 and 0.9 - only then column works as a composite

Check if the long term effect need to be taken into account

Ncr 14564.8kNNcr

2

Leff
2

EIeff

EIeff 19125.4kN m
2

EIeff Ea Ia 0.6 Ecm Ic Es Is

Effective flexural and axial stiffnesses (EN 1994-1-1,  6.7.3.3) 
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NRd 3247.1kNNRd NplRd

0.796min
1

2 2
1

Where:

 is an imperfection factor, equal to 0.49 (buckling curve C)  

0.7620.5 1 0.2
2

0.581

but  =< 1 

1

2 2

Where:

 is the reduction factor for the relevant buckling mode, in terms of 

relative slenderness  (EN 1993-1-1  [5] , 6.3.1.2)

if   0.2 or N.Sd/N.plRd =< 0.1  than    = 1.

NRd NplRd

Axial resistance  (EN 1994-1-1,  6.7.3.5)

EA 3432.2MNEA Ea Aa Es As Ecm Ac

Stiffness to axial compression, used to determine the sectional forces.:

Ncr.eff.long 12483.4kNNcr.eff.long

2

Leff
2

EIeffII

EIeffII.long 14154.4kN m
2

EIeffII.long 0.9 Ea Ia 0.5 Ec.eff Ic Es Is

Including the long term effects: 

Ncr.eff 12483.4kNNcr.eff

2

Leff
2

EIeffII

EIeffII 16392.3kN m
2

EIeffII 0.9 Ea Ia 0.5 Ecm Ic Es Is

Design value of the effective flexural stiffness, used to determine the sectional forces.

(EN 1994-1-1 6.7.3.4)
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bw 238.0mmbw col 2 t
smallest width of the cross 

section in the tensile area

effective depth of the cross-section d 193.0mmd col 2 t us
fi

2

Resistance of the concrete (EN 1992-1-1,  6.2)

plastic shear resistance of the tube.VplaRds 351.2kNVplaRds

Av fy 3

gammaa

area in shear for RHSAv 628.3mm
2

Av As
col

2 col( )

Resistance of the steel tube (EN 1993-1-1,  6.2.6)

Transverse shear 

MSd 131.5kN m

Utilization check:

NSd

NRd

0.567 < 1.0

Increse of the bending moment due to second order effects  (EN 1994-1-1,  6.7.3.4)

Second order effects may be allowed for by multiplying the bigger of the MSd by a factor k, where k

 is geater or equal to 1.0.

k

1
NSd

Ncr.eff

Where:

is an equivalent moment factor (EN 1994-1-1,  Table 6.4)

max 0.66 0.44
MSd2

MSd1

0.44
0.440

k

1
NSd

Ncr.eff

k 0.516

since k is  smaller than 1.0  => k max k 1( ) k 1.0

Thus:

MSd k MSd1
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recommended valuevmin 0.626vmin 0.035 k

3

2
fck

MPa

0.5

k 2.0k min 1
200mm

d

0.5

2

Minimum value of the shear resistance:

VRdc 64.1kNVRdc CRdc 100 min 1 0.02
fck

MPa

1

3

k1
cp

MPa
bw d MPa

recommended valuek1 0.15

recommended valueCRdc 0.133CRdc
0.18

gammac

Calculation of design shear resistance:

VRd.c.min vmin k1 cp bw dk1

With the minimum value of:

VRdc CRdc 100 min 1 0.02 fck

1

3
k1 cp bw dk1

Design value of the shear resistance is given by:

cp is the compressive stress in concrete due to axial loading. Part of the axial loading that is 

coming into concrete is taken as the proportion of the concrete plastic resistance ( NplRd) and 

cross-section plastic resistance ( NplRd) times axial load.

cp 5.9MPacp min
NpmRd

NplRd

NSd

Ac

0.2 fcd

Resistance of the concrete without shear reinforcement. (6.2.2)

1 0.0141

Asl

bw d

ratio of the longitudinal 

reinforcement

Asl 628.3mm
2

Asl

As Asn

2

area of the tensile reinforcement, 

properly anchored 
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cp 13.4MPacp min
NpmRd

NplRd

NSd

Ac

cw is the coefficient taking account of the state of the stress in the compression chord, it 

depends on cp.

1 is the strength reduction factor for concrete cracked in shear 

1 0.5041 0.6 1
fck

250MPa

z 173.7mmz 0.9 d

45deg
angle between concrete compression 

strut and column axis [degrees]. If not 

proven otherwise equal to 45 degrees.

Where:

VRdmax cw bw z 1

fcd

tan cot

but not greater than:

VRds

Asw

s
z

fsd

tan

The shear resistance of a member with perpendicular shear reinforcement is equal to:

Resistance of concrete cross-section with shear reinforcement (6.2.3) 

VRd.c 69.6kNVRd.c max VRdc VRd.c.min

In the end design shear resistance is the bigger of the velues    VRdc and VRd.c.min.  

VRd.c.min 69.6kNVRd.c.min vmin k1
cp

MPa
bw d MPa
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VRd 420.8kNVRd max VRd.c VRd.reinf VplaRds

Otherwise it is equal to:

VRd VRd.c VplaRds

If number of longitudinal reinforcing bars is 0, resistance to shear is calculated from:

Resistance of the column to transverse shear.

VRd.reinf 14.2kNVRd.reinf min VRds VRdmax

Resistance of cross-section requiring shear reinforcement 

VRdmax 385.8kNVRdmax cw bw z 1

fcd

tan cot

Resistance of concrete chords in compression:

VRds 14.2kNVRds

Asw

s
z

fsd

tan

Resistance of stirrups in tension:

Asw 56.5mm
2

Asw 2 fis
2

4

Cross sectional area of a single stirrup.

Aswmax 1532.7mm
2

Aswmax 0.5 cw 1 fcd bw
s

fsd

The maximum effective cross-sectional area of the shear reinforcement, calculated for 

cot  = 1, is given by:  

cw 1.25cw 1 cp 0if

1
cp

fcd

0 cp 0.25 fcdif

1.25 0.25 fcd cp 0.5 fcdif

2.5 1
cp

fcd

0.5 fcd cpif
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Shear does not affect the bending resistance.

1.0<
2 VSd

VRd

0.323
(this is how the program checks utillities, thanks to this 

all the constraints are penalized with correct proportions)

For purposes of conditioning all the restraints to be < 1.0, above condition has been rewritten in 

another form:

0.5<
VSd

VRd

0.161

Utilization of the cross-section in shear.

Va.Sd

VplaRds

0.0=>Va.Sd 0.0N

In the considered case:

Va.Sd

VplaRds

0.5

To simplify the calculation and avoid the reduction of the yield strength, limitation has been 

imposed that:

VplaRds  is the plastic design resistance of the steel tbe only

Va.Sd is the part of the shear force that is coming to the steel tube, assuming

that the resistance of the concrete core to shear is fully utilized.

Va.Sd is calculated as follow:

Va.Sd max VSd max VRd.c VRd.reinf 0

Where:

shear 2
Va.Sd

VplaRds

1

2
Va.Sd

Where:

1 shear fyd

Influence of shear on the resistance to bending has to be taken into account if the part of the 

shear force that is coming to the steel tube Va.Sd is greater than half it's resistance VplaRds

It is done by reduction of the design resistance of the steel tube, calculated using reduced yield 

strength in the part of the tube that carries shear - Av   (EN 1993-1-1,  6.2.8).
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Resistance of column for bending     (EN 1994-1-1,  6.7.3.3)     

MRd M Mpl.Rd

To determine the bending resistance of the cross-section, which is depending on the axial force, 

value of  coefficient has to be callculated. A graphic method is used to determine . The method 

is explained in Figure 3. Symbols that are used are evaluated below.

pm

NpmRd

NplRd
pm 0.402

NRd

NplRd

0.796

d

NSd

NplRd
d 0.452

n

1
MSd2

MSd1

4
n 0.370

Mmax.Rd

Mpl.Rd

1.095
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0.5 .pm=0.201

mju

mju.d

mju.k

.n=0.365

=0.785

.d=0.452

.pm=0.402

1.0

 M.Rd  

M.pl.Rd

M.max.Rd  

M.pl.Rd

1.0
=1.095

 N.Rd  

N.pl.Rd

 

Figure 3. Graphic method of calculating µ. 

 

 

Figure 4. Graphic method using Matlab. 

0 0.2 0.4 0.6 0.8 1 1.2 1.4
0

0.1

0.2

0.3

0.4

0.5
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0.7

0.8

0.9

1
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VRd 420.8kN

Mpl.Rd 177.9kN m

Mmax.Rd 261.9kN m

Mpl.Rd 239.2kN m

NRd 3247.1kN

NpmRd 1641.1kN

NplRd 4077.4kN

EIeffII 16.4MN m
2

EA 3432.2MNResults: 

M 0.9<
MSd

Mpl.Rd

0.739

Thus: 

0.7436

1.0if

1 F 1 1.0if

It has been checked, in this research, that reduction of the NEd not always leads to the reduction 

of    MRd. Especially in fire situation. Thus the  value has been modified so that only the amount 

that is above 1.0 is reduced by 20%. It has been done according to the folllowing expression. 

Coefficient  greater than 1.0 may be used only when bending moment MEd in column depends 

directly on the action of the normal force NEd . Otherwise the cross-sectional force that is causing 

the increase of the resistance should be reduced by 20% ( F 0.8 acc. to EN 1994-1-1, 7.2.1.(7) )

0.7436

In this case:

For steel grades S235 - S355 the coefficient M is taken equal to 0.9

For steel grades S420 - S460 the coefficient M is taken equal to 0.8
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2.2 Fire design (R60) 

Ea. 13.7GPa=>Ea. kEa. Ea
andkEa. 0.065025

Young modulus in fire:

fa. 20.5MPa=>fa. fy ky.
andky. 0.0578

Design yield strength in fire:

Reduction factors for steel tube are taken from Table 6 [1].

steel temperature, ( Appendix  4, value interpolated for us+fi/2 = 45 mm )Ts 488.5deg
 

concrete temperature, (Appendix 3)Tc 475deg

tube temperature, (Appendix 4)Ta 911deg

Temperatures read from [1]:

Leff. 0.5Leff

Effective lenght of the column in fire situation is equal to half the total column length:

fi 20.0mm

n 4

t 6.0mm

col 250.0mm

us 35.0mm

In considered case: 

Also according to [1], us is equal to 35 mm if the outer tube dimension (for rectangular tubes - 

lesser of the dimensions)  is not greater than 300 mm. Otherwise us = 45 mm. 

Temperatures for the steel tube, concrete core and the reinforcement of the concrete core were 

taken from: Betonitaytteisen terasliitto-pilarin suunnitteluohje  [1] . 

The temperatures depend on:

the fire class - in this case R60

the dimensions of the steel tube cross-section

for reinforcement - on the distance from the inner surface of the tube to the axis of the rod of 

the longitudinal reinforcement. Denoted: us + fi/2

Material properties at elevated temperatures in fire situation.
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=> Es. 87864.0MPa

Forces in the column in fire situation:

NSd. 807.0kN

MSd1. 11.5kN m bigger bending moment (upper or lower end)

MSd2. 3.0kN m smaller bending moment (upper or lower end)

(bending moments on the same side of the column have the same signs)

VSd.

MSd1. MSd2.

Leff

VSd. 4.0kN constant shear force

Maximum design bending resistance for the cross-section:

Is calculated similarily to ambient situation but with material resistances in fire situation

Mmax.Rd. Wpa fa. Wps fs.

Wpc

2
fc. Mmax.Rd. 85.4kN m

Design axial resistance of the concrete only is equal to:

NpmRd. Ac fc. NpmRd. 1412kN

Calculation of the new neutral axis in fire is done using the equilibrium equation:

0.5 NpmRd. col 2 t( ) hn. fc. Asn fs. 4 t hn. fa.

Same as previoously Asn is equal to zero because there are no bars lying on the centerline.

Asn 0mm
2

Reduction factors for concrete are taken from Table 7   [1].

Design compressive strength in fire:

kc. 0.6375 and fc. fck kc.
=> fc. 25.5MPa

Young modulus in fire:

cu. 0.01375 and Ecsec. kc.

fck

cu.

=> Ecsec. 1854.5MPa

Reduction factors for reinforcement are taken from Table 8   [1].

Design compressive strength in fire:

ks. 0.70105 and fs. fsk ks.
=> fs. 350.5MPa

Young modulus in fire:

kEs. 0.4184 and Es. Es kEs.
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Long term effects in fire situation are not taken into account.  

Ncr. 5011.6kNNcr.

2

Leff.
2

EIeff.

EIeff. 1645.2kN m
2

EIeff. 0.9 Ea. Ia 0.8 Ecsec. Ic 0.9Es. Is

Effective flexural and axial stiffnesses  (EN 1994-1-1,  6.7.3.3) 

characteristic resistanceNplR. 1973kNNplR. Aa fa. Ac fc. As fs.

design resistanceNplRd. 1973kNNplRd. Aa fa. Ac fc. As fs.

Values of the resistance to axial force  (EN 1994-1-1,   6.7.3.2)

Mpl.Rd. 47.4kN mMpl.Rd. Mmax.Rd. Wpan. fa. Wpsn. fs.

Wpcn.

2
fc.

Wpcn. 2756.9cm
3

Wpcn.

col 2 t( ) 2hn.
2

4
Wpsn.

there are no bars in considered regionWpsn. 0 cm
3

Wpan. 139.0cm
3

Wpan. 2
t 2 hn.

2

4

Where:

Mpl.Rd. Mmax.Rd. Wpan. fa. Wpsn. fs.

Wpcn.

2
fc.

Wpcn.

Plastic bending resistance of the cross section is equal:

hn. 107.627mmhn.

NpmRd. Asn 2 fs. fc.

2 col 2t( ) fc. 4t fa.

After rearranging the equilibrium equation, distance between the centerline and the neutral axis is 

given:
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1.0<
NSd.

NRd.

0.532

Utilization check:

NRd. 1517.2kNNRd. NplRd.

0.769min
1

2 2
1

Where:

 is an imperfection factor, equal to 0.49 (buckling curve C)  

0.8020.5 1 0.2
2

0.627
NplR.

Ncr.

but  =< 1 

1

2 2

Where:

NRd. NplRd.

Axial resistance

EA 293.1MNEA Ea. Aa Es. As Ecsec. Ac

Stiffness to axial compression, used to determine the sectional forces.:

Long term effects in fire situation are not taken into account.  

Ncr.eff. 4496.5kNNcr.eff.

2

Leff.
2

EIeffII.

EIeffII. 1476.1kN m
2

EIeffII. 0.9 Ea. Ia 0.5 Ecsec. Ic Es. Is

Design value of the effective flexural stiffness, used to determine the sectional forces.
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VRd.c.min. vmin. k1 cp. bw dvmin.

With the minimum value of:

VRdc. CRdc 100 min 1 0.02 fc.

1

3
k1 cp. bw dCRdc 100 min 1 0.02 fc.

1

3
k1 cp.

Design value of the shear resistance is given by:

cp. 5.1MPacp. min
NpmRd.

NplRd.

NSd.

Ac

0.2 fc.

Resistance of the concrete without shear reinforcement. (6.2.2)

Resistance of the concrete  (EN 1992-1-1,  6.2)

VplaRds. 22.3kNVplaRds. Av fa. 3

Resistance of the steel tube (EN 1993-1-1,  6.2.6)

Transverse shear 

MSd. 11.5kN mMSd. k MSd1.

Thus:

k 1.0k max k 1

k 0.664k

1
NSd.

Ncr.eff.

0.545max 0.66 0.44
MSd2.

MSd1.

0.44

Where:

k

1
NSd.

Ncr.eff.

Second order effects may be allowed for by multiplying the bigger of the MSd.  by a factor k , 

where k  is greater or equal to 1.0.

Increse of the bending moment due to second order effects. (EN 1994-1-1,  6.7.3.4)
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cp. 10.4MPacp. min
NpmRd.

NplRd.

NSd.

Ac

cw.  depends on cp. .

 

1. 0.5391. 0.6 1
fc.

250MPa

Where:

VRdmax. cw. bw z 1.

fc.

tan cot
1.

but not greater than:

VRds.

Asw

s
z

fs.

tan

The shear resistance of a member with perpendicular shear reinforcement is equal to:

Resistance of concrete cross-section with shear reinforcement (6.2.3) 

VRd.c. 62.2kNVRd.c. max VRdc. VRd.c.min.

Design shear resistance.

VRd.c.min. 58.1kNVRd.c.min. vmin. k1
cp.

MPa
bw d MPa

recommended valuevmin. 0.500vmin. 0.035 k

3

2
fc.

MPa

0.5

Minimum value of the shear resistance:

VRdc. 62.2kNVRdc. CRdc 100 min 1 0.02
fc.

MPa

1

3

k1
cp.

MPa
bw d MPa

CRdc 0.18

Calculation of design shear resistance:
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Va.Sd. max VSd. max VRd.c. VRd.reinf. 0

To simplify the calculation and avoid the reduction of the yield strength, limitation has been 

imposed that:

VRd. 84.5kNVRd. max VRd.c. VRd.reinf. VplaRds.

Otherwise it is equal to:

VRd. VRd.c. VplaRds.

If number of longitudinal reinforcing bars is 0, resistance to shear is calculated from:

Resistance of the column to transverse shear.

VRd.reinf. 11.5kNVRd.reinf. min VRds. VRdmax.

Resistance of cross-section requiring shear reinforcement 

VRdmax. 355.0kNVRdmax. cw. bw z 1.

fc.

tan cot

Resistance of concrete chords in compression:

VRds. 11.5kNVRds.

Asw

s
z

fs.

tan

Asw 56.5mm
2

Resistance of stirrups in tension:

Aswmax. 1749.1mm
2

Aswmax. 0.5 cw. 1. fc. bw
s

fs.

The maximum effective cross-sectional area of the shear reinforcement, calculated for 

cot  = 1, is given by:  

cw. 1.25cw. 1 cp. 0if

1
cp.

fc.

0 cp. 0.25 fc.if

1.25 0.25 fc. cp. 0.5 fc.if

2.5 1
cp.

fc.

0.5 fc. cp.if
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Mmax.Rd.

Mpl.Rd.

1.802

n. 0.242n.

1
MSd2.

MSd1.

4

d. 0.409d.

NSd.

NplRd.

0.769
NRd.

NplRd.

pm. 0.716pm.

NpmRd.

NplRd.

To determine the bending resistance of the cross-section, which is depending on the axial force, 

value of   coefficient has to be callculated. A graphic method is used to determine . (see Figure 

5.) Symbols that are used are evaluated below.

MRd. M Mpl.Rd.

Resistance of column for bending   (EN 1994-1-1,  6.7.3.3)     

Shear does not affect the bending resistance.

0.5<
VSd.

VRd.

0.048

Utilization of the cross-section in shear.

Va.Sd.

VplaRds.

0.0=>Va.Sd. 0.0N

In the considered case:

Va.Sd.

VplaRds.

0.5

 

 



  

 

 

26 (54) 

 

Figure 5. Calculation of µ in fire situation. 
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VRd. 84.5kN

Mpl.Rd. 63.5kN m

Mmax.Rd. 85.4kN m

Mpl.Rd. 47.4kN m

NRd. 1517.2kN

NpmRd. 1412.4kN

NplRd. 1973.0kN

EIeffII. 1476.1kN m
2

EA 293.1MN

Results:

M 0.9<
MSd.

Mpl.Rd.

0.181

Thus: 

1.3405

1.0if

1 F 1 1.0if

1.4256

The bending resistance in fire situation is checked as follows:
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2.3 Fire design at 20 C 

Ecsec. 20 16.0GPa

Reinforcement material charcteristics in fire situation at 20 deg.:

ks. 20 1.000 and fs. 20 fsk ks. 20
=> fs. 20 500.0MPa

kEs. 20 1.000 and Es. 20 Es kEs. 20
=> Es. 20 210.0GPa

Effective lenght    of the column in fire situation is equal to the column length:

Leff. 20 Leff

Forces in the column in fire situation:

NSd. 20 1807.0kN

MSd1. 20 21.5kN m bigger bending moment (upper or lower end)

MSd2. 20 8.0kN m smaller bending moment (upper or lower end)

(bending moments on the same side of the column have the same signs)

VSd. 20

MSd1. 20 MSd2. 20

Leff

VSd. 20 8.2kN constant shear force

Material properties at room temperatures in fire situation.

Temperatures of steel tube, and concrete core is 20 degrees Celsius.

Material properties are taken at temperature 20 degrees.

Steel tube material charcteristics in fire situation at 20 deg.:

ky. 20 1.000 and fa. 20 fy ky. 20
=> fa. 20 355.0MPa

kEa. 20 1.000 and Ea. 20 kEa. 20 Ea
=> Ea. 20 210.0GPa

Concrete charcteristics in fire situation at 20 deg.:

kc. 20 1.000 and fc. 20 fck kc. 20
=> fc. 20 40.0MPa

cu. 20 0.00250 and Ecsec. 20 kc. 20

fck

cu. 20

=>
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Mpl.Rd. 20 268.3kN m

Mpl.Rd. 20 Mmax.Rd. 20 Wpan. 20 fa. 20 Wpsn. 20 fs. 20

Wpcn. 20

2
fc. 20

Wpcn. 20 897.4cm
3

Wpcn. 20

col 2 t( ) 2hn. 20
2

4
Wpsn. 20

there are no bars in considered regionWpsn. 20 0 cm
3

Wpan. 20 45.2cm
3

Wpan. 20 2
t 2 hn. 20

2

4

Where:

Mpl.Rd. 20 Mmax.Rd. 20 Wpan. 20 fa. 20 Wpsn. 20 fs. 20

Wpcn. 20

2
fc. 20

Wpcn. 20

Plastic bending resistance of the cross section is equal:

hn. 20 61.405mmhn. 20

NpmRd. 20 Asn 2 fs. 20 fc. 20

2 col 2t( ) fc. 20 4t fa. 20

After rearranging the equilibrium equation, distance between the centerline and the neutral axis is 

given:

Asn 0mm
2

Same as previoously Asn is equal to zero because there are no bars lying on the centerline.

0.5 NpmRd. 20 col 2 t( ) hn. 20 fc. 20 Asn fs. 20 4 t hn. 20 fa. 20

Calculation of the new neutral axis is done using the equilibrium equation:

NpmRd. 20 2215kNNpmRd. 20 Ac fc. 20

Design axial resistance of the concrete only is equal to:

Mmax.Rd. 20 302.3kN mMmax.Rd. 20 Wpa fa. 20 Wps fs. 20

Wpc

2
fc. 20

Is calculated similarily to ambient situation but with material resistances.

Maximum design bending resistance for the cross-section:
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20 0.79220 0.5 1 20 0.2 20
2

20 0.61720

NplR. 20

Ncr. 20

but  =< 1 20
1

20 20
2

20
2

20

NRd. 20 20 NplRd. 2020

Axial resistance

EA 20 2379.9MNEA 20 Ea. 20 Aa Es. 20 As Ecsec. 20 Ac

Stiffness to axial compression, used to determine the sectional forces.:

Long term effects in fire situation are not taken into account.  

Ncr.eff. 20 10787.3kNNcr.eff. 20

2

Leff. 20
2

EIeffII. 20

EIeffII. 20 14165.0kN m
2

EIeffII. 20 0.9 Ea. 20 Ia 0.5 Ecsec. 20 Ic Es. 20 Is

Design value of the effective flexural stiffness, used to determine the sectional forces.

Long term effects in fire situation are not taken into account.  

Ncr. 20 12938.1kNNcr. 20

2

Leff. 20
2

EIeff. 20

EIeff. 20 16989.3kN m
2

EIeff. 20 Ea. 20 Ia 0.8 Ecsec. 20 Ic Es. 20 Is

Effective flexural and axial stiffnesses    (EN 1994-1-1,  6.7.3.3) 

characteristic resistanceNplR. 20 4923kNNplR. 20 Aa fa. 20 Ac fc. 20 As fs. 20

design resistanceNplRd. 20 4923kNNplRd. 20 Aa fa. 20 Ac fc. 20 As fs. 20

Values of the resistance to axial force    (EN 1994-1-1,   6.7.3.2)

 

 



  

 

 

31 (54) 

MSd. 20 21.5kN mMSd. 20 k 20 MSd1. 20

Thus:

k 20 1.000k 20 max k 20 1

k 20 0.596k 20
20

1
NSd. 20

Ncr.eff. 20

20 0.49620 max 0.66 0.44
MSd2. 20

MSd1. 20

0.44

Where:

k 20
20

1
NSd. 20

Ncr.eff. 20

20

Second order effects may be allowed for by multiplying the bigger of the MSd.  by a factor k , 

where k  is greater or equal to 1.0.

Increse of the bending moment due to second order effects   (EN 1994-1-1,  6.7.3.4)

1.0<
NSd. 20

NRd. 20

0.473

Utilization check:

NRd. 20 3816.9kNNRd. 20 20 NplRd. 20

20 0.77520 min
1

20 20
2

20
2

1

Where:

 is an imperfection factor, equal to 0.49 (buckling curve C)  
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VRd.c. 20 86.5kNVRd.c. 20 max VRdc. 20 VRd.c.min. 20

Design shear resistance.

VRd.c.min. 20 83.9kNVRd.c.min. 20 vmin. 20 k1
cp. 20

MPa
bw d MPa

recommended valuevmin. 20 0.626vmin. 20 0.035 k

3

2
fc. 20

MPa

0.5

Minimum value of the shear resistance:

VRdc. 20 86.5kN

VRdc. 20 CRdc 100 min 1 0.02
fc. 20

MPa

1

3

k1
cp. 20

MPa
bw d MPa

CRdc 0.18

Calculation of design shear resistance:

VRd.c.min. 20 vmin. 20 k1 cp. 20 bw dvmin. 20

With the minimum value of:

VRdc. 20 CRdc 100 min 1 0.02 fc. 20

1

3
k1 cp. 20 bw dCRdc 100 min 1 0.02 fc. 20

1

3
k1 cp. 20

Design value of the shear resistance is given by:

cp. 20 8.0MPacp. 20 min
NpmRd. 20

NplRd. 20

NSd. 20

Ac

0.2 fc. 20

Resistance of the concrete without shear reinforcement. (6.2.2)

Resistance of the concrete (EN 1992-1-1,  6.2)

VplaRds. 20 386.3kNVplaRds. 20 Av fa. 20 3

Resistance of the steel tube (EN 1993-1-1,  6.2.6)

Transverse shear 
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VRds. 20 16.4kNVRds. 20

Asw

s
z

fs. 20

tan

Asw 56.5mm
2

Resistance of stirrups in tension:

Aswmax. 20 1799.3mm
2

Aswmax. 20 0.5 cw. 20 1. 20 fc. 20 bw
s

fs. 20

The maximum effective cross-sectional area of the shear reinforcement, calculated for 

cot  = 1, is given by:  

cw. 20 1.25cw. 20 1 cp. 20 0if

1
cp. 20

fc. 20

0 cp. 20 0.25 fc. 20if

1.25 0.25 fc. 20 cp. 20 0.5 fc. 20if

2.5 1
cp. 20

fc. 20

0.5 fc. 20 cp. 20if

cp. 20 14.7MPacp. 20 min
NpmRd. 20

NplRd. 20

NSd. 20

Ac

cw. 20 depends on cp. 20.

 

1. 20 0.5041. 20 0.6 1
fc. 20

250MPa

Where:

VRdmax. 20 cw. 20 bw z 1. 20

fc. 20

tan cot
1. 20

but not greater than:

VRds. 20

Asw

s
z

fs. 20

tan

The shear resistance of a member with perpendicular shear reinforcement is equal to:

Resistance of concrete cross-section with shear reinforcement (6.2.3) 
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Shear does not affect the bending resistance.

0.5<
VSd. 20

VRd. 20

0.017

Utilization of the cross-section in shear.

Va.Sd. 20

VplaRds. 20

0.0=>Va.Sd. 20 0.0N

In the considered case:

Va.Sd. 20

VplaRds. 20

0.5

Va.Sd. 20 max VSd. 20 max VRd.c. 20 VRd.reinf. 20 0

To simplify the calculation and avoid the reduction of the yield strength, limitation has been 

imposed that:

VRd. 20 472.8kNVRd. 20 max VRd.c. 20 VRd.reinf. 20 VplaRds. 20

Otherwise it is equal to:

VRd. 20 VRd.c. 20 VplaRds. 20

If number of longitudinal reinforcing bars is 0, resistance to shear is calculated from:

Resistance of the column to transverse shear.

VRd.reinf. 20 16.4kNVRd.reinf. 20 min VRds. 20 VRdmax. 20

Resistance of cross-section requiring shear reinforcement 

VRdmax. 20 520.9kNVRdmax. 20 cw. 20 bw z 1. 20

fc. 20

tan cot

Resistance of concrete chords in compression:
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Resistance of column for bending   (EN 1994-1-1,  6.7.3.3)     

MRd. 20 M 20 Mpl.Rd. 2020

To determine the bending resistance of the cross-section, which is depending on the axial force, 

value of  coefficient has to be callculated. A graphic method is used to determine . (see Figure 

6). Symbols that are used are evaluated below.

pm. 20

NpmRd. 20

NplRd. 20
pm. 20 0.450

20

NRd. 20

NplRd. 20
20 0.775

d. 20

NSd. 20

NplRd. 20
d. 20 0.367

n. 20 20

1
MSd2. 20

MSd1. 20

4
n. 20 0.266

Mmax.Rd. 20

Mpl.Rd. 20

1.127

 

 

Figure 6. Calculation of µ in fire situation. 
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VRd. 20 472.8kN

20 Mpl.Rd. 20 259.1kN m

Mmax.Rd. 20 302.3kN m

Mpl.Rd. 20 268.3kN m

NRd. 20 3816.9kN

NpmRd. 20 2215.5kN

NplRd. 20 4922.7kN

EIeffII. 20 14165.0kN m
2

EA 20 2379.9MN

Results: 

M 0.9<
MSd. 20

20 Mpl.Rd. 20

0.083

Thus: 

20 0.9657

20 20 20 1.0if

20 1 F 1 20 1.0if

20 0.9657

The bending resistance in fire situation is checked as follows:
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3 CIRCULAR COLUMN 

3.1 Ambient design  

effective length of the columnLeff 2000mm

distance from the inner surface of the tube to the surface of the barus 45mm

stirrups spacings 375mm

diameter of stirrupsfis 8mm

diameter of reinforcing barsfi 25mm

number of reinforcing barsn 6

wall thickness of the steel tubet 6mm

width and height of the steel tubecol 355.6mm

Data for the calculation:

 

fi.
s

col

fi

t

u.s

 

Figure 7. Symbols used for the basic design variables. 

 

Young modulusEs 210000MPaEcm 35000MPaEa 210000MPa

design strengthsfsd 434.8MPafcd 29.6MPafad 322.7MPa

material safety factorgammas 1.15gammac 1.35gammaa 1.1

characteristic strengthfsk 500MPafck 40MPafy 355MPa

ReinforcementConcreteSteel

are the same is in previous exampleMaterial properties
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cross-section area 

of the reinforcement
As n Abar As 2945mm

2

distance between the axis of 

the outermost bar to the 

midline of the column

dist
col

2
t us

fi

2
dist 114.3mm

Wps Abar dist 4 sin
6

2 Wps 224.4cm
3

plastic modulus of the 

reinforcement cross-section

second moment of area

of the reinforcement
Is Abar dist

2
4 sin

6

2

2 Is 1.924 10
7

mm
4

Concrete core

gross cross-section area 

of the concrete
Acgross

4
col 2 t( )

2
Acgross 92725mm

2

nett cross-section area 

of the concrete
Ac Acgross As Ac 89780mm

2

plastic modulus of the concrete 

cross-section
Wpc

1

6
col 2 t( )

3
Wps Wpc 6536.5cm

3

Forces in the column in normal situation:

NSd 542.0kN

MSd1 131.5kN m bigger bending moment (upper or lower end)

MSd2 113.0kN m smaller bending moment (upper or lower end)

VSd 122.3kN constant shear force

Characteristics of the cross section 

Steel tube

Aa
4

col( )
2

col 2 t( )
2

Aa 6590mm
2

tube cross-section area

Ia
64

col( )
4

col 2 t( )
4

Ia 1.007 10
8

mm
4

tube second moment of area

Wpa
1

6
col( )

3
col 2 t( )

3
Wpa 7.334 10

5
mm

3
plastic modulus

Reinforcement 

cross-section area 

of a single bar
Abar

fi
2

4
Abar 491mm

2
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Calculation of the location of the neutral axis.

Mmax.Rd 431.1kN mMmax.Rd Wpa fad Wps fsd

Wpc

2
fcd

Maximum design bending resistance for the cross-section is given by equation:

Requirement met
min 1.5 %>3.2%>

max 6.0 %
As

Acgross

Check if the reinforcement meets the requirement of the reinforcement level

Ic 6.650 10
8

mm
4

Ic Icgross Is
nett second moment of area

of the concrete

Icgross 6.842 10
8

mm
4

Icgross
col 2 t( )

4

64

gross second moment of area

of the concrete

 

h
.n

A.cn

A.sn

A.an

 

Figure 8. Symbols used in calculation of plastic bending resistance 

 

Design axial resistance of the concrete only is equal to:

NpmRd Ac fcd NpmRd 2660kN

Equilibrium equation:

0.5 NpmRd 0.5 Acn fcd Asn fsd Aan fad

Due to the shape of the column cross-section, the calculation of hn is very difficult. An iterational 

method has been used to compute this. Concrete core has been divided into 200.000 layers, hn  

has been moving away from the centerline one layer at a time and equilibrium equation has been 

checked at each step. The first value of hn for which the right side of the equation got bigger than 

the left is the neutral axis  (Appendix).  
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According to [1], if  is smaller than vert, long term effects do not need to be taken into 

account.  

vert 1.232vert
0.8

1

0.277
NplR

Ncr

is the relative slenderness of the column, has to be smaller 

than 2  (EN 1994-1-1  6.7.3.3)

0.351
Aa fad

NplRd

is the contribution ratio of the steel tube, has to be between 

0.2 and 0.9 - only then column works as a composite

Check if the long term effect need to be taken into account

Ncr 96605.0kNNcr

2

Leff
2

EIeff

EIeff 39152.5kN m
2

EIeff Ea Ia 0.6 Ecm Ic Es Is

Effective flexural and axial stiffnesses  (EN 1994-1-1,  6.7.3.3) 

characteristic resistanceNplR 7403kNNplR Aa fy Ac fck As fsk

design resistanceNplRd 6067kNNplRd Aa fad Ac fcd As fsd

Values of the resistance to axial force  (EN 1994-1-1,   6.7.3.2)

Mpl.Rd 386.4kN m

Mpl.Rd Mmax.Rd Wpan fad Wpsn fsd

Wpcn

2
fcd

With this data Mpl.Rd can be now calculated.

Wpcn 985770 mm
3

Wpan 37814mm
3

Wpsn 41117mm
3

Asn 808mm
2

Thus:

hn 55.41mm
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plastic shear resistance of the tube.VplaRds 1048.1kNVplaRds

Av fy 3

gammaa

area in shear for RHSAv 1875.0mm
2

Av As
2

Resistance of the steel tube (EN 1993-1-1,  6.2.6)

Transverse shear 

1.0<
NSd

NRd

0.089

Utilization check:

NRd 6067.4kNNRd NplRd

 
1

NSd

NplRd

0.089

Where:

 is the reduction factor for the relevant buckling mode, in terms of 

relative slenderness  (EN 1993-1-1, 6.3.1.2)

if  0.2 or N.Sd/N.plRd =< 0.1  than  = 1.

NRd NplRd

Axial resistance  (EN 1994-1-1,  6.7.3.5)

EA 5144.6MNEA Ea Aa Es As Ecm Ac

Stiffness to axial compression, used to determine the sectional forces.:

Ncr.eff 81776.2kNNcr.eff

2

Leff
2

EIeffII

EIeffII 33142.6kN m
2

EIeffII 0.9 Ea Ia 0.5 Ecm Ic Es Is

Design value of the effectibve flexural stiffness, used to determine the sectional forces.

(EN 1994-1-1 6.7.3.4)
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Resistance of the concrete (EN 1992-1-1,  6.2)

As a simplification the heigth and width od the column cross-section core are taken as 0.8 of the 

actual core diameter [2]. Core shear resistance is calculated as for rectangular section. (Figure 9.)

 

col-2t

d

 

Figure 9. Effective width and depth of the cross section. 

VRd.c.min vmin k1 cp bw dk1

With the minimum value of:

VRdc CRdc 100 min 1 0.02 fck

1

3
k1 cp bw dk1

Design value of the shear resistance is given by:

cp 2.6MPacp min
NpmRd

NplRd

NSd

Ac

0.2 fcd

Resistance of the concrete without shear reinforcement. (6.2.2)

1 0.0311

Asl

bw d

ratio of the longitudinal 

reinforcement

Asl 1876.6mm
2

Asl

As Asn

2

area of the tensile reinforcement, 

properly anchored 

effective width of the cross section bw 274.9mmbw 0.8 col 2 t( )

effective depth of the cross-section d 217.4mmd 0.8 col 2 t( ) us
fi

2
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z 195.6mmz 0.9 d

45deg
angle between concrete compression 

strut and column axis [degrees]. If not 

proven otherwise equal to 45 degrees.

Where:

VRdmax cw bw z 1

fcd

tan cot

but not greater than:

VRds

Asw

s
z

fsd

tan

The shear resistance of a member with perpendicular shear reinforcement is equal to:

Resistance of concrete cross-section with shear reinforcement (6.2.3) 

VRd.c 60.0kNVRd.c max VRdc VRd.c.min

In the end design shear resistance is the bigger of the velues VRdc and VRd.c.min.  

VRd.c.min 60.0kNVRd.c.min vmin k1
cp

MPa
bw d MPa

recommended valuevmin 0.607vmin 0.035 k

3

2
fck

MPa

0.5

k 2.0k min 1
200mm

d

0.5

2

Minimum value of the shear resistance:

VRdc 58.1kNVRdc CRdc 100 min 1 0.02
fck

MPa

1

3

k1
cp

MPa
bw d MPa

recommended valuek1 0.15

recommended valueCRdc 0.133CRdc
0.18

gammac

Calculation of design shear resistance:
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VRd.reinf 22.8kNVRd.reinf min VRds VRdmax

Resistance of cross-section requiring shear reinforcement 

VRdmax 437.4kNVRdmax cw bw z 1

fcd

tan cot

Resistance of concrete chords in compression:

VRds 22.8kNVRds

Asw

s
z

fsd

tan

Resistance of stirrups in tension:

Asw 100.5mm
2

Asw 2 fis
2

4

Cross sectional area of a single stirrup.

Aswmax 1928.4mm
2

Aswmax 0.5 cw 1 fcd bw
s

fsd

The maximum effective cross-sectional area of the shear reinforcement, calculated for 

cot  = 1, is given by:  

cw 1.09cw 1 cp 0if

1
cp

fcd

0 cp 0.25 fcdif

1.25 0.25 fcd cp 0.5 fcdif

2.5 1
cp

fcd

0.5 fcd cpif

cp 2.6MPacp min
NpmRd

NplRd

NSd

Ac

cw is the coefficient taking account of the state of the stress in the compression chord, it 

depends on cp.

1 is the strength reduction factor for concrete cracked in shear 

1 0.5041 0.6 1
fck

250MPa
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0.5<
VSd

VRd

0.110

Utilization of the cross-section in shear.

Va.Sd

VplaRds

0.059=>Va.Sd 62.3kN

In the considered case:

Va.Sd

VplaRds

0.5

To avoid the reduction of the yield strength, limitation has been imposed:

VplaRds  is the plastic design resistance of the steel tube only

Va.Sd is the part of the shear force that is coming to the steel tube, assuming that 

the resistance of the concrete core to shear is fully utilized.  Va.Sd is 

calculated as follow:

Va.Sd max VSd max VRd.c VRd.reinf 0

Where:

shear 2
Va.Sd

VplaRds

1

2
Va.Sd

Where:

1 shear fyd

Influence of shear on the resistance to bending has to be taken into account if the part of the 

shear force that is coming to the steel tube Va.Sd is greater than half it's resistance VplaRds

It is done by reduction of the design resistance of the steel tube, calculated using reduced yield 

strength in the part of the tube that carries shear - Av  (EN 1993-1-1,  6.2.8).

VRd 1108.1kNVRd max VRd.c VRd.reinf VplaRds

Otherwise it is equal to:

VRd VRd.c VplaRds

If number of longitudinal reinforcing bars is 0, resistance to shear is calculated from:

Resistance of the column to transverse shear.
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Mmax.Rd

Mpl.Rd

1.116

n 0.465n

1
MSd2

MSd1

4

d 0.089d

NSd

NplRd

1.000
NRd

NplRd

pm 0.438pm

NpmRd

NplRd

To determine the bending resistance of the cross-section, which is depending on the axial force, 

value of   coefficient has to be calculated. A graphic method is used to determine  (Figure 11.) 

Symbols that are used are evaluated below.

MRd M Mpl.Rd

Resistance of column for bending    (EN 1994-1-1,  6.7.3.3)     

Shear does not affect the bending resistance.

1.0<
2 VSd

VRd

0.221

Rewritten in another form:
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Figure 10. Graphic method for calculating . 

0.8 1 1

1.0377

Thus: 

MSd

Mpl.Rd

0.328 <
M 0.9

Results:

EA 5144.6MN

EIeffII 33.1MN m
2

NplRd 6067.4kN

NpmRd 2660.1kN

NRd 6067.4kN

Mpl.Rd 386.4kN m

Mmax.Rd 431.1kN m

Mpl.Rd 401.0kN m

VRd 1108.1kN
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4 RESULTS 

Following some resistances of different column cross-section are presented.  

The results are for three design situations: 

 At ambient temperature 

 In fire situation (R60), at elevated temperature  

 In fire situation, at 20 C 
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S355 

C 40/50 

A500 HW 

 

 

 

 

Table 1. Resistances of square columns. 

 

 

steel tube reinf. N.pl.Rd M.pl.Rd N.pm.Rd N.fi.pl.Rd M.fi.pl.Rd N.fi.pm.Rd N.20.pl.Rd M.20.pl.Rd N.20.pm.Rd

150 x 150 x 5 0T00 1517 57 581 323 4 265 1814 64 784

150 x 150 x 5 4T12 1700 63 567 450 8 258 2022 70 766

150 x 150 x 5 4T16 1842 67 557 550 11 254 2183 75 752

180 x 180 x 5 0T00 1986 84 856 634 6 564 2399 94 1156

180 x 180 x 5 4T12 2169 93 843 780 13 555 2607 104 1138

180 x 180 x 5 4T16 2312 99 832 893 18 548 2768 111 1124

180 x 180 x 5 4T20 2495 106 819 1039 24 539 2977 119 1106

180 x 180 x 5 4T25 2781 116 798 1399 37 525 3302 131 1077

200 x 200 x 5 0T00 2328 106 1070 848 7 769 2829 118 1444

200 x 200 x 5 4T16 2654 124 1046 1113 22 752 3198 139 1412

200 x 200 x 5 4T20 2837 133 1032 1262 30 742 3407 149 1394

200 x 200 x 5 4T25 3124 146 1011 1634 48 727 3732 164 1365

200 x 200 x 6 0T00 2550 124 1047 848 9 753 3067 138 1414

200 x 200 x 6 4T16 2876 141 1023 1108 23 736 3437 158 1382

200 x 200 x 6 4T20 3059 150 1010 1343 35 726 3645 169 1363

200 x 200 x 6 4T25 3345 163 989 1621 47 711 3970 183 1335

220 x 220 x 6 0T00 2939 152 1282 1130 11 1025 3554 169 1731

220 x 220 x 6 4T16 3265 173 1258 1392 28 1006 3924 193 1698

220 x 220 x 6 4T20 3449 184 1245 1630 43 996 4132 206 1680

220 x 220 x 6 4T25 3735 200 1224 1911 58 979 4457 224 1652

250 x 250 x 6 0T00 3568 199 1678 1565 14 1444 4345 222 2266

250 x 250 x 6 4T16 3894 225 1655 1761 31 1424 4715 252 2234

250 x 250 x 6 4T20 4077 239 1641 1973 47 1412 4923 268 2215

250 x 250 x 6 4T25 4364 260 1620 2203 64 1394 5248 292 2187

250 x 250 x 6 8T20 4586 272 1604 2381 84 1380 5501 308 2165

250 x 250 x 6 8T25 5159 307 1562 2841 117 1344 6151 350 2109

300 x 300 x 8 0T00 5405 377 2390 2544 28 2347 6543 421 3226

300 x 300 x 8 4T20 5915 429 2353 2933 70 2311 7121 481 3176

300 x 300 x 8 4T25 6201 457 2332 3296 105 2290 7447 512 3148

300 x 300 x 8 4T32 6709 503 2294 3776 150 2253 8023 566 3098

300 x 300 x 8 8T25 6996 518 2273 4048 187 2233 8350 587 3069

300 x 300 x 8 8T32 8012 595 2199 5007 270 2160 9503 678 2969

350 x 350 x 10 0T00 7616 636 3227 3714 52 3398 9184 709 4356

350 x 350 x 10 4T20 8125 695 3189 4259 117 3358 9762 777 4306

350 x 350 x 10 4T25 8411 726 3168 4600 155 3336 10087 813 4277

350 x 350 x 10 4T32 8919 779 3131 5207 220 3297 10664 874 4227

350 x 350 x 10 8T25 9207 797 3110 5487 268 3275 10990 900 4199

350 x 350 x 10 8T32 10223 888 3036 6700 393 3197 12144 1008 4099

400 x 400 x 10 0T00 9313 845 4279 5070 69 4707 11314 943 5776

400 x 400 x 10 4T20 9822 918 4241 5615 149 4666 11892 1027 5726

400 x 400 x 10 4T25 10109 957 4220 5954 196 4643 12217 1071 5697

400 x 400 x 10 4T32 10616 1023 4183 6560 277 4603 12794 1148 5647

COLUMN AMBIENT FIRE - R60 FIRE at 20 C
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Table 2. Resistances of circular columns, with some of the bars lying on the centerline 

 

steel tube reinf. N.pl.Rd M.pl.Rd N.pm.Rd N.fi.pl.Rd M.fi.pl.Rd N.fi.pm.Rd N.20.pl.Rd M.20.pl.Rd N.20.pm.Rd

168,3 x 5 0T00 1411 49 583 381 4 325 1698 55 787

168,3 x 5 4T12 1594 55 570 539 10 317 1906 62 769

168,3 x 5 4T16 1737 58 559 662 14 311 2068 66 755

168,3 x 5 4T20 1920 62 546 821 16 304 2276 70 737

219,1 x 5 0T00 2103 86 1017 852 8 773 2567 97 1374

219,1 x 5 4T16 2429 103 994 1212 30 755 2937 116 1341

219,1 x 5 4T20 2612 110 980 1414 39 744 3146 126 1323

219,1 x 5 4T25 2898 119 959 1752 49 728 3471 138 1295

219,1 x 5 6T25 3296 129 930 2201 60 706 3922 149 1256

273 x 5 0T00 2968 138 1610 1538 13 1434 3667 155 2173

273 x 5 4T16 3294 162 1586 1884 45 1413 4037 183 2141

273 x 5 4T20 3477 174 1572 2079 61 1401 4246 198 2123

273 x 5 4T25 3764 191 1551 2428 84 1382 4571 218 2094

273 x 5 6T25 4162 206 1522 2873 100 1356 5022 235 2055

273 x 6 0T00 3209 162 1585 1556 15 1429 3927 181 2140

273 x 6 4T16 3535 185 1561 1907 48 1407 4297 208 2108

273 x 6 4T20 3719 196 1548 2105 63 1395 4505 222 2090

273 x 6 4T25 4005 212 1527 2448 85 1376 4830 242 2062

273 x 6 6T25 4403 227 1498 2894 101 1350 5282 259 2022

323,9 x 6 0T00 4198 233 2264 2426 22 2269 5183 261 3056

323,9 x 6 4T20 4707 279 2227 2983 87 2232 5762 315 3006

323,9 x 6 4T25 4993 301 2206 3322 120 2211 6087 343 2978

323,9 x 6 6T25 5391 320 2177 3770 142 2182 6538 365 2938

323,9 x 6 4T32 5501 337 2169 3930 167 2174 6663 386 2928

323,9 x 6 6T32 6153 367 2121 4683 202 2126 7403 421 2863

323,9 x 6 8T32 6804 438 2073 5435 284 2078 8143 503 2799

355,6 x 6 0T00 4874 284 2747 3012 28 2837 6048 318 3709

355,6 x 6 4T20 5383 334 2710 3601 103 2799 6626 378 3659

355,6 x 6 4T25 5670 360 2689 3933 139 2777 6952 409 3630

355,6 x 6 6T25 6067 380 2660 4394 163 2747 7403 432 3591

355,6 x 6 4T32 6177 400 2652 4522 194 2739 7528 458 3580

355,6 x 6 6T32 6829 432 2604 5277 231 2690 8268 495 3516

355,6 x 6 8T32 7481 507 2557 6032 318 2641 9008 582 3452

406,4 x 8 0T00 6778 485 3547 4103 53 3807 8343 543 4788

406,4 x 8 6T20 7542 559 3491 4986 125 3747 9210 631 4713

406,4 x 8 12T20 8306 647 3435 5868 279 3687 10077 733 4637

406,4 x 8 6T25 7971 597 3460 5482 161 3713 9698 676 4670

406,4 x 8 6T32 8733 661 3404 6363 302 3653 10562 753 4595

406,4 x 8 8T32 9385 753 3356 7116 408 3602 11302 858 4531

457 x 8 0T00 8168 623 4526 5379 69 5041 10116 697 6110

457 x 8 8T20 9186 755 4451 6553 256 4958 11272 853 6009

457 x 8 8T25 9759 826 4409 7213 346 4911 11922 935 5953

457 x 8 8T32 10774 945 4335 8384 472 4828 13075 1076 5852

508 x 10 0T00 10591 947 5542 6917 124 6359 13036 1060 7482

508 x 10 8T20 11609 1096 5467 8089 336 6274 14192 1235 7381

COLUMN AMBIENT FIRE - R60 FIRE at 20 C
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Table 3. Resistances of circular columns, without any bars lying on the centerline 

 

steel tube reinf. N.pl.Rd M.pl.Rd N.pm.Rd N.fi.pl.Rd M.fi.pl.Rd N.fi.pm.Rd N.20.pl.Rd M.20.pl.Rd N.20.pm.Rd

168,3 x 5 0T00 1411 49 583 381 4 325 1698 55 787

168,3 x 5 4T12 1594 54 570 539 8 317 1906 60 769

168,3 x 5 4T16 1737 57 559 662 11 311 2068 64 755

168,3 x 5 4T20 1920 62 546 821 15 304 2276 69 737

219,1 x 5 0T00 2103 86 1017 852 8 773 2567 97 1374

219,1 x 5 4T16 2429 101 994 1212 21 755 2937 112 1341

219,1 x 5 4T20 2612 108 980 1414 30 744 3146 121 1323

219,1 x 5 4T25 2898 119 959 1752 45 728 3471 134 1295

219,1 x 5 6T25 3296 137 930 2201 69 706 3922 156 1256

273 x 5 0T00 2968 138 1610 1538 13 1434 3667 155 2173

273 x 5 4T16 3294 160 1586 1884 32 1413 4037 177 2141

273 x 5 4T20 3477 170 1572 2079 41 1401 4246 190 2123

273 x 5 4T25 3764 186 1551 2428 62 1382 4571 208 2094

273 x 5 6T25 4162 212 1522 2873 106 1356 5022 242 2055

273 x 6 0T00 3209 162 1585 1556 15 1429 3927 181 2140

273 x 6 4T16 3535 183 1561 1907 33 1407 4297 205 2108

273 x 6 4T20 3719 195 1548 2105 43 1395 4505 217 2090

273 x 6 4T25 4005 211 1527 2448 65 1376 4830 235 2062

273 x 6 6T25 4403 234 1498 2894 107 1350 5282 266 2022

323,9 x 6 0T00 4198 233 2264 2426 22 2269 5183 261 3056

323,9 x 6 4T20 4707 276 2227 2983 56 2232 5762 308 3006

323,9 x 6 4T25 4993 298 2206 3322 82 2211 6087 332 2978

323,9 x 6 6T25 5391 328 2177 3770 149 2182 6538 372 2938

323,9 x 6 4T32 5501 334 2169 3930 129 2174 6663 373 2928

323,9 x 6 6T32 6153 383 2121 4683 216 2126 7403 436 2863

323,9 x 6 8T32 6804 432 2073 5435 275 2078 8143 494 2799

355,6 x 6 0T00 4874 284 2747 3012 28 2837 6048 318 3709

355,6 x 6 4T20 5383 328 2710 3601 78 2799 6626 364 3659

355,6 x 6 4T25 5670 350 2689 3933 89 2777 6952 389 3630

355,6 x 6 6T25 6067 386 2660 4394 173 2747 7403 439 3591

355,6 x 6 4T32 6177 388 2652 4522 138 2739 7528 433 3580

355,6 x 6 6T32 6829 446 2604 5277 243 2690 8268 508 3516

355,6 x 6 8T32 7481 499 2557 6032 308 2641 9008 571 3452

406,4 x 8 0T00 6778 485 3547 4103 53 3807 8343 543 4788

406,4 x 8 6T20 7542 563 3491 4986 177 3747 9210 636 4713

406,4 x 8 12T20 8306 777 3435 5868 467 3687 10077 883 4637

406,4 x 8 6T25 7971 605 3460 5482 230 3713 9698 684 4670

406,4 x 8 6T32 8733 676 3404 6363 317 3653 10562 768 4595

406,4 x 8 8T32 9385 741 3356 7116 398 3602 11302 844 4531

457 x 8 0T00 8168 623 4526 5379 69 5041 10116 697 6110

457 x 8 8T20 9186 751 4451 6553 261 4958 11272 851 6009

457 x 8 8T25 9759 817 4409 7213 353 4911 11922 929 5953

457 x 8 8T32 10774 930 4335 8384 492 4828 13075 1060 5852

508 x 10 0T00 10591 947 5542 6917 124 6359 13036 1060 7482

508 x 10 8T20 11609 1091 5467 8089 341 6274 14192 1232 7381

COLUMN AMBIENT FIRE - R60 FIRE at 20 C
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Table 4. Resistances of rectangular columns  about major axis. 
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Table 5. Resistances of rectangular columns  about minor axis. 

 

 

 

 

steel tube reinf. N.pl.Rd M.pl.Rd N.pm.Rd N.fi.pl.Rd M.fi.pl.Rd N.fi.pm.Rd N.20.pl.Rd M.20.pl.Rd N.20.pm.Rd

200 x 120 x 5 0T00 1620 77 619 313 6 251 1937 86 836

200 x 120 x 5 4T10 1747 84 610 372 9 247 2081 94 823

250 x 150 x 6 0T00 2476 145 973 735 11 640 2967 162 1314

250 x 150 x 6 4T12 2659 160 960 844 20 632 3175 179 1296

250 x 150 x 6 4T16 2802 171 949 930 27 625 3337 192 1282

300 x 200 x 8 0T00 4048 291 1548 1449 23 1285 4839 325 2090

300 x 200 x 8 4T16 4373 325 1524 1673 47 1266 5209 365 2058

300 x 200 x 8 4T20 4557 343 1511 1800 60 1255 5417 385 2040

300 x 200 x 8 4T25 4843 370 1490 2147 94 1237 5743 417 2012

COLUMN AMBIENT FIRE - R60 FIRE at 20 C

steel tube reinf. N.pl.Rd M.pl.Rd N.pm.Rd N.fi.pl.Rd M.fi.pl.Rd N.fi.pm.Rd N.20.pl.Rd M.20.pl.Rd N.20.pm.Rd

120 x 200 x 5 0T00 1620 51 619 313 3 251 1937 57 836

120 x 200 x 5 4T10 1747 53 610 372 4 247 2081 60 823

150 x 250 x 6 0T00 2476 97 973 735 7 640 2967 108 1314

150 x 250 x 6 4T12 2659 102 960 844 10 632 3175 114 1296

150 x 250 x 6 4T16 2802 106 949 930 12 625 3337 118 1282

200 x 300 x 8 0T00 4048 212 1548 1449 15 1285 4839 236 2090

200 x 300 x 8 4T16 4373 228 1524 1673 27 1266 5209 255 2058

200 x 300 x 8 4T20 4557 237 1511 1800 34 1255 5417 265 2040

200 x 300 x 8 4T25 4843 248 1490 2147 49 1237 5743 279 2012

COLUMN AMBIENT FIRE - R60 FIRE at 20 C
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5 SUMMARY 

Calculation of the resistances of different concrete-filled tubes has been presented.  

For square column the resistance calculation is presented in 3 situations: 

 At ambient temperature 

 At elevated temperature in fire situation (fire class R60) 

 At 20 C in fire situation 

For circular column  only at ambient temperature 

 

The calculation of hn for round column takes into account reinforcing bars lying in the area 

between -hn and +hn from the centerline. It is also possible that only part of the bar is in this 

range. Matlab program has been written to iteratively find the location of the neutral axis. 

Concrete core of the column had been divided into 200 000 layers, the axis had been moved 

one layer at a time until the equilibrium of the internal forces was obtained.  

Including the reinforcement Aan in the calculation lead to observation that in some cases the 

bending resistance of a column varies up to 57% (at elevated temperature), depending on the 

arrangement of the bars. The difference is maximum 17% in normal design situation.  

 

Also calculation of shear resistance of columns has been presented. Shear resistance have to 

be calculated for columns that are rigidly connected with the beams, and thus carry the shear 

loads. Assumption has been made that shear stresses in the steel tube, due to shear, are less 

than half the yield strength and do not affect the bending resistance.  

For the circular column the shear area of the concrete has been taken as square with the size 

of 0.8 times the core diameter.  

 

In the end the resistances of different cross-sections of columns, in 3 design situations, have 

been presented.  
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APPENDIX 

 

Part of the MATLAB script that calculates hn, Wpsn and Asn needed for the calculation of plastic 

bending resistance of a circular cross-section column. Presented example regards column with 6 

reinforcing bars, with none of them lying on the centerline.  

 

r = (col-2*t)/2; 

dist = r-us-fi/2; 

i = 100000; 
layer = r/i; 
area = 0; 
x = 0; 
j = 0; 
y = 0; 
Asn = 0*Abar;  

  
while (0.5*Ac-(area-0.5*Asn))*fcd-4*(r+t/2)*asin(y/(r+t/2))*t*(fyd)-Asn*(fsd) >0            

    j = j+1; 
    y = (j-0.5)*layer; 
    x = (r^2-y^2)^0.5; 
    area = area+2*layer*x;  
    hn = y; 
     if  hn <= (sin(pi/6)*dist-fi/2) 
         Wpsn = 0; 
         Asn = 0; 
     elseif   hn >= (sin(pi/6)*dist-fi/2)   &&   hn < (sin(pi/6)*dist+fi/2) 

   rbar = fi/2; 
       a = abs(hn-(sin(pi/6)*dist)); 
          if  hn >= (sin(pi/6)*dist)); 
              alfa = pi+2*asin(a/rbar); 
          elseif  hn < (sin(pi/6)*dist)); 
              alfa = pi-2*asin(a/rbar);  
          end 
         Asingle = rbar^2/2*(alfa-sin(alfa));        

         % Asingle is the area of the section of the disc  
         xc = 4/3*rbar*(sin(alfa/2))^3/(alfa-sin(alfa));     

         % xc is distance from the center of A to the axis of the bar 
         Wpsn = 4* Asingle * (sin(pi/6)*dist-xc); 
         Asn = 4* Asingle; 
     elseif   hn >= (sin(pi/6)*dist+fi/2)      
         Wpsn = 4* Abar*sin(pi/6)*dist; 
         Asn = 4* Abar; 
     end 
end 
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