
Composite columns
(ref. TGC 10 section 6.5 and 
TGC 11 section 13.6)
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Different solutions

Coated columns (totally or partially) Concrete-filled tubes with steel core

Design 3



Steel sections encased in concrete

Concrete-filled hollow sections

Design 4
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Design

Source: G. Hanswille, Univ. Wuppertal
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Design
Steel sections partially encased in concrete
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Design

Concrete-filled tubes
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Design

Dillinger Hütte GTS
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Composite columns, general 
advantages
•Smaller cross-sections than concrete sections
•Concrete protects steel from fire and from a 
rapid rise in temperature
•Concrete protects the steel section from impact 
(in parkings …)
•Prefabrication (better dimensional accuracy)
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Sections completely encased in concrete

Source: G. Hanswille, Univ. Wuppertal
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Sections partially encased in concrete

Source: G. Hanswille, Univ. Wuppertal
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Concrete-filled hollow sections

Source: G. Hanswille, Univ. Wuppertal
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Concrete-filled tubes with steel core

Source: G. Hanswille, Univ. Wuppertal
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Concrete-filled tubes with steel core

Source: G. Hanswille, Univ. Wuppertal
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Sizing of composite columns to EN 1994-1-1

Source: G. Hanswille, Univ. Wuppertal
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⇐ SIA 264



Source: G. Hanswille, Univ. Wuppertal

Local buckling resistance to EN1994-1-1 16
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Resistance to local buckling, SIA 264 17
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• Concrete columns
• Mixed columns
• Steel columns

Definitions and limits

For calculation purposes, the longitudinal reinforcement must not exceed 
6% of the concrete cross-section.

Resistance of composite columns

EN 1994-1-1, fig. 6.17)
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𝛿 < 0.2
0.2 ≤ 𝛿 ≤ 0.9
𝛿 ≥ 0.9

𝛿	= 
⁄+!," -!

.#$,&',(



Simplified verification method
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Source: G. Hanswille, Univ. Wuppertal



• Compression check if or
Ø In section, and buckling curves

• Otherwise, check for compression and bending along an axis
Ø N-M interaction diagrams

Definitions and limits
Resistance of composite columns

EN 1994-1-1, fig. 6.17)
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𝑒	 ≤ 0.1𝑑𝑒	 ≤ 0.1ℎ



1.151.501.05

The characteristic value of compressive strength is:

Simplified method for bi-symmetrical sections (including tubes) 
according to SIA 264 § 5.3.2
Terms and conditions:

The design plastic compressive strength Npl,Rd is equal to:

For tubes filled with concrete 0.85 can be replaced by 1.0 in the above 
expression

Resistance of composite columns in section under N 21
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0.2 ≤ h/b ≤ 5.0



• If fully encased, confinement not considered (≠ concrete only columns)
• But total cross-section is used in calculations
• More realistic model confirms validity of this simplification

Resistance of composite columns, confinement

Ref: Chiew and Cai - 2018 - Design of high-
strength steel reinforced concrete columns
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Hollow sections filled with concrete:
• “Medium” confinement ⇒ +15%
• Difference between Poisson’s coeff.
• Shrinkage effects 



Buckling (𝜆* −	𝜒* 	)

Buckling curves cK

Influence of long-term effects on concrete stiffness

calculation value of the normal force
part of this normal force acting permanently

Resistance of composite columns under N, SIA 264 §5.3.2

𝐸 " 𝐼 !"",$ = 𝐸% " 𝐼% + 0.6 " 𝐸& " 𝐼& + 𝐸' " 𝐼'

𝑁&(,) =
𝜋* " 𝐸 " 𝐼 !"",$

𝐿+*
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is the creep coefficient

( = Ecm /2.5 first approximation)



Check:

cK
Buckling curves 24
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Nk,Rd,b



Detailed table for
all composite columns

L: length of column

e =1
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• Resistance of a section under compression and bending can be 
calculated using an interaction curve

• Curve calculated assuming plastic stress distribution.

Resistance of a composite column under N+M, SIA 264 §5.3.4

(EN 1994-1-1, fig. 6.18)
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N - M interaction curve and simplification

NC,Rd =

ND,Rd =

Mpl,Rd Mmax,Rd= MD,Rd
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Source: G. Hanswille, Univ. Wuppertal

Complement: Resistance to N + M



Point B
29

Source: G. Hanswille, Univ. Wuppertal
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Point C 30

C
IV

IL
52

6,
 P

ro
f. 

A.
 N

us
sb

au
m

er

Source: G. Hanswille, Univ. Wuppertal
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Influence of shear force:

The shear force VEd can be absorbed by steel alone, or divided into Va,Ed
(steel) and Vc,Ed (concrete section) according to :

moment of plastic resistance of the steel section

moment of plastic resistance of the mixed section

Composite column resistance under N+M

When Va,Ed > 0.5 Vpl,a,Rdà influence of shear on bending strength + normal 
force. This is taken into account by reducing the yield strength of the web 
steel, (1-ρ)fyd : ρ = 2Va,Ed VRd −1( )

2
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Generic equilibrium equations for a section under N, M and V

Source: G. Hanswille, Univ. Wuppertal

ρ = 2Va,Ed VRd −1( )
2
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§ 2 limits to be respected:

Column under N+M. Reminder of the Ayrton-Perry formula
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Column under N+M. Reminder: interaction 
verification formulae Ncomp+ M

§ Interaction formula:

§ Or 2ème order and check in section:

§ Calculation MEd including e1 :

 𝑀!2,,-,3 = 𝑒2 " 𝑁,- + 𝑀,-,3

SIA 263, equ. (49)

MEd = MEd,II 

34

C
IV

IL
52

6,
 P

ro
f. 

A.
 N

us
sb

au
m

er

§ For mixed columns, with 2nd order effect expressed as:
𝑀,-,33 = 𝒌 " 𝑀,- ≤ 0.9 " 𝜇- " 𝑀./,0-

𝑁!"
𝑁#"

+
1
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𝑀&',!"
𝑀#"

≤ 1.0

𝑁!"
𝑁),#"

+
1

1 − ⁄𝑁!" 𝑁$%
𝜔 1 𝑀!",*+,

𝑀#"
≤ 1.0



Second-order elastic analysis
Must be made with reduced EIeff :

Second-order effects must be taken into account in analysis of 
the structure if: -)*

-+,,-..
> 0,1 (with or without bending)

Column under N+M, buckling: second-order 
effects
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𝑁&(,!"" =
𝜋* " 𝐸 " 𝐼 !"",-

𝐿+*

e

e1

Initial geometric imperfections & 𝜎res taken as
an equivalent imperfection e1 of the element (or w0 ) arch shape



Second-order elastic analysis

Column under N+M, buckling: second-order 
effects

Influence the moment diagram shape

Second-order effects are considered by amplifying first-order 
effects using the coefficient k:

k = β

1−
NEd
Ncr,eff

≥1.0

𝑀,-,33 = 𝑘 𝑀,-,3 + 𝑁,- " 𝑒2
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e

e1

Resulting second-order moment:

Depending on the moment diagram, either MEd,II or MEd, ext can be 
determined ⇒ Check with MEd,max



Buckling: Summary of 𝜆) −	𝜒) curves and equivalent imperfections

e =1

Buckling curve

Element imperfection

Source: G. Hanswille, Univ. Wuppertal
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Detailed table for
all composite columns

L: length of column

e =1

Please note:
Checks with no effect 2ème

order only if :
- Biarticulated column held laterally
- No bending
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Second-order effects, β factor (EN1994-1-1, tab. 6.4) 39
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Mpl,Rd design value of the plastic bending resistance
(point B on the M - N diagram)

S235, S355 S420, S460

Under normal force and bending moment

Check

𝑀89,;; = 𝑘 $ 𝑀<),89,; = 𝑘 𝑀89,; + 𝑒=𝑁89
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≤ 0.8



Longitudinal shear: 2 Checks

Source: G. Hanswille, Univ. Wuppertal
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No mechanical connection is required if tEd < tRd

Longitudinal shearing and force introduction

2) Checking introduction of forces (plastic model):
• If front plate in contact with concrete, not necessary
• Otherwise, studs, etc. to be sized (in proportion to the Npl i) and 

placed within Lintro ≤ 2d
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(EN 1994 § 6.7.4, SIA 264 § 5.3.6)



Introduction of forces in steel section only 43
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Source: G. Hanswille, Univ. Wuppertal



Detail of connections, interrupted column 44
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source: SZS



Detail of connections, continuous column

source: TGC 11, fig. 13.17
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Detail of connections, continuous column

Source: G. Hanswille, Univ. Wuppertal
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Increases the area to transfer 𝜏 and also
transfer by additional pressure



Detail of connections, continuous column

source: G. Hanswille, Univ. Wuppertal
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§ Find the error (constructive detail)



Thank you

Prof. A. Nussbaumer
RESSLab
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The Mecca Clock Tower
Source: www.mayr-ludescher.de
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Appendix: additional shear strength on core in coated section

Source: G. Hanswille, Univ. Wuppertal



Appendix: Assembly details

Source: G. Hanswille, Univ. Wuppertal

50

C
IV

IL
52

6,
 P

ro
f. 

A.
 N

us
sb

au
m

er



Appendix: Assembly details

Source: G. Hanswille, Univ. Wuppertal
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