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Non-linear FE analysis package ABAQUS
Parts: concrete core + steel tube ⇒ ASSEMBLY

NUMERICAL MODEL
CONCRETE 

CORE

MATERIAL PROPERTIES AT ELEVATED TEMPERATURES
Thermal properties according to EC2 Part 1-2
αc = 6 x 10-6 ºC-1 (Hong-Varma, 2009)CONCRETE ),(),,(),()( cctrcccrcccthc t θσεθσεθσεθεε σ +++=Parts: concrete core + steel tube ⇒ ASSEMBLY

Eight-node three-dimensional solid elements (C3D8RT)
Additional variable: Nodal temperature (NT11)
Element size < 2 cm

3 50E+07

αc 6 x 10 C (Hong Varma, 2009)
Stress-strain curves proposed by prof. Lie (1994)
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Thermal and mechanical properties according to EC3 Part 1-2
αs = 12 x 10-6 ºC-1 (Hong-Varma, 2009)STEEL
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STRAIN COMPONENTS

STEEL TUBE
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Stress strain curves for a 30 MPa concrete
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Stress strain curves for a S275 steel

Length of the column (L)
External diameter (D)
Thickness of the steel tube (t)
Axial load level (μ =N / Npl)
Concrete resistance (f ) and steel resistance (f )

PARAMETERS

trε ⇒ Transient strain

STEEL-CONCRETE INTERFACE. MECHANICAL CONTACT STEEL-CONCRETE INTERFACE. THERMAL CONTACT

Stress-strain curves for a 30 MPa concrete Stress-strain curves for a S275 steelConcrete resistance (fck) and steel resistance (fy)
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Viewfactor as a function of clearanceCoulomb friction model (slip regions)“Hard” contact (pressure-overclosure relationship)

Han LH et al., 2005.

VALIDATION OF THE MODEL. THERMAL RESPONSE VALIDATION OF THE MODEL. MECHANICAL RESPONSE

Some of the specimens previously tested by Lie et al. (1988)
at the “National Research Council” of Canada were simulated:

Circular hollow sections
Filled with plain concrete

1100

1200

Comparison with Lie’s finite differences model (Lie TT, 1994)ISO-834 standard fire curve

400

600

800

1000

1200

Te
m
p
er

at
ur

e 
(º
C)

K W/m25 2=cα

1=Φ
428 K W/m10·67.5 −=σ

70=ε Filled with plain concrete
Concentric compression load
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Column 
specimen D (mm) t (mm) fy (N/mm2) fck (N/mm2) N (kN) μ = N / Npl,Rd FRR (min) 

1 141 6.5 401.93 28.62 131 8.90% 57 
2 168 4.8 346.98 28.62 218 15.37% 56 
3 219 4.8 322.06 24.34 492 26.19% 80 
4 219 4.8 322.06 24.34 384 20.44% 102 
5 219 8.2 367.43 24.34 525 18.88% 82 
6 273 5.6 412.79 26.34 574 17.08% 112 
7 273 5.6 412.79 26.34 525 15.63% 133 

Radiation:

RESULTS COMPARISON WITH EC4 SIMPLIFIED CALCULATION MODEL

Cross-sectional temperature distribution for a CFT 141x6.5 mm column
[ ] )(W/m  273)(-273)(···· 244

f, ++Φ= mrmrneth θθσεε 8 273 5.6 412.79 26.34 1000 29.76% 70 

RESULTS COMPARISON WITH EC4 SIMPLIFIED CALCULATION MODEL
The proposed numerical model gives a better prediction of the fire resistance rating, showing a very accurate trend.
The EC4 simplified model doesn’t take into account the thermal expansion of the materials, nor the air gap at the

steel-concrete boundary, what lies on the safe side and gives a very conservative prediction.
If we apply these simplifications to our numerical model
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1 57 72 0.79 24.09 24.35 0.99 
2 56 75 0.75 20.48 19.25 1.06 
3 80 74 1.08 18.13 12.36 1.47 
4 102 97 1.05 18.77 16.23 1.16 
5 82 68 1.21 20.36 19.30 1.05 
6 112 126 0 89 16 40 17 71 0 93
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If we apply these simplifications to our numerical model,
smaller values of the fire resistance ratings are obtained,
very similar to those predicted by EC4.

6 112 126 0.89 16.40 17.71 0.93 
7 133 137 0.97 19.67 18.61 1.06 
8 70 70 1.00 5.51 10.35 0.53 
 Average 0.97 Average 1.03 
 Standard deviation 0.15 Standard deviation 0.26 
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1 57 72 49 49 0.79 1.16 1.16 
2 56 75 46 46 0.75 1.22 1.22 
3 80 74 52 49 1.08 1.54 1.63 
4 102 97 63 61 1.05 1.62 1.67 
5 82 68 52 51 1.21 1.58 1.61 
6 112 126 118 91 0.89 0.95 1.23 
7 133 137 126 96 0.97 1.06 1.39 
8 70 70 58 56 1.00 1.21 1.25 

Average 0.97 1.29 1.39
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Comparison between calculated and measured 
axial displacement, for tests no. 4 and 7

Average 0.97 1.29 1.39 
 Standard deviation 0.15 0.25 0.21 
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CONCLUSIONS
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In order to simulate the real behaviour of the column under fire, the thermal expansion of steel and concrete must be 
taken into account, what extends the failure time.
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The proposed numerical model provides more accurate predictions than the EC4 simplified calculation model, which 
tends to be excesively conservative in most cases.
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The thermal expansion of the steel tube produces an opposed axial strain in the early stages of heating, as well as an 
opening of the gap in the steel-concrete interface, which delays the heating of the concrete core and thus increases 

the fire resistance rating.
Determination of the FRR (test no. 5)
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