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Introduction
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1. To develop a finite element model for 

horizontally unrestrained concrete floor 
slabs.

2. To investigate the detailed distribution of 
membrane forces within the slab

3. To develop further information for design 
codes and guidance in floor slabs.
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Introduction

1. Since 1960’s, membrane action has been 
adopted to explain the ultimate load carrying 
capacity of slabs at ambient temperature 

2. Similar conclusion has been made in elevated 
temperature after the Cardington Fire Test

3. Currently, Bailey’s Simply Design Method 
considers membrane action in floor slab

4. Detailed distribution of membrane forces within 
the slabs has not been fully investigated
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Introduction

1. In-plane forces within the thickness of the slab.

2. At small vertical deflection, compressive membrane action 
exists in restrained slabs.

3. For horizontally unrestrained slab, compressive membrane 
forces are formed around the perimeter of slab and tensile 
membrane forces occurs in slab centre at large vertical 
deflection.
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Small Scale Slab Tests
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Small Scale Slab Tests
1. Forty-eight horizontally unrestrained two-way spanning 

reinforced concrete slabs at ambient and elevated 
temperatures were conducted at the University of 
Manchester, between Nov 2004 to Jun 2006 . 

2. Both mild steel and stainless steel reinforced slabs 
have been tested

3. Test results are used for validation of FE models

4. All slabs are simply supported, subjected to uniform 
distributed load and isotropic reinforced

5. Dimension: 1.7m x 1.1m and 1.1m x 1.1m, Aspect 
Ratio: 1.55 and 1.1
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Small Scale Slab Tests

qwq

M2 – Concrete CrushingM9 – Fracture of Reinforcement S2 – Concrete Crushing

MF1 – Fracture of Reinforcement SF2 – Fracture of Rein forcement
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Slab Model

1. The multi-directional fixed smeared crack concept combines 
creep, plasticity and thermal nonlinear phenomena. 

2. Load incremental arc-length method and automatic increment 
time with Newton-Raphson iteration procedure were adopted 

3. The analysis terminated once the convergence tolerance was 
violated or maximum iterative exceed.
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Slab Model
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Slab Model
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• Material properties is 
based on BSEN 1992-1-2: 
2004

• Thermal strain and creep 
strain has been taken into 
account

• The Hordijk tension 
softening curve was 
adopted after the 
maximum tensile strength 
is reached
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Slab Model

• Material properties is 
based on BSEN 1993-1-2: 
2005

• Thermal strain and creep 
strain has been taken into 
account

• For stainless steel, linear 
elastic behaviour is 
assumed in the elastic 
region
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Behaviour of Slabs at Ambient Temperature
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Behaviour of Slabs at Ambient Temperature

Shell-element Model Solid-element Model

Compression  Tension
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Behaviour of Slabs at Ambient Temperature
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Behaviour of Slabs at Ambient Temperature
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Behaviour of Slabs at Ambient Temperature
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Behaviour of Slabs at Elevated Temperatures
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Behaviour of Slabs at Elevated Temperatures
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Behaviour of Slabs at Elevated Temperatures
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Behaviour of Slabs at Elevated Temperatures

0

5

10

15

20

-8 -7 -6 -5 -4 -3 -2 -1 0
Stress (N/mm 2)

D
ep

th
 (

m
m

)

P1

P2
P3

P4
P5

P6

 Diagonal - 818 oC

0

5

10

15

20

-20 -15 -10 -5 0 5
Stress (N/mm 2)

D
ep

th
 (

m
m

)

20
231
400
543
644
777
818

P2

����		���	���������������������������



by B.M.CHAN, David

School of MACE, University of Manchester

STIFF Meeting, 17 th April, 2007

Parametric Studies
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Parametric Studies
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Parametric Studies
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Conclusion
1. Solid-element model have been used for the slabs 

model at elevated temperatures due to non-linear 
temperature distribution through the depth.

2. Tensile membrane action has been developed to 
carry the extra load carrying capacity of the yield 
line load.

3. Detailed of the in-plane force and the force 
through the thickness of the slab have been 
discussed.

4. Provided that the area under the tension softening 
of concrete is the same, the prediction of the load-
deflection and temperature-deflection of the slab is 
the same.
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