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What is composite slab and why is it difficult to model

Profiled steel decking

Concrete

Anti-crack steel mesh

Diagram can be found from https://www.indiamart.com

Stud shear 

connections

Steel beam
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What is composite slab and why is it difficult to model

Steel structure 

workshop

Office building Infrastructures
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What is composite slab and why is it difficult to model

Cross-section with non-uniform thickness

Solid element

The computation cost?

Ribbed section Flat section
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The existing numerical models for composite slabs

(b) Combination of shell&beam model 
Jiang et al. (2014)

Shell element

Smeared reinforcement 

layerBeam elements for 
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Beam element for 
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Nodes of shell element

(a) Grillage model
(Elghazouli et al. 2000)
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The existing numerical models for composite slabs

(c) Equivalent flat slab model

(d) Alternate stripe shell model

(Jiang et al. 2020)

‘Void’ material

Equivalent t et r

t f

Ribbed section Flat section
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The existing numerical models for composite slabs

How to model the composite slabs with high computation 

efficiency, accuracy (without compromise) and reduced 

modelling efforts ?
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Evolution of composite slab models within OpenSees for fire framework

Shell Element
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➢ Multi-layered section

Layered Section

➢ Membrane section

Material

➢ CDPPlaneStressThermal

➢ ElasticIsotropicThermal

➢ SteelECThermal

➢ J2PlaneStressThermal 

Steel:

Concrete:

Steel or concrete:



Evolution of composite slab models within OpenSees for fire framework
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Multi-layered shell section

➢ Flat slab model

Concrete 

Rebar 

mesh

Discrete the section 

into multiple layers

Reference 

plane layer 1 [tag(n), t(n)]

layer n [tag(n), t(n)]

h
/2

h
/2

Node



Evolution of composite slab models within OpenSees for fire framework

Cold drawn steel

Material

Section

Steel type:

EC2NC (Cold drawn) 

/EC2NH (Hot rolled)

Angle between rebar direction 

and the global X-axis



Evolution of composite slab models within OpenSees for fire framework
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Evolution of composite slab models within OpenSees for fire framework

Offset the reference plane of the 

ribbed section in order to model the 

composite slab section     

➢ V 1: Approximated composite slab model
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Evolution of composite slab models within OpenSees for fire framework

hr/2-hf/2 = 130/2-75/2 = 27.5 (mm) 
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Evolution of composite slab models within OpenSees for fire framework
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Evolution of composite slab models within OpenSees for fire framework

The ribbed section and flat section can be directly defined;

The cross-section with non-uniform thicknesses can be 

modelled using only shell elements via ‘offset’.

The tapered ribs are considered simply using a equivalent 

width;

The web profiled steel decking is ignored.



Evolution of composite slab models within OpenSees for fire framework

➢ V 2: Composite slab model considering the tapered ribs

1. Considering the tapered ribs based on 

area equivalent method

2. Web profiled steel decking is modelled by the 

distributed steel layers

𝑡𝑐
′ 𝑗 =

𝑤 𝑗 ∙ 𝑡 𝑗

wr1

wr1 wf
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steel layers 
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𝑡s
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2 ∙ 𝑙 ∙ 𝑡s
𝑛 ∙ wr1

Area equivalent method:

wr1 wf



Evolution of composite slab models within OpenSees for fire framework

0.75 mm thick 
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Evolution of composite slab models within OpenSees for fire framework

The tapered ribs can be considered more accurately;

The web profiled steel decking is well considered.

We still need to distinguish the ribs and flat parts when 

defining nodes, elements as well as  applying loads



Evolution of composite slab models within OpenSees for fire framework

CompositeShellThermal section

➢ V 3: Composite slab model with integrated composite section
wr1 wf



Evolution of composite slab models within OpenSees for fire framework
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Evolution of composite slab models within OpenSees for fire framework
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Evolution of composite slab models within OpenSees for fire framework
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Evolution of composite slab models within OpenSees for fire framework

Qiu J, Jiang L, Orabi MA, Usmani A, Li G. A computational approach for modelling composite slabs in 

fire within OpenSees framework. Engineering Structures, 2022;255:1–40.

Qiu J, Jiang L. An integrated section model to enable simulating composite slabs in fire simply as 

modelling a flat slab. Computers & Structures, (under review).

Efficiency comparison of adopting V2 composite slab model and V3 

composite slab model



Evolution of composite slab models within OpenSees for fire framework

Offset hr/2-hf/2

1. Offset reference plane 2. Tapered ribs

3. Integrated 

composite section
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