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Introduction to Symposium on
Structural Safety }

Safe design is a design process that eliminates hazards, or minimizes potential risks, by l
involving decision makers and considering the life cycle of structures and materials. Safe
design approach will generate a well-informed design option that should eliminate these
potential problems to those who makes the product and to those who use it.

Structural safety in design will cover the design aspects of safe structures and components,
using different materials. Advances in standards and regulations should permanently ensure
safety with the best practices and methods. Advanced analysis methods should be
permanently improved and used to prevent such potential risk in structures and materials.
Designers should guarantee structural integrity and reliability.

The following communications will present different aspects in Damage Analysis and
Assessment, Fire Safety Engineering, Life Cycle Analysis, Natural and Man-Made Hazards,
Performance-Based Design Methods, Prescribed Design Methods, Computational Methods
and Simplified Methods for Structural Safety.

Paulo Piloto

Instituto Politécnico de Braganga
Alberto Meda

University of Rome “Tor Vergata”
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INELASTIC BEHAVIOUR OF PARTIALLY ENCASED SECTIONS -
NUMERICAL COMPARISON

P.A.G. Piloto"”, AnaRamos Gavildin®, L.MR. Mesquita', and Alberto Meds®

'Polytechnic Institute of Braganga, Portugal
“University of Salamanca, Zamora, Spain
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SYNOPSIS

Partially encased sections are made of composite steel and concrete casted between flanges.
They present an attractive solution in comparison with bare steel or reinforced concrele
counterparts, This paper intends to validate experimental results for bending and axiai loading
members at room temperature, (Elghazouli et al, 2008). The experiments were conducted at
the Imperial College in London and aimed to provide essential data for validating future
analytical and design studies. This numerical comparison is based on three dimensional finite
element modelling, simulating bond contact and failure of concrete. The numerical results
agree well with experimental results.

INTRODUCTION

The additional weight introduced by concrete is counterbalanced by the increasing stiffness.
This advantage has enabled this section to be used into different types of construction, such as
buildings or car parking, tested for natural and accidental conditions. In Europe, the use of
partial rather than full encasement of steel profiles has proved more popular in recent years.
Partially encased members have also been initially introduced as a means of improving fire
behaviour,

This paper deals with the inelastic performance of parially-encased members at room
temperature conditions, which are detailed according to conventional European practice
(CEN-EN 1994-1-1, 2004). The model presented in figure [ consists of an HEA200, high
grade steel S460, with an equivalent C40/50 concrete. Concrete reinforcement used 8§ [mm]
rebar B500. The experiment referenced with C20Y0 was performed without axial load.

The experimental sctup was designed with a hydraulic actuator for increasing vertical
displacement under quasi-static loading conditions. The support and loading points were also
used to provide out-of plane restraint for the experiments. Wide flexural cracks characteristic
of pure bending behaviour were observed in the concrete portion, extending throughout most
of the member depth.

An evaluation of the yield point of the member is required for assessing the effective stiffness.
capacity and ductility of a member. For reinforced concrete members the first yielding of the
reinforcemnent bars is assumed to represent this state. For steel members the first yield is not
normally followed by significant increase in curvature, but the plastic hinge normally
represents its ultimate limit state. For partially encased section, a plastic hinge may be
attained with fully plastic steel section and with concrete completely damaged.

The numerical analysis is based on ANSYS three dimensional finite element model, (Ansys
INC, 2008). One part of the mesh was generated with finite shell elements to represent the

Chapter XVII: Structural Safery 539
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steel profile and the other mesh part modelled with solid and link elements to represent
reinforced concrete. These elements share common nodes, so that no movement between
concrete and reinforcement was considered. These meshes were joined by non-linear finite
spring elements used to simulate bond interface behaviour. The mechanical analysis required
material and geometrical non-linear solutions to simulate large displacement with a maximum
and minimum incremental displacements of 1,4 and 0.014 [mm], respectively.

Lemdii ) i CT L
s

an

[l & " 1 n 2 L) "

Diglssnmsant (rod
) b) c)
Fig. | Tested model C20Y( (HEA 200). a) Prediction of concrete failure; b) Result comparison; ¢) Section.

An elastic - plastic model with strain hardening behaviour was considered for steel, using the

suitable experimental values. Concrete being quasi brittle material was simulated with ;
different behaviour for compression and tension, using stress relaxing model to improve |
numerical convergence. The presence of a crack at an integration point is represented through '
modification of the stress-strain relations by introducing a plane of weakness in a direction

normal to the crack face. If the material, at an integration point, fails in uniaxial, biaxial, or

triaxial compression, the material is assumed to crush at that point. Tn addition to eracking and

crushing, the concrete may also undergo plasticity. In this case, the plasticity is verified

before the cracking and crushing checks, (Ansys INC, 2008).

Triaxial confinement of concrete may produce direct influence in the behaviour of partially
encased sections, by considerable improvement of mechanical properties, (Elghazouli et al,
2008). This phenomenon was considered during numerical simulations.

CONCLUSIONS

Numerical comparison is presented for experiments conducted at the Imperial College in
London. Results agree well for the first yield point and ultimate limit state. The numerical
model captures all the major and relevant state modification for partially encased sections.
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practices, materials and' manufactunng techmques into"the frontiers of new
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