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**Finite Element Design of Concrete Structures: Unlocking Precision in Structural Engineering**

finite element design of concrete structures has revolutionized the way engineers approach the
analysis and design of complex concrete systems. Gone are the days when simplified hand
calculations and empirical formulas dominated the design process. Today, with powerful
computational tools and sophisticated modeling techniques, finite element analysis (FEA) enables
engineers to predict structural behavior with remarkable accuracy, optimize materials, and ensure
safety under various loading conditions.

If you’re involved in structural engineering, understanding the principles and applications of finite
element design of concrete structures is indispensable. This method not only enhances precision but
also opens up possibilities for innovative architectural forms and cost-effective solutions. Let’s dive
into the core concepts, benefits, and practical aspects of using finite element methods (FEM) in
concrete structural design.

What is Finite Element Design of Concrete Structures?

At its essence, finite element design is a numerical technique that divides a complex concrete
structure into smaller, manageable units called finite elements. These elements are interconnected
at nodes, forming a mesh that represents the geometry of the structure. By applying material
properties, loads, and boundary conditions, engineers can solve the governing equations of
equilibrium, compatibility, and constitutive behavior to simulate how the structure will respond.

In concrete structures, the behavior is often nonlinear due to cracking, creep, shrinkage, and the
composite action between concrete and reinforcement. Finite element models incorporate these
nonlinearities to capture phenomena such as:

- Crack propagation and fracture mechanics
- Stress-strain relationships under tension and compression
- Interaction between concrete and steel reinforcement (bond-slip behavior)
- Time-dependent effects like creep and shrinkage

This level of detail surpasses traditional design methods, providing deeper insights into potential
failure modes and serviceability issues.

Why Use Finite Element Analysis for Concrete?

Concrete structures can be highly complex, including bridges, high-rise buildings, tunnels, and
dams. The irregular geometries, varying load conditions, and material heterogeneities make
classical analysis challenging. Finite element design of concrete structures addresses these
challenges by offering:

- **Detailed Stress and Strain Distribution:** Unlike simplified beam or frame models, FEM reveals



localized stress concentrations, helping engineers identify weak points.
- **Modeling Complex Geometries:** Curved surfaces, openings, and irregular shapes are easily
modeled with appropriate meshing techniques.
- **Nonlinear Behavior Simulation:** Capturing cracking, plasticity, and damage evolution is crucial
for realistic assessments.
- **Optimization of Materials:** By understanding the exact stress states, engineers can reduce
overdesign and optimize reinforcement placement.
- **Integration of Multi-Physics:** Thermal effects, moisture diffusion, and chemical reactions can be
coupled for comprehensive analysis.

Key Components in Finite Element Design of Concrete
Structures

To effectively harness the power of FEM in concrete design, several important components and
considerations come into play.

Material Modeling

Concrete is not a simple elastic material; it exhibits complex behavior that must be accurately
represented in the model. Material models in FEM for concrete often include:

- **Elastic-Plastic Models:** To simulate initial elastic behavior followed by yielding or cracking.
- **Damage Mechanics Models:** These capture stiffness degradation due to micro-cracking.
- **Creep and Shrinkage Models:** Time-dependent deformations can significantly impact long-term
performance.
- **Reinforced Concrete Models:** These combine concrete and steel reinforcement to simulate
composite action, often using smeared or discrete reinforcement approaches.

Choosing the right material model is crucial to achieving realistic results and depends on factors
such as load type, structural scale, and analysis objectives.

Meshing Techniques

The accuracy of the finite element design heavily depends on the quality of the mesh. Engineers
must balance between computational cost and precision. Common meshing strategies include:

- **Tetrahedral or Hexahedral Elements:** Hexahedral elements generally provide better accuracy
but are harder to generate for complex geometries.
- **Refined Mesh in Critical Areas:** Stress concentration zones like supports, connections, and
openings require finer meshing.
- **Adaptive Mesh Refinement:** Some software can automatically refine the mesh during analysis
based on error estimates.

Proper meshing ensures that the model captures essential structural behavior without excessive



computation time.

Load and Boundary Conditions

Applying realistic loads and boundary conditions is vital for meaningful finite element design.
Concrete structures experience various loads such as:

- Dead loads from self-weight
- Live loads including traffic, occupancy, or equipment
- Environmental loads like wind, earthquake, and temperature variations
- Construction loads and staged loading effects

Boundary conditions must accurately represent support conditions, restraints, and connections to
adjacent structures. Incorrect assumptions can lead to misleading results.

Applications of Finite Element Design in Concrete
Engineering

Finite element design is widely used in multiple aspects of concrete structural engineering,
transforming how projects are planned and executed.

Design and Analysis of Bridges

Bridges often feature complex geometries, variable cross-sections, and dynamic loading from traffic
and wind. Finite element models help simulate these conditions, evaluate stress distribution in decks
and piers, and assess fatigue life. This leads to safer designs and targeted reinforcement strategies.

Seismic Analysis of Concrete Buildings

Earthquake-resistant design demands detailed understanding of nonlinear behavior under cyclic
loads. Finite element design of concrete structures allows engineers to model damage accumulation,
stiffness degradation, and residual displacements, informing better ductility and energy dissipation
solutions.

Assessment and Retrofitting of Existing Structures

When evaluating aging concrete structures, finite element analysis can detect hidden damage,
predict remaining service life, and test retrofit scenarios virtually. This reduces the need for costly
physical testing and avoids unnecessary demolition.



Complex Architectural Designs

Modern architecture often pushes the limits with irregular shapes and cantilevered elements. Finite
element tools enable the realization of these designs by accurately predicting behavior and ensuring
structural integrity.

Tips for Effective Finite Element Design of Concrete
Structures

For engineers new to finite element design or those seeking to improve their practice, the following
tips can enhance modeling and analysis outcomes:

Understand the assumptions: Know the limitations of your material models and element
types to avoid overconfidence in results.

Validate your model: Compare FEM results with experimental data or simpler analytical
solutions when possible.

Invest in good mesh quality: Avoid distorted or overly coarse elements that can compromise
accuracy.

Incorporate time-dependent effects: Don’t overlook creep, shrinkage, or temperature
effects for long-term performance studies.

Use software efficiently: Leverage built-in tools like adaptive meshing, nonlinear solvers,
and post-processing to streamline workflows.

Collaborate with material experts: Accurate input data for concrete and reinforcement
properties is critical, so work closely with labs and suppliers.

Future Trends in Finite Element Design of Concrete
Structures

The field continues to evolve with advances in computational power and research. Emerging trends
include:

- **Multi-scale modeling:** Linking microstructural behavior of concrete with macro-scale structural
response for enhanced accuracy.
- **Integration with Building Information Modeling (BIM):** Seamless data exchange for design,
analysis, and construction coordination.
- **Machine learning and AI:** Automating parameter calibration and damage prediction based on
large datasets.



- **Sustainability-focused design:** Optimizing concrete mix and structural configurations to reduce
environmental impact using FEM simulations.

These innovations promise even more efficient and resilient concrete structures in the near future.

Exploring finite element design of concrete structures opens up a world of possibilities for engineers
committed to excellence and innovation. By mastering these techniques, structural professionals can
confidently tackle the most challenging projects with precision and creativity.

Frequently Asked Questions

What is the finite element method (FEM) in the context of
concrete structure design?
The finite element method (FEM) is a numerical technique used to approximate the behavior of
concrete structures under various loads by dividing the structure into smaller, manageable
elements. It helps in analyzing stress, strain, deflection, and failure mechanisms to optimize design
and ensure safety.

How does FEM improve the design accuracy of concrete
structures compared to traditional methods?
FEM provides detailed insights into the complex behavior of concrete structures by accounting for
non-linear material properties, cracking, and interaction with reinforcement. Unlike traditional
simplified methods, FEM can model irregular geometries, load conditions, and boundary constraints
more precisely, leading to safer and more economical designs.

What are the common material models used in finite element
analysis of concrete?
Common material models for concrete in FEM include linear elastic, nonlinear elastic, plasticity
models (e.g., Drucker-Prager), damage mechanics models, and fracture mechanics models. These
models capture concrete's complex behavior such as cracking, crushing, and post-peak softening
under various load conditions.

How is reinforcement modeled in the finite element design of
concrete structures?
Reinforcement in concrete structures is typically modeled using embedded or smeared
reinforcement techniques within the finite element framework. The steel bars are represented either
as discrete elements or as equivalent continuous materials with distinct mechanical properties,
ensuring accurate simulation of composite action between concrete and steel.



What software tools are commonly used for finite element
design of concrete structures?
Popular software tools for finite element design of concrete structures include ANSYS, ABAQUS,
SAP2000, ETABS, MIDAS, and OpenSees. These platforms offer advanced capabilities for modeling
complex geometries, nonlinear material behavior, and detailed reinforcement layouts to perform
comprehensive structural analyses.

Additional Resources
Finite Element Design of Concrete Structures: An Analytical Review

finite element design of concrete structures has become an indispensable approach in modern
civil engineering, driving advances in both structural analysis and design accuracy. With concrete
being one of the most widely used construction materials globally, the imperative to understand its
complex behavior under diverse loading conditions is paramount. The finite element method (FEM)
offers a sophisticated numerical framework to model, simulate, and optimize concrete structures
with unprecedented precision, accounting for nonlinearities, cracking, and other material-specific
phenomena that traditional methods often overlook.

The Role of Finite Element Design in Concrete
Engineering

Concrete structures pose unique challenges due to their heterogeneous composition, nonlinear
material properties, and vulnerability to cracking and deformation. Traditional analytical methods,
while useful for preliminary design, often rely on simplifications that can lead to conservative or
unconservative results. The finite element design of concrete structures bridges this gap by
discretizing the structure into smaller, manageable elements, allowing engineers to apply complex
constitutive models and boundary conditions tailored to real-world scenarios.

This approach enhances the predictive capabilities of structural models, enabling engineers to
simulate stress distribution, strain localization, and failure mechanisms with higher fidelity.
Moreover, finite element analysis (FEA) supports optimization processes, helping reduce material
waste and improve overall safety margins.

Key Features of Finite Element Models for Concrete

The success of finite element design hinges on accurately representing concrete’s behavior through
appropriate modeling techniques. Some defining features include:

Nonlinear Material Behavior: Concrete exhibits nonlinear stress-strain relationships,
especially beyond the elastic limit. FEM incorporates advanced constitutive models such as the
Concrete Damaged Plasticity (CDP) model, capturing damage evolution and plastic



deformation.

Crack Propagation and Fracture Mechanics: Unlike steel, concrete is brittle and prone to
cracking. Finite element models integrate fracture mechanics principles to simulate crack
initiation and growth, offering insights into durability and service life.

Time-Dependent Effects: Creep and shrinkage significantly influence concrete’s long-term
performance. FEM can incorporate viscoelastic and creep models to predict deformation over
extended periods.

Reinforcement Interaction: For reinforced concrete, finite element design considers the
bond-slip behavior between steel and concrete, enabling accurate stress transfer modeling.

Advancements in Finite Element Software and
Techniques

Over the past decade, computational advancements have propelled the capabilities of finite element
design software, making them more accessible and powerful for civil engineers. Platforms such as
ABAQUS, ANSYS, and open-source tools like OpenSees have incorporated specialized modules
tailored for concrete structures.

Integration of Multi-Physics and Multi-Scale Modeling

Modern finite element design extends beyond mechanical behavior, integrating thermal, moisture,
and chemical effects that influence concrete durability. Multi-scale modeling techniques, which
analyze behavior from microstructural components to full-scale structures, are increasingly
employed to capture phenomena like alkali-silica reaction (ASR) or corrosion-induced deterioration.

Performance-Based Design and Seismic Analysis

The finite element method plays a crucial role in performance-based design, especially for seismic-
resistant concrete structures. By simulating nonlinear dynamic responses under earthquake loading,
engineers can evaluate damage levels, ductility, and residual capacity. This level of analysis supports
compliance with stringent codes such as Eurocode 8 and ACI 318, fostering safer and more resilient
infrastructure.

Challenges and Limitations in Finite Element Design of
Concrete

Despite its advantages, finite element design of concrete structures is not without challenges. The



complexity of concrete’s behavior demands extensive material characterization, which can be
resource-intensive. Additionally, mesh sensitivity and convergence issues may arise, particularly in
highly nonlinear analyses involving cracking and crushing.

Computational Cost and Expertise Requirements

High-fidelity finite element models require substantial computational resources, especially when
simulating large-scale structures or detailed microstructural effects. Coupled with the need for
expertise in both material science and numerical methods, these factors can limit widespread
adoption in routine design practices.

Model Validation and Uncertainty Quantification

Ensuring model accuracy necessitates thorough validation against experimental data, which may not
always be available or feasible. Quantifying uncertainties in material properties, loading conditions,
and boundary assumptions remains an ongoing research area to enhance confidence in finite
element predictions.

Practical Applications and Case Studies

Finite element design has been successfully applied across various domains within concrete
engineering. For instance:

Bridge Engineering: Detailed FEA models have optimized prestressed concrete girders,
accounting for tendon profiles, creep effects, and load distribution, leading to safer and more
economical designs.

High-Rise Buildings: In tall concrete structures, FEM supports the assessment of wind-
induced sway and seismic performance, enabling innovative architectural forms without
compromising structural integrity.

Infrastructure Rehabilitation: FEM facilitates the analysis of damaged or aging concrete
elements, guiding retrofit strategies such as fiber-reinforced polymer (FRP) strengthening or
section enlargement.

Comparative Insights: Finite Element Design vs. Traditional
Methods

While empirical and semi-empirical design codes remain foundational, finite element design offers
distinct advantages:



Higher Accuracy: Captures complex interactions and inelastic behavior beyond simplified1.
assumptions.

Customization: Allows tailored modeling for unique structural configurations and loading2.
scenarios.

Risk Mitigation: Improves understanding of potential failure modes, enhancing safety.3.

Material Optimization: Enables more efficient use of materials, reducing costs and4.
environmental impact.

Nonetheless, traditional methods retain value for preliminary assessments and situations where
rapid approximations suffice.

The Future of Finite Element Design in Concrete
Structures

Emerging trends in finite element design focus on integrating artificial intelligence and machine
learning to automate model calibration and damage detection. Coupling FEM with sensor data from
structural health monitoring systems promises real-time assessment capabilities, revolutionizing
maintenance and lifecycle management.

Furthermore, developments in high-performance computing and cloud-based simulation platforms
are democratizing access to advanced finite element tools, encouraging broader adoption across the
engineering community.

As sustainability becomes a critical concern, finite element design will increasingly support the
evaluation of alternative concrete materials, such as geopolymer or ultra-high-performance
concrete, by accurately predicting their structural behavior and longevity.

In summary, the finite element design of concrete structures represents a dynamic and evolving
discipline, combining engineering rigor with computational innovation. Its ability to provide detailed
insights into structural performance is shaping safer, more efficient, and resilient concrete
infrastructure worldwide.
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  finite element design of concrete structures: Finite Element Design of Concrete Structures
Guenter Axel Rombach, 2004 In Finite Element Design of Concrete Structures: practical problems
and their solutions the author addresses this blind belief in computer results by offering a useful
critique that important details are overlooked due to the flood of information from the output of
computer calculations. Indeed, errors in the numerical model may lead in extreme cases to
structural failures as the collapse of the so-called Sleipner platform has demonstrated.
  finite element design of concrete structures: Finite-element Design of Concrete Structures
Guenter Axel Rombach, 2011 An increasing reliance on computer power means that now even
simple structures are designed with the aid of computers. In this book, the author uses worked
examples of real-life structures to address the dangers of a blind acceptance of computer outputs.
Illustrating the difference between theory and practice, and the importance of practical knowledge
of the behaviour of a structure, this book will help readers to eliminate errors in their
calculations.--Publisher.
  finite element design of concrete structures: Additional Finite Element Method for Analysis
of Reinforced Concrete Structures at Limit States Ermakova A.V., 2012 The work presents the
theoretical basis of Additional Finite Element Method (AFEM), which is a variant of the Finite
Element Method (FEM) for analysis of reinforced concrete structures at limit state. AFEM adds to
the traditional sequence of problem by FEM the units of the two well-known methods of the
structural design: method of additional loads and limit state method. The problem is solved by
introduction of ideal failure models and additional design diagrams formed from additional finite
elements, where each AFE describes the limit state reached by the main element. The main relations
defining the properties of AFEs as well as the examples of the use of Additional Finite Element
Method for analysis of reinforced concrete structures at limit state are given in the work too.
  finite element design of concrete structures: Finite Element Design of Concrete
Structures Guenter Axel Rombach, 2004 The author addresses 'blind belief' in computer results by
offering a useful critique that 'important details are overlooked due to the flood of information' from
the output of computer calculations. Indeed, errors in the numerical model may lead in extreme
cases to structural failures.
  finite element design of concrete structures: Finite-element Design of Concrete Structures
Guenter Axel Rombach, 2011
  finite element design of concrete structures: Practitioners' Guide to Finite Element
Modelling of Reinforced Concrete Structures fib Fédération internationale du béton, 2008-01-01
Non-linear computer analysis methods have seen remarkable advancement in the last half-century.
The state-of-the-art in non-linear finite element analysis of reinforced concrete has progressed to the
point where such procedures are close to being practical, every-day tools for design office engineers.
Non-linear computer analysis procedures can be used to provide reliable assessments of the
strength and integrity of damaged or deteriorated structures, or of structures built to previous
codes, standards or practices deemed to be deficient today. They can serve as valuable tools in
assessing the expected behaviour from retrofitted structures, or in investigating and rationally
selecting amongst various repair alternatives. fib Bulletin 45 provides an overview of current
concepts and techniques relating to computer-based finite element modelling of structural concrete.
It summarises the basic knowledge required for use of nonlinear analysis methods as applied to
practical design, construction and maintenance of concrete structures, and attempts to provide a
diverse and balanced portrayal of the current technical knowledge, recognizing that there are often
competing and conflicting viewpoints. This report does not give advice on picking one model over
another but, rather, provides guidance to designers on how to use existing and future models as
tools in design practice, in benchmarking of their models against established and reliable test data
and in selecting an appropriate safety factor as well as recognising various pitfalls. fib Bulletin 45 is
intended for practicing engineers, and therefore focuses more on practical application and less on
the subtleties of constitutive modelling.
  finite element design of concrete structures: Finite Element Analysis of Prestressed



Concrete Structures Using Post-Tensioning Steel Yu Huang, Thomas Kang, 2020-05-28 This book
details the theory and applications of finite element (FE) modeling of post-tensioned (PT) concrete
structures, and provides the updated MATLAB code (as of 2019). The challenge of modeling PT
prestressed concrete structures lies in the treatment of the interface between the concrete and
prestressing tendons. Using MATLAB, this study develops an innovative nonlinear FE formulation
which incorporates contact techniques and engineering elements to considerably reduce the need of
computational power. This FE formulation has the ability to simulate different PT frame systems
with fully bonded, fully unbonded or partially bonded tendons, as well as actual sliding behavior and
frictional effects in the tendons. It also allows for the accurate simulation of anchor seating loss.
  finite element design of concrete structures: Exercises and Solutions in Statistical
Theory Lawrence L. Kupper, Brian. H Neelon, Sean M. O'Brien, 2013-06-24 Exercises and Solutions
in Statistical Theory helps students and scientists obtain an in-depth understanding of statistical
theory by working on and reviewing solutions to interesting and challenging exercises of practical
importance. Unlike similar books, this text incorporates many exercises that apply to real-world
settings and provides much more thorough solutions. The exercises and selected detailed solutions
cover from basic probability theory through to the theory of statistical inference. Many of the
exercises deal with important, real-life scenarios in areas such as medicine, epidemiology, actuarial
science, social science, engineering, physics, chemistry, biology, environmental health, and sports.
Several exercises illustrate the utility of study design strategies, sampling from finite populations,
maximum likelihood, asymptotic theory, latent class analysis, conditional inference, regression
analysis, generalized linear models, Bayesian analysis, and other statistical topics. The book also
contains references to published books and articles that offer more information about the statistical
concepts. Designed as a supplement for advanced undergraduate and graduate courses, this text is a
valuable source of classroom examples, homework problems, and examination questions. It is also
useful for scientists interested in enhancing or refreshing their theoretical statistical skills. The book
improves readers’ comprehension of the principles of statistical theory and helps them see how the
principles can be used in practice. By mastering the theoretical statistical strategies necessary to
solve the exercises, readers will be prepared to successfully study even higher-level statistical
theory.
  finite element design of concrete structures: The Finite Element Method Bofang Zhu,
2018-03-20 A comprehensive review of the Finite Element Method (FEM), this book provides the
fundamentals together with a wide range of applications in civil, mechanical and aeronautical
engineering. It addresses both the theoretical and numerical implementation aspects of the FEM,
providing examples in several important topics such as solid mechanics, fluid mechanics and heat
transfer, appealing to a wide range of engineering disciplines. Written by a renowned author and
academician with the Chinese Academy of Engineering, The Finite Element Method would appeal to
researchers looking to understand how the fundamentals of the FEM can be applied in other
disciplines. Researchers and graduate students studying hydraulic, mechanical and civil engineering
will find it a practical reference text.
  finite element design of concrete structures: Computational Modelling of Concrete and
Concrete Structures Günther Meschke, Bernhard Pichler, Jan G. Rots, 2022-05-22 Computational
Modelling of Concrete and Concrete Structures contains the contributions to the EURO-C 2022
conference (Vienna, Austria, 23-26 May 2022). The papers review and discuss research
advancements and assess the applicability and robustness of methods and models for the analysis
and design of concrete, fibre-reinforced and prestressed concrete structures, as well as masonry
structures. Recent developments include methods of machine learning, novel discretisation methods,
probabilistic models, and consideration of a growing number of micro-structural aspects in
multi-scale and multi-physics settings. In addition, trends towards the material scale with new fibres
and 3D printable concretes, and life-cycle oriented models for ageing and durability of existing and
new concrete infrastructure are clearly visible. Overall computational robustness of numerical
predictions and mathematical rigour have further increased, accompanied by careful model



validation based on respective experimental programmes. The book will serve as an important
reference for both academics and professionals, stimulating new research directions in the field of
computational modelling of concrete and its application to the analysis of concrete structures.
EURO-C 2022 is the eighth edition of the EURO-C conference series after Innsbruck 1994, Bad
Gastein 1998, St. Johann im Pongau 2003, Mayrhofen 2006, Schladming 2010, St. Anton am Arlberg
2014, and Bad Hofgastein 2018. The overarching focus of the conferences is on computational
methods and numerical models for the analysis of concrete and concrete structures.
  finite element design of concrete structures: Finite Element Analysis of Reinforced
Concrete Structures , 2003
  finite element design of concrete structures: Scientific and Technical Aerospace
Reports , 1976
  finite element design of concrete structures: Applied mechanics reviews , 1948
  finite element design of concrete structures: Bridge Maintenance, Safety, Management,
Resilience and Sustainability Fabio Biondini, Dan M. Frangopol, 2012-06-21 Bridge Maintenance,
Safety, Management, Resilience and Sustainability contains the lectures and papers presented at
The Sixth International Conference on Bridge Maintenance, Safety and Management (IABMAS
2012), held in Stresa, Lake Maggiore, Italy, 8-12 July, 2012. This volume consists of a book of
extended abstracts (800 pp) Extensive collection of revised expert papers on recent advances in
bridge maintenance, safety, management and life-cycle performance, representing a major
contribution to the knowledge base of all areas of the field.
  finite element design of concrete structures: Development and Application of
Discontinuous Modelling for Rock Engineering Ming Lu, 2021-07-29 The thirty papers
published in this book represent the latest developments in Discontinuous Deformation Analysis
(DDA). The Numerical Manifold Method (NMM) and other numerical methods and their applications
are also covered, as are the theoretical contributions of 3D DDA, modelling and visualization of 3D
joint systems, and high-order NMM. Applications of these advances include the stability of
underground works, rock slopes and boreholes.
  finite element design of concrete structures: RC Elements Under Cyclic Loading Comité
euro-international du béton, 1996 This text provides a review of relevant knowledge in the area of
constitutive modelling of concrete steel bonds and their interaction. It discusses the problems
encountered in assembling the various elements with the purpose of constructing the model of an
element made of reinforced concrete. Whether physically or empirically based, very simple or
sophisticated, long-established or brand new, the models presented in this book are produced in as
rational a framework as possible, and are accompanied by comments on their advantages and
limitations.
  finite element design of concrete structures: The Shock and Vibration Digest , 1992
  finite element design of concrete structures: Structural Concrete M. D. Kotsovos, 1995
Shows the unifying generality of the proposed approach and the reliability of the ensuing computer
package, for which the sole input is the specified cylinder strength of concrete and the yield is the
stress of steel. This book offers an understanding of structural concrete behaviour, and illustrates
the revision required for improving methods.
  finite element design of concrete structures: Finite Elements in Civil Engineering
Applications M.A.N. Hendriks, J.A. Rots, 2002-01-01 These proceedings present high-level research
in structural engineering, concrete mechanics and quasi-brittle materials, including the prime
concern of durability requirements and earthquake resistance of structures.
  finite element design of concrete structures: Energy Research Abstracts , 1983
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