%@J&Js’”’zf

CHALMERS TEKNISKA HOGSKOLA

CHALMERS UNIVERSITY OF TECHNOLOGY
GOTEBORG
SWEDEN

APPLICATION OF FRACTURE MECHANICS TO
CONCRETE BRIDGES

Finite Element Analyses and Experiments

Mario Plos

Division of Concrete Structures
Goteborg 1995




TABLE OF CONTENTS

Preface

Table of Contents
Abstract
Notations

1

Introduction
1.1 Background
1.2 Aim, Scope and Limitations
1.3 Outline of Contents
1.4 Original Features
Fracture Mechanics Analysis of Reinforced Concrete Structures
2.1 General
2.2 Fracture Mechanics
2.2.1 Linear elastic fracture mechanics
2.2.2 Non-linear fracture mechanics
2.2.3 Fracture mechanics for concrete
2.3 Constitutive Models for Concrete
2.3.1 General
2.3.2 Discrete crack models
2.3.3 Smeared crack models
2.3.4 Plasticity models for concrete in compression
2.4 Modelling of Reinforcement
2.5 Interaction between Reinforcement and Concrete
2.6 Non-linear Numerical Solution Methods
2.7 Comments on Analyses of Reinforced Concrete Structures
Shear Behaviour in Concrete Bridges
3.1 The Shear Failure
3.2 Design Models for Shear
3.3 Fracture Mechanics Analyses of the Shear Failure in a Concrete Bridge
Reinforcement Detailing in Bridge Frame Corners
4.1 General
4.2 Splicing of Reinforcement in Frame Corners
4.3 Fracture Mechanics Analyses of Frame Corners
Conclusions
5.1 General
5.2 Suggestions for Future Research
References

w N =

11
12
13
14
15
15
15
15
16
17
19
19
20
23
28
31
32
33
36
39
39
40
44
46
46
47
48
51
51
53
54




ABSTRACT

Material models based on fracture mechanics together with non-linear finite element analyses
have been used in combination with experiments to study the behaviour of reinforced concrete
bridges. The work covers two aspects of interest in the design of concrete bridges.

o The shear behaviour was studied in full-scale tests on two highway bridges. The capacities
of the bridges were compared with the shear capacities according to the design modet in
the Swedish concrete code. Non-linear finite element analyses were performed on one of
the bridges tested.

¢ The reinforcement detailing in frame corners was studied and the alternative of splicing the
reinforcement within the corners of a frame bridge was examined in three test series. Non-
linear finite element analyses were performed for some of the specimens tested.

The objective of the study was to obtain greater knowledge of the behaviour of concrete
bridges for these two aspects, as well as to find out how analyses based on fracture mechanics
can be used to improve understanding of this behaviour. A background to the fracture
mechanics for concrete and to the models used in the analyses is given.

The results of the full-scale shear tests indicate that the design model for shear can predict the
capacity for typical shear failures. However, when a combination of shear and moment actions
leads to failure, the test results revealed shortcomings in the design models in the Swedish
concrete code. A finite element analysis based on the discrete crack approach was performed
successfully up to initiation of the final failure; the analysis showed that the inclined crack
leading to failure was initiated at mid-height of the bridge slab.

The tests on frames and frame corners included both monotonic and cyclic loading,
Reinforcement detailing suitable for portal frame bridges, and also detailing suitable for civil
defence shelters, was studied. The test results did not uncover any drawbacks related to
splicing of the reinforcement in the frame corners. Some of the test specimens were analysed
using a material model for concrete based on fracture mechanics and the smeared crack
approach. The finite element analyses were found to reflect the mechanical behaviour of the
specimens tested throughout the failure process; the analysis results were in good agreement
with the test results. The results from both the analyses and the tests support the idea that it
should be feasible to splice the reinforcement within the corner area of a frame bridge.

The use of fracture mechanics and non-linear finite element analyses has been shown to be a
most powerful tool which, together with a limited number of tests, can increase understanding
of the failure process in reinforced concrete structures.




