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About LimitState:RING 3.0

e Avrapid analysis tool for computing the ultimate load carrying capacities of single and multi-span
masonry arch bridges.

¢ Numerous features, many of which are unique.

e Developed specifically with engineers in mind.

e Designed to be as quick and simple to use as hand-based methods (e.g. MEXE), but with much of
the bespoke modelling capabilities of Finite Element based software.

Main features

Model

Multiple spans

Multiple arch-rings
Multiple load cases

Arch backing material
Mortar loss

Support movements
Reinforcement

Rail and highway loading

Define

e Variable thickness arches of arbitrary shape
e Properties of all materials

¢ New loading vehicles

e Partial factors on load and material

Identify

Critical failure modes in multi-span bridges (even if this involves only a single span)
Critical failure modes involving sliding

e 0O P a s dackfilkpdessures (allowing deep arch and multi-span arch problems involving passive
pressures to be analyzed)
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System requirements

Component Requirement

Processor Intel or compatible processor (500 MHz or better)

Operating System Windows: XP, Vista, 7

Hard Drive Space 50 Mb

System RAM 512 Mb

Virtual Memory Minimum 50 Mb configured swap

Other Software Software for viewing pdf documentation (e.g. Adobe Acrobat)
History

LimitState co-founder, Dr Matthew Gilbert, is a Chartered Civil Engineer who has been involved in
masonry arch bridge assessment and research since 1990. He developed the first version of ring in
1992 and, in 2001, RING 1.x was launched. This was subsequently adopted by practitioners and
academics in over 40 countries worldwide.

Developed in association with the International Union of Railways (UIC), LimitState:RING 2.0
constituted a major step forward in technology from previous versions, being both easier to use and
much more powerful than before.

LimitState:RING 3.0 brings many new features and improvements over version 2.0, such as a
powerful new solver, improved arch profile modeling and the ability to include reinforcement.

Underlying technology

e |dealizes a masonry arch structure as an assemblage of rigid blocks
e Uses @omputational limit analysisbmethods to analyse the collapse state

e The structure is divided into a large number of discrete rigid blocks connected by zero thickness
and zero tensile strength joints

e Rigorous optimization techniques are used to find the critical failure mechanism

Modelling capabilities

Model a bridge comprehensively:

e Model bridges containing localized areas of weak masonry, local mortar loss etc.
e Place supports at arbitrary positions and model support movements

e Allocate separate properties to near-surface and deep fill

e Model an unlimited number of spans and rings

e Model an unlimited number of load cases

e Model variable thickness arches with and without multi-rings

e Perform effective bridge width calculations

e Specify partial safety factors for loads and materials

Analysis capabilities
Identify many potential failure types, including those involving:

e  Material failure
e Radial sliding failure between voussoirs
e Slippage between rings (6ring separationd)
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e For multi-span bridges with stocky or slender intermediate piers the critical failure mode will be
automatically identified, whether this involves one, two or more spans

Interactive 3D environment

Define, alter and experiment with the model:

e Click on-screen objects and view / edit the properties using the Property editor

e Compare the properties of multiple objects using the Explorers

e Use the 6drag and solved functionality to rapidly i
e View the model from any angle and save / load a previous viewpoint

e Benefit from a comprehensive context sensitive help system

Accessibility

Many features designed to help the user:

e A database of standard highway and railway vehicles, to which further vehicles can be added

e A O6new bridge wizardd for rapid devel opment of new
e Modify models by adding or deleting spans as necessary

e Copy and paste data to / from a spreadsheet

e Customized reports of the analysis findings can be automatically generated, printed and saved in
pdf format

e  Modern, user-friendly interface

Validation

e Results validated using experimental data from many real-life tests - e.g. by comparison with TRL
(1980s / 90s) and Bolton (1990s)

e RING referenced in reports by Network Rail (2001), CIRIA (2006) and UIC (2007/08)

© LimitState Ltd



Vi

© LimitState Ltd



Appendix

The Appendix contains a detailed breakdown of the various features available in LimitState:RING 3.0:

Features
Page Content
Property editor
Explorers
Support movement analysis
Interactive 3D environment
Effective bridge widths
New bridge wizard
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Modelling dialogs

Page Content

10 Project details

11 Geometry dialog

12 Partial factors dialog
13 Materials dialog

15 Loading dialog

Analysis & output

Page Content

19 Analysis

20 Report output
22 Preferences

The following image illustrates the main features of the LimitState:RING 3.0 user interface:
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The LimitState:RING 3.0 user interface
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Property editor

e Read and / or modify the properties of one or more objects within the current project

e Changesmadeintheproper ty editor can be undone / redone

e Select objects on screen and modify their properties to better reflect the real-life circumstances of the
bridge

e Change an individual block property or select a large area containing multiple objects, divide into the
constituent object types and modify the common properties en masse

e Access some of the more specialized functions such as mortar loss and the ability to control hinging
and sliding modes
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The LimitState:RING 3.0 property editor

It is possible to view and / or modify the properties of the following objects:

e Fill elements i bar elements that represent the effects of fill material in restraining arch sway
e Blocks i masonry blocks forming the arches, piers and abutments

e Contacts i inter-block interfaces

e Vehicles i predefined or user-specified loading vehicles that are applied to the bridge

e Axles i individual loads from the vehicles applied to the bridge

The following tables describe, in detail, the properties shown in the property editor for each of the described
features:

Property editor zFill elements

Property Description ‘ Editable?
Actual force The actual force (kN per metre width) in the fill element (vertical block height x fill pressure)

ID Identification text for each object

Limiting Force The force (kN per metre width) at which fill yields (vertical block height x limiting fill pressure)
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