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1. INTRODUCTION
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ABOUT LIMITSTATE

Our mission:

• Provide engineers with powerful 
analysis & design software

• Leverage state-of-the-art algorithms 
& optimization technology

• Provide software that is robust and 
well validated

• Ensure applications are fully 
supported and are easy to use 

Our clients include:

…plus many more! 
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MASONRY ARCH BRIDGES

Vital infrastructure:

• Most >100 years old

• Many carrying heavy loads

• Many contain unique details
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WHAT IS LIMITSTATE:RING?

• Interactive software tool for the analysis of 
masonry arch bridges

• Capable of modelling:

– both single and multi-span bridges

– a wide range of potential ULS failure modes

– localised properties & defects

– support movements

– permissible limit state (PLS) performance
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2. ASSESSMENT TO                  
CS 454 AND CIRIA C800



PRESENTERS

Matthew Gilbert & Tom Pritchard

TITLE

Assessment of Highway Masonry Arch Bridges to CS454 and CIRIA C800 with LimitState:RING 4

CIRIA C800 AND CS454

Published May 2022 Published Oct 2022 (latest revision)

(Both free to download, from www.ciria.org and www.standardsforhighways.co.uk)

http://www.ciria.org/
http://www.standardsforhighways.co.uk/
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• A key feature of the CIRIA C800 is the Permissible Limit State (PLS)

• PLS = the state beyond which long term load induced degradation occurs

• Establishing the PLS is potentially very useful for bridge management purposes

THE PERMISSIBLE LIMIT STATE (PLS)
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SERVICE LOAD BEHAVIOUR

• Bridge owners rarely observe ULS failures

• However, when a loading (traffic) regime changes, 
a bridge in good condition may degrade rapidly, 
then becoming unserviceable

• The Permissible Limit State (PLS) is designed to 
identify such cases - before damage occurs

• National Highways CS 454 code now allows the 
PLS to be used when assessing UK bridges
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CIRIA C800 ASSESSMENT ASSUMPTIONS

PLS relies on primary resistance:

• self-weight of elements

• endurance masonry strength

• soil pressures as if a dense fluid (K=1)

ULS also relies on secondary resistance:

• peak masonry strength

• passive soil pressures (K=1/3Kp)

Two separate calculations:
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EXAMPLE: 3M SPAN LABORATORY BRIDGE

Experimental behaviour under cyclic loading:

                  PLS load calculated to be 72kN
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‘PLS’

ULS

Extract from     CS 
454 (2022):
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Limit State Axle load factor Load effects factor Calculated adequacy 

factor

CIRIA C800 PLS 1.0 1.0 1.108

ULS 1.5 1.1 1.012

CS 454 (without using 

CIRIA C800)

PLS* 1.8 1.0 0.928

ULS 1.5 1.0 1.114

DEMO TWIN-SPAN BRIDGE EXAMPLE

*Calculated by applying a factor of 1.2 to the ULS capacity
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FIELD BRIDGE EXAMPLE
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FIELD BRIDGE EXAMPLE: PLS ANALYSIS RESULTS
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LIMITSTATE RING 4 FEATURE: BATCH FILES

• E.g. allow results to be obtained for a population of bridges on a route
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3. CONCLUSIONS
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CONCLUSIONS

• CIRIA C800 introduces the Permissible Limit State (PLS), the state beyond which 
long-term load induced degradation occurs

• CS 454 allows the CIRIA PLS calculation approach to be used (as an alternative to 
simply factoring the calculated ULS capacity)

• LimitState:RING 4 has been designed to simplify the process of assessing bridges 
to CS 454 and CIRIA C800:
– New PLS analysis mode

– Bridge template functionality, including e.g. code-specific partial factors

– Batch mode to allow rapid assessment of a population of bridges

– Large database of built-in loading vehicles



PRESENTERS

Matthew Gilbert & Tom Pritchard

TITLE

Assessment of Highway Masonry Arch Bridges to CS454 and CIRIA C800 with LimitState:RING 4

27/09/2013 Masonry Arch Bridge Analysis WebinarJan/Feb 2009 Masonry Arches Seminar: Birmingham, Bristol & Sheffield

Q&A
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Thank you for 
attending!


	Slide 1
	Slide 2
	Slide 3: ABOUT LIMITSTATE
	Slide 4: MASONRY ARCH BRIDGES
	Slide 5: WHAT IS LIMITSTATE:RING?
	Slide 6
	Slide 7: CIRIA C800 AND CS454
	Slide 8: THE PERMISSIBLE LIMIT STATE (PLS)
	Slide 9: SERVICE LOAD BEHAVIOUR
	Slide 10
	Slide 11: EXAMPLE: 3M SPAN LABORATORY BRIDGE
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18: LIMITSTATE RING 4 FEATURE: BATCH FILES
	Slide 19
	Slide 20: CONCLUSIONS
	Slide 21
	Slide 22

