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Analysis of masonry arches
• Introduction 
• Simple methods

– MEXE
– Mechanism method

• FE analysis
– Cracking & crushing
– Ring separation (delamination)
– Soil/ structure interaction

• Other masonry structures
End presentation



Introduction

• Arch bridges - long history and very durable
• Still significant in the transport network
• Still being constructed
• China: 18 No. >100m span (since 1950)
• Analysis is potentially complicated
• Use LUSAS for simple or in-depth analysis
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Back to agenda



MEXE (Empirical) (1/2)
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Factors for
• Span to rise
• Profile
• Materials (barrel & fill)
• Joints (width, depth, mortar)
• Condition



MEXE (Empirical) (2/2)

• Based on gross assumptions & limited tests
• Limited accuracy for

– Small spans
– Large depth of fill
– Mis-shapen arches or gothic arches etc

• No account of ring separation
• No transverse effects or spandrel walls

• Not applicable to multiple spans or skews
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Mechanism methods (1/4)

• Hinges form at intrados or extrados
• 4 hinges form a mechanism
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Mechanism methods (2/4)

Pippard’s assumptions:
• No tension
• Infinite compressive strength
• Infinite elastic modulus
• No sliding between blocks
• No structural contribution from the fill

Upper bound theory (“unsafe method”) – the lowest upper bound solution is sought
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Mechanism methods (3/4)

• Plastic “hinge” analysis could be carried out in LUSAS
• Modelling could be automated using VBScripting
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Mechanism method (4/4)

• LUSAS advantages:
– No limit to shape of arch
– Can carry out on 3D basis & skews
– Can adjust support conditions
– Can include backfill as load/ spring support

• The method does not address 
– ring separation
– soil-structure interaction
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FE analysis

• Cracking & crushing in barrel
• Ring separation
• Soil/ structure interaction
• Geometric nonlinearity
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Back to agenda



Concrete and masonry (1/3)
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Rankine-Hill failure envelope for masonryCEB-FIP failure envelope for concrete

• Can use LUSAS advanced concrete material

• Brittle fracture
• Low tensile strength, 

high compressive strength
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Cracking and crushing (2/3)
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Cracking and crushing (3/3)
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Back to FE analysis



Ring separation (1/5)

• Using cracking & crushing material
• Introduce interface elements.  2D or 3D
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Ring separation (2/5)
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Ring separation (3/5)
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Ring separation/repairs (4/5)
• Can model defects and/ or repairs e.g. Dowels using joints or constraint equations
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Dowels



Ring separation/repairs (5/5)
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Back to FE analysis



Defects and repairs

• Can model in 3D
• Good for skews
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Loadcase: 10:Increment 10 Load Factor = 5.82177

Results file: Heyman solid.mys

Entity: Stress - Solids

Component: SE

1.28499E6

1.14222E6

999.439E3

856.662E3

713.885E3

571.108E3

428.331E3

285.554E3

142.777E3

Maximum 1.31239E6 at node 967

Minimum 27.3966E3 at node 1045
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Soil-structure interaction (1/2)

• Include backfill and surrounding structure
• Soil material models including Mohr-Coulomb
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Mortar

Masonry (94)

Fill

Springing



Soil-structure interaction (2/2)
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Back to FE analysis



Geometric nonlinearity (1/1)
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2D (Plane strain) 3D continuum

Concrete model 94 Yes Yes

Mohr Coulomb etc Yes Yes

Compatible Joints Yes Yes

Geometric NL Yes Yes

On to summary



Benefits of using LUSAS

• LUSAS analysis includes:
– State of the art crushing/ cracking material
– Ring separation using slidelines or joints
– NL soil materials for fill
– Soil/ structure interface
– Geometric nonlinearity
– Complete flexibility of geometry, materials, support conditions 

e.g. to include haunches/ spandrels etc.
– Full 3D modelling (if required)
– Ability to model defects and repairs
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Independent validation cases
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Proceedings of the Institution of Civil Engineers, Structures & Buildings Issue 134

Back to agenda



Other masonry structures (1/4)

• Plate and shell models
• Orthotropic materials (linear 

and NL)
• Contact slidelines
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Loadcase: 1:Loadcase 1

Results file: Orthotropic3.mys

Entity: Force/Moment - Thick Plate

Component: MY

0.886079

0.443039

0.0

-0.443039

-0.886079

-1.32912

-1.77216

-2.2152

-2.65824

Maximum 1.08532 at node 956

Minimum -2.90204 at node 672



Other masonry structures (2/4)
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Other masonry structures (3/4)
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Other masonry structures (4/4)
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Why use LUSAS for Masonry structures?

• Flexible: simple or advanced approaches
• 2D or 3D, applicable to any shape
• State-of-the-art cracking and crushing
• Delamination interfaces and slidelines
• Soil-structure interaction
• Orthotropic materials
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