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Why?

Flexible floors

no connection

Rosti et al. (2021)

with connection no connection with connection

Stiff floors
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injection anchors
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Cathedral

Conclusions & 

future work

Fatalities attributed to earthquakes

(20th century)

75% – Failure of buildings

60% - Failure of URM buildings

Ortega et al. (2018)
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WTD connections
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⊥ direction

// direction

strengthening

Ortega et al. (2018)
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Refined FE models

▪ Diaphragms: 

Linear elastic behaviour 

Input from codes and tests

▪ WTD connections: 

Hinged or fixed 

Pushover analysis

▪ Seismic input

▪ Control node

Masonry buildings with 

timber floors
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Numerical simulation of EUCENTRE building
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Magenes et al. (2010)
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Results
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Pushover (SN direction)

Numerical modelExperimental results

Senaldi (2012)

▪ Overestimation of Vmax (+35%)

▪ Fairly simulated the IP failure 

mechanisms

▪ Not consistent damage in the 

OOP walls

→ Need for WTD behaviour
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Injection anchors
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Common technique to improve WTD 

connections

Several possible failure modes

When used in stone masonry:

▪ Little experimental evidence of their 

structural behaviour

▪ No specific design formulas in current 

building codes and guidelines
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Pull-out tests
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σv = 0.1 – 0.3 MPa
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Results
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▪ F-Δ curve  & damage

▪ Test existing formulas for Fmax

→ Need for an ana y ica  mode   i h σv
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Ica Cathedral
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Structural description

and damage

Laboratory and 

in-situ testing

FE Modelling

Structural analysis

Strengthening
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Strengthening
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Unstrengthened model (0.28g) Strengthened model (0.45g)
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Final remarks
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Focus on WTD connections

Benchmark numerical study

▪ Applicability of common assumptions in current practice

▪ Simulation of IP walls

▪ Need to enhance the contribution of WTD in the building response

Laboratory test campaign 

▪ Experimental data

▪ Different configurations and σv

▪ Need for an analytical model specific for anchors in rubble stone masonry

Application to a real case study

▪ Recommendation and simplified formulas for WTD strengthening
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Thank you

Maria Pia Ciocci 

mariapiaciocci@gmail.com


