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FRP strengthening of masonry arches 

Examples of collapse 

mechanisms of 

unreinforced arches 

Externally Bonded FRP 

textiles (carbon, glass, 

aramid, basalt…) 

Intrados application 

Extrados application 

courtesy of TecInn 
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Local failure mechanisms of reinforced structures 

INTRADOS REINFORCEMENT 
 

detachment of the reinforcement from the 

support, due to normal stresses related to 

the curved shape of the FRP itself, which 

is working under tension 

EXTRADOS REINFORCEMENT 
 

sliding on a mortar joint, due to excessive 

shear force, close to the springer opposite 

to the loading point in the case of 

asymmetric configuration 
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Shear failure  – extrados reinforcement 

Available model: Coulomb-like strength of the mortar joint, which 

consider only the masonry contribution. 

Starting point: trying to measure a possible contribution of the 

reinforcement to the resistance mechanism of the joint. 

Investigation method: performing of 

fourteen V-shape Peel Tests on solid 

clay bricks with EB CFRP. 

Test set-up was derived from similar 

set-ups developed for reinforced 

concrete (Wu et al. 2005, Dai & Ueda 

2007) 

Tests were aimed at isolating the 

reinforcement contribution 
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Materials and test setup 

Four sets of solid clay bricks: 2 extruded and 2 facing ones. 

One type of EB CFRP (high strength carbon) applied as reinforcement 
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Test matrix and performing 
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Results (1) 

failure of 

facing bricks 

typical load-displacement curves 

failure of 

extruded bricks 

Example of peel angle progression 
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Results (2) 

maximum loads and type of failure 

(samples sorted by brick type) 

[I => “interface”, S => “substrate”] 

measured  peel angles 

(samples sorted by brick type) 

[at max load or mean angles] 
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Analyses 

as reported in De Lorenzis & Zavarise (2008) 

as reported in Wu et al. (2005) and Dai et al. 

(2007) 
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Conclusions 

 Fourteen V-shape Peel Tests, which test set-up was based on similar tests carried out on 

concrete substrates, were performed using CFRP reinforcement applied to solid clay 

bricks. Test were aimed at investigating the possible FRP reinforcement contribution to the 

shear strength of thin masonry arches and vaults. Although preliminary tests, they allowed 

identifying the main characteristics of the investigated phenomenon. 

 The experimental set-up proved to by rather feasible and adaptable to most universal test 

machines. Observations do not differ much from what Wu et al. (2005) and Dai et al. (2007) 

reported in the case of concrete substrates. 

 Peel load, during the detachment, oscillated within a limited range, although scattering was 

in some cases very large; maximum loads of about 8–13 N/mm were observed, except for 

the FB2 series that resisted up to 18.8 N/mm. First peak load was generally higher than the 

others, for monotonic tests. 

 Peel angles, similarly to peel loads, oscillated within a rather moderate range. Measured 

values varied in most cases between 2 and 6 degrees, however their measurement should 

be considered qualitative since affected by a certain imprecision and simplifying 

approximations. 

 Calculated mixed-mode fracture energies ranged in most cases from 0.3 to 1 N/mm, hence 

their order of magnitude is rather consistent with values reported in literature for quasi-

brittle substrates, albeit markedly affected by peel angle measurement. 
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