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Introduction
The use of natural (plant) fibers in TRM systems: advantages

Marco PEPE
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JuteHemp

Flax Kenaf

Lower enviromental impact

Lower economic impact for the production

Easier installation technique

Comparable mechanical characteristic

More affordable material for poor countries 
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Introduction
The use of natural (plant) fibers in TRM systems: open issue and research objective

Marco PEPE
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JuteHemp

Flax Kenaf

Open issues:

- Heterogeneity of natural fibers;

- Water absorption capacity;

- Durability and long-term performances.

Research objective:

- Optimization of FRCM system;

- Application of a sustainable coating with PLA;

- Evaluating the possible application at structural level.
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Natural FRCM systems
Reinforcement ratio optimisation
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PLA coating optimisation
Coating application

Marco PEPE
DICiv- UniSA

Coating
PLA 5% & acetone 95%
PLA 10% & acetone 90%
PLA 15% & acetone 85%
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PLA coating optimisation
Yarns microscope images
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PLA coating optimisation
Representative SEM analysis of jute/flax yarns
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Cross section of flax yarn Lateral surface of flax yarnDetail of cross section area
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PLA coating optimisation
Influence of coating application on the resulting water absorption capacity

Marco PEPE
DICiv- UniSA

Innovazione FRCM e Soluzioni Green: sviluppi e applicazioni dei sistemi compositi FRCM con tessuti a base di fibre vegetali

mailto:mapepe@unisa.it


mapepe@unisa.it 

PLA coating optimisation
Influence of coating application on the resulting Tensile Strength
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PLA coating optimisation
FRCM specimen and tensile test protocol
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Test setup for FRCM samples (RILEM, 2016)

❑ Natural fibre: Flax

❑ Free length: 300 mm

❑ Gauge length: 500 mm

❑ Width: 50 mm

❑ Number of layer: 1/2 

Lime-based mortar
Compressive strength = 13 MPa

Flexural Strength = 4.50 MPa 
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PLA coating optimisation
Stress-Strain response under tensile loads
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Flax TRM – 1 layer Flax TRM – 2 layers

uncoated coated uncoated coated

PLA coating
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FCRM system and application
Structural response of masonry panels reinforced with natural FRCM systems
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FCRM system and application
Tensile response of Basal and Flax FRCM systems
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FCRM system and application
Diagonal-Compression tests 
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FCRM system and application
Load-Vertical/Horizontal displacements curves for Diagonal-Compression tests
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Unreinforced samples

Innovazione FRCM e Soluzioni Green: sviluppi e applicazioni dei sistemi compositi FRCM con tessuti a base di fibre vegetali

DOWNLOAD: https://www.sciencedirect.com/science/article/pii/S0950061826030400 

mailto:mapepe@unisa.it
https://www.sciencedirect.com/science/article/pii/S0950061826030400


mapepe@unisa.it 

FCRM system and application
Load-Vertical/Horizontal displacements curves for Diagonal-Compression tests

Marco PEPE
DICiv- UniSA

Unreinforced samples

Masonry walls reinforced with 
1 layer of BASALT FRCM
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Unreinforced samples

Masonry walls reinforced with 
1 layer of BASALT FRCM

Masonry walls reinforced with 
2 layers of FLAX FRCM
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FCRM system and application
Shear stress - shear nominal strain curves for Diagonal-Compression tests
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Unreinforced samples
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Unreinforced samples

Masonry walls reinforced with 
1 layer of BASALT FRCM

Masonry walls reinforced with 
2 layers of FLAX FRCM
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FCRM system and application
Crack development during Diagonal-Compression tests
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Unreinforced samples

Masonry walls reinforced with 
1 layer of BASALT FRCM

Masonry walls reinforced with 
2 layers of FLAX FRCM

Innovazione FRCM e Soluzioni Green: sviluppi e applicazioni dei sistemi compositi FRCM con tessuti a base di fibre vegetali

mailto:mapepe@unisa.it


mapepe@unisa.it 

FCRM system and application
Dissipated energy and evaluation of FRCM system shear strength capacity
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FCRM system and application
Global response evaluation
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Application of Flax-2LUnreinforced structure
91 Failed elements
Safety factor: 0.43 Application of commercial product:

Kimia BS200 (Basalt)

Innovazione FRCM e Soluzioni Green: sviluppi e applicazioni dei sistemi compositi FRCM con tessuti a base di fibre vegetali

mailto:mapepe@unisa.it


mapepe@unisa.it 

FCRM system and application
Global response evaluation
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Unreinforced structure
91 Failed elements
Safety factor: 0.43

Pushover curves for a single seismic action

Application of Flax-2L
13 Failed elements
Safety factor: 0.83

Application of BS200
13 Failed elements
Safety factor: 0.90Life Safety Index (IS-V) =0.83

Life Safety Index (IS-V) =0.43

Life Safety Index (IS-V) =0.90
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Conclusions and future development
Conclusions

Marco PEPE
DICiv- UniSA

• The high (above 1%) reinforcement ratio for both analysed TRM systems demonstrates the 
composite behaviour of the improved samples tested under tensile loads;

• Coating application increase the physical/mechanical properties of natural fibers;

• FRCMs with coated fibers presents a more homogeneous behaviour, number of cracks and
a more evident post-cracking zone in the stress-strain curves;

• In the diagonal compression tests, the structural response of masonry panels reinforced
with 2 layers of coated flax textile is comparable with commercial products made with
basalt textile with a significant post-peak phase capable of dissipating a large amount of
energy (almost 10 times that dissipated in the pre-peak phase), confirming a notable
increase in ductility;
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Further developments
IntegraTRM – PRIN PNRR project
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The IntegraTRM project aims at formulating an efficient and sustainable solution for coupled thermal and seismic upgrading

of existing constructions, with emphasis on masonry buildings.

It aims at formulating the composition of a composite Textile Reinforced Mortar (TRM) system characterized by an “optimized”

performance in terms of both structural strengthening (especially towards the effect of earthquake-induced actions) and thermal

insulation, which are of utmost importance as possible actions intended at reducing both seismic risk and energy demand of the

built environment.

The formulation of the TRM system under consideration is based on the use of “environmentally-friendly” constituents. Specifically, a

significant fraction of recycled aggregates, coming from construction and demolition waste, are being considered for the mixture

proportioning of the mortar matrix. Furthermore, renewable bio-based constituents, such as vegetable fibers and fabrics, are

being employed to achieve both mechanical resistance and thermal insulation potential.
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Future development
BEST – MSCA EU project
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The project deals with bio-based materials: 
(i) Fibres and fabrics of vegetal origin, such as 

fibres obtained from leaves or stems of 
tropical plants, as well as fabrics made out of
such fibres; 

(ii) Bio- aggregates obtained from waste and 
residuals of agricultural activities; 

(iii) Self-healing agents for concrete and other 
cement-based composites; 

(iv) Supplementary cementitious materials 
obtained by incinerating organic waste.

Bio-based Energy-efficient materials and Structures for Tomorrow

GA 101086440

Innovazione FRCM e Soluzioni Green: sviluppi e applicazioni dei sistemi compositi FRCM con tessuti a base di fibre vegetali

mailto:mapepe@unisa.it


mapepe@unisa.it 

Future development
FISA 2023 – MaStRoNG project 
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Masonry Structures retrofitting through Robotized sustainable Next-Generation composites
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Thanks for your attention
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