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ABSTRACT

Consolidation is one of the most important processes for conservation and
restoration, particularly for historical monuments. It is typically made of porous,
heterogeneous, and complex materials such as stones, bricks, and mortars. The
effectiveness of the consolidation process depends on various factors, including the
inherent properties and degree of damage to the material, as well as the condition
and method of application of the consolidating material. However, achieving
sufficient penetration depth of the reinforcing material is a challenge and can
negatively impact the efficiency and effectiveness of the used materials. This research
investigates conventional methods for measuring the penetration depth of
consolidating materials in porous substrates. This research investigates imaging and
spectroscopy techniques for measuring the penetration depth of consolidating
materials in porous substrates.
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Figure 1: The most important types of natural weathering in stone (30).
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Table 1: Comparison of different methods of applying strengthening materials.

Reversibility Chemical durability Physical effects ;\ngﬁig;
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Figure 2: Classification diagram of different methods of measuring the penetration depth of the reinforcing material in porous materials.
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Figure 3: a) The amount of reinforcement penetration measured by the
iodine vapor method, b) The created color spectrum related to different
concentrations of the reinforcement applied on the stone (34).
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Figure 4: Raman spectra of the limestone surface untreated and treated with Ca (OH)2/ZnO@APTMS nanoparticles (A), and pictures of the phenolphthalein
test performed on a limestone sample untreated and treated with Ca (OH)2/ZnO@APTMS nanoparticles at 0 and 20 days of drying (B) (35).
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Figure 5: Examples of normalized neutron tomography at selected time steps during capillary water absorption by calcareous sandstones of the

Sabusina historical site: an unweathered sample (a) and samples subjected to artificial weathering cycles b8 and c15. Light gray areas indicate dry
conditions, while dark gray areas indicate saturated conditions(39)
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Figure 6: Darker areas are related to neutron attenuation and prove the presence of hydrogen-rich stabilization product(39).
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Figure 8: It shows the comparison between the created force and the depth of
penetration, and as it is clear, the arrow part has shown the creation of bending

in the unreinforced brain (42).
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Figure 7: Measurement of rock resistivity by drilling system(58).
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Figure 10: Micro-drilling resistance by ethyl silicate before and after
brush application on Lisbon stone (47).
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Figure 9: Drilling resistance in lime mortar before and after treatment
with nanolime (42).
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Figure 11: a) Schematic illustration of the operation of the ultrasonic generating device, b) Relationship between ultrasonic pulse speed
and porosity (56).
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Figure 13: Representative infrared absorption spectra of potassium
ferricyanide and (A) stabilized stone, (B) stone and (C) consolidating
agent in potassium bromide(51).
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Figure 12: Infrared spectrum absorption of untreated stone in potassium

bromide (51).
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Figure 14: FTIR spectra of (a) silicate consolidant mixed to silicate substrate, (b) pure consolidant, and (c) silicate substrate (53).
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Figure 15: NMR sensor in laboratory setup (54).
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Table 2: Comparison of penetration depth measurement methods.

Interpretability

Depth measurement method

Can be interpreted by an

Qualitative and quantitative

lodine vapor Results in a short time Affordable
expert operator results
Phenolphthalein Can be interpreted by an Qualitative and quantitative Results in a short time Affordable
expert operator results
FTIR Need operator A little more detailed result Results in a short time Average cost
NMR Need operator A little more detailed result Results in a short time High cost
Neutron tomography Need operator Qualitative and more detailed Results in relatively high High cost

Qualitative and more detailed

result time
Results in relatively high

Ultra Sonic Need operator result time Average cost
Microdrill Can be interpreted by an Qualitative and quantitative Results in (elatlvely high Average cost
expert operator results time
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