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Abstract
This work was carried out on fresh samples of silicified sandstone and white conglomerate quarry from Zamora, Spain. The 
stones were treated with conservation treatments (H224, RC70, and RC80) and/or processes of freeze/thaw aging (similar 
to that of cold areas). The values obtained for the chromatic coordinates (L*, a*, b*) and the ultrasound propagation speed 
of the samples studied were analyzed and a statistical design was created. In addition, a multivariate technique (Canonical 
Biplot) was applied to determine the effectiveness of the treatments and the durability of the fresh and treated stones. In most 
of the cases studied, the ultrasonic propagation speed decreased in both the untreated samples and those treated with the 
conservation products after carrying out the aging process. Moreover, it was found that the ultrasonic propagation speed was 
lower with respect to the treated samples. Our results indicate that the treated samples are more durable than the untreated 
fresh samples and that the most severe changes can be appreciated when the untreated (fresh) samples are compared with 
their corresponding treated samples. For these samples, the ultrasonic propagation speed increased showing the effective-
ness of each of the conservation products. The most effective consolidating treatment used was RC80. Also, the chromatic 
coordinates of the treated samples, in general, were darker (↓L *), redder (↑a *), and more yellow (↑b *) with respect to the 
fresh, untreated quarry samples, except in sample Z1 treated with RC80, where redness (↓a *) and yellowness (↓b *) decrease.

Keywords  Silicified rocks · Silico-organic treatments · Effectiveness · Freezing/thawing aging · Durability · Canonical 
Biplot

1  Introduction

The city of Zamora is located in the autonomous community 
of Castilla y León. This region has a Mediterranean climate 
with a continental trend, conditions that give rise to the fre-
quently occurring degradation caused by freezing/thawing 
and cooling/heating processes (García-Talegón et al. 2006, 
2013; Iñigo and Vicente-Tavera 2001, 2002; Iñigo et al. 
2000; Vicente 1996). To reproduce the climatic effects expe-
rienced by this area, a climatic chamber, under controlled 

conditions, was used to carry out an accelerated freezing/
thawing and cooling/heating aging treatment (− 20/110 °C) 
on fresh quarry samples and quarry samples treated with 
silico-organic products (Iñigo et al. 2000, 2006).

Determination of the ultrasonic propagation speed allows 
us to measure the connectivity of different minerals in a 
specific stone material. When the material is treated with a 
consolidant, the connectivity between minerals increases (an 
indication of the effectiveness of the treatment) (El-Gohary 
2013), whereas when the materials are subjected to acceler-
ated aging treatments in a climatic chamber under controlled 
conditions (durability versus processes of freezing/thawing) 
or when forming part of a monument the ultrasonic propaga-
tion speed tends to decrease (Castillo-Oli 2018; Ortiz et al. 
2013; Iñigo et al. 2013; Molero et al. 2012; Liu et al. 2012; 
Ruedrich et al. 2011; Mahmoud et al. 2010; Bellopede and 
Manfredotti 2006; Minster et al. 2006; Chen et al. 2004; 
Valdeón et al. 1996; Matsuoka 1990).
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Color is a parameter that should be controlled when 
quarry stones are used as construction material. This is par-
ticularly relevant when stones are subjected to the environ-
mental conditions of an area (Vicente-Palacios et al. 2017; 
Aparecida-del Lama et al. 2016; Grossi et al. 2015; Grossi 
and Brimblecombe 2008; Iñigo et al. 2004; Martín et al. 
2002; Zezza 2002a, b; Sebastián-Pardo and Zezza, 1998) 
or after the application of conservation treatments (Pelin 
et al. 2016; Rivas et al. 2011; Carmona-Quiroga et al. 2010; 
García et al. 2010; Iñigo et al. 1997), where the effects of 
such factors on color should be as small as possible.

In this work, a multivariate statistical design was per-
formed using a Canonical Biplot to determine variations in 
the ultrasound propagation speed in three spatial directions 
(Vx, Vy, Vz) and the chromatic coordinates (L*, a*, b*). 
This information was used to determine: (a) the durability of 
fresh quarried stone after the application of freezing/thawing 
and cooling/heating processes (− 20/110 °C); (b) the effec-
tiveness of different silico-organic treatments (H224, RC70, 
and RC80) applied to the fresh quarried stone samples; and 
(c) the durability after the application of consolidating treat-
ments in combination with the freezing/thawing and cooling/
heating accelerated aging (− 20/110 °C).

2 � Materials and Methods

One natural siliceous conglomerate (Z1: a white conglom-
erate) and four siliceous sandstones (TG: thick white sand-
stone, TB: a white sandstone, TO: an ochre sandstone, and 
TR: a red sandstone) from Zamora were tested. All were 
porous and contained strongly reactive components (e.g., 
swelling clays, opal, etc.) and their origin, mineralogical 
and chemical composition and petrophysical properties have 
been described elsewhere (Añorve, 1997). In addition, all of 
these materials are used in the construction of buildings and 
are currently being used in the reconstruction of the Cathe-
dral and other buildings in Zamora (Spain).

The following silico-organic products were used to treat 
the above-mentioned stones: (a) the consolidator RC70 
(ethyl silicate); (b) the consolidator and water-repellent 
RC80 (ethyl silicate, methyl resin, and resinous polysilox-
ane that is hydrophobic); and (c) the hydrophobic product 
H224 (alkylpolysiloxane oligomer). The composition of 
these products does not produce the appearance of undesir-
able secondary reactions that could modify the petrophysical 
properties of the studied rocks. All products were supplied 
by the company BLUESTAR-SILICONAS HISPANIA 
belonging to the group RHÔNE-POULENC.

The treatments were carried out as follows:

a.	 For aging, cubic samples (6 × 6 × 6) cm were submitted 
to 25 cycles of freezing/thawing and cooling/heating 

(− 20 to 110 °C) in a climatic chamber (Fig. 1) to simu-
late an artificial degradation under controlled conditions 
(Iñigo et al. 2000, 2001, 2006, 2013). The process to 
follow is as follows: after a drying period at 60 °C until 
constant weight was reached, the blocks were submerged 
in distilled water for 16 h (rocks are saturated), after 
which they were cooled to − 20 °C and kept at that tem-
perature for 3 h. Following this, temperature was raised 
to 110 °C (rate = 2 °C/min), and the blocks were held 
at that temperature for 3 h. Finally, the blocks were left 
for 2 h at room temperature and the process was started 
again, Fig. 2. The objective of this test was to determine 
the durability of the treated and untreated quarry sam-
ples.

b.	 The consolidation treatments were carried out following 
a recommended procedure by Iñigo et al. (2006), using 
different concentrations of the consolidation products 
(ranging from 5 to 70% w/w in white spirit). Each sam-
ple was fully immersed in the consolidation solution to 
allow the product to enter inside the stone. Following 
application, the stone’s surface was gently washed with 
white spirit several times to avoid the non-homogeneous 
distribution of the product on the external surface of the 
blocks, and curing was carried out at room temperature 

Fig. 1   Climatic chamber
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for 1 month. The objective of this test was to determine 
the effectiveness of the consolidation treatments applied.

c.	 The hydrofuging treatment was carried out on the stone 
surface in two consecutive steps, 24 h apart, using a 
brush (Iñigo et al. 2001). The samples were left in ambi-
ent conditions for 2 weeks before measuring the color 
or any of the other properties studied (Iñigo et al. 2006). 
The objective of this test was to determine the effective-
ness of the applied hydrofugation treatment.

Color was measured using a Minolta model CR-310 col-
orimeter specific to solid materials. The optical system of 
the measuring head contains a pulsed xenon arc lamp inside 
a mixing chamber, which provides diffuse and even lighting 
over the 50 mm diameter measuring area.

The Canonical Biplot, equivalent to the MANOVA anal-
ysis (Multivariate Analysis of Variance) was applied for 
carrying out the above-mentioned objectives (Grossi et al. 
2015). This multivariate technique, which includes all the 
characteristics of the Biplot method (Gabriel 1971, 1972, 
1975) used to discriminate the set of groups of previously 
established populations, was later developed and completed 
(Amaro et al. 2004; Galindo 1986; Vicente-Villardon 2018) 
and applied to the field of Cultural Heritage conservation 
(Iñigo et al. 2014, 2017, 2019; García-Talegón et al. 2016).

The results obtained are summarized on several facto-
rial planes, where the variables are represented as vectors 
that begin at a hypothetical origin, and the means of the 
different groups represented as stars surrounded by confi-
dence circles in the same reference system. The variables 
are highly correlated if two variables are represented by a 
very small angle, and their correlation is inverse if they are 
pointing in opposite directions. Additionally, if the angle is 
close to perpendicularity, their correlation is minimum. In 
the perpendicular projection of all the star markers onto the 

directions of any of the variables, the order of the projections 
in the direction of these variables is equivalent to the value 
that the means of the populations take for each variable. If 
two confidence circles are projected perpendicularly on one 
of the variables and the intervals of both projections do not 
overlap, this is tantamount to saying that there are differ-
ences between both means (Students’ t test); the amplitudes 
of the circles will depend on the significance, α, determined 
(MSD, Bonferroni corrections, etc.). These interpretations 
are subject to a series of measurements of the quality of rep-
resentation for the different planes (inertia absorption of the 
planes, the goodness of the projections of the measurements 
on the variables for the dimensions selected, etc.).

The Canonical Biplot analysis has been carried out on 
a matrix of 400 rows and 6 columns (L *, a *, b *, Vx, Vy, 
and Vz), where the rows are grouped into 40 groups with the 
following names: STX, where S is the type of quarry sample 
(Z1, TG, TB, TO and TR), and TX (00, T1, T2, T3, T4, T5, 
T6, and T7), where:

T0 = Quarry samples.
T1 = Quarry samples subjected to freezing/thawing and 

colding/heating (− 20/110 °C) accelerated aging.
T2 = Quarry samples treated with H224.
T3 = Quarry samples treated with RC70.
T4 = Quarry samples treated with RC80.
T5 = Quarry samples treated with H224 and subse-

quently subjected to freezing/thawing and cooling/heating 
(− 20/110 °C) accelerated aging.

T6 = Quarry samples treated with RC70 and subse-
quently subjected to freezing/thawing and cooling/heating 
(− 20/110 °C) accelerated aging.

T7 = Quarry samples treated with RC80 and subse-
quently subjected to freezing/thawing and cooling/heating 
(− 20/110 °C) accelerated aging.

A diagram of all the comparisons made in this study is 
shown in Fig. 3.

Fig. 2   Scheme for monitoring 
the cycles
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The average data collected for each of the variables 
analyzed for each rock studied appear successively in 
Tables 1, 2, 3, 4, and 5.

The results obtained from the Canonical Biplot, Fig. 4, 
have been broken down for each of the samples studied to 
facilitate the interpretation of the results. This has given 
rise to Figs. 5, 6, 7, 8, and 9. Arrows with different paths 
have been introduced into these figures to graphically 
determine the approximate magnitude of the effects pro-
duced by the different processes applied. The significance 
of the effects was determined using t-Student comparisons 
(Bonferroni correction).

Fig. 3   Diagram of all the comparisons made in this study

Table 1   Average data on the 
ultrasound propagation speed 
and the chromatic coordinates 
of sample Z1

ƒ : m/s

Sample Vxƒ Vyƒ Vzƒ L* a* b*

Z1T0 2376 ± 71 2315 ± 74 2124 ± 36 67.1 ± 0.5 2.2 ± 0.2 9.9 ± 0.4
Z1T1 2365 ± 93 2243 ± 121 2068 ± 136 73.4 ± 1.3 1.2 ± 0.1 8.5 ± 0.3
Z1T2 3209 ± 72 3153 ± 83 2891 ± 162 70.1 ± 0.4 1.4 ± 0.1 9.9 ± 0.1
Z1T3 3369 ± 26 3265 ± 53 3147 ± 26 68,5 ± 0.5 1.7 ± 0.1 9.3 ± 0.4
Z1T4 3862 ± 15 3363 ± 95 2824 ± 69 71.7 ± 0.4 1.0 ± 0.1 8.2 ± 0.1
Z1T5 3115 ± 80 2957 ± 90 2825 ± 100 69.1 ± 0.7 1.5 ± 0.1 8.3 ± 0.3
Z1T6 2771 ± 99 2400 ± 87 2348 ± 85 67.3 ± 0.5 2.1 ± 0.2 10.4 ± 0.4
Z1T7 3331 ± 55 2857 ± 144 2243 ± 23 71.6 ± 0.6 1.3 ± 0.2 7.6 ± 0.3

Table 2   Average data on the 
ultrasound propagation speed 
and the chromatic coordinates 
of sample TG

ƒ : m/s

Sample Vxƒ Vyƒ Vzƒ L* a* b*

TGT0 2814 ± 54 2503 ± 66 2270 ± 51 72.0 ± 1.0 3.4 ± 0.7 10.7 ± 0.7
TGT1 1893 ± 33 1580 ± 1 1298 ± 15 69.0 ± 0.6 6.5 ± 0.6 11.6 ± 0.2
TGT2 2829 ± 7 2710 ± 7 2404 ± 3 63.6 ± 0.4 4.6 ± 0.2 15.8 ± 0.3
TGT3 2784 ± 10 2747 ± 17 2643 ± 4 60.4 ± 0.7 8.4 ± 0.8 14.8 ± 0.2
TGT4 2842 ± 26 2787 ± 15 2556 ± 59 63.4 ± 0.4 4.1 ± 0.3 14.2 ± 0.2
TGT5 2778 ± 1 2459 ± 46 2239 ± 72 61.2 ± 0.6 7.5 ± 0.6 14.1 ± 0.2
TGT6 2754 ± 31 2781 ± 31 2436 ± 14 66.5 ± 0.7 7.5 ± 0.6 14.1 ± 0.3
TGT7 2525 ± 8 2857 ± 17 2413 ± 4 65.4 ± 0.4 6.0 ± 0.4 13.5 ± 0.2

Table 3   Average data on the 
ultrasound propagation speed 
and the chromatic coordinates 
of sample TB

ƒ : m/s

Sample Vxƒ Vyƒ Vzƒ L* a* b*

TBT0 2632 ± 64 2422 ± 56 2130 ± 32 79.3 ± 0.4 0.5 ± 0.1 6.0 ± 0.2
TBT1 2020 ± 95 1885 ± 82 1680 ± 62 78.3 ± 0.5 0.3 ± 0.1 6.6 ± 0.3
TBT2 2891 ± 11 2578 ± 22 2474 ± 31 76.5 ± 0.5 0.9 ± 0.1 8.4 ± 0.6
TBT3 2979 ± 30 2813 ± 7 2538 ± 13 69.0 ± 0.3 2.7 ± 0.1 8.4 ± 0.3
TBT4 2982 ± 4 2814 ± 32 2694 ± 54 71.4 ± 0.3 1.2 ± 0.2 8.9 ± 0.4
TBT5 2584 ± 36 2276 ± 58 2127 ± 40 73.7 ± 0.6 1.2 ± 0.1 9.5 ± 0.5
TBT6 2741 ± 84 2633 ± 83 2345 ± 73 70.6 ± 0.3 1.1 ± 0.1 10.2 ± 0.2
TBT7 2682 ± 64 2630 ± 76 2452 ± 120 70.7 ± 0.5 2.1 ± 0.1 10.1 ± 0.3
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3 � Results and Discussion

A Wilk’s Lambda of 22.64 was calculated, p < 0.0001, 
after applying the Canonical Biplot to the results obtained 
for the chromatic coordinates (L *, a *, b *) and the ultra-
sound propagation speed. The inertia absorption of the 
first three axes was 87.66%.

The plane 1–2, as seen in Fig. 4, was analyzed, since it 
was possible to detect variations in the effectiveness of the 
treatments and the durability of the fresh and treated stones 
previously described. This plane was broken down according 
to the different sample types.

Table 4   Average data on the 
ultrasound propagation speed 
and the chromatic coordinates 
of sample TO

ƒ : m/s

Sample Vxƒ Vyƒ Vzƒ L* a* b*

TOT0 2539 ± 50 2368 ± 48 2176 ± 43 72.0 ± 0.7 4.0 ± 0.4 12.7 ± 1.0
TOT1 2140 ± 3 1868 ± 58 1663 ± 6 70.9 ± 0.6 3.3 ± 0.4 13.1 ± 0.9
TOT2 2658 ± 3 2497 ± 8 2370 ± 9 68.8 ± 0.4 3.8 ± 0.3 16.6 ± 0.4
TOT3 2813 ± 1 2714 ± 11 2519 ± 17 62.2 ± 0.6 6.8 ± 0.6 16.4 ± 0.4
TOT4 2948 ± 19 2814 ± 25 2411 ± 12 69.0 ± 0.3 2.7 ± 0.1 8.4 ± 0.3
TOT5 2487 ± 1 2428 ± 7 2254 ± 50 66.2 ± 0.4 4.1 ± 0.3 14.1 ± 0.6
TOT6 2608 ± 10 2510 ± 24 2329 ± 10 67.6 ± 0.3 3.6 ± 0.3 16.3 ± 0.3
TOT7 2586 ± 11 2483 ± 10 2239 ± 15 65.5 ± 0.5 4.4 ± 0.3 15.0 ± 0.7

Table 5   Average data on the 
ultrasound propagation speed 
and the chromatic coordinates 
of sample TR

ƒ : m/s

Sample Vxƒ Vyƒ Vzƒ L* a* b *

TRT0 2197 ± 34 2053 ± 38 1975 ± 54 79.3 ± 0.1 − 0.1 ± 0.1 9.9 ± 0.2
TRT1 1898 ± 63 1843 ± 47 1644 ± 15 73.9 ± 0.6 1.7 ± 0.4 10.7 ± 0.4
TRT2 2317 ± 9 2271 ± 1 2256 ± 4 66.0 ± 1.0 6.2 ± 0.9 14.5 ± 0.6
TRT3 2376 ± 13 2294 ± 22 2264 ± 20 64.9 ± 0.7 6.1 ± 0.8 14.2 ± 0.4
TRT4 2610 ± 15 2374 ± 14 2436 ± 21 63.3 ± 0.9 7.7 ± 1.1 16.6 ± 0.6
TRT5 2158 ± 25 1933 ± 9 1895 ± 22 75.8 ± 0.9 2.2 ± 0.9 10.9 ± 0.4
TRT6 2092 ± 92 2033 ± 75 1957 ± 63 74.5 ± 0.9 4.0 ± 0.9 11.7 ± 0.9
TRT7 2280 ± 45 2093 ± 1 1957 ± 12 68.3 ± 1.0 4.6 ± 0.9 12.4 ± 0.7

Fig. 4   Canonical Biplot (axes 1 and 2)

Fig. 5   Canonical Biplot for the stone variety Z1 (axes 1 and 2)
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samples, Z1 and TG differences were detected (p < 0.05). 
This decrease was due to the appearance of holes and micro-
cracks inside the stones during aging using the freezing/
thawing and cooling/heating (− 20/110 °C) treatments. 
The order in which this decrease was manifested was: 
TG > Z1 > TB ≈ TR ≈ TO, indicating that the greater the 
grain size of the minerals (TG and Z1), the greater the 
decrease in the ultrasound propagation speed. That is to say, 
the holes and microcracks open in the materials with a larger 

Fig. 6   Canonical Biplot for the stone variety TG (axes 1 and 2)

Fig. 7   Canonical Biplot for the stone variety TB (axes 1 and 2)

Fig. 8   Canonical Biplot for the stone variety TO (axes 1 and 2)

Fig. 9   Canonical Biplot for the stone variety TR (axes 1 and 2)

The results found are summarized in the following sections:

3.1 � Durability of the Quarry Materials After Being 
Subjected to Freezing/Thawing and Cooling/
Heating Accelerated Aging (− 20/110 °C)

The ultrasound propagation speed was lower for all of the 
treated samples when compared to the values obtained for 
the fresh, untreated quarry samples. However, in the case of 
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grain size were greater in the interconnective space between 
minerals. Additionally, no variations were observed in sam-
ples TB, TO, and TR, as these are the most porous stones 
with a large number of pores greater than 5 μm. The process 
of freezing/thawing did not cause a disruptive effect, because 
drainage occurred, as well as the expulsion of fluids within 
the advance line of the freezing front (Winkler, 1973).

In addition, the color of the stone variety Z1 was slightly 
lighter (↑ L*) (p < 0.05) as compared to the respective fresh 
quarry samples which were grayish white (Fig. 5). In the 
variety TR, a darkening occurred (↓ L*), as compared to 
the fresh quarry stone (p < 0.05), possibly due to the strong 
reddish color of its surface. In the chromatic coordinates 
that define color (a* and b*), samples TR and TG appeared 
redder (↑a*) and more yellow (↑b*) (p < 0.05), whereas in 
sample Z1, the redness (↓a*) and yellowing (↓b*) (p < 0.05) 
decreased.

3.2 � Effectiveness of the Treatments (H224, RC70, 
and RC80) Using Fresh Quarry Rocks

The ultrasound propagation speed was higher in all cases 
compared to the values obtained for the corresponding fresh 
quarry rocks (p < 0.05), except in sample TO treated with 
H224 (water repellent). This was due to how the product was 
originally applied, which did not produce a consolidating 
result but rather the formation of a thin film that acted hydro-
phobically. For this sample (TO), one of the most porous, it 
was more difficult to produce a hydrophobic film.

With respect to color, all of the treated, silicified sand-
stone samples (TG, TB, TO, and TR), as compared to the 
corresponding fresh quarry rocks appeared darker (↓ L*), 
with an increase in redness (↑ a*) and yellowing (↑ b*) 
(p < 0.05), except for the TB samples treated with H224 
and the sample TO treated with RC80. The behavior of the 
treated silicified conglomerate (Z1) was, however, different; 
treatment with H224 produced less yellowing (↓ b*), but 
appeared lighter (↑ L*) and less yellow (↓ b*) and red (↓ a*) 
after being treated with RC80.

The extent of the effects produced allows us to approxi-
mate the effectiveness of the treatments applied. Therefore, 
in general, we can conclude that:

1.	 Treatment with H224 (T2) produced the least effect 
on all samples due to the way in which it was applied. 
Applying the product using a brush did not allow it to 
properly penetrate into the stone and to form a thin film 
that prevented water from entering.

2.	 In the case of the consolidation treatments RC70 (T3) 
and RC80 (T4), where maximum penetration was 
required, the effects were very similar, being more so 
with RC80.

3.3 � Durability of the Treated Samples After Being 
Subjected to Freezing/Thawing and Cooling/
Heating Accelerated Aging

Decreases in the ultrasound propagation speed were 
observed for all silicified sandstone samples previously 
treated and subsequently aged using freezing/thawing and 
cooling/heating (− 20/110 °C) treatments, as compared 
to the samples that were only treated with the conserva-
tion products (p < 0.05). However, this was not the case for 
sample TB, treated with all products, TO, treated only with 
H224 and RC80 and TG and Z1, treated only with H224.

There is a curious fact in the TR sample, Fig. 9. If we 
analyze the ultrasonic propagation speed, the conservation 
treatments used do not improve the durability of the treated 
stones compared to those of the fresh quarry samples, except 
in the samples treated with H224. This is due to the fact that 
the TR sample has the highest porosity of all those studied 
(Iñigo et al. 2020). This means that the consolidation prod-
ucts (RC70 and RC80) can be introduced in greater quanti-
ties and more easily into the interior of the rock. When per-
forming the 25 aging cycles, the products can be eliminated 
by being easily dragged to the surface since most of their 
porosity is directly interconnected with the surface of the 
specimens (AC > 90%, Iñigo et al. 2020). The formation of 
the hydrophobic film (H224) is not as perfect and homogene-
ous as in the rest of the samples studied with less porosity. 
In spite of this, it seems that the stones of the TR sample, 
treated with this product, present a slightly higher durabil-
ity compared to the corresponding quarry rocks, which is 
significant (p < 0.05) after the 25 cycles of accelerated arti-
ficial aging.

As for the color coordinate L*, no variations were 
detected (p > 0.05) for variety TB. In the variety TG, treated 
with RC70, and TR treated with all products (H224, RC70, 
and RC80), the stones became lighter in color (↑ L*); how-
ever, the behavior of sample TO treated with RC80 was 
darker (↓ L*) (p < 0.05). In addition, regarding the coor-
dinates that define color, a* and b*, differences were only 
observed (p < 0.05) in TG, treated with RC70, and TR, 
treated with H224 and RC70. In these stone samples, the 
color was less yellow (↓ b*) and red (↓ a*), but in the case 
of TO, treated with RC80, the effect was the opposite.

Changes in the chromatic coordinates (L*, a*, b*) and the 
ultrasound propagation speed were greater when comparing 
the values of the treated samples with those obtained for the 
corresponding fresh quarry samples (), and when the fresh 
quarried samples () and the corresponding treated samples () 
are subjected to cycles of accelerated aging using freezing/ 
thawing and cooling/heating treatments.
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4 � Conclusions

The analysis of the results obtained for the chromatic coor-
dinates (L *, a *, b *) and the ultrasound propagation speed, 
in the three spatial directions of the different situations to 
which each of the silicified sandstones and conglomerates 
were subjected, by means of the Canonical Biplot analysis, 
has allowed us to draw the following conclusions:

a.	 Most of the variations found in all of the controlled non-
destructive variables in this type of rock are obtained 
after the applying the treatments. In this study, the order 
of effectiveness of the conservation products applied is:

	   RC80 > RC70 > H224.
b.	 The accelerated aging applied to the fresh quarry sam-

ples studied using freezing/thawing and cooling/heating 
(− 20/110 °C) treatments decreases the speed of ultra-
sound propagation in all cases. Additionally, the ultra-
sound propagation speed increases in the treated samples 
compared to fresh quarry samples. Finally, the ultra-
sound propagation speed is reduced, in general, in the 
samples treated and subsequently aged using a freezing/
thawing and cooling/heating (− 20/110 °C) treatments, 
but many exceptions occur.

c.	 The changes in the chromatic coordinates (L *, a *, b 
*) are not greatly appreciable in all of the variables and 
treatments applied for each of the samples, except for the 
sample TR.

d.	 The changes observed in the ultrasound propagation 
speed variable, between the fresh quarry samples and 
those treated after aged using the freezing/thawing and 
cooling/heating treatment, indicate that the durability of 
the treated samples is greater than that of the fresh quar-
ried stone. This indicates that, in most cases, the treat-
ments are effective when using these types of stones.
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