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Abstract 

The freeze-thaw standard test is widely used and is an important criterion for selecting a stone to be 

used as paving (UNE-EN 1342:2003) and cladding (UNE-EN 1469:2005). According to these 

standard tests, frost durability is estimated by: a) the volume lost in the samples (less than 1%); b) 

visual deterioration; or c) the drop in sample strength (less than 20%). The freeze/thaw number is only 

given for paving or cladding stone, and is 48 and 12 respectively. 

In this work, the frost resistance of 170 samples of ten dimension stone varieties were studied: three 

travertines, two lumachellas (or biocalcirrudites), one micrite limestone, one calcite marble, one 

biocalcarenite, and two oolite limestones. The mineralogy is calcite in the whole varieties, but their 

open porosity value varies between <1% (calcite marble) and > 25% (lumachella).  

Samples were divided into five groups and each one was tested after 0, 12, 48 and 96 cycles. At the 

end of the cycles several properties were measured: a) volume lost; b) variation in open porosity; c) 

visual deterioration; and d) sample strength. The microstructural evolution of the texture was also 

studied, using SEM in polished samples (1x1x1 cm size). 

Results show that: 1) One variety of lumachella and one variety of oolite limestone were weathered 

after freeze-thaw according to the standards. These stones show some fractures at the mesoscale. 

However, at the microscale, many stones show microfissuring processes and matrix washing. Both 

aspects are highly dangerous for the rock’s long-term physicochemical stability. 2) The vast majority 

of sample damage appeared after 12 freeze-thaw cycles, with damage also frequently occurring after 

48 cycles. This result suggests that the number of cycles used in the standard test is very low. 3) The 

microstructural damage was not measured by the variation in sample volume and strength. Results 

have clearly shown the need to include petrophysical parameters in freeze-thaw standard tests for a 

real and appropriate estimation of frost durability. 
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1. Introduccion 
Standards are a powerful and very useful tool for 

guaranteeing the correct use of rocks as building 

materials. Moreover, standards offer an 

important role as framework in which to 

establish objective and uniform parameters that 

allow comparing results from tests carried out in 

different laboratories. These are two of the most 

important functions of the standardized tests. 

However, standards necessarily have to be 

effective in a whole range of different materials 

(different kind of rocks), and this aspect can 

involve serious problems. Sometimes standards 

are not equally valid in the whole kind of rocks.  

This is the objective of the present work: 

evaluate the effectiveness of the standardized 

freeze-thaw test when it is applied to a wide 

range of carbonate rocks.  
 

The frost durability of rocks is one of the most 

important parameter to take into account when a 

rock is going to be used in cold regions. The ice 

crystallization in the porous system of rock can 

cause important damages (Nicholson and 

Nicholson, 2000; López González-Mesones, 

2008). Consequently, one of the most important 

factors in the frost resistance of rocks is the 

characteristics of their porous system (porosity, 

porous size distribution and the presence of 

fissures). When a rock is subjected to important 

temperature changes, the dilatation and 

contraction of minerals cause the apparition of 

thermal stresses that can become very important. 

This is the case of calcite. Calcite has a high 

anisotropic behaviour, with a large dilatation 

coefficient along its c crystallographic axis, and 

a strong contraction in a and b axis (Nye, 1972). 

This peculiar behaviour cause the apparition of 
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thermal cracks associated to the continuous and 

cyclic expansion-contraction of minerals in poly-

crystalline rocks (Siegesmund et al., 2000; 

Martínez-Martínez, 2008).  

Due to those facts, the criterion for selecting the 

rocks employed in this work has be focused in 

two important aspects: 1) the selected rocks have 

to present a wide range of porous system types, 

in order to analyze both the aggressiveness of the 

frost process in different porous systems, and the 

effectiveness of the standards in these rocks; and 

2) the whole rocks have to be mainly constituted 

by calcite, for analyzing the effect of thermal 

cracks during freeze-thaw cycles. According to 

this criterion, ten different varieties have been 

selected: from a calcite marble (porosity of 

0.5%, intercrystalline porosity) to a porous 

calcirrudite or lumachella (25%, abundant 

cavities). 

 

2. Materials and method 
2.1 Materials 
Ten carbonate dimension stones are studied in 

this paper. All varieties present similar 

mineralogical composition (calcite) but different 

both textures and porous systems. The studied 

rocks include:  

1) Three different types of travertine (TR, TM 

and TC). TR and TM correspond to coloured 

travertines (TR: red travertine; and TM: light 

brown travertine). TC is a white travertine 

similar to classic travertine. The three travertines 

have a similar porosity value, but a quite 

different porous size range. Porous are bigger in 

TR (between 0.05 and >200 µm) than in TC (0.5 

– 20 µm). TM has the smallest porous size 

(<0.01 – 10 µm). 

2) Five limestone classified as grainstones (after 

Dunham, 1962) (CP, OO, BF, LGS and LNW). 

CP and OO correspond to two oolitic limestones. 

BF is a coarse biocalcarenite (0.5-1 mm mode 

clasts size) whit detritic quartz and feldspars 

(≥5%). LGS and LNW are two medium 

biocalcirrudites or lumachellas (4-16 mm mode 

clasts size). The least porous rock is LNW, and 

the most porous one is LGS, according to this 

ranking: LNW < CP < OO < BF < LGS. 

3) One wackestone (Dunham, 1962) (CC). This 

variety is a fossiliferous micrite, with two 

predominant pore sizes: micropores (<0.01 µm) 

and large pore cavities (≈cm).  

And finally, 4) One calcite marble (BT), with 
very low intercrystalline porosity.  

 

 

2.2 Method 
17 samples of the ten different varieties 

described above were used in this study (170 

samples in total). The 17 samples were put in 

five groups. Each group was subjected to a 

different number of freeze-thaw cycles: 0, 12, 

24, 48 and 96. Before starting the test, open 

porosity and weight of each sample are 

measured.  

Freeze-thaw test. The freeze-thaw test was 

carried out in a freezing chamber. The first step 

of the test consists in saturating the samples with 

distilled water. After that, the cycles begin. One 

cycle consists in three parts: 1) temperature 

decrease until -8ºC for 2 hours (dry conditions); 

2) temperature decrease until -12ºC for 4 hours 

(dry conditions); and 3) temperature increase 

until 20ºC (wet conditions and sample water 

saturation). When a group is up to the 

correspondent maximum number of cycles, the 

samples are taking out from the freezing 

chamber, and dried in an oven (70ºC). Then, the 

open porosity and the weight are measured 

again, as well as the sample strength. 

Open porosity determination. The open porosity 

is obtained using the vacuum water saturation 

test. Samples were dried at a temperature of 70 

ºC for 48 hours until the constant mass was 

achieved. The dried samples were placed in a 

vacuum at 20 ± 7 mbar pressure in three 5-hours 

cycles. The trapped gases in the porous system 

were eliminated during the first cycle. During 

the second cycle, samples were slowly 

introduced into distilled water until they were 

submerged in 5 cm of water. They were then left 

for 5 hours. Atmospheric pressure was re-

established and maintained throughout the last 

cycle. Thus, connected porosity is defined as the 

relationship between the volume of voids (ratio 

of absorbed water to water density) and the 

volume of the sample, expressed as a percentage.  

Rock strength determination. The strength 

characterization of weathered and unweathered 

samples was carried out by means of the uniaxial 

compressive test. The samples were tested in 

accordance with the UNE-EN 1926 (1999).  

 

3. Results 
The weathering evolution of the different rocks 

has been checked after five parameters: 1) 

weight lost in the samples; 2) visual 

deterioration; 3) sample strength; 4) 

microstructural evolution of rock texture; and 5) 

variation in open porosity. The first three 

parameters are proposed by different standards 
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(UNE-EN 1342:2003–paving and UNE-EN 

1469:2005– cladding). The last two parameters 

are checked in addition.  

 

3.1. Weight lost of samples 

Table 1 shows the weight decrease (in % respect 

the initial value) during the weathering cycles.  

Gaps in the table are due to the fact that stone 

samples were broken before finishing the 

corresponding cycles (cases of LGS and CP). It 

is important to underline the very low weight 

lost in the whole varieties (0.21% as maximum 

value). 

 

3.2. Visual deterioration  
Only two varieties suffer visual deterioration: 

LGS and CP (figure 1).  

 
Table 1. Weight decrease, mean values of initial 

porosity and porosity increase. Increments of both 

parameters (between 0 and 96 cycles) are expressed 

in % respect initial value. 
 Weight 

decrease 

 Initial 

porosity 

Porosity 

increase 

 [%]  [%] [%] 

TC 0.05  9.89 0.24 

TM 0.05  7.54 0.39 

TR 0.04  6.41 0.50 

LNW 0.09  12.43 0.25 

LGS -  24.59 - 

BT 0.03  0.82 0.20 

BF 0.21  23.30 1.46 

CC 0.086  3.28 0.12 

CP -  13.46 - 

OO 0.05  20.02 0.76 

In the first case (LGS), samples are weathered 

by means of a clear fracture. This fracture is 

parallel to the depositional structure of rock, 

although this structure not is always evident. On 

the other hand, CP samples suffer a different 

kind of weathering. Samples show an intensive 

internal granular desintegration. Oolites are 

isolated and rocks suffer lost of its internal 

cohesion. Samples of LGS are fractured after 

around 12 cycles, and CP between the 48 and 96 

steps (remember that the most aggressive 

standards recommend testing the rocks until only 

48 cycles). 

 

 
Figure 1: Weathered samples of a lumachella variety 

(LGS) and an oolitic limestone (CP).  

 

3.3. Rock strength 

Rock varieties studied in this paper have a 

medium resistance, classified according to Deere 

and Miller (1966). In this global classification 

only differing CC (high resistance) and LGS 

(very low resistance). Figure 2 shows the 

strength mean values  and  maximum - minimum  

 

 

 
Figure 2. Strength mean values (circles) and maximum-minimum range (vertical bars) of the whole sample 

groups. Five data sets per variety are showed. The different grey levels of the circles colour (from black to white) 

correspond to different weathering degrees (0, 12, 24, 48, 96 freeze-thaw cycles, respectively). Some varieties 

have an incomplete data series (for example, LGS only has data in 0 and 12 cycles). This is due to the fact that 

samples were completely weathered before finishing the correspondent cycle number. 
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range of the whole varieties at initial conditions 

and with different weathering degrees.  

It is possible to see in the graph the very low 

influence of rock decay level on its mechanical 

resistance (even in samples subjected to 96 

freeze-thaw cycles their strength are always 

defined inside the initial maximum-minimum 

range). 

 

3.4. Microstructural evolution  

The microscopic study of the microstructural 

evolution of rocks has provided significant 

information about the materials answer during 

freeze-thaw cycles. Five of the ten varieties 

remained stable during the test (LNW, CC, TC, 

TM and TR). However, LGS, CP, BT, BF and 

OO showed textural decay (figure 3). LGS, CP, 

BT and OO suffered microcracking processes 

(interpraticle: CP; intercrystalline caused by 

thermal stresses: BT; intraparticle: LGS and 

OO). The BF decay way is characterized by a 

matrix washing (clays and micrite), and, finally, 

lost of particles. 

 

3.5. Variation of open porosity 

Table 1 shows the variation of the open porosity 

between the initial and final (96 cycles) values 

(in percentage). The porosity increase is very 

low in the whole cases (lower than 1.5% respect 

initial values). This is logical according with the 

kind of weathering observed in SEM. The 

apparition of microcracks and matrix washing 

(pointed out above) cause the modification of the 

porous system, but the empty volume associated 

to a microcrack is practically inconsiderable. 

Consequently, the porosity increase is not 

important during weathering. 

 

4. Conclusion 

Ten varieties of carbonate dimension stone were 

tested under freeze-thaw cycles in order to check 

the effectiveness of standards. Results point out 

the low sensitivity of physical parameters used 

in standards to quantify the resistance of rocks 

during freeze-thaw conditions. According to the 

standards criteria, only one of the ten varieties is 

not resistant to ice crystallization. However, after 

the results obtained in this study, five varieties 

suffer important decay problems. Firstly, 

samples of two varieties result completely 

broken. Samples of one of them are cracked after 

around 12 cycles, and the other one near the 96. 

Standards suggest a maximum number of 12 or 

48 cycles (depending on the use of stone). 

Consequently, the number of cycles established 

is not sufficient. Secondly, the microscopic study 

of the evolution of rock textures reveals that five 

stones show microfissuring processes and matrix 

washing. Both aspects are highly dangerous for 

the rock’s long-term physicochemical stability 

and it should be taking into account in order to 

guarantee the correct use of these materials. 

Finally, the microstructural damage was not 

measured by the variation in sample volume, 

porosity and strength. Due to that fact, further 

research will be necessarily focussed on 

obtaining petrophysical parameters which allow 

estimating accurately rock frost durability. In 

this way, standards will be more sensitive in the 

future, guaranteeing a more appropriated used of 

rocks as building materials. 
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