
1 INTRODUCTION 
 

Salt induced deterioration is both of relevance in 
existing constructions and new materials (Charola & 
Rörig-Dalgaard, 2019). For new materials, the issue 
is to test their resistance towards a saline environment 
originating from costal vicinity, deicing exposure etc. 
and thereby ensuring production and selection of ma-
terials with the needed properties. For this purpose, 
various standard tests exists such as the European 
Standard EN 12370 and the RILEM test MS-A.2. 
These standards basis on different physical phenom-
ena, and consequently results in different degradation 
patterns (Lubelli et al., 2018). At the same time, the 
degradation patterns obtained in these tests have 
shown to differ from degradation patterns seen in 
praxis. Presently a new RILEM test is in preparation 
within the RILEM TC 271-ASC, with the aim to de-
velop a test method reflecting natural degradation pat-
terns to a higher extent. 

Regardless of the test method, it is essential to 
evaluate the results obtained from the tests. For EN 
12370, the evaluation criteria are mass change and 
photographic documentation. In MS-A.2 the evalua-
tion is based on photographic documentation and the 
number of cycles until initiated deterioration. Further, 
to unify damage descriptions, two different damage 
deterioration atlases ICOMOS-ISCS (ICOMOS-
ISCS, 2008) and MDCS (MDCS, 2019) are used.  

In practice, it is challenging to make conclusions 
based on the presently proposed evaluation methods: 

mass change, photographic documentation and num-
ber of cycles. In regards to the evaluation of mass 
changes it has been found challenging to wash out all 
present salts within the porous material to get a clear 
picture of actual mass degradation. For the photo-
graphic documentation and the number of cycles, it is 
challenging to make a clear distinction between non-
deteriorated materials and deteriorated material and 
especially to make a precise description of the deteri-
oration degree. 

Therefore, a more objective method is lacking. 
The present work suggests two steps to quantify sur-
face deterioration with the aim to obtain an unambig-
uous interpretation of the surface deterioration, di-
vided into I) coloring of the exposed surface in a 
contrast color following by II) quantification. Three 
different quantification methods are studied. 

Similar challenges have been identified for quan-
tifying deterioration in depth, and to overcome this 
challenge a new method has been proposed, using the 
chemical composition of carbonate (with signifi-
cantly different pH values) as a tracer to detect sur-
face areas with increased porosity just as cracks start-
ing out from the surface. Thereby, estimation of the 
condition of the fired clay brick basis on the state of 
the carbonate just as changes in the silicon content 
(Rörig-Dalgaard & Charola, 2020).  

Quantifying surface deterioration: exemplified on fired clay bricks 

C.P. Simonsen & I. Rörig-Dalgaard 
Technical University of Denmark, Department of Civil Engineering, Kgs. Lyngby, Denmark 
 

 
 

 
 

 
 

ABSTRACT: For durability examinations of new materials, various resistance tests exist. The present work 
examines the resistance towards two accelerated salt crystallization methods (European Standard EN 12370 
and RILEM test MS-A.2) on four types of fired clay bricks. In line with previous work, different deterioration 
patterns came into existence with each of these standards followed by an evaluation based on the evaluation 
criteria in the respective standards: weight changes, number of exposure cycles and photo documentation. How-
ever, a precise and true evaluation based on these existing evaluation criteria was found challenging to perform. 
This present work suggest a new method for quantifying initial surface deterioration, by coloring the exposed 
surface in a contrast color to ease distinction between non-deteriorated and deteriorated areas, followed by 
quantification with the point count method (best method out of three examined). This simple methodology 
seems to offer quantification of the surface deterioration. 



2 MATERIALS AND METHODS 

2.1 Materials  
Four types of non-calcareous fired bricks figures in 

the present examinations. Two types were fired at a 
maximum temperature of respectively 960°C ±4°C 
and 1060°C ±4°C at the Danish Technological Insti-
tute (DTI, not commercially available). Firing of 
those two brick types in pilot scale oven proceeded at 
a constant heating rate of 40°C/hour until the top tem-
perature. The top temperature existed for 6 hours. 
Thereafter, rapid cooling by around 140°C/hour until 
600°C. Following, a switch off the oven resulted in 
natural cooling and in an approximately cooling rate 
of 20°C/hour around the quartz point. Two commer-
cially available bricks “Red Neutral” (2207A00M) 
and “Black Beauty” (347A00M) from Egernsund 
Brickyard with known salt resistant exposure classes 
were included in the examinations too. The brick 
specimens had the dimensions: 0.04m x 0.04m x 
0.04m, where one of the surfaces were the original 
exposed surface (here termed exposed test surface). 
See Table 1 for selected material properties. 

For the water vapor permeability measurements 
“Red Neutral” was cut into cylindrical specimens 
with a diameter of 0.08m, a height of 0.025 ± 0.001m 
and one exposed test surface. 

Mirabilite (NaSO4·10H2O) from ACROS Organ-
ics with a purity > 99 % and Thenardite (NaSO4) from 
VWR with a purity > 98% was used for the acceler-
ated salt crystallization tests. 

Epoxy resin sealed the samples exposed to test 
method MS-A.2 and the cup method.  

STAEDTLER Lumocolor permanent marker 352 
with a line width of approx. 2 mm established the con-
trast color on the test surface. The naming of the brick 
specimens is according to their name-eventual addi-
tion of color on the exposed test surface and specimen 
number, e.g. DTI 960-C-1 (brick type “DTI 960”, col-
ored exposed test surface, specimen number 1). 

 
Table 1 Selected material properties, determined in six-

fold for each brick type.  ___________________________________________________ 
Standard  EN 1936   EN 1925    EN 772-1     ____________ _____________    _____________ 
    Open porosity    Water absorption   Compressive 

      [-]      coeff.,[kg/m2s1/2]    Strength,[MPa] ___________________________________________________ 
Red Neutral*  0.34     0.24      20 + 

DTI 960   0.33     0.28       - 
Black Beauty** 0.32     0.28      20+ 

DTI 1060   0.28     0.34       - ___________________________________________________ 
*   Exposure class: salt non-resistant. 
** Exposure class: salt resistant. 
+     From datasheet. 

2.2 Methods 
Accelerated salt crystallization tests were per-

formed according to the European Standard EN 
12370 and the RILEM test MS-A.2.  

A balance, Sartorius ED323S, with an accuracy of 
±0.001g was used to follow potential mass changes 
and report paper masses.  

The three methods to quantify the deteriorated sur-
face area from the non-deteriorated surface area: a 
systematic manual point count, paper indentation and 
determination using a CAD software.  

The systematic point count is according to ASTM 
E562-19 a method to statistically estimate the volume 
fraction (expressed in percentage) of a constituent of 
interest (e.g. deterioration) from any two-dimensional 
section. Presently mortar analysis makes use of this 
method. In this work, the number of equally spaced 
points constituted of 100 as a compromise between 
limitation of labor and reasonable insurance to obtain 
a reliable result.  

The paper weighing method from the European 
Standard EN 772-2 determines the deterioration frac-
tion by the mass difference of a paper cutout of the 
deteriorated surface area related to the paper mass of 
the total surface area. Voids in concrete masonry can 
be determined with EN 772-2 and the method sug-
gests a determination of specific areas with the use of 
a planimeter (not performed in the present work). 

To use a 2D CAD software, photo documentation 
is attached and scaled according to original sizes. Fol-
lowing calculation of the deterioration fraction is 
based on the initial non-deteriorated surface area. The 
used software was AutoCad in the present work.  

Examination of possible change in water vapor per-
meability due to surface coloring followed the cup 
method ISO 12572:2016.  

Macro pictures were taken with a Nikon D610 
camera. The camera was placed on a stand at a 
distance of 0.12m from the photographed surface. 
The specimens were illuminated with Kaiser RB 
5000 Daylight Copy Light Set. The camera settings 
were F16; ISO 100. 

The thickness of the colored surface layer was 
studied on a crosssection in a stereomicroscope 
SMZ25 NIKON with NIS-Elements D software. 

 

3 RESULTS 

3.1 Durability assessment based on current 
methods 

The quantitative results from the test methods cur-
rent evaluation criteria are seen in Table 2 for the four 
types of test specimens. EN 12370 was performed as 



six-fold determination, MS-A.2 as a double determi-
nation for each brick type. A mass increase was found 
for three out of the four types of test specimen (after 
washing). The numbers of cycles until initiated dete-
rioration are subjectively determined by the execu-
tor’s definition of deterioration. 
 

Table 2 Results related to the evaluation criteria’s in EN 
12370 and MS-A.2 respectively. ___________________________________________________ 
Standard     EN 12370     MS-A.2        ____________  _____________  
       Mass change, [%]  Number of Cycles  ___________________________________________________ 
Red Neutral*    0.28±  0.12      8 
DTI 960    -0.20±  0.25      8 
Black Beauty**      0.43±  0.22     11 
DTI 1060           0.45±  0.09     11 ___________________________________________________ 
*   Exposure class classified as salt non-resistant. 
** Exposure class classified as salt resistant. 
 

All test specimens where photo documented. “DTI 
960” exposed to both EN 12370 and MS-A.2 appear 
in Figure 1 and Figure 2 respectively as examples on 
the photo documentation. 

 

 
Figure 1. Photo documentation for DTI 960-2, exposed 

to EN 12370. 
 

 
Figure 2. Photo documentation for DTI 960-3, exposed to 

MS-A.2. 

3.2 A more clear distinction between non-
deteriorated and deteriorated areas 

Following the approach of the present RILEM TC 
271-ASC for development of an improved 
accelerated salt crystallization method (Flatt et al., 
2017), the deterioration is divided into an initial 
accumulation phase which continues until the first 
deterioration occurs, followed by a propagation 
phase proceeding until the end of lifetime of the 
construction and/or material. To follow the shift 
between the accumulation phase and propagation 
phase, it is sufficient to study surface deterioration 
since this is assumed to be the onset of salt induced 
deterioration. Further, for application to e.g. 
accelerated salt crystallization tests, a simple and 
cheap technique highlighting surface deterioration is 
needed to ease this distinction. For this purpose 
coloring of the exposed test surface in a contrast color 
is proposed. The potential of this proposal is 
examined with the one brick type resulting in the 
most extensive visual deterioration in the present 
work, being “DTI 960”. Two brick specimens (red) 
were colored with a permanent marker (black) on the 
exposed test surface and subjected to test method EN 
12370, just as identical preparations were made for 
test specimens subjected to test method MS-A.2. See 
Figure 3 and Figure 4. 



 
Figure 3. Photo documentation for DTI 960-C-1 with 

black colored test surface, exposed to EN 12370 (15 cycles) 
 

 
Figure 4. Photo documentation for DTI 960-C-3 with 

black colored test surface, exposed to MS-A.2 (8 cycles) 
 

Having a significant distinction between non-dete-
riorated areas (black) and deteriorated areas (red in 
reality, brighter grey in Figure 3 and Figure 4), makes 
possible quantification of the deteriorated areas.  

3.3 Three methods to quantify the deteriorated 
surface area 

Examination of existing methods for quantifica-
tion, though presently used for different purposes and 
their applicability for salt induced surface deteriora-
tion follows.   

The first method is EN 772-2. A print is made of 
the test surface as basis for determination of the dete-
riorated fraction of the surface area according to EN 
772-2 and following cut out according to the black 

lines. See Figure 5. Recording of the paper masses for 
both the entire test surface and following only the de-
teriorated area serve as basis for determination of de-
teriorated area fraction.   

 

 
Figure 5. Division of non-deteriorated areas from deteri-

orated areas on DTI 960-C-1 (same underlying picture as 
Fig. 3) made more visible with a black line, prior to paper 
cut out with the indentation method.  
 

See Table 3 for the recorded masses of the deterio-
rated and non-deteriorated areas along with the dete-
riorated area in percent. 
 

Table 3. Determination of deteriorated percentage area 
according to EN 772-2, the paper indentation method, tested 
on “DTI 960”. Both results from the double determination 
appear, before and after the slash back sign respectively. ___________________________________________________ 
Standard         EN 12370   MS-A.2 ___________________________________________________ 
Total area, [g]       0.25/0.25   0.27/0.27 
Deteriorated area, [g]     0.06/0.05   0.19/0.25 
Non-deteriorated area, [g]   0.19/0.20   0.07/0.02 ___________________________________________________ 
Deteriorated area, [%]     23/19    72/92 ___________________________________________________ 
 

The second method is use of the software CAD for 
quantifying non-deteriorated and deteriorated area re-
ceptively.  

After importing the photo documentation into the 
CAD software, Figure 6, a division of the photo-
graphed exposed test surface takes place into a dete-
riorated area (hatched) and non-deteriorated surface 
(black line). The respective areas are following meas-
ured in the correct scale [mm] with the CAD soft-
ware. 

 



 
Figure 6. Division of non-deteriorated area (hatched) 

from deteriorated area on “DTI 960-C-1” (same underlying 
picture as Fig. 3). Measurement of the areas are in the cor-
rect scale [mm] with 2D CAD software. The left side of the 
figure shows the original appearance with the picture 
whereas the right side of the figure only shows the division 
of areas based on the picture.  

 
Depending on the deterioration pattern, either 

measurement of the deteriorated area or non-deterio-
rated area took place. See Table 4. 

 
Table 4 Results from determination of the deteriorated 

area with CAD software. Method tested on “DTI 960” as a 
double determination.  ___________________________________________________ 
Standard          EN 12370   MS-A.2 ___________________________________________________ 
Initial total area, [mm2]     1600/1600  1600/1520 
Measured det. area, [mm2]     -/-    1194/1379 
Measured non-det. area, [mm2]   1179/1257    -/- ___________________________________________________ 
Deteriorated area, [%]      26/21    75/91 ___________________________________________________ 
 

The third method, the systematic manual point 
count followed ASTM E562-19 consisting of placing 
a grid with points in the intersections. For each point 
it was manually determined whether the point was 
placed on a deteriorated area (here marked with a 
black point) or non-deteriorated area (here marked 
with a bright grey color), see Figure 7.  

 
Figure 7. Test grid with 100 points on “DTI 960-C-1” 

(same underlying picture as Fig. 3). Bright grey dots repre-
sent non-deteriorated areas, whereas black dots represent 
deteriorated areas. 

 
Manually, the number of points related to deterio-

rated and non-deteriorated areas adds up and follow-
ing recalculated to percentage, see Table 5. 

 
Table 5 Determination of percentage deteriorated sur-

face area by point count. Method tested on “DTI 960” as a 
double determination.  ___________________________________________________ 
Standard        EN 12370    MS-A.2 ___________________________________________________ 
Deteriorated area, [%]     30/28      68/86 
Non-Deteriorated area, [%]   70/72      32/14 ___________________________________________________ 

 
For a comparison of the results for percentage-de-

teriorated area obtained with the three different meth-
ods, see Figure 8. 

Figure 8. Comparison of the results obtained with the 
three different methods: Paper indentation, CAD software 
and point count. The percentage-deteriorated areas are a 
function of sample and accelerated test method. 
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3.4  Water vapor permeability 
To examine possible changed surface properties as 

a consequence of the colored surfaces, which 
potentially e.g. could influence the result of the 
accelerated salt crystallization test, water vapor 
permeability measurements were performed with the 
brick type “Red Neutral”. Following the standard, 
minimum 5 identical samples were examined. In this 
case permeability measurements were carried out on 
6 reference specimens and 6 specimens colored on 
the exposed test surface, including both fired fronts 
and backs just as originating from 3 different bricks 
to ensure a representive result. The results are shown 
in Table 6. 
 

Table 6 Measured water vapor permeability in six-fold 
on the brick type “Red Neutral”. ___________________________________________________ 
       Reference samples  With colored surface         ____________  _____________  
        Permeability    Permeability 

[10-12kg/(m·s·Pa)]  [10-12kg/(m·s·Pa)]   ___________________________________________________ 
Red Neutral*    11.4± 0.96     11.3± 0.74  ___________________________________________________ 
*   Exposure class, classified as salt non-resistant. 
 

3.5 Thickness of colored layer 
The thickness of the colored layer on the exposed 

test surface was measured on a crosssection, see 
Figure 9. 

 
Figure 9. Cross section for measurement of the colored 

layer on the exposed test surface. On the picture, at the outer 
most right side the epoxy resin appears black. Following 
from the right, the dark grey area visualizes the colored 
layer. 
 

The thickness of the colored layer on the exposed 
test surface was measured to 228 ± 65 µm, based on 
20 measurements on the section shown in Figure 9. 

4 DISCUSSION 

4.1 Challenges with existing assessment methods 
During the accelerated salt crystallization test, each 

cycle exposure of the sample to a saline solution oc-
curs, resulting in accumulation of salts within the test 
sample. When following the weight changes in EN 
12370, the mass increases until the mass loss resulting 
from salt induced deterioration has a higher impact on 
the total mass than the accumulation of salt. This is 
challenging for the evaluation of the test, despite 
washing of the samples with distilled water before the 
final weighing. In a previous study (Bartholdy, 2019) 
the samples were washed thoroughly and dried at 
105°C 5 or 6 times respectively before a correlation 
was found between mass change and visually seen de-
terioration. However, it must be pointed out, that 
these washing outs with distilled water and though 
still partially filled with salt followed by drying at 
105°C also affect the result of the test methods (and 
adds on additional cycles), stressing the challenges 
with evaluation based on mass changes. 

According to MS-A.2, the accelerated salt crystal-
lization test must proceed until initial surface deterio-
ration occurs. During the test, efflorescence comes 
into existence on the exposed test surface. However, 
no removal of efflorescence after each cycle took 
place to mimic real conditions. The drawback was, 
however, difficulties to follow exactly, after which 
cycle deterioration initiated. Furthermore, no descrip-
tion on, how initial surface deterioration is defined in 
the standard and it is therefore up to each executer of 
the test to evaluate. This complicates the use of num-
ber of cycles as a reliable evaluation criterion. 

Based on the photographic documentation, the de-
teriorated areas on the test specimens in Figure 1 and 
Figure 2 are ambiguous to distinguish from the non-
deteriorated. Based on the photographic documenta-
tion and using existing damage atlases (ICOMOS-
ISCS, 2008) (MDCS), “Red Neutral” and “DTI 960” 
were found relatively less durable in comparison to 
“Black Beauty” and “DTI 1060” according to both 
test methods. A comparison with the selected material 
properties in Table 1, shows relatively higher open 
porosity for “Red Neutral” and “DTI 960” than 
“Black Beauty” and “DTI 1060”. On the contrary 
“Red Neutral”, “DTI 960” and “Black Beauty” pos-
sess relatively lower water absorption coefficients 
than “DTI 1060”. This together indicates that there 
might be a link between open porosity, water absorp-
tion and salt resistance in fired clay bricks. 

 However, it is challenging to make a precise de-
scription of the damages and the extent of these ob-
jectively based on present evaluation criteria´s. 

 



4.2 Methodology for clear distinction between non-
deteriorated and deteriorated areas 

The photographic documentation exemplified in 
Figure 1 and Figure 2 clearly showed the need for a 
clear distinction between non-deteriorated and deteri-
orated areas. The new suggestion in the present work, 
to add a contrast color (here with a permanent marker) 
to the surface, clearly offered the missing distinction 
between non-deteriorated and deteriorated surface, 
see Figure 3 and Figure 4. This is an important first 
step to quantify surface deterioration.   

 

4.3 Permeability measurement 
It is of outmost importance to ensure coloring of 

the test surface does not change transport of water va-
por through the specimens since this would change 
the deterioration pattern. Therefore, measurement of 
the water vapor permeability took place.   

It is well-known (Feng et al. 2019), that the relia-
bility of the permeability tests is dependent on the ex-
perimental preparations. Therefore, epoxy resin seal-
ing took place twice. 

The results from the permeability measurements on 
6 reference specimens and 6 specimens colored on the 
exposed test surface, showed a non-significant differ-
ence (see Tab. 6 ), indicating that the surface coloring 
is not affecting the specimens´ water vapor permea-
bility properties. This result is not surprising since a 
permanent marker consists of ink and evaporable al-
cohol leaving only a layer of ink on the exposed test 
surface after evaporation of the alcohol. The absence 
of significant differences in water vapor permeability 
and thereby absence of changed deterioration patterns 
between with and without colored exposed test sur-
face is further made likely by similar deterioration 
patterns in Figure 1 (without coloring of the test sur-
face) and Figure 3 (with coloring of the test surface). 

 

4.4 Thickness of the colored layer 
When applying a colored layer to the exposed test 

surface for detection of surface deterioration, obvi-
ously deterioration is visualized only when the sur-
face deterioration exceeds the thickness of the colored 
exposed surface layer. In section 3.5, the thickness of 
the colored exposed surface layer was found to 228 ± 
65 µm, 62 µm as a minimum when limited by aggre-
gates and maximum 312 µm. Surface deterioration 
beyond 0.3 mm must be expected, and therefore the 
thickness of the colored exposed test surface layer 
seems unproblematic in regard to detecting the dete-
riorated areas.  

 

4.5 Methods of quantifying the deterioration area 
The present work examines the applicability of 

three methods, originally proposed for different pur-
poses, but also for quantifying surface deteriorated ar-
eas. The examined methods rely on an unbiased ap-
proach for a clear distinction between deteriorated 
and non-deteriorated areas and point out the need for 
the present proposed coloring of the test surface prior 
to possible use of quantification of surface deteriora-
tion. To facilitate comparison between laboratories, 
narrowing down to one out of the three present exam-
ined methods is preferred.  

The paper indentation method and point count 
method are both established standards, well tested for 
their abilities to determine a percentage area, whereas 
the method of using a CAD program is a tool and not 
an acknowledged method. Both the point count and 
the CAD method can be performed digitally after fi-
nalized photo documentation, whereas the paper in-
dentation method requires print out, cut out and a bal-
ance to record the paper masses. The paper 
indentation and  CAD methods are properly the most 
precise methods with the presently used conditions, 
since the found values between these two methods are 
consistent with ±4% points, whereas deviation in-
creased to maximum ±9% when comparing with the 
point count method. Increased precision of the point 
count method is likely when increasing the number of 
points, e.g. a 1000 rather than a 100.  

Depending on the demand for precision, the point 
count method is considered most suitable in regards 
to simplicity of needed equipment, execution proce-
dure just as ability to obtain consistent results.  

 

4.6 Outlook 
When offering a methodology for quantifying sur-

face deterioration, this enables a common understand-
ing of how to define initial surface deterioration not 
only in relation to test methods but also between pro-
ducers, advising professionals and consumers. Fur-
ther, it can be the basis for a common understanding 
of which degrees of surface deterioration is accepta-
ble. 

5 CONCLUSION 
 

Within the present work, the suggested evaluation 
criteria in EN 12370 and MS-A.2 was applied on four 
fired clay brick types. In all cases, it was challenging 
to offer an objective evaluation with the existing 
methods. To meet this challenge, a new methodology 
was proposed consisting of I) coloring the exposed 
test surface in a contrasting color with a permanent 
marker to enable a clear distinction between non-de-
teriorated and deteriorated areas II) quantifying the 



non-deteriorated and deteriorated areas with the point 
count method described in ASTM E562-19.  

The present proposed methodology seems like a 
significant improvement compared to existing evalu-
ation methods. 
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