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1 - Introduction 
The maintenance of a building, which is becoming more and more important in order for 

buildings and their elements to achieve acceptable performance levels throughout their life-

span, depends on the knowledge, of the in-service performance of its elements which can be 

achieved by in-situ evaluations. The evaluation of the performance levels of a facades’ 

properties, is achieved through in-situ test techniques, which are part of an in-service 

evaluation methodology. The main causes for the decrease of performance levels of such 

properties are mechanical and water actions. Therefore, this dissertation develops the 

knowledge regarding the in-situ Karsten tube technique, determining the in-service 

performance of ceramic tile coating and rendering mortars upon the water action, by assessing 

their capacity of water absorption, under low pressure. In the experimental study, a main in-

situ campaign and a complementary laboratorial one take place, in which the variability of the 

Karsten tube technique and the minimum quantity of tests necessary in order to guarantee 

trustworthy results, and also the existence of result reproducibility, are analyzed. Certain 

factors that are thought to influence the technique are also analyzed (the use of Karsten tubes 

with different characteristics; variation of climate conditions; use of different tube bonding 

materials; location of the tubes on ceramic tile coating, especially on the existing joint cases; 

different types of surfaces). Besides the parameters mentioned, others that affect the test and 

the correct interpretation of its results, related to the technique itself and with the condition 

of the studied coatings, are identified. 

2 - Technology and performance of renders and ceramic tile coatings 
Exterior wall coatings main functions are to protect the walls from the impact of several 

degradation agents, contribute to the walls permeability, guarantee flatness, verticality and 

uniformity of the walls’ surfaces, and assure the intended decorative effect. The functional 

requirements of the walls’ coatings should be considered simultaneously with the walls’ 

functional requirements, as the functions of the wall-coating combination can be achieved 

with higher or lower contribution from each component [Lucas, 1990]. The functional 

classification of exterior wall coatings is mainly based on permeability functions, in which one 

can distinguish no-leak, waterproof and finishing or decorative coatings. Additionally, some 

coatings have thermal isolation functions [Lucas, 1996; Veiga, 2005]. The majority of rendering 

mortars can be classified as waterproof coatings, and the ceramic tile coatings as decorative. 

The resistance to water penetration in walls, that can occur due to low pressure infiltrations, 

capillarity absorption or water vapour permeability [Galvão, 2009], is one of the most 

important functions of rendering mortars. It can be quantified through the evaluation of some 

performance characteristics such as water permeability, that Lanzinha e Freitas [1998] define 

as a property of the material allowing water to permeate through its structure under a certain 

pressure gradient. The permeability level varies according to several factors such as the nature 

of the support, composition and dosage of the mortars, execution technique, thickness of the 

renders’ layer, surface finishing, mortar porosity, amongst others [Resende, 2001; Gonçalves, 

2010]. The decrease in exterior coating’s performance is due to the action of degradation 

agents and the resulting anomalies. The main degradation agents in rendering mortars 

(traditional mortars - produced on-site; industrial mortars - pre-dosed in factories) are of 
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physical (temperature, humidity, solar radiation, ice/thaw), chemical (water, pollution agents, 

acids, salts), and mechanical nature (deformations, gravity, vibrations, wind). The main 

anomalies are moisture, (micro) cracks, efflorescence’s, loss of adherence, disintegration, 

erosion and dirtiness. In the case of ceramic tile coatings (composed by ceramic tiles, settling 

mortar layer and in-between tile joints), the factors to which they are exposed, are their own 

weight and overloads, collisions and hydrothermal solicitations. Such factors affect the security 

(lack of adherence and flatness), functionality (capacity reduction of no water leakage), and 

appearance (stain’s, efflorescence’s, excessive abrasion, colour alteration and joints’ 

deterioration) [Lucas, 2003; Sá, 2005; Sousa, 2008].   

3 - In-situ test techniques for evaluating in-service performance of 

facades coatings 
The usage of in-situ evaluation methodologies towards the in-service performance of 

rendering mortars and ceramic tile coatings, enables the knowledge of their degradation and 

the related causes, indicating the corrective or preventive measures required. There is a great 

variety of in-situ test techniques, which includes the Karsten tube test technique (Figure 1) 

that is the scope of this thesis. These techniques can be classified according to several factors 

such as the level of destruction they cause, the principle in which they are based upon, the 

objectives of their usage and the parameters they measure, among others [Silva, 2004; Branco 

e Brito, 2005; Flores-Colen et al, 2006]. 

 

Figure 1 - Karsten tube test technique 

The Karsten tube test technique (registers the volume of water absorbed during chosen time-

spans, usually 30, 60 or 180 min), determines the permeability, of the analyzed surface, to 

liquid water under low pressure, which enables the evaluation of its waterproof capacity 

[Flores-Colen, 2009]. Individually or simultaneously, there are a vast amount of factors that 

can influence this test. The existence of microcracks, the state of the surface, the bonding 

process of the tube to the surface, climate conditions, number of tests, location of the tubes, 

different types of support and coatings, are some examples [Hattge, 2004; Sobrinho, 2008; 

Flores-Cohen, 2009; Gonçalves, 2010]. 

4 - Description of the experimental work 
In the experimental work, a main in-situ campaign and a complementary laboratorial one take 
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place. As such, 6 testing walls in Carregado, one buildings’ façade in Restelo and one wall in 

Caxias, in a total of approximately 150 Karsten tube tests, were analyzed in-situ, where as two 

ETICS plates, in a total of 40 tests, were analyzed in the Construction Laboratory of the 

Department of Civil Engineering (DECivil).  These campaigns took place between March and 

July of 2011, mostly under dry climate conditions. 

The measurement methodology of the water absorption, consisted in refilling the Karsten tube 

to its initial level, after each reading took place during the 180 minutes of the test (readings at 

5, 10, 15, 20, 25, 30, 60, 90, 120, 150 and 180 min), thus guaranteeing consistent pressure 

during testing.  

This study analyzes the variability of the Karsten tube test technique and the minimum 

quantity of tests necessary in order to guarantee trustworthy results. The variability of the 

technique is evaluated by its variation coefficients (standard deviation/average). The minimum 

quantity of tests necessary is studied by statistically analyzing the test results (volume of 

absorbed water after 180 min). Such analysis consists in verifying how many tubes absorb 

bigger or smaller volumes than certain percentages (±20, 30, 40 and 50% and ±σ, 2σ e 3σ) of 

the average volume of all the tests, and their respective variation coefficient.  

Also, the study of the reproducibility of results aims to verify if there exists a tendency of 

results in repeated tests, with the tubes in the same positions and with the same conditions 

and procedure as the previous tests.  

Certain parameters that are thought to influence the technique are also analyzed. Such 

parameters and their study methodology are described below. 

 usage of Karsten tubes with different characteristics - tests with different tubes 

(height) fixated in pairs at equal heights, distanced between themselves by 

approximately one palm; 

 variation of climate conditions - tests in two consecutive days, with tubes in same 

positions, and soaking the wall after the first days experiment to simulate rain 

conditions for next day’s experiment; 

 usage of different tube bonding materials - tests with tubes fixated in pairs at equal 

heights, distanced between themselves by approximately one palm, only differing the 

tube bonding material (transparent silicone, putty and plasticine); 

 location of the tubes on ceramic tile coating, specially on the existing joint cases - tests 

on T, reverse T, vertical, horizontal and cross joints and on the tile; 

 different types of surfaces - comparison of the average values of, water absorbed 

volumes and absorption coefficients. 

5 - Analysis of the experimental results 
Table 1 presents a summary of all the different surfaces that were studied and their 

characteristics, such as their location, type of support and coating, number of tests, and the 

values of average water volume absorptions and absorption coefficients. This table shows the 

variation and dimension of the experimental work allowing the study of the proposed 

objectives. 
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Table 1 - Summary of all the analyzed surfaces and tests of the experimental work 

Average 

(ml)

Standard 

deviation 

(ml)

Variation 

coefficient

Average 

(kg/(m2.√h))

Standard 

deviation 

(kg/(m2.√h))

Variation 

coefficient

11 1,35 0,62 46% 0,28 0,13 46%

11 0,66 0,36 55% 0,13 0,08 66%

4 6,14 2,23 36% 1,03 0,35 34%

3 0,40 0,36 90% 0,05 0,05 94%

10 0,88 0,30 35% 0,20 0,08 40%

10 0,87 0,25 29% 0,21 0,08 38%

10 0,99 0,27 27% 0,25 0,09 36%

MZ3 5,06 11 2,78 1,59 57% 1,86 0,97 52%

MZ6 3,52 11 2,41 2,76 114% 1,58 1,74 110%

10 0,50 0,80 162% 0,09 0,15 161%

10 0,35 0,17 48% 0,05 0,02 47%

10 0,35 0,21 59% 0,09 0,05 56%

10 0,34 0,15 43% 0,09 0,04 43%

10 0,37 0,17 46% 0,11 0,04 37%

10 0,41 0,12 29% 0,12 0,04 31%

EPS1
Construction 

Lab. DECivil

EPS 

plates
180 0,5

EPS2

special 

industrial 

mortar for 

ETICS

1,16

0,95

M3 8,80

Caxias stone

traditional 

lime based 

mortar

60

MCR Restelo brick

traditional 

mortar with 

ceramic 

tiles

180

Number of 

tests / 

experiment

Water absorption volume (ml) Absorption coefficient (kg/(m2.√h))

M1

Carregado brick

one-coat 

pre-dosed 

mortar

180

4,08

M2

Experimented 

surface
Location

Type of 

support

Type of 

coating

Test 

duration 

(min)

Test 

area 

(m2)

 

5.1 - Variability of the analyzed surfaces 

The many campaigns selected to analyze the variability of the Karsten tube technique are 

presented in Table 2. The analyzed surfaces can be organized into 4 distinct groups, 

considering their location and their coating. 

A lower dispersion of water absorption results was verified in laboratory, on the EPS plates, 

than the in-situ results, with particular stand-out dispersions for the wall in Caxias due mainly 

to its high degradation state. In terms of variability, the values attained in the test walls of 

Carregado and on the EPS plates in the laboratory, revealed lower variability results compared 

to the ones of on-site cases of Restelo and Caxias. This allows to conclude that test walls and 

test EPS plates of known characteristics in which the rendering mortars are applied more 

rigorously possess lower result variability than unknown on-site situations. Such fact reveals 

that the application procedure of the coatings influences the variability of the results.   

Table 2 - Summary of the variation coefficients of the analyzed surfaces 

Experimented 

surface
Location Type of coating Variation coefficients Observations

M1, M2, M3 Carregado
one-coat cimentitious 

render
[27% - 90%] low dispersion of results 

MZ3 e MZ6 Caxias
traditional lime based 

render
[57%, 114%]

vast dispersion of results 

due to degradation of 

the surface (presence of 

cracks and vegetation) 

MCR Restelo
traditional mortar with 

ceramic tiles
[48%, 162%]

ceramic tiles tend to 

detach from joints 

originating microcracks

EPS1 e EPS2

Construction 

Lab. of  

DECIVIL

ETICS [29%, 59%]

low dispersion of 

results; reduced 

absorption volumes  

5.2 - Minimum number of tests 

A statistical analysis, of the values of water absorption volumes on the surfaces previously 

examined in the variability study, was performed. Such analysis estimated the number of tests 

per experiment that obtained results within the interval of ±σ of the average water absorption 
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volume, and the variation coefficient of those results. By excluding all the results that don’t 

belong to the interval, the number of tests considered was reduced from 141 to 105, and the 

variation coefficient from 61 to 41%. The excluded results are generally maximum and 

minimum values of the experiment, therefore, more eager to errors, so by not considering 

them, a better reliability of the technique and its diagnosis is achieved.  This study revealed it 

is necessary to test at least 10 tubes (in a reference area of up to 10 m2), excluding 2 or 3 

results depending on the values that are not in the interval, in order to guarantee a more 

rigorous evaluation of the liquid water permeability of the surface under analysis. 

5.3 - Factors that influence the technique 

5.3.1 - Usage of Karsten tubes with different characteristics 

The main difference between the analyzed tubes was the height (Figure 2), with heights of 9,6 

and 11,0 cm. The analysis of the usage of different Karsten tubes with different heights 

influenced the results, due to higher water pressure on the surface the greater the height. The 

performed tests revealed a 12,7% pressure difference (941 Pa and 1078 Pa), correspondent to 

a 28,9% difference of the water absorption averages (0,79 e 0,97 ml). The different tubes 

presented a correlation coefficient between themselves of 0,83. 

 

Figure 2 - Different Karsten tubes studied 

5.3.2 - Variation of climate conditions 

Lower absorption values were attained in experiments under rain/wet conditions, than the 

ones under sunny/dry conditions that took place the previous day, which presumably can be 

explained due to the superficial saturation of the surfaces pores. However, due to the 

sensitivity of the technique and the limited number of tests performed, it was not possible to 

quantify the variation of such fact. 

5.3.3 - Usage of different tube bonding materials 

This study has shown that each bonding material has its advantages and disadvantages: 

 The transparent silicone revealed the best sealing characteristics, and the plasticine 

the worst; 

 The plasticine and the putty reduce the duration of the test by permitting to 

commence the test as soon as the tube bonding process is complete, while it is needed 

to wait for the material to dry when using silicone; 

 The plasticine and the putty induce bigger reduction of the absorption area than the 

transparent silicone. 
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5.3.4 - Location of the tubes on ceramic tile coating (existing joint cases) 

The analyzed ceramic tiles were concluded to be waterproof as they did not absorb any water 

during the complete duration of the tests. Average water absorption volumes attained in the 

studied joint cases of the ceramic tile coatings (Figure 3) showed that, horizontal and vertical 

joints (one direction joints), revealed greater absorption values, followed by the cross joints 

(multi direction joints), with the T and reverse T joints revealing the lowest values (two 

direction joints). Presumably, the tendency of the joints to detach from the ceramic tile which 

is greater in horizontal and vertical joints, explains this behaviour. 
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Figure 3 - Average water absorption volumes determined on the studied joint cases 

5.3.5 - Different types of surfaces (rendering mortars and ceramic tile coating and 

also ETICS plates) 

Table 3 summarizes the values of the average water absorption volumes and absorption 

coefficients attained. This analysis showed that the different results achieved in the many 

surfaces tested, were comparable with the values of other researchers on similar surfaces. Due 

to the influence the type of coating has on the tests, it is necessary to keep in mind the type of 

surface when evaluating its liquid water permeability. The values of the average water 

absorption and the absorption coefficient showed that the coatings of traditional rendering 

mortars with ceramic tiles (Restelo) and industrial rendering mortars applied to the ETICS 

plates (Laboratory) recorded the lowest values, while the coating of traditional lime-based 

rendering mortar (Caxias) recorded the greatest values. 

Table 3 - Summary of the average water absorption volumes and absorption coefficients 

Experimented 

surface
Location

Type of 

support
Type of coating

Number 

of tests

Average water 

absorption values 

(ml)

Average absorption 

coefficient values 

(kg/m2.√h)

M1, M2, M3 Carregado brick

one-coat 

cimentitious 

render

59 [0,40 - 1,35] [0,05 - 0,28]

MZ3, MZ6 Caxias stone
traditional lime-

based render
22 [2,41 - 2,78] [1,58 - 1,86]

MCR Restelo brick

traditional 

mortar with 

ceramic tiles

20 [0,35 e 0,50] [0,05 e 0,09]

EPS1, EPS2
Construction 

Lab. DECivil

EPS 

plates
ETICS 40 [0,34 - 0,41] [0,09 - 0,12]

 

5.4 - Reproducibility of results 

Table 4 summarizes the analyzed cases that took place and the average percentual differences 

between the results of repeated tests. Exceptionally, some results didn’t follow the tendency 
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of results observed in the previous experiments, in which case weren’t considered. Figure 4 

shows a graphic example of the reproducibility of results observed in 3 experiments.    

This analysis showed that there is a reproducibility of results, although with some variation, 

seen as the results attained in repeated tests followed the same tendency as observed in 

previous tests. This reproducibility was not as obvious in on-site situations as in experimental 

test walls or the EPS plates studied in laboratory, presumably due to the application factor of 

the coatings. 

Table 4 - Summary of the studied cases of reproducibility and the percentual differences of the results 

the 

considered 

tests

1st

2nd

1st

2nd

3rd

1st

2nd

1st

2nd

1st

2nd
9 9,5% 1,4%

24,2%

EPS1
Construction 

Lab. DECivil
ETICS

10 9 4,0% 19,2%

EPS2 10

MCR Restelo

traditional 

mortar with 

ceramic tiles

Number 

of tests

10 6 -61,0%

10 10 9,5% [i1-i2] 11,6% [i2-i3] 8,1% [i1-i3]

Number of 

tests 

considered

-

Average percentual difference of:

all the tests

M1

Carregado

one coat 

cimentitious 

render

11 9 135,6% 109,7%

M3

Experimented 

surface
Experiment Location

Typer of 

coating
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Figure 4 - Graphic example of reproducibility of results 

6 - Conclusions 
According to the objectives originally proposed, regarding the parameters that were 

expected to influence the Karsten tube technique, this work concludes that: 

 the pressure imposed by the water on the absorption contact surface 

varies proportionally with the height of the water inside the tube, and that 

there is more absorption the greater the pressure; 

 the climatic conditions in which the tests take place influence the results, registering 

lower absorptions in tests performed in rain/wet conditions (simulated) than in 

sunny/dry conditions, due to the saturation of the pores on the mortars surface;   

 regarding the tube bonding materials, the transparent silicone revealed the best 

sealing material characteristics, but also the slowest test duration time, seen as the 
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silicone needs time to dry before the test can commence; the putty is a worse sealing 

material than the silicone but better than the plasticine; both the putty and the 

plasticine permit the test to start as soon as the tubes are fixated, thus reducing the 

test duration, but induce bigger reduction of the absorption area than the transparent 

silicone; by comparing different bonding materials, the usage of transparent silicone is 

recommended when in search of more accurate results, since it is the material with 

best sealing characteristics. In the other hand, it is recommended the usage of putty 

when the aim is to reduce the complete duration of the test. The material plasticine is 

not recommended in the future as it doesn’t have any advantages compared to the 

putty and presents more difficulties in bonding and worse characteristics, such as 

resistance to extreme temperatures and elasticity.  

 in the ceramic tile coatings analyzed, the water absorption did not occur through the 

tiles seen as they were confirmed waterproof. The horizontal and vertical joints 

revealed greater water absorption than the other studied joints (cross, T and reverse 

T), presumably due to their superior tendency to detach from the tile; 

 the ETICS plates and the facade with ceramic tile coating revealed the lowest water 

absorptions, followed by the one-coat rendering mortars, with the rendering lime-

based mortar being the most permeable to liquid water. Such differences confirm the 

already expected influence different surfaces have on the technique. 

The evaluation of the variability of the Karsten tube technique revealed a lower dispersion of 

the laboratorial results than the ones in-situ, due to the more controlled conditions which the 

laboratory presents, amongst other reasons such as the way the renders are produced and 

applied, or the constant exposure to degrading agents. Therefore, greater variability was 

recorded in on-site situations (Caxias and Restelo) of unknown render characteristics and 

appliance, than the ones recorded in test walls in Carregado and ETICS plates in laboratory.  

The study on the minimum number of tests that should take place per wall, enabled to 

conclude it is necessary to carry out at least 10 Karsten tube tests (per maximum reference 

area of 10 m2) in order to obtain a trustworthy evaluation of the liquid water permeability of 

the wall under analysis. By excluding the results (generally 2 or 3) that aren´t included in the 

interval of ±σ of the average absorbed volume, lower variability is achieved and consequently 

the technique’s diagnose becomes more reliable.  

The analysis of repeated tests, under the same conditions, showed that results followed the 

same tendency observed in the previous tests. Such fact allowed to confirm result 

reproducibility in different measurement times. This study also revealed that such 

reproducibility wasn’t as noticeable in on-site situations , as in the ETICS plates tested in 

laboratory, or on the experimental test walls testes in-situ, presumably due to the coatings 

application. 

During the experimental campaigns many factors, that influenced the test and the correct 

interpretation of its results, were identified, among which are: 

 the degradation state of the surface, due to the presence of anomalies such as cracks 

and/or microcracks and biological colonization (moss); 

 incomplete sealing of the bonding material due to incorrect technique procedure; 
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 reduction of the absorption contact area due to excessive bonding material. 

Finally, the developed work has allowed to achieve the defined objectives, providing a more 

complete study and knowledge of the Karsten tube technique and also the in-service 

performance of the analyzed coatings.   
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