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1. GENERAL REMARKS  

 
In order to test the practical effectiveness of cement-bonded sealing layers, 

in particular of the product MASTERSEAL ® 345 made by the firm DEGUSSA 

Construction Chemicals 

UGC International & Switzerland, the Institute of Concrete Structures, Build-

ing Materials and Building Physics of the University of Innsbruck carried out a 

series of tests. These involved both laboratory tests and practical tests. 

In the practical test the product was applied to the existing cracked inner 

shell of a tunnel. The functionality of the seal, adhesive tensile strength, ef-

fectiveness in closing cracks and working capacity of the product as a final 

lining without a supporting inner shell were the features tested. 

In the laboratory tests the sandwich construction method that is used in prac-

tice was simulated, and the system was subjected to long-term and short-

term tests.  

The following idea was at the back of the execution of these tests, and con-

stitutes their justification. Consider the following starting situation as depicted 

in the diagram below.  

 

 

 

 

 

 

 

 

 

 

  

1 Cracked inner shell
2 MASTERSEAL® 345

Water pressure

Water pressure
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To begin with only the pressure of the rock acts on the outer shell, and as 

construction progresses, or after the completion of the bonding system (outer 

and inner shell), the structure will sustain it. If now we add to the picture a 

stress resulting from water pressure, the water will penetrate through the 

outer shell to the inner shell, as the outer shell generally consists of concrete 

of inferior quality, or after a certain time has become saturated. 

The water, and so also the pressure, can spread unchecked between the in-

ner and outer shells, thus subjecting only the inner shell to stress, assuming 

that a runoff or drainage is not possible (because of sintering). 

Even when a PE sealing film is used between the two layers, the same effect 

would be observed. Thus we are unable so far to ascribe effective load-

bearing properties to the outer shell when we take into account stresses re-

sulting from water pressure.  

As a further consequence, this means that the dimensions of the inner shell 

must be accommodated to stresses resulting from rock pressure and water 

pressure, so that on the whole thin inner shells have not been possible in the 

past. 

In the subsequent tests it was now possible to let the water pressure act on 

the sealing layer through the cracked inner shell (simulating an outer shell), 

both in the field test and using simulation systems constructed in the labora-

tory. 

If we consider the relation force = pressure x surface area, and if it is as-

sumed that the pressure remains constant, we can see that as the water 

spreads out further, the surface area increases, as also does the pressure 

acting on the inner shell. 

If however the sealing layer were able, by means of the bonding adhesion to 

the outer shell, to limit or close the crack, the parameter SURFACE AREA 

would remain low and the force acting on the inner shell would therefore be 

kept to a minimum, so that the outer shell would be well able to sustain loads 
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resulting from water pressure. This would consequently justify reducing the 

thickness of the inner shell.   

The objective, then, is to prevent the water’s expanding through the adhesive 

closure of the cracks by the sealing layer, resulting in a single-shell system 

that is as economical as possible, while at the same time demonstrating 

practical effectiveness in respect of the absolute impermeability of the sys-

tem.   

The sealing layer should therefore be able not only to seal off the system, but 

also to bond any cracks and to distribute the shearing forces effectively. 

A significant factor for the liability of the sealing layer to delaminate is its ad-

hesive tensile strength; this can be determined in the laboratory, using the 

sandwich construction method.  

In the field test the sealing layer was applied as a final lining, without a sup-

porting inner shell, the tunnel being subjected to stress only on one side. The 

values obtained thus represent the lowest limiting values for the stress. 

 

2. LABORATORY TESTS   

 
2.1 TEST PROGRAMME  

 
The task we were faced with here was that of testing a recently developed 

spray-form tunnel sealing layer, both in the field and in the laboratory. 

As a result of this study it was hoped that a conclusive verdict could be 

reached on the effectiveness of seal, working capacity and adhesive tensile 

strength of the seal. 

In addition the study was to determine the maximum stress resulting from 

water pressure which would lead to delamination of the composite between 

the sealing layer and outer shell.   
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Laboratory

Short-term test
Slab 1 

Long-term test
Slab 2 

Experiments in concrete 
technology

Effectiveness of seal Effectiveness of seal
Compression strength of sprayed 
concrete

Compression strength of bondAdhesive strength Adhesive strength

Effectiveness in closing cracks 

Maximum stress

Moduli of elasticity

Adhesive tensile strength
 

Deformation Delamination of the composite Impermeability 

Tensile strength/Working capacity

Practical effectiveness

On the basis of these findings it would subsequently be possible to effect an 

optimisation of the shell thickness, so as to guarantee the most cost-effective 

solution.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The stresses on the tunnel shell were now simulated in the laboratory. For 

this purpose two slabs (measuring 1.20 x 1.20 x 0.264 metres) were created 

for the short-term and long-term tests.  

The layers applied in what follows consisted of: 

 

sprayed concrete – 13 cm 

MASTERSEAL ® 345  - 0.4 cm 

sprayed concrete 13 cm 

MASTERSEAL® 345 
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The sealing layer is about four millimetres thick, having been applied by the 

dry spray method, and is thus right in the middle of the sandwich construc-

tion. 

Further accessories – a manometer, construction steel, load cells and a hand 

pump – were then also needed in order to determine the required parame-

ters.   
  

Structural design of the slabs: : 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a - h Threaded anchors
1 / 2 / 3 / 4 Manometers
A / B Load cells
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The result to emerge from the test should be the maximum adhesive tensile 

strength or adhesive bonding between outer shell and sealing layer when 

groundwater exerts pressure from without. 

In addition, the degree of deformation and the expansion of water pressure in 

the join between outer shell and sealing layer when the former delaminates 

were to be determined.  

In the first phase a long-term and a short-term test were carried out, using 

these slabs. 

The experiment was set up in such a way that the sealing layer could be sub-

jected to water pressure.  

The water pressure was applied to the middle of the slab, in 0.5 bar incre-

ments, by means of a half inch pipe (including a socket end)  that was ce-

mented in place, and a hand pump that was connected to it.  

The times that were required to keep the pressure constant are shown in the 

diagram below. 

 

The four manometers and two load cells installed enabled us to form a view 

of the deformation and water expansion. 

In addition, if the MASTERSEAL ® 345 were to delaminate, this would also 

be registered. 

      

 Concrete Slabs (x 2)  
          

    
 
    

Slab 1   Slab 2 
    Long-term test   Short-term test 
        

0,0 - 2,0 bar   2,0 - 8,0 bar 
48 hours for each test   10 minutes for each test
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The two load cells (only used in the short-term test) serve to determine the 

degree of deformation at the edge of the test slab. 

On the basis of the laboratory tests we hoped to be able to deliver a valid 

judgment on the effectiveness of the seal, working capacity and adhesive 

tensile strength of the sealing layer. 

We further hoped to determine the maximum stress resulting from water 

pressure which would lead to the delamination of the composite between the 

sealing layer and outer shell.  

MASTERSEAL ® 345 was applied using the dry spray method. In view of the 

present state of the art of spraying technology, the intended application of the 

substance to a depth of 4 mm could not be exactly controlled in advance, so 

that a precise determination of the thickness of the layer was possible only 

subsequently, when samples were taken.  

The angle of the jet to the slab (which was inclined to 60° and positioned 

against the wall) was 90° exactly. 

 

 

 

 

 

 

  

                                                                                                     Sealing layer surface 

 

 

 

 

 

Outer shell 

                                                                                 Sprayed concrete surface 
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Accessories used: 
 

Construction steel – cut to around 40 cm, lodged in the concrete on the lower 

side and fastened on the other side with a nut so as to anchor it in place. 

The intention here was to simulate the safety measures used in the tun-

nel and the rigidity of the tunnel shell. In all eight threaded anchors were 

used.  

 

 
                                     Threaded anchor with fastening nut  

 

 

Manometers - The manometers served to register any expansion of water, and 

so allowed us to draw conclusions on the properties under investigation 

and the degree of delamination of the composite. 

Using a two-component cement, four zinc-plated half-inch pipes were ce-

mented into the upper layer of concrete and covered with a fleece, to pro-

tect them against penetration by unwanted material during spraying. After 

air removal by means of water the manometers were installed on the 

pipes.   
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Manometer on zinc-plated pipe   Cemented pipe  

 

Hand pump - A hand pump, connected to the middle of the slab by means of  

a zinc-plated half-inch pipe with socket end, served to apply water pres-

sure to the sealing layer. Air had previously been removed from the pipe-

line using water, and it proved possible to produce pressures of up to 30 

bar using this hand pump. 

 

 
 Hand pump 

 

Load cells - Two load cells were positioned between the concrete slab and 

anchor plate,  so as to be able to determine the deformation of the bond-

ing system at the edge from the changes in the forces registered. 
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Structural design of slabs 1 and 2              

Position of load cell I

Position of load cell II
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       Experiments carried out   
                      
              

Bonding  System   Pure sealing materials SpC on ist own
                  

Compression strength     Tensile strength/working capacity   
            

Modulus of elasticity-            
            
Adhesive tensile strength            
               

Impermeability            
  

Compression strength

 

 After tests had been carried out, drilled core samples were taken from the first 

slab in order to determine the properties of the material.   

The first slab was chosen because it had not been subjected to such a high 

level of stress, so that no loss of function (i.e. no delamination of the compos-

ite) would take place, that is to say that the slab would be bound to withstand 

this degree of pressure. 

 MASTERSEAL® 345 
 
 
Legend 
SpC ... Sprayed concrete 

     
Testing of the slabs could not be undertaken until after 41 days had elapsed. 

Installation of the zinc-plated half-inch pipes and threaded anchors was car-

ried out during this waiting period. 

The short-term tests could be carried out in a day; the long-term tests, on the 

other hand, called for eight whole days! 

Storage of the slabs was not a problem, as it was possible to store them in 

the open. The slabs were exposed to temperature variations of between 

around 14 and 30° C, such as might also occur in the tunnel. To prevent the 

formation of cracks, they were covered with a plastic film.   
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2.2 RESULTS 
After completion of the test slabs and installation of the accessory fixtures, 

the final series of tests was in accordance with the following plan.   

The numbering of the individual threaded anchors, manometers and load 

cells is likewise shown here. 

Testing was carried out according to plan, as described in the introduction 

earlier. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Overview of the structural design (ground plan) 
 

a - h Threaded anchors
1 / 2 / 3 / 4 Manometers
A / B Load cells



MASTERSEAL ® 345 
PRACTICAL EFFECTIVENESS OF CEMENT-BONDED SEALING LAYERS   
                                                                      
 PAGE 13 
 

 
 
 
 
Institute of Concrete Structures, Building Materials and Building Physics of the University of Innsbruck   
  
 2004-01-23 

 

2.2.1 Results of the long-term test  

Results of the long-term test 

 
As can be seen, there were no changes registered by the manometers. As 

far as this goes, then, we may conclude that MASTERSEAL ® 345 can fulfil 

the function for which it is designed.  

No undue demands were made on the adhesive tensile strength, and no de-

lamination of the composite between the outer shell and the sealing layer 

took place, such as would have resulted in an expansion of water between 

these layers, causing changes that would have been registered by the ma-

nometer.  

The sealing layer was thus able, by bonding with the outer shell, to close the 

crack and protect the inner shell from being subjected to the stress of water 

pressure.   

2.2.2 Results of the short-term test  

 
In the next step, the short-term test was set up, using slab 2.  

 Long-Term Test 
        

Test 1:   Pressure 0,5 bar / Time 48  Test 2: Pressure 1,0 bar / Time 48  
          
    Manometer   0.0 Manometer   0.0 
    Manometer   0.0 Manometer   0.0 
    Manometer   0.0 Manometer   0.0 
    Manometer   0.0 Manometer   0.0 
          
Test 3:   Pressure 1,5 bar / Time 48  Test 4: Pressure 2,0 bar / Time 48  
          
    Manometer   0.0 Manometer   0.0 
    Manometer   0.0 Manometer   0.0 
    Manometer   0.0 Manometer   0.0 
    Manometer   0.0 Manometer   0.0 
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 Short-Term Test 
Test 1 r Druck 2,0 bar / Zeit 5 Minuten Ve rsuch 2: Druck 2,5 bar / Zeit 5 Minuten 

M a n o meter 1 0.0 bar M anom eter 1 0.0 bar 
M a n o meter 2 0.0 bar M anom eter 2 0.0 bar 
M a n o meter 3 0.0 bar M anom eter 3 0.0 bar 
M a n o meter 4 0.0 bar M anom eter 4 0.0 bar 

Ve r such 3: Druck 3,0 bar / Zeit 5 Minuten Ve rsuch 4: Druck 3,5 bar / Zeit 5 Minuten 
M a n o meter 1 0.0 bar M anom eter 1 0.0 bar 
M a n o meter 2 0.0 bar M anom eter 2 0. 0 bar 
M a n o meter 3 0.0 bar M anom eter 3 0.0 bar 
M a n o meter 4 0.0 bar M anom eter 4 0.0 bar 

Ve r such 5: Druck 4,0 bar / Zeit 5 Minuten Ve rsuch 6: Druck 4,5 bar / Zeit 5 Minuten 
M a n o meter 1 0.0 bar M anom eter 1 0.0  bar 
M a n o meter 2 0.0 bar M anom eter 2 0.0 bar 
M a n o meter 3 0.0 bar M anom eter 3 0.0 bar 
M a n o meter 4 0.0 bar M anom eter 4 0.0 bar 

Ve r such 7: Druck 5,0 bar / Zeit 5 Minuten Ve rsuch 8: Druck 5,5 bar / Zeit 5 Minuten 
M a n o meter 1 0.0 bar M anom eter 1 0.0 bar 
M a n o meter 2 0.0 bar M anom eter 2 0.0 bar 
M a n o meter 3 0.0 bar M anom eter 3 0.0 bar 
M a n o meter 4 0.0 bar M anom eter 4 0.0 bar 

Ve r such 9: Druck 6,0 bar / Zeit 5 Minuten Ve rsuch 10: Druck 6,5 bar / Zeit 5 Minuten 
M a n o meter 1 0.0 bar M anom eter 1 0.0 bar 
M a n o meter 2 0.5 bar M anom eter 2 0.5 bar 
M a n o meter 3 0.0 bar M anom eter 3 0.5 bar 
M a n o meter 4 0.0 bar M anom eter 4 0.0 bar 

Ve r such 11: Druck 7,0 bar / Zeit 5 Minuten Ve rsuch 12: Druck 7,5 bar / Zeit 5 Minuten 
M a n o meter 1 0.0 bar M anom eter 1 0.0 bar 
M a n o meter 2 1.0 bar M anom eter 2 1.5 bar 
M a n o meter 3 0.5 bar M anom eter 3 1.0 bar 
M a n o meter  4 0.0 bar M anom eter 4 0.0 bar 

Ve r such 13: Druck 8,0 bar / Zeit 5 Minuten

M a n o meter 1 0.0 bar
M a n o meter 2 2.0 bar
M a n o meter 3 2.0 bar
M a n o meter 4 0.0 bar

By contrast with the long-term test, here load cells were positioned on each 

of two selected threaded anchors, so as to determine the total deformation at 

the edge. It was decided that here too the increase in pressure should be in 

0.5 bar increments (at intervals of 5 minutes), starting with a value of 2 bar 

and increasing the pressure till the test slab was subjected to the maximum 

level of stress. 

 

  

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
 
Results of the short-term test  

TEST 1 :   Pressure 2,0 bar / Time 5 minutes     TEST 2 : Pressure 2,5 bar / Time 5 minutes

TEST 3 :   Pressure 3,0 bar / Time 5 minutes     TEST 4 : Pressure 3,5 bar / Time 5 minutes

TEST 5 :   Pressure 4,0 bar / Time 5 minutes     TEST 6 : Pressure 4,5 bar / Time 5 minutes

TEST 7 :   Pressure 5,0 bar / Time 5 minutes     TEST 8 : Pressure 5,5 bar / Time 5 minutes

TEST 9 :   Pressure 6,0 bar / Time 5 minutes  TEST 10 : Pressure 6,5 bar / Time 5 minutes

TEST 11 :   Pressure 7,0 bar / Time 5 minutes TEST 12 : Pressure 7,5 bar / Time 5 minutes

TEST 13 :   Pressure 8,0 bar / Time 5 minutes
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Here, at a pressure of 6 bar, the first effects were registered by manometer 2. 

When the pressure reached 8 bar it became impossible to continue the ex-

periment, as a discharge of water from the side was observed, so that it was 

no longer possible to maintain a constant pressure.   

This means either that the adhesive bond between the outer shell and seal-

ing layer had been to some extent delaminated, making an expansion of wa-

ter possible, or that the water had succeeded in finding a passage through 

the concrete outer shell without delaminating the adhesive bond between the 

outer shell and sealing layer. The latter possibility cannot be excluded, as ini-

tially a non-radial expansion of water resulted, as evidenced by the one-sided 

manometer readings at the start of the experiment. 

As can clearly be seen from the illustration below, the water was discharged 

directly between the sealing layer and the layer of sprayed concrete, without 

forcing a way through these. Thus the sealing layer was at this point abso-

lutely intact, even if a partial delamination of the adhesive bond may have 

taken place.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Water discharge                   
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This would mean, then, that MASTERSEAL ® 345 is able to close and isolate 

cracks in such a way that stresses resulting from water pressure can be 

transferred to the outer shell, while the inner shell hardly experiences any 

such stresses. 

In addition it could be established that no changes were registered by the 

load cell, i.e. that the threaded anchors were not exposed to any stress at the 

edges. Rather, the pressure was restricted to a limited area, and after a 

pressure of 8 bar was reached was able to dissipate through a point of dis-

charge.  

The outer zones thus were not exposed to any deformation.  
            
 

Test results for the load cells 
 
 
 
 
 
 
 
 
 

 Pressure applied   Load cell 1 Load cell  2 
[bar]   [KN] [KN]
2,0  0,0 0,0
2,5  0,0 0,0
3,0  0,0 0,0
3,5  0,0 0,0
4,0  0,0 0,0
4,5  0,0 0,0
5,0  0,0 0,0
5,5  0,0 0,0
6,0  0,0 0,0
6,5  0,0 0,0
7,0  0,0 0,0
7,5  0,0 0,0
8,0  0,0 0,0
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       Experiments carried out   
                      
              

Bonding  System   Pure sealing materials SpC on ist own
                  

Compression strength     Tensile strength/working capacity   
            

Modulus of elasticity-            
            
Adhesive tensile strength            
               

Impermeability            
  

Compression strength

2.2.3 Concrete technology experiments 

These were as follows: 
 
 

Tests carried out in accordance with EN 12390-4 and ÖNORM B 3303 
The drilled core specimens were extracted from slab 1 using a core drill, as 

this slab had not been subjected to stress to the point of where functionality 

broke down. To make doubly sure, core specimens were drilled only at the 

extreme edge, being drilled both lengthwise and across. 

 

                   Crossways drilled specimens 
                                                                    

                                                                   Lengthwise drilled specimens 

 
 

MASTERSEAL® 345
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h

Ø

Compression strength of pure sprayed concrete  
 

 
 
Compression strength of the bonding system 

 
The first series of tests to determine the compression strength of the bonding 

systems was carried out using samples with a diameter of 100 mm and a 

height of 150 mm. The samples had been cut out and surface ground previ-

ously.   

Testing was carried out at 90 degrees to the MASTERSEAL ® 345. 

The second series of tests involved samples with a diameter of 50 mm and a 

height of 50 mm.  

Here the direction of testing was parallel to the MASTERSEAL ® 345. 

In the third series of tests, samples with a diameter of 100 mm and a height 

of 150 mm were again used.   

Here again the direction of testing was parallel to the MASTERSEAL ® 345.  
 

 
 
 
 
 
 
 
 Parallel to direction of test             At 90 degrees 
 
The samples had a minimum age of 34 days. 

Ø

h

Sprayed concrete – pressure testing in 
accordance with EN 12390-4   

      
 Force [N] Age [d] Surface Area [mm²] Compression strength [N/mm²] 
Sample 1 315.000 28 7.854 40 
Sample 2 310.000 28 7.854 39 
Sample 3 315.000 28 7.854 40 

 Resulting mean value: 40 
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Moduli of elasticity of the bonding system  
 
 

  
 
 

Bonding material – pressure test in accordance with EN 
12390-4    

        

 Dimension Age [d] 
Direction of 

testing Force [N] 
Surface 

Area [mm²] 
Compression strength 

[N/mm²] 
Sample 1 d=100/h=150 34 90 degrees 200.000 7.854 26 
Sample 2 d=100/h=150 34 90 degrees 180.000 7.854 23 
Sample 3 d=100/h=150 34 90 degrees 190.000 7.854 24 
    Resulting mean value: 24 
        

 Dimension Age [d] 
Direction of 

testing Force [N] 
Surface 

Area [mm²] 
Compression strength 

[N/mm²] 
Sample 1 d=50/h=50 34 parallel 65 1.963 33 
Sample 2 d=50/h=50 34 parallel 60 1.963 30 
Sample 3 d=50/h=50 34 parallel 60 1.963 30 
    Resulting mean value: 31 
        

 Dimension Age [d] 
Direction of 

testing Force [N] 
Surface 

Area [mm²] 
Compression strength 

[N/mm²] 
Sample 1 d=100/h=150 34 parallel 270 7.854 34 
Sample 2 d=100/h=150 34 parallel 280 7.854 35 
Sample 3 d=100/h=150 34 parallel 265 7.854 34 
    Resulting mean value: 35 
 

 
Moduli of elasticity in accordance with ÖNORM 

B 3303   
       
 Dimensions Age [d] Direction of test Smvsl [mm] E [N/mm²] 
Sample 1 d=100/h=150 34 in 3,2 48500 
Sample 2 d=100/h=150 34 in 3,2 42100 

   Resulting mean value: 45300 
       
 Legend: Smvsl ...Mean value for the sealing layer   
  E ...Moduli of elasticity    
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Adhesive tensile strength  
 

The adhesive tensile strength is a highly significant factor for the creation of 

an effective bond. 

Various types of fracture can occur, depending on which part of the bonding 

system breaks down under the stress of testing: 

•Cohesion break in the concrete 

•Adhesion break between the sprayed concrete and sealing material   

•Cohesion break within the sealing material  

In the case of mixed forms occurring (where several different types of frac-

ture took place) the surface areas of the fracture types involved were as-

sessed on the basis of a visual inspection. 

 
 Impermeability 

 
Cylinders with a diameter of 100 mm and a height of 100 mm were used as 

samples. Testing was in accordance with the standards defined by ÖNORM 

B 3303. 

The pressure applied was 1.75 bar between days 1 and 3, and 7 bar be-

tween days 4 and 14. 

 

 

 

 
Adhesive tensile strength in accordance with 

ÖNORM B 3303   
       
 Dimensions Age [d] Direction of test Smvsl [mm] ATS [N/mm²] 

Sample 1 d=100/h=150 40 90 degrees 3,2 0,76 
Sample 2 d=100/h=150 40 90 degrees 3,2 0,81 
Sample 3 d=100/h=150 40 90 degrees 3,2 0,79 

   Resulting mean value: 0,80 
       
 Legend: Smvsl ...Mean value for the sealing layer   
  ATS ...Adhesive tensile strength   
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The following three systems were tested for impermeability: 

 

a) sprayed concrete on its own (the outer shell) 

b) sealing layers on the top side (or outer shell) 

c) sealing layers on the underside (or inner shell)   

 

Sprayed concrete on its own (in accordance with ÖNORM B 3303) 
Testing of the sprayed concrete of the outer shell resulted in a maximum 

depth of water penetration of 41 mm.  

 
Sealing layers on the top side (in keeping with ÖNORM B 3303)     
The tests had shown that the sealing material tested was fully effective as a 

seal. 

 
Sealing layers on the underside (in keeping with ÖNORM B 3303) 
The tests had shown that the sealing material tested was fully effective as a 

seal. 

The depth of water penetration of 41 mm in the testing of the sprayed con-

crete on its own in the first (and therefore inferior) position may be attributed 

to the high degree of porosity and the many cavities that were present in the 

sprayed concrete.   

The complete effectiveness of seal that was achieved in the testing of the 

sealing materials themselves (sealing layers on the top side and underside,  

water pressure thus being directly applied to the sealing layer) represented a 

basic and indispensable requirement, which the materials did indeed in prac-

tice fulfil. 
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Tensile strength / working capacity of the sealing materials   
 
The samples of the sealing layer that were needed for this test were again 

taken from the test slab, and cut to a rectangle measuring 90 x 30 mm.   

They all had a thickness of around 3.2 mm.   

 

   

 
 

In keeping with ÖNORM B 3303 
Legend: TSL ...Testing temperature of the sealing layer  

 THSL ...Thickness of the sealing layers  

 TSmax ...Maximum tensile strength  
 Ebreak,m ...Mean value for the breaking elongation    
      

 TSL  THSL  TSmax    …… Ebreak,m  
  [°C] [mm] [N/mm2] [%]  
           

Sample 1 ca. 20 3,2 2,59 105  
Sample 2 ca. 0 2,9 3,26 93  
Sample 3 ca. -20 3,0 4,49 50  

      
Sample 4 ca. 20 3,1 2,53 104  
Sample 5 ca. 0 3,1 3,17 87  
Sample 6 ca. -20 2,9 4,32 50  

      
Sample 7 ca. 20 3,1 2,65 105  
Sample 8 ca. 0 3,0 3,10 92  
Sample 9 ca. -20 3,2 4,19 50  

 

Mean value ca. 20 3,1 2,59 105 
Mean value ca. 0 3,0 3,18 91 
Mean value ca. -20 3,1 4,33 50 
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3. PRACTICAL TEST   

 
3.1 TEST PROGRAMME               

       

MASTERSEAL® 345 
 
 
Programme of practical tests  

Practice

Short-term test
 

Long-term test
 

1:1 field test
Sealing layer as final lining, subjected to 
stress on one side  

Effectiveness in closing cracks 

Maximum stress

Deformation Delamination of the composite

Working capacity

Practical effectiveness

Working capacity

Effectiveness of seal Effectiveness of seal 

Adhesive tensile strength
 

Adhesive tensile strength
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In the field test the sealing layer was tested for practical effectiveness, as the 

final lining on a scale of 1:1, without a supporting inner shell.  

The sealing layer was applied, using the dry spray method, to a waterproof 

tunnel wall which in the course of earlier tests had developed cracks, and so 

was no longer waterproof.   

 

 

 

In the diagram above it can be seen that the pressure pipes that were to ap-

ply the water to the inner shell were laid on a levelling layer. There were 

seven pressure pipes positioned across the whole range. They were then 

1 Non-sealed outer shell
2 Cracked inner shell

10 Construction stell pin
11 Binding wire
14 Leveling layer
15 MASTERSEAL® 345
16 PE - Pipe
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drilled through the outer shell, so that the water pressure would have an ef-

fect between the outer and inner shells.   

Because of the cracked inner shell, the water now acted directly on the seal-

ing layer. 

 

Layout of the experiment  
 
 

1 Sprayed concrete (first position)
2 Sprayed concrete (second position)
3 PE high pressure pipes, nominal pressure 
4 Three-quarter-inch connecting pipe
5 Distributors for seven control circuits
6 Connection fittings
7 Water meter
8 Shutoff device
9 Pump

10 Construction steel pin (10 mm)
11 Binding wire
12 Fastening piece / taper
13 Plugs
14 Levelling layer
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This starting situation was exploited in that the tunnel shell that was already 

cracked became the base to which the sealing materials were applied. 

The MASTERSEAL ® 345 sealing layer, bonded with cement, was now ap-

plied by means of the dry spray method, to a thickness of around three milli-

metres and over a length of eight metres on half a side.   

 

The subject of testing here was thus the sealing layer as a final lining without 

a supporting inner shell, because this represents the worst stress that the 

system can be subjected to.  

After a waiting period of 28 days, water was applied to the sealing layer.   

Here too the experiments were broken down into long-term and short-term 

tests, so as to be able to establish parallels and compare results with the 

laboratory tests. 

 

Spraying of the sealing layer 
 
 
For the application of the sealing layers, a spraying device of type MEYCO© 

Piccola, which is suitable for the application of dry materials, was used.   

The sealing layer was applied onto the  already existing system to a thick-

ness of around three millimetres, using the dry spray method.   

 

Spraying the sealing layer                  The finished sealing layer after spraying   
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3.2 RESULTS  

 
With three control circuits in a half-side cross section, the sealing layer was 

sprayed at various levels of pressure in order to see whether and when the 

three-millimetre-thick sealing layer would disintegrate or the water would be 

able to penetrate.   

Water meters were used to establish the throughput of water. 

 
 

 
 
 
 
 
 
 
 
 

 
 

1 Non-sealed outer shell
2 Cracked inner shell  

14 Levelling layer    
15 MASTERSEAL® 345
16 PE pipe
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Results of the long-term test  
 
In the long-term test, a pressure of 0.5 bar was applied to the system for a 

period of three hours. 

By means of the water meter it was possible to establish the throughput of 

the water, which was close to zero.  

 

 
 
 
 
 
 
Results of the long-term test  
 
 

It was sufficiently demonstrated that on the one hand the adhesive bonding 

held firm, and on the other the system achieved a total effectiveness of seal.   

 
MASTERSEAL ® 345, used as a final lining, was capable of closing and iso-

lating the cracks and so keeping the tunnel interior perfectly dry. 

In view of the lack of drainage, it is highly probable that the water had es-

caped through the cracks in the outer shell in negligible quantity.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pressure 
Water through-

put  Time  
[bar] [l/s] [min] 

0,5 0,0 180,0 
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Results of the short-term test  
 
In the short-term test the pressure was progressively increased, being kept at 

a constant level for 10 minutes at a time.   

The object was to establish the maximum stress for the adhesive bonding, ef-

fectiveness of seal and working capacity of the sealing layer. 

Pressure 
Water through-

put Time 
[bar] [l/s] [min] 

0,8 0,0 10,0 

1,0 0,0 10,0 

1,4 0,0 10,0 

1,8 0,1 10,0 

2,0 0,2 10,0 

3,0 0,5 10,0 

5,0 0,7 10,0 

10,0 1,0 10,0 
 Results of short-term tests     
 
The first leakages were found at a pressure of 1.8 bar. Here a water through-

put of 0.1 l/s was registered.  

 

 
                  First water discharges / 1.8 bar 
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Weak areas in the sprayed concrete could have been responsible for this, 

rather than a failure of the sealing layer. As testing was carried out over a 

block length of 8 m, and the team had no opportunity to practise beforehand, 

it is possible and indeed likely that small weaknesses may have been created 

at the start of the spraying. 

 
 Formation of blisters / 2 bar  

 
When the pressure was raised to 2.0 bar the first blisters were found to arise. 

These blisters were a sign that the adhesive bonding between the outer shell 

and the sealing layer was starting to disintegrate. They had a diameter of up 

to four centimetres.  

Thus at a pressure of 2 bar the result was a partial delamination of the com-

posite between the outer shell and sealing layer, when the latter was used as 

a final lining without a supporting inner shell. 

 
 
 
 
 
 
 
 
 
 
 

Blasenbildung / 10 bar 
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When the pressure was increased still further, the water throughput in-

creased as well, almost in direct proportion. The number of blisters occurring 

likewise rose in an analogous manner.  

It was a notable fact that when the maximum pressure of 10 bar was applied, 

the blisters increased in number but still did not burst. This was to be attrib-

uted to the outstanding working capacity of the material, which on this basis 

could be guaranteed. 

 

 

The weak points did not open up any further, so that the flow of water that 

was discharged remained compressed, and it was not difficult to maintain the 

pressure, even at 10 bar. 

Partial delamination of the composite between the outer shell and the layer of  

MASTERSEAL ® 345 occurred at a pressure of 2 bar, though even at pres-

sures approaching 10 bar there was still no delamination of the entire mem-

brane.  

The values obtained – for adhesive tensile strength with partial delamination 

of the composite, working capacity and effectiveness of seal – confirm the 

results of the laboratory tests, although the values derived from the practical 

test are significantly lower than those from the laboratory. 

This is to be attributed to the fact that the sealing layer was tested as a final 

lining, without a supporting inner shell and with stress applied on one side. 

This stress scenario would never occur in practice. 

If the sealing layer had been sprayed on faultlessly, without any weak areas, 

the values would have been considerably higher. 
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4. FINDINGS AND ASSESSMENT   

 
In this study a cement-bonded sealing layer that goes by the product name of 

MASTERSEAL ® 345, made by the firm DEGUSSA CONSTRUCTION 
CHEMICALS UGC-INTERNATIONAL SWITZERLAND, was tested to estab-

lish its practical effectiveness. The experiments consisted of: 

 

1. Laboratory tests 
2. Practical test 
 

The sealing layer was tested with reference to the relevant parameters, in the 

laboratory in a sandwich construction between a simulated outer and inner 

shell, and in the practical test as the final lining of the cracked inner wall of a 

tunnel.  

 

The object of these tests was to determine and assess the properties of the 

material, namely the 

 

- adhesive tensile strength in case of partial delamination of the composite 

- effectiveness of seal 

- effectiveness in closing cracks 

- working capacity 

- maximum stress to which the system could be subjected. 

 

On the basis of these findings, it would be possible subsequently to effect a 

reduction of the thickness of the inner shell, resulting in enhanced cost-

effectiveness. 

The study also aimed to demonstrate the practical effectiveness of the MAS-
TERSEAL ® 345 sealing layer. 

 



MASTERSEAL ® 345 
PRACTICAL EFFECTIVENESS OF CEMENT-BONDED SEALING LAYERS   
                                                                      
 PAGE 33 
 

 
 
 
 
Institute of Concrete Structures, Building Materials and Building Physics of the University of Innsbruck   
  
 2004-01-23 

 

Results of laboratory tests: 

Results of the practical test: 

 
 

Test Sample Assessment 
  [mm]   

Pressure test – sprayed concrete d = 100 / h = 100 Better than average stability  
     

Pressure test – bonding (sealing 
layer parallel to direction of testing)  d = 100 / h = 150

Good stability of the bonding 
system 

    
Pressure test – bonding (sealing 
layer at 90 degrees to direction of 

test) d = 100 / h = 150
Adequate resistance to pressure 

by the bonding system 
    

Moduli of elasticity d = 100 / h = 150
Better than average modulus of 

elasticity 
      

Adhesive tensile strength of the 
bonding between the sealing layer 

and outer shell d = 100 / h = 150
Adequate adhesive tensile 

strength in the bonding system  
     

Permeability  d = 100 / h = 100 Main requirement fulfilled  
    

Tensile strength of the sealing layer 
at 20° C 30x90x3,2 Adequate tensile strength  

     
Working capacity of the sealing layer 

at 20° C 30x90x3,2 
Very high breaking elongation 

shown by Masterseal 345  
    

 

Test Sample Assessement 
     

Adhesive tensile strength of bonding Tunnel wall  
No delamination of the entire membrane  

up to a maximum pressure  of 10 bar 
    

Working capacity Tunnel wall   High degree of working capacity 
    

Effectiveness of seal Tunnel wall  

 
Main requirement fulfilled, with some  
weak areas resulting from ineffective  
spraying in the initial working phase,  

 

1 Leveling layer
2 Outer shell
3 Inner shell
4 MASTERSEAL® 345
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Conclusions  
 
The object of this study was to investigate the practical effectiveness of a 

sprayed sealing layer going by the product name of  

MASTERSEAL ® 345, made by the firm  DEGUSSA CONSTRUCTION 
CHEMICALS UGC-INTERNATIONAL SWITZERLAND.  
The study was intended to deliver a conclusive verdict on the effectiveness of 

seal, working capacity and adhesive tensile strength of the material. 

In addition the study was to determine the maximum stress resulting from 

water pressure at which partial delamination of the composite between the 

sealing layer and outer shell occurs. 

 

It may be stated in conclusion that the requirements that would confirm the 

practical effectiveness of  MASTERSEAL ® 345 have been fulfilled in every 

respect.  

 

This applies both to the effectiveness of seal and also to the working capacity 

of the material, and most particularly to its adhesive tensile strength and ef-

fectiveness in closing cracks. 

Penetration of the sealing layer did not occur in a single case.  

An optimisation of the entire single-shell system based on the reduction of 

the thickness of shell, with enhanced safety and greater cost-effectiveness, 

would follow on from this. 

 

 
 
 
 
 
   
 
 Innsbruck, 11.12. 2003                
           

UNIV.PROF.DR. Walter LUKAS 

M.Sc. Eng. Christoph NIEDEREGGER 



APPENDIX : 
 
Results of the laboratory tests: 

Results of the practical test: 

 
 
 

 

Test Sample Result Assessment 
  [mm]     

Pressure test – sprayed concrete  d = 100 / h = 100 40 N/mm² Better than average stability   
       

Pressure test – bonding  
(sealing layer parallel to direction of testing) d = 100 / h = 150 35 N/mm² 

Good resistance to pressure  
by the bonding system  

      
Pressure test – bonding  

(sealing layer at 90 degrees to direction of test) d = 100 / h = 150 24 N/mm² 
Adequate resistance to pressure 

by the bonding system   
      

Moduli of elasticity  d = 100 / h = 150 45.300 N/mm² 
Better than average modulus  

of elasticity  
        

Adhesive tensile strength of the bonding  
between the sealing layer and outer shell d = 100 / h = 150 0,80 N/mm² 

Adequate adhesive tensile  
strength in the bonding system 

       
Permeability   d = 100 / h = 100 Sealed / 7 bar Main requirement fulfilled  

   Sealed / 7 bar  
Tensile strength of the sealing layer  30x90x3,2 2,6 N/mm² Adequate   

at 20 °C       

Working capacity of the sealing layer 30x90x3,2 105% 

Relatively high breaking  
elongation shown by  

Masterseal 345  
at 20 °C      

 

Test Sample applied Assesment 
   Water pressure   

Adhesive tensile strength  
of the bonding Tunnel wall  2 bar - 

Partial delamination of the composite 
No delamination of the  
entire membrane    

    >10 bar   
Working capacity Tunnel wall  >10 bar  High degree of working capacity  

     

Effectiveness of seal Tunnel wall 1,8 bar 

First weak areas arising from  
ineffective spraying in the initial  
working phase (if the material  
had been more efficiently sprayed,  
values would certainly have  

been higher)   
      
    

 

1 Leveling layer
2 Outer shell
3 Inner shell
4 MASTERSEAL® 345


