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RESIN GROUTING FOR TBM APPLICATIONS 
 
Annotation:  
The development of bigger and bigger machinery for the tunnelling works and headings leads 
to the search for fast and efficient problem solutions. The actually boring diameters are 
between 10 and 15.4 m, these sizes creating many times geological problems like ground 
collapses etc. which breaks the excavation and the advance speed. The solution of the 
problems requires sooner or later special activities. With the application of conventionally 
solutions is the efficiency of the projects not more guaranteed? The interruption costs, in 
TBM works, are many times in a size of at least 20,000 € per day - or higher. During the 
investigation for reasonable products and technologies the Spanish tunnel builders came with 
the application of a foaming Silicate Resin to a fast and safe solution. The experiences in an 
important number of projects showed the efficiency of the product and the technologies, 
together with the approved machinery, all of this has leaded to long-time-success. 
 
1. TYPICAL PROBLEMS  

Over the last years in the Spanish tunneling market occurred different problems during 
some of the major projects. Several different types of TBMs were used and due to the 
geological conditions have to be the following problems solved: 
1.) Water ingress through the over cut (gap between segments and rock) 
2.) Advanced over breaks and ground collapses 
3.) Unexpected drop of or existing cavities in front of the TBM 
All of the herewith roughly characterized methods are leading to an acceptable solution for 
the tunnel builder. Probably they can be completed by additional injection works for a better 
rock consolidation, which will facilitate the advanced works for the TBM. 
Most of these typical problems can be solved by injections of foaming silicate resins like 
GeoFoam and non foaming silicate resins. 
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2. APPLICATION OF SILICATE RESINS 

The chapter 2 discusses possible solutions for different problems with chemical grouts. 
The reader can understand the advantage and the reason for a successful application.  
 
2.1 Application in Soft Ground and Fault Zones 

The drive of a tunnel through fault zones or the ground is very soft, an uncontrolled 
excavation can happen in the front and over the tunnel. Further on part of the ground can 
collapse and the worth case are the production of cavities and sink holes at the surface. 
Especially in cities like Madrid cause such kind of situation a big risk. To prevent this, we can 
work with a pre grouting methode in the following way:  
Step 1.) Drilling a pipe roof 
Step 2.) Injection with a grout the pipe roof system 

 
Please note, for an easier application is the use of steel self-drilling bolt as a pipe roofing 
system possible. These very light bolts are convenient if less space is a main topic. Of course 
the application finally depends from the ground conditions. 
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Step 2.1: Cements or Mortars 
• Cheapest way, if it‘s possible to use 
• Suitable for umbrellas of New Austrian Tunnelling Method 
• Doesn‘t work in high presence of water 
• It‘s not allowed to use over the head of the TBM. All the mechanisms of the rotated 

head can be glued by the cement. 
 
Step 2.2: Inject silicate resins like GeoFoam 
GeoFoam is a high foaming Silicate Resin with a free foam factor over 35 times. The product 
is used with a two component gear pump by mixing of the two components. After both 
components meet each other, the product starts immediately to foam. GeoFlex is very similar 
to GeoFoam but does not foam after the mixing of both components. Both products can be 
used in combination. 

• Enough resistance and cut table for a cutting head of TBM 
• Reacts in the same way in dry conditions than water conditions 
• GeoFoam / Geoflex is usable just in very special cases over the head of a TBM 

 

 
 
2.2 Application in Karst Cavities 

The pre grouting in Karst Cavities is very important to give strength to the rock. Otherwise 
the TBM has problems to drive through this area.  
Step: Cements and mortars 

• Cheapest way, if it‘s possible to use 
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• Do not support tensile strength forces, sometimes needed to install steel 
• Heavy material, 2.5 T/m3, dangerous over roof from any tunnel 
• It‘s not allowed to use over the head of the TBM, but it is the only way to fill gaps 

under the floor of a front of a TBM 

Step: Silicate resins like GeoFoam 
• The free foam factor is 35 and very light material: 70 Kg/m3 
• Steel is no needed to install, because GeoFoam es enough elasticity 
• Enough resistance and cut table for a cutting head of TBM 
• Reacts in the same way in dry conditions than water conditions. 
• Cannot support a TBM weight, so not allowed cavities under TBM 

 
2.3 Application in case of water ingress 

When a tunnel has got some water ingress, it can be solved by two ways: by drains or by 
sealing. If it is too much water ingress and the ground water level can be moved, the drains 
are not an available solution because they decrease of the ground water level. That can creates 
some settlements on the surface and collapse of buildings. 

Foaming Silicates are excellent materials for sealing water ingress. They offer a very fast 
setting time, the foam factor is very high, and the reaction does not depend on the water. 
Further on, the foam since the beginning of the reaction is very hard and has enough capacity 
of blocking the water ingress. In compare, mortars are very sensitive under the influence of 
water and especially if we talk water with pressure. 

In case of TBMs, one of the main problems is heavy water ingress in the head of the TBM 
or along the tunnel segments. The water flows in the overcut and it can sweep out the back fill 
mortar or the gravel into the head of the TBM. For that case a foaming Silicate Resin can stop 
the water ingress in these hard conditions as well and block the water flow. 
 
Step: Silicate Resin application 
Inject a ring of expansive silicate resin like GeoFoam in the 2nd or/and 3rd segment and use it 
like a blockage. It allows restarting the advanced works. 
Repeat the injection each 4-5 to 20-30 segments, it depends on the water pressure. 
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3. THE INJECTION SYSTEM 

The injection system consists in a light and small pneumatic two components pump 
inclusive a pipeline system. The key part of the system is the static mixer which assures the 
correct reaction of the two components chemical. Finally, the pipe line ends into different 
tools like self drilling bolts, PVC lances or inflatable packers.  
 

• The small pneumatic pump SK90 requires big rated air consumption (8m3/min), 
TBM’s compressors should deliver this flow at least 4 bar. And can be transported 
along a TBM back up easily by 2 people because it weights just 80 Kg. It makes a 
capacity of reinjection of two components chemical grouting. 
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4. CONCLUSION 

The choice of a suitable grout is very important to solve the discussed different problems. 
The use of modern chemical grouts in the tunnelling industry in Spain has delivered excellent 
experiences over the last 15 years in resin grouting application in TBMs in: 

• Soft ground and Fault zones 
• Karst cavities 
• Water ingress 
• Change of tools of TBMs 

The costs of cement injections could be double than resin grouting in filling cavities 
works. 

For faster TBM advances in difficult geological situations, silicate resins grouting is a very 
cheap and effective alternative 


