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1. Properties of silicate resins. 
 

a. Expansive silicate resins GEOFOAM. 
 

Geofoam is free of CFC. It consists of two components forming an emulsion 
after mixing. Via packer the mixture is injected into the rock. Within a few 
seconds, the reaction sets in along with an increase in volume and the resin 
mixture starts foaming.  
 
GeoFoam will also react in presence of water. However water is not required 
for foaming. 
 
Special two-component injection equipment was developed for the application 
of GeoFoam. It ensures that the volumetric mixing ratio is kept even at high 
pumping pressures during application. 

 
• The free foam factor is 35 times its volume 
• The reaction do not depends on the water 
• The foam since the beginning of the reaction is very hard 
• Reaction time: 20-40 sec 
• Low temperature of reaction: 80-90ºC 
• It is a non flammable material. 
• It is very easy to cut. 
• Very light density, around 45-90 Kg/m3 
• Big adherence to the rocks. 
 

b. Non-expansive silicate resins GEOFLEX. 
 
The Geoflex main applications are consolidation in water-bearing rock mass, 
protection of belt entry, grading of geological disruptions in langwall. 
 
Other Geoflex advantage is its good adhesion even on plain surfaces. 
 

• Compression: 300 Kg/cm^2 
• Flexotraction:147 Kg/cm^2 
• Adherence at 30º: 45 Kg/cm^2 
• E-modulus: 240 Mpa 
• Flowing time: 2´00”±30” 
• Solidification:3`45”±35” 
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2. Main causes of ground collapses in tunnelling. 

 
a. In case of soft rocks and fault zones. 

 
When any tunnel is drilling through fault zones and the ground is very soft, it 
can fell down in the front of the tunnel and it can be collapsed, it can happen in 
all the length of the tunnel as well. Furthermore, it produces a cavity and it can 
make also a collapse on the surface. If it happens in a city should be a very big 
problem because the buildings could be broken. 
 
To prevent this, we can work with silicate resins in the following ways: 
 

• Drilling and injecting umbrellas. 
 

Drill with a jumbo steel self-drilling bolts WIBOREX over the front of 
the tunnel and depends on the cracks of the rocks you can inject: 
 

GEOFOAM, Propelled by the injection pressure the resin 
penetrates the rock and bonds cracks as well as joints and 
unconsolidated rock. 
 
GEOFLEX, if the cracks are very thin, it has more time to flow 
into the cracks and consolidate by its adherence. If the ground 
are sands, the bolts have to be very close, because the 
GEOFLEX probably cannot flow very well. 
 

• Drilling and injecting fronts of the tunnels. 
 

It is very advisable to use WEIDMANN GRP bolts and inject through 
them GEOFOAM or GEOFLEX (in the same way like the point before) 
to consolidate the fronts of the tunnels. But sometimes the water of the 
drillings (to install the GRP bolts) can destroy the soft ground and it is 
better to use WEIDMANN SPINMAX GRP self-drilling bots and using 
cement for cleaning the detritus instead of water. 
 
• Filling cavities 

 
When the collapse has happened, and it creates a cavity, it has to be filled 
to prevent more collapses until the surface. The cavity can be filled in a 
safety way through injection lances with GEOFOAM because it has low 
temperature of reaction, it is a non flammable material, it is a cuttable 
material for the following drillings and has a very light density. 
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b. In case of karst cavities. 
 

The empty karst cavities in the front of the tunnels can be filled by GEOFOAM in 
the same way than last case; but sometimes the karst cavities can appear filled by 
mud, sands an water and it induces a big water ingress in the tunnel with sands or 
mud. So the treatments have to be very fast to prevent more collapes, the 
GEOFOAM’s infrastructure is very easily manipulated and, as the reaction time is 
enough fast to fill a cavity and as GEOFOAM starts to work just after the 
injection, it is the safetiest way to prevent more collapses. 
 
GEOFOAM is not available to fill the karst cavity is under the floor of the tunnel 
because it does not have enough resistance to support the weigh of the machines 
that are working in the tunnel, specially if it as a TBM tunnel. So the cavity in this 
case has to be filled with concrete.  
 
c.  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 freatic level can be moved, 
the drains are not an available solution because the decrease of the freatic level can 
creates some settlements on the surface and creates breaks in the buildings. So the 
water ingress has to be sealed. 
 
GEOFOAM is an excellent resin for sealing water ingress because it has a very 
fast reaction, the foam factor is very high, the reaction do not depends on the water 
and very specially because the foam since the beginning of the reaction is very 
hard and has enough capacity of blocking the water ingress.  
 

• How to stop a water ingress 
 
The steps to do for a sealing water ingress are the following ones. 
 

o Try to block the water with cuñas (woods), clothes, rubbers, etc., by 
this way it makes more difficult the loses of resin by the water. 

o Do some drills with an electrical driller machine as deep as you 
can, trying to find with the drill the way of the water inside the 
rocks or the concrete. One drill is for injecting and the others are for 
giving less pressure to the water ingress 

o Install an injection lance with a packer in one of the drills 
o Inject GEOFOAM through. 
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3. Tunnel AVE Barcelona Hospitalet 2008 
 

a. The problems 
 

Last year MINOVA CODIV S.L. worked in a singular urban tunnel project in 
Barcelona for the High Speed Railway (Alta Velocidad Española, AVE) from 
Barcelona to Madrid, it was a tunnel made in a wall pile method and in piles 
method as well.  

 
About the Geology, the tunnel was near from the delta of Hospitalet River so the 
ground was mostly sands and mud and the freatic level on the surface where there 
are a lot of buildings very near and the line of the tunnel was parallel and very 
close to the line of another railway on the surface as well, and it is a very useful 
railway in Barcelona by the people. 
 
The origin of the problems was the company who made the pile walls and the 
pilots because the joints of there were very open, between 20 cm until 80 cm or 1 
meter in some cases (normally the joints have to be 1 or 2 millimetres) and when 
the earth moving machines discovered the joints, there were a lot of water ingress 
with sands and mud. This did not let do the works properly. 

 
That is why there were several problems outside of the tunnel, the ground 
collapsed several times and affected the buildings, and very specially the railway 
next to the tunnel. This railway had to be closed for more than one month, this 
caused a lot of protests of the people in the city. 
 
We have to add that it was a Spanish general elections period, so the tunnel and the 
normal railway had to be opened in a very short time and then it created a political 
problem and it was discussed on the courts. Then the Spanish Government 
cancelled the contract with the Constructor company and gave the project to 
another one with a lot of money to spend just for opening the tunnel in the 
prevision time. 
 
This constructor subcontracted several companies of jet grouting and they had 
done a lot of injections of grouts on the surface on the both sides (outside) of the 
line of the tunnel, and the started again the earth moving works discovering the 
joints, but they had always the same problems with the water ingress with sands 
and mud, and then created more collapses and holes on the surface. 
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b. The solution 
 

MINOVA CODIV S.L. proposed a solution when the earth moving machines were 
excavating and then discovered the joints, it consists in to have a pump and a full 
injection system of GEOFOAM with two injection specialists for each earth 
moving machine, when the joint was discovered and appears a water ingress, the 
earth moving machine stop to work and helped us to block the water ingress 
installing the sands and the mud on the way of the water, and then we drilled in the 
joint and then we introduced an injection lance into the joint at the same time we 
activated the injection pump with only one component. We did it in that way for 
not to collapse the lance when it was introducing on the ground, and then inject 
GEOFOAM. 
 
The proposed was successful and, by this way we have sent 12 specialists of 
injection in 6 teams for each earthmoving machine and the consume for this 
project was more than 400.000 Kg. of GEOFOAM. 
 
And the tunnel could be opened before the Spanish general elections. 
 
  
 

 
 

 
 

 
 

 


