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SILICATE FOAMS - A HELPFUL TOOL 

IN THE STABILISATION OF OLD MINING STRUCTURES NEAR THE 

SURFACE 
 
Abstract 
 
In old mining areas, such as the Ruhr District, often cavities close to the surface, originating 
from past mining activities, can be found. Only some of them are listed in the survey docu-
ments. There is the danger of roof breaks extending to the surface. Also when these zones 
have to be worked through by new subterranean constructions, e.g. tunnels, they present a 
major problem. When filling these cavities with hydraulic binding grout, there is the risk, that 
it might flow away without control and a complete filling cannot be taken for granted. This 
can be prevented by putting up barriers from extremely fast setting foam as e.g. WilkitFoam 
T, as it is reported here in the case of tunnel Berghofen in the south east of Dortmund. 
 
Another case is reported from the Salines des l’Est in Lorraine, which were closed down in 
1958. In 100 m depth, some major roof breaks occurred. There was the risk that they might 
extend to the surface. Roof breaks and subsidence could be halted by filling the cavity with 
WilkitFoam T. 
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A) Case Dortmund Berghofen 
1. Introduction 
Looking back into the history of coal mining started in zones where the coal seams are show-
ing on the surface. Mining followed these seams into greater depths. 
So at the beginning of coal mining in the German Ruhr District, the activities were restricted 
to the valleys south of the Ruhr river. Around 1800, mining activities undercrossed the Ruhr 
and around 1840 they reached the so called Hellweg zone, i.e. the line Duisburg, Essen, Bo-
chum, Dortmund. Here the overburden is already 50 m. From here, the seams are dipping fur-
ther to the north, and thus, mining now operates in a depth of 1200 m on average. 
Refilling of the excavated voids was done only occasionally, so in the recent past not only 
subsidence but also caving in to the surface occurred, caused by consecutive breaking of the 
strata extending to the surface.   
A major and spectacular break occurred in Bochum-Wattenscheid in January 2000. Some 
roads and mined out zones have collapsed. Cars, a garage and other things disappeared in the 
depth. Afterwards, the whole spot was filled with cementitious grout. 
So if you are planning construction work in this area, be that a house with excavations for the 
basement or be that a tunnel, an examination of the ground is required or at least an inspection 
of the survey documents. 
 
2.   Situation on site 
The construction project described in the following is the ground treatment prior to  a tunnel 
drivage in the south east of Dortmund, and thus in an area of 150 years mining history and 
small overburden rock. 
In Dortmund-Berghofen a road tunnel for the new national road B 236 was planned in under-
ground construction with an excavated cross-section of 205 m² and a total length of 685 m. 
From mining documents it was known that in this area coal mining was carried out in the 
years 1844 to 1957. Therefore one had to be aware of cavities which, partially, had been 
closed by breaks and caving material. A series of steeply inclined seams of approx. 1 m thick-
ness and consequently the mining  roads following these seams run perpendicular to the tun-
nel axis. 
After checking all documents, a tunnel design was recommended with a safety pillar of 40 m 
diameter around the alignment axis. Numerous sets of boreholes were drilled, in the first place 
in order to investigate the ground zone around the future tunnel and to explore the cavities and 
subsequently to fill and consolidate these zones by cement injections. 
 

As presumed, they found that the void zones extended by far the zone to be treated actually. 
So there was the risk that cement grout could flow into cavities beneath and beside causing 
uncontrollable loss of material and time. In order to provide a containment for the cement 
grouting, all larger cavities in the border  zone of the area to be treated were to be sealed by a 
high foaming and fast setting foam. 
 
3. Material Characteristics WilkitFoam 
CarboTech Fosroc has suggested to use WilkitFoam for this problem. We call it a silicate or 
silicate isocyanate foam. It is a two component material consisting of, basically, sodium sili-
cate und isocyanate i.e. diphenylmethane diisocyanate. The reaction of isocyanate and water 
leads to the formation of Carbon dioxide gas which brings about the foaming. In this case it is 
partially absorbed by the chemical reaction with sodium silicate. 
 
Within seconds, it produces enormous masses of foam. In field applications, the foam factor 
ranges between 20 and 40, under laboratory conditions it reaches even 60 to 90. 
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Due to the low density of the foam, the mechanical properties of the foam are rather low.  If 
the foam is applied in a confined volume or if a cured foam is re-injected, the foam rate de-
creases and the strength increases. 
Fig. 1 shows a plot for a triaxial compressive test with the foam factor 10. The foam under-
goes considerable deformation with pressure. A part of the deformation is elastic, another part 
plastic, i.e. irreversible deformation. With foam factor 10 and at 0.5 MPa stress it has got a 
linear deformation of 15 %. 
 
But this is sufficient to keep the cement grout in place. And it is fast enough to cure in the 
place where it is pumped without running into distant cavities. It may be sprayed as well. 
The foam has a very good chemical resistance. It has been checked for its environmental im-
pact on groundwater with excellent  results. 
 
Wilkit Foam is processed with the same equipment as standard two-component polyurethane 
grouts. A dual pump conveys the components to the place of the application. There, the com-
ponents are joint and mixed by a static mixer. Normally the resin mix is injected into a drill 
hole; the injection pipe is fixed inside the hole by a hydraulically inflatable packer.  
 

Since WilkitFoam is a very fast setting material, it may be sprayed onto surfaces as well. Us-
ing a spray nozzle and adding air into the mixed resin  provides the best foam structure. Be-
cause of the possible formation of isocyanate aerosols, however, this method requires the per-
sonnel to wear a full face mask. 
 
4.  Performance of the Works in DO-B 
• Preparation 
As a first measure, several drillhole fans were drilled with 100 mm diameter, the angles rang-
ing from 45° to 90°. They went down to 60 m depth. The upper ten mtrs. were cased, the 
lower sections were drilled through reasonably stable strata. Altogether, approx. 11500 metres 
running were to be drilled, the total void volume to be filled was assessed at 3500 m³.  
 

In August 2001, the exploratory drillings were started. In the critical zones the original drill-
ing pattern of 20 m centres was made narrower to 5 m centres.  
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Fig 2 shows the tunnel to be built and the still existing system of seams with the old mine 
roads  and the shaft going down into the 100 m zone as well as the drillings for explorations 
and grouting. 
 
• Injection measures 
The boreholes which were drilled first, hardly gave any indication that there were areas with 
friable strata or even cavities. But shortly afterwards zones with loose rock and soil were 
drilled through and even cavities. By the end of September, the injections were taken up.  
 
On a hoist approx. 60 m of conveying hoses were applied, which if necessary could be low-
ered  into the hole optionally. 
  
Due to the high reactivity, the resin components have to be conveyed by separate hoses, 
merging only shortly before the outlet in a slim Y-piece followed by a static mixer and an 
inflatable packer. Mixing tube and packer are left in the borehole, whereas the hoses and the 
Y-coupling can be retrieved by using an unlocking device and a steel towing rope.  
 
The boreholes with diameters of 100 mm in the upper section and 86 mm in the lower section, 
had to be  cased over the first 6 m. The rest of the hole was stable enough to lower the packer 
set with the conveying lines almost without problems at a drilling angle of about  45°. 
 
The depth in which the packers were installed was 34 m on average, the maximum depth was 
52 m. The injection rate was between 6 and 9 l/min. The injection pressure at the outlet was 
more or less zero; at the pump it was approx. 80 bar due to the line resistance of 70 m and 10 
mm inner diameter and a low temperature, thus, a high viscosity. The total injection work for 
the 27 boreholes took approx. two weeks. 
 
After the foam barriers had been placed, the filling work with cementitious grout could pro-
ceed as planned. 
 
In the meantime, a second project in Bochum, a neighbouring city to Dortmund,  on a site for 
the road L 705 has been realised 
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B) Cavity Filling at the Salines de l’Est (Lorraine) 
1. Introduction 
In Lorraine, there has been a lot of ore and salt mining. Nowadays, all the mines are closed. 
The Salines de l’Est closed their salt mine in Varangeville in 1958. The workings were in 
approx. 100 m depth, the winning method was room and pillar. That means that the salt was 
excavated, and the excavated void was kept open by pillars from salt of several meters width. 
Shortly after the closure of the mine, a major roof break occurred with up to 10 m height. The 
total volume was estimated at 450 m². The authorities were concerned that the strata above 
might move and water could enter the mine and wash away the salt pillars. Consequently, the 
whole area on the surface would subside and cause unforeseeable damage. 
That is why they decided to refill the roof break. WilkitFoam was chosen as the best suitable 

material to achieve this target in a fast and cost effective manner. 

 

2.  Performance of the works in Lorraine 

Due to the low weight and fast curing of WilkitFoam, only lightweight planking had to be 
installed. Foot base of the planks was the heap of debris on the invert. They were set tightly 
up to the exposed roof. The planks were covered with jute bagging. A man hole was left so 
the miners could enter the cavity. 
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Then the foaming work began. First, the jute bagging was sprayed on with WilkitFoam from 
either side. From the inside of the cavity, the foam was installed layerwise. Feeding air addi-
tionally into the injection pipe improved the foam quality considerably. 
 
After filling the majority of the space, long feed pipes were installed up to the top of the cav-
ity and WilkitFoam was pumped in. The remaining open space in the cavity was filled and 
eventually the existing foam structure was penetrated by fresh resin. In this way, a compact-
ing of the foam is achieved and thus an increase of the compressive strength. 
 
 
Conclusion 
There is an abundance of old mine workings close to the surface, be that coal mines in the 
Ruhr area, or salt mines in Alsace and Lorraine or ore and salt mines in the Eastern part of 
Germany or elsewhere. The location and exact position of these roads and mined-out zones is 
not always known by survey documents. For both cases, the application of WilkitFoam pro-
vides a reliable method to fill cavities or to install a plug or confinement for subsequent ce-
ment grouting. So this method can save time and money for the overall operation in tunnelling 
and other projects  
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