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ABSTRACT 
 

In converging grounds such as clay, limestone, etc, the TBM performance can be drastically reduced due to 
surrounding ground collapse and clogging phenomena. In severe conditions, this situation induces a high 
increase of the thrust force, up to a complete blockage of the machine. A common solution consists in injecting 
bentonite through the shield to improve the sliding effect and in parallel, in using an anti-clay additive as a 
ground conditioner on the TBM’s face. 
Although this technique allows to obtain some results, it doesn’t fix definitively the issue: we obtain a low 
sliding effect of bentonite and the reaction of dispersing agent takes time. 
In such severe conditions CONDAT philosophy is to propose bentonite additives specifically developed to 
reduce the thrust force and torque, and to facilitate the release of the blocked TBM. 
In parallel CONDAT proposes an alternative to common ground conditioners to limit sticking effects. 
To illustrate these situations, we present you 4 cases: 1) Turkey Baltalimani Kagithane waste water Tunnel 

9.5 Km,  4.6m, 2)Turkey Hizli Tren Projecsi,  13.8m, 3) Italy COCIV Finestra Polcevera 1.85 Km,  

9.97 m, 4) Russia Kalininsko-Solntsevskaya linia Metro, 3km,  6.30m. 
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INTRODUCTION 

 

Thanks to its rich experience in tunnelling, CONDAT already had to face a lot of tough situations in a wide 

range of ground types. 

A lot of extensive studies are available on almost all types of grounds but no academic research on converging 

grounds. 

We propose to share our empirical knowledge of mining in such geological conditions. 

 

 

1. RISKY GROUNDS  

Many types of ground present a converging risk. In such situation, the TBM is most likely to get squeezed.   

 



 

 

 

                              Fractured Rock                                                         Expansive ground  

 

1.1 Fractured Rock  

 

A fracture is any separation in a geologic formation, such as a joint or a fault that divides the rock into two 

or more pieces. A fracture will sometimes form a deep fissure or crevice in the rock. Fractures are commonly 

caused by stress exceeding the rock strength, causing the rock to lose cohesion along its weakest plane. 

Fractures can provide permeability for fluid movement, such as water or hydrocarbons. Highly fractured rocks 

can make important aquifers or hydrocarbon reservoirs, since they may possess both significant permeability 

and fracture porosity. (source Wikipedia) 

 

1.2 Expansive ground 

 

It is a clay or soil that is prone to large volume changes (swelling and shrinking) that are directly related to 

changes in water content. Soils with a high content of expansive minerals can form deep cracks in drier seasons 

or years; such soils are called vertisols. Soils with smectite clay minerals, including montmorillonite and 

bentonite, have the most dramatic shrink-swell capacity. (source Wikipedia) 

 

2 CONDAT SOLUTIONS IN RISKY GROUNDS 

2.1 Better sliding effect with bentonite 

In such geological surroundings, as soon as drilling becomes difficult because the ground “squeezes” the shield, 

we advise to increase the overcut so as to enlarge the gap between the ground and the shield. 

 

If this operation does not allow to release the pressure on the shield, we can then inject bentonite through the 

shield so as to maintain the speed without increasing the thrust force: this allows to improve the productivity 

and protect concrete segments from an excessive pressure. 

Better results can be obtained with use of CONDAT TFA 34 added in the bentonite mud. 

 

Technical expectation of bentonite mud 

 

  Density : ~1.08  

  Viscosity : Yield point 20 

 

CONDAT bentonite additive (TFA 34) improves the lubrication properties. 

 
    
 
 
 
 

   (*)  Optimol apparatus - Model SRV Version 4  
 
 

Shield fully trapped in the ground 

 Water Bentonite 

80gr/l 

Bentonite  

+ 0,1% TFA 

34 

Bentonite  

+ 1% TFA 34 

Friction coefficient (*) 0.34 0.32 0.29 0.19 



 
2.2 Use of polymer to release the TBM 

 

In case of TBM squeezing, the thrust force increases progressively up to the machine limits and can damage 

concrete segments. 

In that case, the only solution is to inject a mixture of polymer (TFA 34) and water between the ground and 

the shield. It will create a kind of gel that will lubricate the surface and allow to release the machine. 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

                 
                      Damaged segments                                                                                     Injection plan  
 
 

 
2.3 Ground conditioning 

There are numerous types of clay, each one having its own characteristics. In case of a clay with a very high 

plastic index, mining performances can be drastically decreased: the tools and the chamber are clogged up, the 

screw is plugged, the conveyor belt can hardly evacuate the spoil etc. 

In such conditions, contractors are traditionally using clay dispersing agents. This method requires additional 

injection of a high quantity of free water to allow the reaction, the latter being rather slow. 

 

 
 

 

 

Clay dispersion – Clay flocculation 

In order to reach the optimum rheology for a clayey ground and avoid sticking, it is necessary to hydrate it 

up to 70-80 % of dry ground. 

The addition of dispersant polymers as ground conditioning to accelerate this phenomena is commonly used. 

An alternative solution consists in using flocculants. Both procedures, and particularly the flocculation, 

reduce significantly the consumption of water. 

 

 

 

 



Diagrams hereunder show both treatments. 
 

 
 

 

 

               
Slump of Clay dispersed by using water and dispersant  polymer                    Slump of a blue Clay by using water and flocculant polymer 
 

 

As above described, the flocculation requires less water and permits to reach the required plasticity quicker. 

This reactivity can be a significant advantage: it gives plasticity and lubricating properties to the ground 

which facilitate the excavation, protect the cutter head and avoid clogging issue. 

 

The mining operations need to be adapted to the selected ground conditioning. The use of dispersing agents 

will require to work with full chamber whereas the use of flocculants will require a half-full chamber and 

consequently, a faster evacuation of excavated materials. 

 
 

3 SITES REFERENCES  

Turkey Baltalimani Kagithane Waste water 

 

After each TBM stop, restarting to mine was extremely difficult. The project was achieved in a clayey ground 

which swelled and squeezed the TBM shield. The pilot increased the thrust force up to 350 bars, without 

releasing the machine, and some segments began to crack. 

 

In a first stage, TFA 34 and water were injected as explained in 2.2 above. 

Then, in order to avoid a new blockage of the machine, we proceeded as explained in 2.1 and injected a slurry 

of bentonite and TFA 34 to facilitate the sliding. 

CONDAT solution was a success: the machine was progressively released, they used CONDAT polymer in 

all the critical clayey sections and performed the boring without further problems of squeezing. 

 

Turkey Hizli Tren 

 

This tunnel was bored in fractured rock and the TBM was frequently blocked. Injection of pure TFA 34 and 

water allowed to lubricate the shield and release it from the ground.  

Critical geological conditions in an insecure mountain environment finally led the contractors to stop this 

project. 

 



Italy COCIV Finestra Polcevera 

This big diameter TBM operates in fractured rock. When the ground began to squeeze the shield, the mining 

speed decreased down to 0.1 mm / minute. 

The injection of pure TFA 34 and water permitted to release the machine. 

 

Russia “Kalininsko-Solntsevskaya Linia” Metro project 

 

On this jobsite, the TBM advance was very low. Both water and foam consumptions were very high. 

It was impossible to reach a good compromise because the excavated ground was either very liquid or very 

sticky. 

 

 Using flocculating polymers premixed in foam improved the mining speed up to 30%, decreased the water 

consumption by 18% and foaming agent by 50%. 

The ground conditioning with foam and TFA 34 helped to avoid clogging phenomena, to protect tools and to 

lubricate clay through the screw. 


