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Abstract— The constructional activities in the different areas 

specially often demand deep foundations because of the 

weak engineering properties and the related problems 

arising from poor soil at shallow depths. The low bearing 

capacity of the foundation bed causes excessive settlements 

and shear failure. Also, the high water table and variable 

depth of the top sandy layer in the areas restrict the depth of 

foundation and thus reducing the safe bearing capacity. This 

paper discusses grouting as one of the possible solutions to 

the foundation problems by improving the properties of soil. 

Different methods are discussed in the paper for grouting as 

per the field situation. 
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I. INTRODUCTION TO FOUNDATION GROUTING 

The main purpose of good foundation is to bear the load of 

sub-structure and super-structure. Generally it is preferable 

to construct a structure on firm base. e.g rock. Generally it is 

believed that rocks are solid and also sometime it appears as 

solid from outer appearance. But these rocks may not be 

solid and may contain fissures, cavities, slips, seams, faults 

or break, which make the structure unstable. When 

investigation is done defects in rocks can be detected and 

corrective steps can be carried out. If at all correction is not 

possible, or too expensive, it may be necessary to change the 

site. 

To remove the above said defect, operation is 

carried out known as Pressure Grouting. 

The reasons behind the grouting of underlying 

structure or adjacent structure are as follows. 

 To solidify and strengthen the formation so as to 

increase the bearing capacity of the rock. 

 To reduce or eliminate the flow of water through a 

formation such as under the dam or into a tunnel. 

 To reduce the uplift pressure under the structure 

such as dam. 

A. Determining the Need for Grouting 

The most reliable method of determining the cracks or 

fissures is to drill a bore hole of sufficient diameter say 

about 75 cm, so that man can enter the hole and inspect the 

strata. The bore can be done by diamond drill. The more the 

holes, more will be the details available, but also the 

economy should be considered. A balance of expense of 

bore and the expense of structure as well as its importance is 

required. 

A record may be maintained about the bore-hole, as 

the location, size, data, time etc. If the core is recovered in 

full length without loss in length and if the core is solid & 

continuous, it may be derived that the strata is solid and 

good for foundation. This type of foundation does not 

require any type of grout as such. To determine the quantity 

of grout, the simple method is to inject water from the top 

with the diameter of pipe 3.5 to 5 cm sealed at top. The 

water forced inside should be recorded and observed. If the 

rate of flow is high with the drop in pressure indicates the 

strata has large cracks & long fissures & if there is increase 

in pressure & less inflow of water indicates solid formation. 

The quantity of grout can be accordingly decided. 

 
Fig. 1: Chemical Grout Injection 

II. MATERIAL USED FOR GROUTING 

The materials commonly used for grout are:- 

1) Cement and water. 

2) Cement, rock flour and water 

3) Cement, clay, and water. 

4) Cement, clay, sand, and water. 

5) Cement, fly ash, and water. 

6) Fly ash and water. 

7) Asphalt. 

8) Clay and water. 

9) Chemicals. 

If the seams are very thin, cement water ratio may as 1:10, 

and if the seams are large the proportion of water may be ¾ 

to 1 part of cement and for rest, most 1:1 to 1:2 ratio is used. 

The most satisfactory grout is the stiffest one, 

which penetrates deepest into the space. 

Also fly ash with cement may be used for economy 

purpose. Even sand, rock four may be added if the space is 

large, sometime calcium chloride is added to speed up the 

setting period. Also bentonite is added into the grouting 

material to get expansion of the slurry. It should be added to 

achieve better results. 

Properties of Admixtures used with Cement 

Grouts. 

Admixture Property (Effect) 

Calcium Chloride, Sodium 

hydroxide, Sodium silicate 
Accelerates setting time. 

Gypsum, Lime Sugar, Sodium 

Tannate 
Retards setting time. 

Finely Ground bentonite 
Increases Plasticity, 

Reduces grout shrinkage. 

Clay, Ground shale, Rock 

Flour 

Reduces cost of grout & 

reduces strength of grout. 

Table 1: Property 
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III. DRILLING PATTERN 

The size, depth and spacing of injection holes should give 

the best result at the lowest cost. The pattern may be 

changed accordingly to the formation conditions. Small 

holes are preferable, if the economy is to be taken care of. 

A. Drilling Injection Holes & Its Preparations 

Holes may be drilled using Jackhammers, wagon drills, 

diamond drills, depending on the size and depth of hole. 

 Diamond drills are preferable, and gives holes that 

are uniform in size and shape. 

 The seams are cleaned for full length. The method 

consists of injecting air or water with pressure by filling a 

pipe on the top of bore, protruding outside for connection. 

For control over excessive pressure a pressure gauge may be 

fitted on top. 

 The holes are cleaned by injecting air and water 

into the holes. Some of the holes are capped for water, some 

for compressed air, and others are left open to permit the 

outflow of the washed material. The direction of flow may 

bereversed. When the holes get cleared, caps are removed. 

IV. GROUTING PRESSURE 

It is difficult to decide the appropriate purpose at which 

grouting should be carried out. As a thumb rule, Engineers 

adopt 1 psi for each foot of depth of hole. For economy and 

efftiveness, it is desirable to use the highest pressure which 

is safe. 

If the weight of a rock formation is as x kg/m
3
, the 

unit pressure on a horizontal plane, 1 mt below the surface 

of the rock, will be x/1m
2
. At a depth of 10 mt, the pressure 

resulting from the weight only will be 10x kg/m
2
. 

Accordingly the pressure should be judged. The hydrostatic 

pressure of the cement grout also should be taken into 

consideration. Suppose only half of the pressure will be 

there at the half the depth of hole. If the injection of grout by 

the full length hole methods produces objectionably high 

pressures near the top of a hole, this objection may be 

overcome by injecting grout in limited depth zones. The 

pressure varies with the depth of injection and the stage at 

which the grout is injected. For example, when the 

foundation under a concrete dam is grouted for 

consideration purposes, the groutmay be injected in two or 

three stages. 

 
Fig. 2: Pressure Produced by Cement Grout 

V. EQUIPMENT FOR CEMENT GROUTING 

The piston-type pumps used to produce necessary pressure. 

The Equipment include:- 

1) One or more air compressors 

2) One or two grout mixers 

3) One agitator-type reservoir tank 

4) One or more grout pumps 

5) Grout discharge pipe or hose, valves, pressure 

gauges etc. 

The mixed grout is discharged into tank after 

mixing. Then agitator is added to prevent separation of the 

solids form water. 

It is preferable to install two pumps at time, so if 

under certain circumstances, any of the pump fails, spare 

one can be installed immediately, thereby reducing the 

danger of losing a partly filled hole or group of holes. 

VI. INJECTING CEMENT AND/OR FLY ASH GROUT 

 
Fig. 3: Injecting Cement AND/OR Fly Ash Grout 
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The estimation of grouting can be made from the records 

made during making holes. The best results are obtained by 

using the thickest grout that can be injected without plushing 

holes. The injection should be carried out until the rate gest 

diminished negligible or the hole is no longer able to take 

any grout. 

Grouting may be carried into full length of a hole at 

one time, or it may be injected into portion of the length 

only. It is possible to apply a high pressure in injecting at the 

bottom of a hole. As the depth of injection is reduced, the 

pressure may be reduced accordingly. This is known as zone 

method of grouting. For this long pipe is required. 

A. Pressure Grouting With Asphalt 

If water flows through the fissures it won’t be possible to 

grout, even using cement, because, it will not get time to 

solidify. 

Asphalt can stop the flow of water when inserted 

into the space, and helps grouting. The heated asphalt can be 

inserted into space between rocks by heating the asphalt. 

Another way is to insert wire inside the pipe and heat the 

material. Due to low conductivity of heat of asphalt, when 

the outer surface solidifies, the inner is still in liquid form 

due to heat. This & molten liquid reaches far over up to 30 

to 40 mt. After solidification of asphalt it takes the shape of 

the fissures and almost stops the movement of water and 

provides dry condition for cement grouting. 

 
Fig. 4: Pressure Grouting With Asphalt 

The equipment’s and machinery required for 

injecting asphalt are heating kettle, a piston-type pump, an  

air compressor or an electric motor to operate the pump.  

B. CLAY Grouting 

Clay can be used for grouting with cement and water. Clay 

has excellent property of making it water proof. It can be 

used for low hydrostatic head. The easy availability of clay 

and its low cost, may be used for sealing the cracks. 

Clay is not satisfactory grout for use in fissures 

which contain flowing water. 

C. Chemical Grouting 

Chemical grouting is successful method and has several 

advantage when compared with other method. 

1) Chemical grouting is in liquid form and hence can 

penetrate even into very small opening. 

2) The chemical forms a barrier after converting into 

gel material and has a range of setting time form 3 

second to 3 hours, as required. 

3) Less number of grout holes are required. 

4) The time required for grouting is comparatively 

less. 

If the formation is highly porous initially grouting 

is done by material such as cement, cement & clay, a 

mixture of cement & bentonite, to reduce the rate to 

approximately 10% of the initial rate, then the final grouting 

is carried out. 

Chemical that are used for grouting are Calcium 

chloride and sodium silicate and some compounds are 

discovered and patented for its used. 

 
Fig. 5: Chemical Grouting 

D. Temporary Grouting By Freezing 

This technique is used in different parts of world 

successfully since long. 

1) Advantage of temporary grouting by freezing: 

This method can be sued for any type of grout, soil, texture, 

but best suited for soft ground, rather than rock conditions. 

Freezing may be used for any reasonable shape, size and 

depth of excavation. The same freezing  plant  may be used 

for various sites. 

2) Disadvantage of temporary grouting by freezing: 

Later ground water flows may result in failure of the 

freezing program, if not properly considered during the 

planning stage. Rapid freezing involves heavy cost. Frozen 

ground behaves as a viscoplastic material with strength 

properties which are dependent on ice content, duration of 

load applied, and the temperature of the ground. 

3) Cost of Freezing: 

It shall depend on  

1) Ground condition 

2) Spacing of the freezing elements 

3) Time available 

4) Type of refrigeration used 

The cost of freezing should not be considered 

separately which might appeared very high, but it should be 

compared with the total cost of the structure, and then it 

shall be justified. 

E. Latest Techniques in Grouting 

The new technique applies to the method of drilling methods 

of grouting and the material used for grouting. The new 

material is developed by organic chemistry they includes 

material such as hard gels, silicates with organic hardeners, 

aqueous resins, acrylamides, phenoplasts and aminoplasts 

and such other material. These chemicals allow to do 

grouting in any place.   

VII. EFFECTIVENESS OF GROUTING 

How to determine the soundness of grouting? 
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To determine the effectiveness of grouting, some of the 

holes are kept empty and observed if grouting materials 

comes out from it and the extent of flow.  

Also water may be injected through the inspection 

holes, and if it does not allow any water to be injected, one 

may come to conclusion regarding the grouting. 
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