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8 Claims. 
This invention relates to an improved method 

of increasing the bearing area of piles, walls, foun 
dations, etc., the Solidification of poor rock and 
concrete, the shutting off of water in oil wells, 
dams, foundations, etc., making water-tight cut 
Off Walls and the like. 
Certain chemicals are injected in a certain way, 

through conduits conveniently placed, into the 
granular or porous material to be Solidified. 
These chemicals react upon one another and pre 
cipitate a gelatinous Substance or mortar Which 
fills out the voids present in the granular ma 
terial and glues the particles together consoli 
dating then into a solid maSS. 

In general it is known that sodium silicate will 
react with several Salts and form a precipitate of 
a gelatinous nature. 

In my invention I use sodium silicate for im 
pregnating the mass to be solidified, as is common 
practice. Whenever necessary I first subject the 
mass to be solidified to compressed air in order to 
drive out any surplus water, as for instance may 
be present in an oil well, and to expand the pores 
and voids to facilitate the penetration of the S0 
dium silicate into the fine voids. 
Moist ground is not detrimental to the working 

of this process, but total watersoaking may dilute 
the sodium silicate to an undesired degree. 
Should the ground contain chemicals which are 

detrimental to the success of the Solidification 
process, these chemicals should be dissolved or 
reduced by introducing water or the proper So 
lution of chemicals or gases, which will dissolve 
or reduce these undesirable chemicals. Com 
pressed air may be used to again drive these solu 
tions out of the zone to be solidified previous to 
injecting the solidification chemicals. 
The exact proportion to use depends upon the 

nature and condition of the Soil or material to 
be Solidified. Various combinations can be used 
for the second injection. Cheapest and best re 
sults will be obtained by the use of such mixtures 
as calcium chlorides and magnesium Sulphate or 
a mixture of calcium chloride and Sulphate of 
aluminum, or a combination of calcium chloride 
and most any inexpensive sulphate. 
Any of these combinations are to be injected 

into the sodium silicate impregnated material in 
order to produce the necessary chemical reac 
tion and Subsequent Solidification during a pre 
determined time interval. In many cases it is de 
sirable to lengthen the time interval of setting. 
This may be done by introducing certain sub 
stances into the sodium silicate Solution before 
injecting it into the material to be solidified. 

(C. 61-36) 

Where a high mechanical strength is not essen 
tial, Somewhat less than concentrated solutions 
can be used. 

Prolonging the setting time reduces the neces 
Sary pump pressure and pump capacity and widens 
the possible area, which can be solidified from one 
injection conduit. 
Generally the sodium silicate is injected into the 

maSS to be Solidified first, but cases may well be 

5 

found where it is desirable to inject the other 10 
chemicals first, or to alternate this procedure for 
adjacent injection conduits in order to more fully 
utilize all chemicals present. 
Should the ground contain chemicals or gases, 

which will combine with other chemicals, such fact lis 
will be taken into consideration when injecting 
these other chemicals to complete the process of 
Solidification. 

In certain material Solidification may be made 
more complete by cutting out some portion of the 
calcium chloride solution or combination solution 
and substituting therefor an equivalent amount, 
chemically, of gel-forming gas such as carbon 
dioxide or the like. The flow of gas meets less 
resistance in the voids and will drive the solu 
tions further away from the injection conduits, 
besides helping the forming of an intimate mix 
of the various gel-forming substances. 
In the drawings 
Fig. 1 is a vertical sectional view, illustrating 

a double piping system for injection purposes; 
Fig. 2 is a vertical sectional view, illustrating 

the use of my invention with a concrete (or 
Wooden) pile having a central, longitudinal hole 
therethrough; 

Fig. 2A is a view similar to Fig. 2 but illus 
trating the uniting of unconnected, superimposed 
pilles; 

Fig. 3 is a Sectional view taken on the line 
III-III of Fig. 2, looking in the direction of 
the arrows; 

Fig. 4 is a vertical sectional view, illustrating 
the use of my invention with a concrete wall; 

Fig. 5 is a sectional view taken on the line 
W-V of Fig. 4 looking in the direction of the 
arrows; 

Fig. 6 is a vertical elevation, illustrating a 
modified application of the invention in connec 
tion with a wooden (or concrete) pile; 

Fig. 7 is a sectional view on the line VII-VII 
of Fig. 6 looking in the direction of the arrows; 

Fig. 8 is a vertical sectional view, showing the 
formation of a foundation under a driven pile; 
and - . . . . . . 

Fig. 9 is a vertical sectional view, illustrating 
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2,025,948 
Fig. 8, can thus be solidified between the bottom 
of the pile or wall and the hard ground. If de 
sired, collars a can also be solidified around the 
pile at any predetermined elevation, especially at 
joints of two piles. 
Sometimes it may be desirable to force out all 

the sodium silicate in the injection pipe before 
introducing the second chemical in order to mini 
mize the tendency to plug up the injection pipe or 
the fine cracks. This can most conveniently be 
done by means of letting compressed air in behind 
the sodium silicate liquid at the time the proper 
amount has been introduced. ? 
When making deep excavations, trenches or the 

like, as shown in Fig. 9, it is desirable to have the 
sides of the excavation stand up as nearly verti 
cal as possible. This can be accomplished. by 
solidifying a wall 2, 22 on each side of the pro 
posed trench, excavation, or the like. In order 
that these walls will stand up better and act more 
efficiently as retaining walls or beams after the 
material between them has been removed, an 
adequate number of steel rods or pipes, acting as 
reinforcing members 23, are to be driven into the 
material before solidification, so located that they 
will take up the tension due to bending. The 
inside walls may be of sheet piling 24. 
Having described my invention, what I claim 

S:- 
1. A process of solidifying loose sand, gravel and 

other granular material surrounding piles, plle 
clusters, tower legs, fills or walls, which comprises 
injecting into a system of conduits embedded in 
or attached to the piles, tower legs, fills or walls 
or other building details a solution of Sodium 
silicate, followed by calcium chloride in combina 
tion with a gel forming gas, the injection conduits 
being provided with exit openings at various ele 
vations a considerable distance apart, whereby 
separate collars and projections of solidified na 
terial are formed around the piles and tower legs 
and on the face of the walls or other building de 
tails and below the bottom of the piles and walls 
at said exit openings. 

2. A process of Solidifying layers of loose sand, 
gravel and other granular material penetrated by 
piles or the like, by means of injecting through a 
system of conduits embedded in or attached to the 
piles sodium silicate and calcium chloride solu 
tion and a gel-forming gas in the proper chemi 
cal proportion. 

3. A process of solidifying loose sand, gravel, 
and other granular material, loose rock, deteri 
orated concrete, or the like, by injecting a sodium 
silicate solution, followed by the injection of a 
calcium chloride solution and of a gel-forming gas 
in the proper chemical proportion. 

4. A process of solidifying fissured rock, loose 
rock, deteriorated concrete, sand, gravel and other 
granular materials, which comprises the steps of 

3 
separately injecting a solution of a soluble sili 
cate and a solution of calcium chloride in combi 
nation with a gel-forming gas. 

5. A process of solidifying loose sand, gravel 
and other granular material Surrounding piles, 
well casings, pipes, pile clusters, tower legs, fills 
or walls which comprises injecting into a system 
of conduits embedded in or attached to the piles, 
tower legs, pipes, fills or walls or other building 
details a solution of sodium silicate, followed by 
calcium chloride in combination with a gel-form 
ing gas, the injection conduits being provided with 
exit openings at one or more elevations, whereby 
separate collars and projections or shells of SO 
lidified material are formed around the piles, well 
casings, pipes and tower legs and on the face of 
the walls or other building details and below the 
bottom of the piles and walls at said exit openings. 

6. A process of solidifying loose sand, gravel and 
other porous material surrounding piles, well cas 
ings, pipes, tower legs, fills or walls, which com 
prises injecting into a System of conduits em 
bedded in or attached to the piles, Well casings, 
pipes, tower legs fillsor walls or other building de 
tails, a solution of Sodium silicate, followed by a 
solution of calcium chloride in combination with 
a gel-forming gas, the combination being pre 
cooled, the injection conduits being provided with 
exit openings at One or more elevations, whereby 
separate collars, projections or shells of chemically 
solidified material are formed around the piles, 
well casings, pipes, tower legs and on the face of 
the walls, fills or other building details and below 
the bottom of piles, Walls and fills at Said exit openings. 

7. A process of solidifying loose sand, gravel and 
other porous material surrounding piles, well cas 
ings, pipes, tower legs, fills or walls, which com 
prises injecting into a system of conduits em 
bedded in or attached to the piles, Well Casings, 
pipes, tower legs, fills or walls or other building de 
tails a solution of sodium silicate, followed by a 
solution of calcium chloride in combination with 
carbon dioxide, the combination being precooled, 
the injection conduits being provided with exit 
openings at one or more elevations, whereby sepa 
rate collars, projections or shells of chemically so 
lidified material are formed around the piles, well 
casings, pipes, tower legs and on the face of the 
walls, fills or other building details and below the 
bottom of piles, walls and fills at said exit open 
ings. 

8. A process of solidifying layers of loose sand, 
gravel and other porous material penetrated by 
piles or the like, by means of injecting through a 
system of conduits embedded in or attached to 
the piles sodium silicate, calcium chloride Solu 
tion and a gel-forming gas in the proper chemical 
proportion. 

LARS R. JORGENSEN. 
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