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SYNOPSIS 	 . 

This dissertation presents the modern practice of grou- 
ting of pervious soils for impermeabilization and increase 
in structural strength. It traces the history of development 
from 1802 when it was first applied, to the present when 
this art has been more scientifically applied to form a 
seepage barrier. The importance of Geological investigation 
of dam sites is emphasized and various methods of field 
exploration, sampling and permeability tests are given which 
will help in drawing specifications and preparation of the 
estimates, Scope and objectives of the application of grou. 
tinge  various types of grout ingredients)  grout mixes formed 
by additions of one or more grout ingredients and their pro- 
perties and rheological characteristics are also explained. 
The mechanism of grout penetration, effect of viscosity and 
shear strength granulometry of the grout and soil, injection 
pressures$  consumption, zone of influence, efficiency of the 
grout curtain are all treated mathematically. It also gives 
the various types of laboratory tests performed to design a 
grout mix suitable for a job and procedure of field grout 
tests to find the suitability of the grout mix designed. 
Various processes of injection, their limitation and poten-
tialities, field problems and how to solve, guide to grow- 
ting inspectors for successful operation, quality control 
and presentation of grouting data in various forms and charts 
are also explained. Different types of cutoff walls, their 
limitations and potentialities, and cost analysis are illus- 
trated by a practical example. Few examples of the earth dams 
where grout cutoff walls are provided are also given. In the 
and a conclusion is drain that even though grouting process 



was applied 166 years ago1  it has not yet developed suffi. 

ciently and still there Is a great scope in further investi-

gation to introduce cheap groat materials to make the process 

more economical and compatible with other methods of cutoff 

ws1ls« It also requires to draw standard specifications to 

standardize the ,process* 
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" GROUTING OF PERVIOUS SOILS " 

CHAPTER 1 
I NTRODUCTION 

1.16 ERA  ,  
The question of foundation treatment has not yet obtained 

the attention it deserves in this country as till recently before 
launching of Five Year Plans the projects actually constructed 
were so few compared with the size of the country that a solu:. 
tion of the best foundation was usually possible. With the 
launching of the Five. Year Plans a large number of dam$ buil- 

ding projects covering almost every possible site$  the question 
of foundation treatment gained increasing importance. th the 
present state of knowledge about the technique and practice of 
foundation treatment almost any site can be made suitable to 
build large dams upon. But before this can be confidently and 
economically done a thorough study of the Geology of the dam 
site, of the various alternative treatment possible$  and the 
exercise of mature judgement and experience in selecting the 
most economical and feasible type of treatment and equipment 
is necessary. In this, a study of the foundation difficulties 
encountered in some of the successfully executed projects and 

how they were overcome will be of great value. Hence, before 
deciding upon any course of treatment, a full knowledge of the 
engineering geology of the dam site is essential. Vora (1951) 
rightly remarked that the foundation treatment is "the art of 
remaking Geology of the dam site". Thus the art of Iuting 
process cannot be said as a Civil Engineering job but it is more 
or less an art associating civil engineer, geologist,research 
officer, a mechanical engineer, at different stages of process. 

0 
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The civil engineer after a thorough study of hydrology and 
consumptive use of water resources will design the moist eco-
nomical' dam section consistent with the type of foundation and 
type of local materials available. The geologist will interprete 

the types of rock, types of alluvium deposits and their forma-
tions i.e, whether homogeneous or hetrogeneous and their charac. 
teristics to bear the load coining upon them safely with or 
without treatment. After knowing fully the geological condition 
of the site the civil engineer will decide upon the type of 
treatment needed; research officer will assist him in designing 
the grout mix consistent with geological formation and site 
condition prevailing. In case of rocky and coarse gravel deposits 
the treatment may vary from coarser grout of cement to finer 
grout of .clay-cement)  clay-chemicals or pure chemicals depen-
ding upon the nature and extent of the fissures in the rock, 
grain size of alluvial deposits and the basic requirement of 
foundation treatment i. e. for consolidation of foundations of 
gravity dams, or to have an impermeable curtain. In case of 
alluvial deposits the basic requirement is to have impermeable 
foundation and to improve the strength of foundation by impro-
ving the shear parameters 'c' and '0 1  to arrest foundation 
failures. The mechanical engineer plays the role of selecting 
best equipments of drilling and grouting available indigeneously 
at a reasonable unit cost of treatment. With the modern practice 
of grout technique it Is possible to inject and seal even finest 
fissures in the rock and very fine alluvial deposits to have a 
water-tight foundation but this will be a very expensive, the 
choice will depend upon the relative cost. We may not need a 
perfect water-tight foundation for all types of hydraulic 



structures. In some cases we may accept some leakage to a 

reasonable degree in the foundation provided that it does not 

endanger the stability of the structure built upon than to 

treat the foundation at very high and prohibitive cost comp-

are to the overall cost of the project. 

The scope of grouting of pervious soils in civil engin.. 

eering is very wide. This is applicable to shaft sinking to 

seal the pores for water-tightness, tunnel driving through 

alluvial deposits, for stabilizing the soil for road and rail 

embankinents, confine the area by open excavation below ground 

water table by providing a grout barrier airound the excavation 

pit and to provide' a water-tight curtain below the hydraulic 

structure to reduce the seepage and resist the erosion of 

foundation material under differential head of water. 

Grundy2(1955) has classified two types of, permeable media 

through which seepage takes placer 

U) permeable rocks like lime-stones,dolomite, 
volcanic breccia etc. 

(ii) permeable alluvial deposits of coarse gravel, 

to fine sand and silt, glacial deposits etc. 

The grouting process differs widely for both the types of 

permeable strata. The present dissertation is, therefore, 

confined on the subject of "grouting of pervious soils" for 

dam foundations, 

1.2.  DEV ©PME OF ROUTING PROCESS 

i. 2.1.  Cement grroutin 	The injection or grout process has 
a fairly long history. Glossop3  (1960) has traced, the 

history of the injection of grout process from 1802 to 1960 



in two articles. Charles Berigny (1772-1842) was the first 

French Engineer who in 18102 for the first time injected 

puddle clay and then an Italian pozzolana to repair scouring 

sluices at Dieppe port underneath of which mortar was washed 

out. He injected by means of a simple and ingeneous percussion 

pump of his own invention made of wood of size 8 an internal 

diameter with 3 can. °diameter sheet metal nozzle at one end 

(this was lastly used in 1896 on the Nile Dam). This practice 

became the standard practice till 1850. In 1841, Collin a 

well-known soil engineer published his pioneer work on the 

use of injection for the repairs of hydraulic structures. 

He usefully sealed the cracks formed in the masonry on the 

dow~.str.eam side at Grosbois on the canal de-Dourgogue in 3.884.. 

He found that the percussion pump of Berigny did not give 

good results on cracks of capillary dimensions. He therefore 

invented a cast iron injection pump with a piston operated 

by means of a lever. 
In 1876 Thomas Eowksley (1807-93) first used cement 

grout to seal water bearing fissures in rock unearth the 

foundation of a dam at Tunstall and shortly after this in 

1882 Revmaux used cement grout to seal water bearing 1 issu.res 

in Colliny shafts. Although portland cement was patented in 

1824, majority of injections schemes undertaken before 1876 

utilized clay or hydraulic lime. Albert Francois though not 

an engineer developed new forms of grout pumps and made use 

of high pressures. in rock grouting. This process was first 

applied systematically to seal fissures and strengthen rock 

beneath the foundation of dam at the New Croton project in 

the State of New York in 1893. The treatment was intended to 
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reduce hydrostatic uplift beneath the base of large masonry 
dam but there was no attempt to form a cutoff, After New 

Corton the development of foundation treatment for dams 
progressed steadily in the United States during the first 

years of the Century and there are records of the use of 

grouting on 19 dams built between 1900-1930. The first ease 
in which a grouted cutoff was incorporated in the design was 
at the Estacada dam on Clackamas river 25 miles S. B.of 
Portland, Oregan. The den was built on a volcanic breccia 

which was highly permeable. Three row -grout curtain was pro-
vided with holes at 6 ft„ c/c and rows 6 ft. apart. Outer 
vows were grouted first and after taking percolation tests 
the middle row was grouted. 

.Suring this period grouting was generally adopted for 
the treatment of dam foundations in Great Britain$  but the 
methods used were those which had been developed by the 
mining engineers In shaft sinking. But since about 1920 
most of the important advance In the method have been made 
ii France or Switzerland. The development of the systematic 
grouting in America can be said to have taken place between 

the year 1932-35, during the design of Hoover Dam. The U. C. B. B. 
made a close study of the grouting practice current then in 

order to draw the specifications for the darn. From this,day, 
the foundation treatment of dams by cement grouting has been 
generally accepted in the U.S.A. and has been used on the 
large dams built during the past 35 years on the Tennessee 

river, Missourie river and elsewhere. The standard practice 
was to provide consolidation or blanket grouting from shallow 
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drilled holes over the whole area of foundation intended to 
seal the bed rock from fissures to improve load bearing capes -
city and to provide a deep curtain to form an impermeable 
zone. Hays4(1953) has recommended grunite blanket on rock 
foundations as shot' in Figure No. i*  i to act as a roofing 
for better grout travel. Higher grout pressures can be used 
to reduce the number of holes. The practice was used at 
Kenney dam in the brf.tish -Columbia. 

In recent. years the term "Grouting" has come to 
replace the old term "Injection" named by Charles Bel `gny 
in 1802 and the method is now being used more and more not 
only to seal fissures and prevent the flow of water but to 
strengthen the mass of jointed rock to enable it to carry 
heavy loads as in cases of the abutments of an arch dam. 
This is also being widely used in rock mechanics for roof 
bolting and anchoring. 

These developments remain the basis of most of the 
modern practice in rock grouting, but recent advances in 
engineering geology and in soil mechanics have widened the 
scope of the process and made it more effective. 
1.2,E 2 	sp 	u inns 	Cement grouting was generally 

used. for treating fissures in rock for water-tightness, 
but where rock containing large fissures or caverns in which 
the flow of ground water is rapid the cement grout will be 
washed away. Many attempts were made to overcome this diffi_ 
culty. G.N.Christain an American Engineer was the first to 
introduce asphalt grouting and used it with some measure of 
success in 1919-20 on the Halenbar dam, Tennessee. Asphalt 
was injected through a pipe heated by steam or electricity. 



when the asphalt leaves the pipe and touches the water it 

congeals on the outside into nearly -a solid form which is 

tough enough to resist the pressure of running water, but 

still soft enough to expand and seal the fissures under 
moderate pressure. It has been used in the TY. S• A. on other 

sites and also recently this practice has been employed on 

the several sites in the U. S. S.R. 

:., 203. A lu~r3. ,,,Groat as Although Beritgny and others 

grouted coarse sand and shingle, the treatment of wide range 

of alluvial material was the last type of injection process 

to be perfected. During the first quarter of this century 

many attempts were made to consolidate beds of sand with 

cement grout. There were occasional successes but there were 

many failures and the method could not be relied upon. This 

was due to the fact that scientific study was not made at 

that time of the complex structure and of the geotechnical 

properties of such deposits, nor had the properties of grout 

been examined qualitatively. Application of cement grouting 

of sand in shaft sinking process was suggested as a substitute 

for the slow and relatively costly poetsch freezing process 

then in use. Portier (a906) pointed out that simple cement 

grouting had no chance of success in fine sand since the 

particles of cement were too large to enter the voids and 

Mould be filtered out at the point of injection, but inspite 

of this many attempts were made to grout non-cohesion soils 

with portland cement, there were successes in coarse grained 

sediments, and open structure, but failed in the finer grained 

and dense sediments of low porosity. Reliable methods of 

alluvia grouting eventually originated from two different 	• 



sources known as "Tao shot" grouting by Hugo Joosten, a 
Dutch mining engineer in 1925 and the development of modern 
method of "Single shot" grouting or Gutman's process .which 

started about 1933 and is still in progress. The names asso- 

elated with the second process are those of Terzaghi, lschy 2  
Mayer and Rodio.. In Joosten's method the injection of concen-

trated solution of sodium silicate and of a strong electrolytic 
saline solution of calcium chloride was made to form a gel 

and seal the voids in the material. Injections were made 

with a pipe fitted with a point and perforated with small 

holes for a length of about 2 ft. at its lower end. The pipe 

was driven- into the ground in stages and an injection of sodi-
um silicate was made at each stage. This passed into the sand, 

driving the ground water ahead of it and sticking to the 

grains. Having reached the limit of the zone to be treated 

the pipe was withdragn in a similar stage and an injection 
of calcium chloride was made at each stage. This passed 
through pores already occupied by sodium silicate partly 
displacing it and reacting with it to form a soft gel which 

bound the sand grains together at their point of contact 

making the whole mass homogeneous. Such mass could attain 

crushing s-Urength of about 400 to 700 psi. The chemical 
reaction was almost instantaneous. The holes were kept usua-
lly at a distance less than 1 meter apart. This method was 

effective but costly,, The complex nature of alluvial deposits 
led the development of grouting method knoi as "tube-a-

Manchette" by a French F gineer Ischy in 1933 who used this 
method at Bou Hanlfia dam Algeria. This permits the grout of 
different properties to be injected into the ground in any 
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order and at any interval of time from the same bore hole. 
In 19399  A.Mayer, carried out experiments of single fluid 
silicate grout with a controlled gelling time and a satisfae-
tory mixture was developed using commercial so Ilium silicate 
with density of 1433 diluted by 50% to which was added 
commercial hydrocloric acid with a density of 1.15 in a ratio 
of 75 cc/liter and 15 gr. of copper sulphate. Since this 
mixture was very expensive attempts were made to add clay 
and eventually it was found ,that by the addition of suitable 
additives clay grout could be prepared which was thixotropic 
and stable. 

Maag in 1938 published his theory of injection into 
a granular material. His theory did not contribute very 
much to grouting practice, since alluvial deposits are 
invariably complex in structure. However, it drew attention 
to the relation between grouting pressure, viscosity and 
the rate of penetration. Since then the properties of grout 
were studied from this angle and new and more economical 
fluids were introduced using mixture of portland cement and 
clay, with additives to improve their properties and render 
them thixotropic. Also a number of organic grouts of low 
viscosity were introduced. The complex structure of alluvial 
deposits were examined, methods were developed for measuring 
permeability of soils, the relation between the viscosity 
and the grain size of the grout'  pressure of grouting. and the 
rate of injection were investigated. Experiments were made 
with different methods of injection and tube-a-Manchette 
process by Ischy was the most advanced method. The work on 
the properties of grouts and on the physics of the injection 



are still being actively pursued. 
The first dam on which alluvial grouting was used on 

large scale was on the construction of dam at Genissiat in 

1936.. The site was underlain by a buried channel 25 m. deep 
filled with alluvium. To drive the sheet piles to the full. 
depth was Impossible because of presence of boulders to large 
extent and a grout curtain was used to seal the lower part 
of the channel. This curtain consisted of 3 rows of grout 
holes, the outer rows were injected with clay grout and the 
inner row with a sodium silicate grout. This method gave good 
results. cork on the project was delayed by 1939-45 war, but 
who" resumed , 6 yoars later it was found that the grouting 

was till effective. This observation encouraged French Engineers 
to adopt grouted cutoff as a permanent features in the cons. 

traction of dams. 'urger grousing of alluvial deposits at 

the darn site of Serre-Poncon on the river Durance in 1951 

has established grouting as the best solution foe the forma-
tion of an impermeable cutoff beneath a dam built on alluvial 

deposits. 
5 

1.2.4. 	v 12m t s In r di A:  The C. B. T (India) has compiled 
the statistics of dams over 50 ft. height constructed•

in India in pre-independence period. According to these static. 
tics there are about 118 dams, 41 masonry, 69 earth dem and 
8 composite dams. The first masonry dam constructed was 
Khadskwasla (1870.1879) 130 ft.high on the river Mutha for 
irrigation and domestic water supply. The dam was founded on 
hard Deccan trap and no foundation treatment was provided. 
After the invention of cement grout by Hawksby in 1876 and 
foundation treatment of the Neer Croton project in 1893 in the 
State of New York s  Indian, Engineers used grouting process for 



repairing cracks developed in the dams for water-tightness 
built in the early part of this century. Examples are: 
Perlyar dam (1887-1897) 176 ft. high in Madras State, K,odayar 
dam (1895-1906) 152 ft. high in Mysore State, Tansa dam 
(1886-1922) in Bombay state. For the dams built thereafter, 
the 'cement grouting was used for foundation treatment of 
masonry dams to reduce uplift. Examples are Thokarwadi Dam 
(1916-1922), Radhanagri (1918-.1951), Auda Dam (1927-1934) 
and Thumbrapani Dam (1938-]946), 

After Independence a large number of dam building 
projects covering almost every possible site are undertaken 
which necessitated a systematic design of their foundation 
treatment on cost considerations and safety against failures. 
Thorough study of geological conditions and behaviour of the 
sub-surface strata were made critically and the degree of 
treatment required, use of grouting ingradients, and methods 
of injections were studied. The project laboratories played 
a key role in designing the mixes consistent j1th the type 
of foundation for basic requirements of water-tightness and 
strengthened foundations, examples are Tungabbadra, Mayurkas~i, 
Bhakra, Hirakud, Rihand, Kotah Barrage, Gandhi Sagar etc. 

The masonry weirs and barrages constructed on permeable 
foundation in North India in the early part of the century 
showed floor failures by piping due to under-seepage. study 
of such failures led the famous Kho sla' s theory6(1934) of 
foundtAg weir and barrages on permeable foundations. This 
mainly consists of a solid floor with 3 rows of piles at 
Upstream, at Downstream and below the crest. Subsequent cons-
truction of almost all weirs and barrages on permeable founda- 
tions has been undertaken according to the Khosla's theory, 	• 
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and the results are very satisfactory. 

The earth dam constructed earlier were founded on 
rocky foundations with a cutoff in the centre filled 4th 
puddle clay or were provided a core wall in the cttre in 
masonry or in lime tiortar. •H idly any attempts were made to 
build earth dam on alluvial deposits. The lanchet hill dam 
(one of the Damodar Valley Corporations Dams) built in 1955 
was provided sheet pile cutoff for impermeabilization. 

The first attempt to provide grout curtain in alluvial 
deposits was made at Kotah barrage in 1958 where the founda-
tion of earth dam portion in the river bed consisted of mixed 
sands  gravel, cobble and boulder with permeability of about 
'1.8+ i.0-  ' ai/sec. The sheet piles could not be driven duo to 
presence of boulders, nor backfiiled cutoff could be provided 
due to high leakage met during excavation. Therefore founda-
tion was treated by clay- e rent-chemicala grout for forming 
a permanent cutoff. Since then research was carried out at 

the P.W. D. concrete Research Laboratory, chepauk, Madras State 
of clay injection at the proposed Ramapada Sagar Dam in the 

Madras State. Much research work on the clay-cement-chemical 
grout is carried out by the C.W. & R. R,. Station, Poona and 
Individual contribution is made by Mistry (1965), Datya 

and Vinayaka (1965) and other project laboratories who have 

carried out intensive laboratory testing on various grout 
ingredients to evolve optimum grout mix for the Ukai Dam 
and Girna Dam for the treatment of foundations of alluvial 
deposits to provide a permanent grouted cutoff. 
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CHAPTER - 2 

GDDLOGY OF DAM FOUNDATION 

2.1.  
The geological investigation of the darn site should 

include determination of kind of bed rock, position of beds, 
direction and spacing of joints$ faults,. shear zones  depth 
of weathering in rock, forms of rock channel, depth and 

&" d 
character of filling in it, permeability of materials  ability 
of rock to withstand hydraulic and dynamic pressures. It is 
desirable to have the dam foundation rest on solid rock as 
far as possible. If in the foundation of dam we come across 
stretches of weak foundation channel filling etc. it is 
important to determine' its nature, whether gravel, sand)  clay,, 
boulders or a mixture of these and the relative form and 
distribution of each kind of materiall y  as it has a bearing 
on the permeability of the foundation material. This chapter 
deals with the geological formations and the characteristics 
of .pervious soils of alluvial deposits. 
2.2. 	 FION OF ALLUVI AL DOSITS  

In the strict sense of the word "alluvial" applies 
only to water borne sediments. However$  in grouting practice 
its use has been extended to cover any unce.erlted deposits. 
Such deposits may be formed of rock -  debries of all sizes, 
with no cohesion, and are rarely) homogeneous. The formation 
of any sediments involves atleast three stages: The disinteg-
ration of original rock, by weahtering or otherwise; the 
transport of the debris so formed by wind,vater,ice or in any 
o t herway; and finally deposition or accumulation. During 
transport a certain amount of sorting always occurs, and the 



material is seggregated according to particle size and particle 
density. As a result most sediments are built up of super-
imposed layers, or lenses differing in grain size distribution, 
and in porosity, some being dense and some having a relative 
open structure. Thus they exhibit the phenomena of stratifi- 
cation or bedding, which control their principal geotechnique 
properties. Stratification is not always well developed, 
thus certain deposits, notably glacial and land slide debris,. 
consistent of block of mass particles of differing sizes, 
with no trace of sorting or stratification; whereas J s . . 
and wind blown sand are found in relatively homogeneous 
deposits. Sediment deposits underr water s  whether by rivers, 
11 lakes or in the sea, are always stratified and hetrogeneous, 
with alternate layers o.f sand and gravel deposits formed by 
variations in current velocity during deposits, Each such 
bed.viil have its own well defined structure)  depending upon 
the distribution of grain size and the degree of compaction 
within it, and this structure will determine its porosity, 
permeability and other properties; such structures exist 
not only in relatively coarse alluvial material but also in 
fine sand deposits which on casual inspection appear and are 
often considered to be homogeneous. The presence of stratifi-
cation in most fine sand is demonstrated by the fact that 
their permeability in a vertical direction is many times less 
than that in horizontal direction. 

Ischy and Glossop7( 1952) have grouped these deposits 
into two main groups viz; 

(i) Cohesive soils like clay and silt. 
(2) Non-cohesive soils like sand and clay. 



2,2.1*  Zermi9fll.oSvs 	According to. the terminology given by 
the I.S. Specification No.I# 5.1498-1959 the soils are 

grouped as below: 

Cam„ 	Clay is an aggregate of microscopic and sub-micro- 

scopic particles, derived from the chemical  chnical decomposition•

and disintegration of rock constituents. It is plastic within 

a moderate and wide range of water.-content. 

sk 	A fine grained soil with little or no plasticity. 
,SLnA- & g,'  ve L  Cohesionless aggregates of rounded or subs 

rounded, angular, sub-angular, flaky or flat fragments of more 

or less unaltered rock or mineral, Particles from 0.06 mm. 

upto 2.00 mm. are referred to as sand, those of size greater 
4han i as gravel and above 60 nun, size as 
boulders. Indian specifications have given 4 divisions of 
soils, as under: 

1. 	k these soils more than half 
of the material is smaller than 75 micron. These are divided 
Into' 2 sub..divi sions: 

a) Gravelly soils: In which more than half of the 

coarse grains are larger than 4760 microns• 
b) Sandy soil: In which more than half of the coarse 

grains are smaller than 4760 ml con. 

2.  n gr naa . arear l=   o la  In these soils more 

than half of the material is smaller than 75 micron s• These 

are. divided into 2 sub-divisions: 

a) Inorganic silt & clay: with low to medium compressi- 

bility having a liquid limit between 0-0. 



b) Inorganic silt & clays With high compressibility 
having a liquid limit above 50.. 

3.  ilt ande'Jaysse  These soils have high organic 

contents. These are divided into 2 sub. divisions: 
a) Organic silts. 
b) Organic clays. 
4.  Peet  This is a dark, spongy and fibrous soil of 

vegetable origin, 

2.3.2.  FPrope ties; 

2.3.2,E 1. Jchan&cal  anpllvsis.,a  The range of particle size 

fractions as per different standards is given in table No. 2-f;1#.. 

Table No.2.,1 

Designation of 	A. S. T.M. 	Int, So c. of , 	I. S.-i498-- 
soil fraction, 	standard, Soil Science 	1959 

d 

Boulders - 60 - 200 

Gravels 'Fine 1  2 - 6 
Medium /2  
Coarse* 20-60 

Sand: 	Fine .06 -• .2 
Medium* .42-.074 	.2-.02 .20-.6 
Coarse .6 - 2 

silt: 	Fine * .002 - #006 
Medium * 	.074 - .005 	.02 -» .002 .006 - .02 
Coarse +* .02 - .06 

Clair L .005 	L .002 - L .002 
Colloids , 	.001  

2.3.2.2.  P meabilitva Differn t authors have given different 
range of permeability for various soil types. Indian Standard 
Specifications have divided the soils in three groups in the 

range of permeability. Impervious soils with permeability 
coefficient of 0001 cm/sec. or less, semi-pervious soils with 
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permeability  coefficient in the range of •Q001 an/sec. to 
0.10 cm/sec« and pervious soil with permeability coefficient. 
greater than 0.1 an/sec, Terzaghi and Peck (1948) have given 
the relative values of permeability of soil as given in Table 
No.2.2» 

Table No.2.2 
Relative values of soil -permeability adopted by 

Terzaghi and Peck 

Degree. of per- Range of coeff. 	Soil texture. 
tneability. 	of permeability cm/sec. 

HiHigh. 	 '~ 1 g 	 10 and over 	Gravel and coarse sands. 
Medium. 	10'" 1 to 10" 3̀ 	I I Sand and. fine sand. 
Low. 	10-3 to 1© 	Very fine sand, silty sand,,  

loose si .t, loos a rock flour. 
very low. 	. 10"5 to 10"7 	Dense silt dense loess, 

clayey silt,. clay, 
Impervious. 	10 '7 and less. 	Homogeneous clay. 

2.3.2.3. Elast lt-V:_... Junikies 	have given the relation 
of plasticity of soil and soil characteristics as given in 
table No. 2, 3, 

Table No. 2« 3 
_ 

Plasticity Soil 	arse- Soil Cohesion- 
e 

0 	20 Non-plastic. Sand. Non-cohesive. 
7 	25 Low plastic. Silt. Partly cohesive. 

7.17 	40 Medium plastic. Silty Cohesive. 
clay 

(clayey soil) 
/17 	70 High plastic. Clay. Cohesive. 
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2.3, 2.4,  Consistence .a;L- La3rsi,_. Karol 	has given, the 
consistency of clays as given in table Ito.2.4. 

Table No.2.4 

Descriptive 
term• 

Nó. of blows per 
foot (standard pene- 
tration test) 

Unconfined compre-
ssive strength 
(t. s. fi ) 

Very soft. 0-.2 0-0.26 
Softo 2 - 4 	0.25 - 0.5 
Medium 4-8 01.5- i.O0 
Stiff. 8 -.15 1.0 - 2.0 
Very ,stiff. 15 -30 2.0 - 4.0 
Hard. 30 and over. 4.00 and over,. 

2.4. E LORAT ©N_ OFSUB 	RFA+ 

2,4.1% 	' rpo eof.Ex or tions 	whenever grouting is contem.» 
plated for pervious soils, very careful exploration is neces- 
sary to determine the following: 

(.) The grain size distribution of the foundation' 
material so as to decide its groutability with 
different types of grout materials. 

(2) The permeability of the strata in order to decide 
the extent of zone requiring treatment 

2.4, 2. gxtent of xi orati on,  Terzaghi and Peck8  (1948) 

state that the extent of exploration of site depends 
upon the magnitude of the project for which investigations 

are to be undertaken. For example for small projects it is 
not necessary to carry. out elaborate investigations. Some 
exploratory borings with a few classifications of sub, soil 

will be quite sufficient compensated by liberal factor of 

safety in design and construction. bbr large scale,  construction 
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projects extensive subsoil investigations are likely to be 

justified for the safe and economical design of the structure. 

Clark11(1963) regards the expenditure on the Investigation as 

an Insurance premium to safeguard against failure due to 

faulty foundations. 

2.4.3. M tc ds1 g, S #. ,—E~ro .o tions: 

	

2.4.3.1. 	The following methods are generally used for 

soil exploration:  

(i) Boring  

(ii) Sampling 

(iii) Sounding 

(iv) Field permeability tests, and 

(v) Geophysical explorations, 

	

2.4.3.2. 	lo try . boring: The most common procedure in 

making sub surface investigations is to drill holes on the 

chosen site to extract samples. for further examination and 

'studies. The information on the quality of the sub surface 

material may be obtained not only from the samples but also 

from the observations of the resistence to advancing of the 

hole. There is no universal rig for making bore holes capable 

of taking every type of samples in all types of sub 'surface 

material. The choice of boring rig is based on the following: 
(I) 	Economics - for small jobs,less costly rigs may 

be used., 

(ii) Geological conditions - i.e. sub surface is soft 

or hard. 

(iii) Type of terrain, accessibility, topography and 

availability of drilling equipments. 
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2.4.3.3. Djilngmetkodsid. tyne 	Juen*: The folio 

wing boring rigs are generally in use for exploratory drilling: 

(1) Auger drills 
2) Wash boring 

(3) Rotary drills 

• (4) The ,cable drill or percussion drilling. 

2.4 3.31. AIL& drA 	Auger drilling. is very fast compared 
to other methods of drilling. The boring ks made by turning 

the auger Into the soil for a short distances withdrawing the 

auger and removing the soil which clings to it for examination. 

The auger Is again inserted into the bole and turned further. 

There are various- types of auger and .holes can be drilled 

from 4" to 3 ft. in diameter; upto 20 ft. deep drilling there 

is no difficulty but beyond that it is usually difficult to 

withdraw it, Usually tripods and hoists are used when drill- 

ing over 10 ft. is contemplated. Casing is sometimes required 
when drilling is carried out below water tablet and through 

non--cohesive materials. Generally it is difficult to drill 

through (1) fluid soils such as super saturated sands (2) both.-- 
ders and hard strata such as firmly cemented sand. 
2.4,3.32. jjash_ bor ,r~~: This is a cheaper method of drilling 

holes for explorations. First about 10 ft. deep hole is drilled 

by auger and casing generally of 2" pipe diameter is lowered 

in the hole by derrick and a wash pipe of I" diameter in length 

of 5 - 10 ft. is inserted in the casing. .a hose pipe connec-

tion is made through a sulveal head to the top of the wash 

pipe and the lower end of the pipe is fitted with a chopping 

bit, provided with water ports so that the wash water can be 

pumped down the wash pipe and forced out of the ports. The 



water rises in annular •space between the wash pipe and the 
casing. It is collected in collecting tanks from where water 

is recirculated. The hole is advanced by the cwi ing and 

washing and additional casing is driven as needed. t h .le 

drilling progresses the column of , wash out cutting cm be 

observed. Whenever change in colour of wash out cutting f s 

observed, the wash out is turned off and a sample is taken$ 
otherwise for every 5 ft. of interval irrespective of change 

IL wash out colour one sample Is to be taken. The elevation 

of water table can also be determined. 
2.4.3, 33. RLin: In the rotary rig, motor is connec.. 

ted to a drill head which actuates drill rod with a bit at 

the end, The motor is oil driven or electrical. The drill rod 

is rotated by means of a gear and the bit Is forced into the 

ground by a hydraulic or screw Jack. Thus the bit progresses 

in the depth and the material acted upon is cut, chipped and 

ground. The drill rod in rotary drills generally is thick-

walled hollow pipe. Different types of bits are used to 

obtain cores if required for examination. 

2.4.3.34. ~C~blp tao . rigs In the cable tool rig a "string 

of -tools" is used. This consists of a chopping bit screwed 

into a stem which In turn is attached to a set of two Jaws 

held by a rope or a cable. The chopping bit may be a heavy bar 

4 ft. or more long, working on the bottom of the hole. It 

acts by either • with the string of tool in a hammering or 

percussion action. The energy required for this action is 

provided in several ways. The jaws serves as a homer to 

drive the sampler after the hole is made or may be used to 

Jerk the bit, loose if it sticks at the bottom of the bole. 
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In this method the hole usually is fully or partly filled 

with water. The slurry formed at the bottom of the hole is 

periodically bailed out by means of a bailor or sand pumps. 

2.4.3.35. Ohaice of si..o of ham: Krynina and Judd12(1957) 

have given the standard sizes of cas±ngs, rods, core barrles 
and size of holes as given in table No.2.5. According to thou, 

it is advisable to use a large diameter of core as economy 

will permit, The larger the diameter the more accurate are 

the geological observations on jointing and fracturing. Also 

less core loss is apt to occur if fractured rocks are drilled 

with large diamond bits. Very small diameters such as Ex size 
are to be avoided when possible. Often a small diameter core 

trill give deceptive information on the extent of fracturing, 

as many widely spaced .fractures may be missed entirely# In 
extremely deep holes$ it may be necessary to resort to Ex 
size holes because of the weight of the drill rods. For 
drilling deep holes, the size of the hole commonly is reduced 

with depth e.g. the hole may start with NX size be reduced to 

BX at about 50 ft. depth, be further reduced to AX size at 

about 150 ft* depth and finally be drilled with EX size bits 

beyond 250 ft. depth. This reduction in size permits easier 

handling of casing when it must, be carried to great depths. 

Table No. 2.5 

Approximate dia Approximate 
Size symbols. 	Casing 0. D of core hole. 	dia. of core. 

EX 	1 13/16 	 7/8 

AX 	 21/4 	17/8 	1 3/ 16 
BX 	27/8 	23/8 	15/8 

NX 	 3~ 	3 	 2 V3 



2.4.3.4.  Samvling: 

2.4.3.41. -Samples extracted from the ground are of two types: 

(1) Undisturbed)  and 

.. 	(ii) Disturbed. 

Undisturbed samples are required in all .cases where proper-

ties of rock or soil in situ are to be studied. Disturbed 
samples are obtained to study properties of soil as a cons. 
tractional material. Samplers are divided into 2 basic groups: 

(1) Drive samplers which are forced into the ground 

by pushing or jacking (static method) or hammering 

(dynamic method), and 
(2) Core sampler* Cores are used mostly in rocks but 

can be applied to hard cohesion soil type also. 

These are obtained either by dry core drilling or 
wet core drilling: 

There are various types of drive samplers depending 
upon the nature and cohesiveness of the strata. The following 
are commonly . used: 

(1) Ball valve sampler 

(2) Bailor small diameter 

(3) Bailor large diameter 

(4) Sampling spoon 

(5) Open drive sampler and piston sampler 
(6) Bishop type sampler. 

2.4.3.42. 	 After the hole is drilled 
by auger or ijash water it should be cleaned by spoon or 
auger and the sampling spoon attached at the lower end of the 
wash pipe is driven in the soil. The blow counts should also 
be counted for penetration of 1 ft. in soil. This furnishes 

0 



a vital information regarding relative denseness of strata 

with little extra efforts. The description and limitation of 

some of the samplers is given as under. 

2.4.3.43. Ba11Va, qe samti1exs It consists of a large tube 

open at lower end and having sharp cutting edge. At the top 

there is a ball valve, which lets out air or water when the 

samplers penetrates into any strata. Thus the sampler holds 

the sample by atmospheric pressure and cohesion of the mate-

ria1. collected. Sufficiently good samples can be obtained in 

medium sand with some silt i. e. material with at least a 

trace of cohesion. Natural stratification is not much disturbed 

thus there is no mixing of layers. But sampling is generally 
not possible in case of clean sand without any trace of silt 
i.e. cohesionless sand. Sampling is also not possible in 

gravel or conglomerate, as penetration of sampler is rather 

difficult. In general it can be said that samples are reliable 

whenever they can be obtained in respect of their grain size 

distribution and stratification as a smooth side tube is 

driven continuously into the strata. 

2.4.3.44. 	:ilox~. 	3 .ameter of the sample depends upon the 

internal diameter of casing pipe in which it works. Bailor 

is a tube having sharp hardened cutting edge at lower end. 

Just above the bottom there is a hinged flap which opens 
inside the tube. When the bailor penetrates into the strata, 

displaced air and water finds its way out from openings near 

upper end. Flap at the bottom does not allow the material to 
fall when bailor is lifted up. *Large diameter bailor operated 

by a Minch is driven into strata by the impact of Its free fall. 

Material is pushed inside the bailor and retained by a flap. 
To get more reliable results, sampling by large diameter 



bailor should be done only for one ft. depth at a time. 

Small diameter bailor is not heavy enough to penetrate into 

the strata by its free fall and may be ,hydrauli caliy driven 

or by ,manual hammering. in case of samples taken by bailor, 
there are two possibilities which may lead to erroneous 

resalts. The first one is the washing of finer materials 

and second one is the mixing of layers. Due to washing of 

fine materials from the sample, an impression is created that 

sand is coarser than what It actually is. When alluvium 

contain some silt, it gets washed away during the operation 

of the bailor. Being very fine its setting time is more and 
so it remains suspended for long time in the water column. 

Sample obtained by bailor appears to be clean sand when actua- 

1y it is not so, Thus •.bailor fails to record presence of 

silt in alluvium. This is very serious drawback because 

presence or absence of only 5% silt considerably influences 

permeability of the alluvium. To correct this defect to a 

certain extent, after one lift, time interval of atleast 1 

minute should be kept for next bailor operation so that fine 

silt will settle and will be collected in subsequent operation. 

In river deposits, fine and coarse layers are found in close 

proximity. In some cases the layers alternate at intervals 

of only a few inches. In case of bailor sample all coarse 

and fine layers are mixed, thus it gives an idea of particle 
size of mixed sample. The top few inches of the material 

collected by the bailor consists of loose material falling 

during the withdrawal of bailor followed by driving of the 
casing. This completely disturbs seq uence of stratified layers. 
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2,4.3.45.  C4re dri113.n  .- This method is successfully adopted 

both in case of slightly cohesive soils and hard strata. In 

case of soft material the core barrel is nearly pressed in 

the strata to get the sample. Thus there is not even slightest 
impact as may be in the case of bailor or ball valve sampler. 
This gives most suitable samples, as there is less disturbance 
of layers and there is no washing of fines. 

If the strata is hard where no other sampling method 

is workable core drilling is the only method.in case of wet 

drilling, water under pressure is forced through core barrel 

and it comes out from the casing* This water circulation 

assists in. drilling and keeps the drill bit cool, wet method 

is only suitable for hard and compact strata such as rock or 
compact conglomerate. In case of compact clay,  indurated silt 
and soft conglomerate this circulation 3s likely to wash the 
material. In such cases dry drilling where there is no cir-
culation of water, is adopted. Recoveries can be observed 
accurately except in non-cohesive CoL and slushy material 
where there is possibility of loss of sample. Observations 
of recovery are reliable only in case of rock or hard conglo-
merate. Percentage recovery of samples in case of fissured 
and disintegrated rock or soft conglomerate is g erally poor. 
2.4.3.45.  isD tvne ssmnler:  This sampler requires bore 
hole of minimum 8" diameter and the procedure for sampling is 

very complicated and hence it is not convenient for routine 

exploration. The sample is ideally suited for non-cohesive 

fine sand. It is not suitable where hard layers such as 

conglomerate alternates with loose sand. 



2.4.3.47. imitatpnnd rg13a ,~,i ty of_amn, 1ina; The most 

reliable sample can obviously be obtained from open pit and 

it is therefore essential to excavate at least one open pit 

for a job where grouting is contemplated. When practical 

difficulties arise in excavating a deep open pit allowance 

must be made for the error in sampling and considerable 

variations can arise in the estimated cost of grouting and 

the actual cost. In some cases, it may be possible to confirm 

reliability of sampling by comparison of the results of samples 

from open excavation upto a part of the depth with the sample 

from bore holes provided it is confirmed that the geological, 

formation for the deposits of the soils are not changed at 

greater depths. 

When ball valve sampler or cores can be obtained the 

results of sampling can be relied upon, On the other hand 

when bailor is used, the conflicting effects of mixing of 

soils and washing of fines make it difficult to judge whether 

the sampling is liable to err on the finer or the coarser 

side. Large diameter bailor should be used for determining 

the proportion of material above one inch size. The results 

of large diameter bailor which are not driven by separate 

monkeys cannot be relied upon for determining the grain size 

distribution of material finer than one inch. This is because 

, of the predominent pumping action and the consequent mixing 

and the washing away of fines. When the natural alluvium is 

free from silt the error due to washing of fines is not 

significant and the sampling is liable to err on the finer 

side, This is, perhaps the reason that grouting in the field 

has been found easier in many of the major jobs in Europe. 



When hard layers such as conglomerate are interspersed with 
loose sand, large diameter bailor Is necessary to break the 
material. The alternative method core drilling is not effec-
tive in recovering the loose sand. 

At Aswan High Dam where sub-surface strata consisted 
primary of non-cohesive sandy gravel of 220 meter deep, it 
was difficult to obtain undisturbed samples. During explo-
ration undisturbed samples were obtained by freezing process. 
During execution sampling was carried out by following methods: 

(I) Where strata was slightly cohesive, samples were 
collected by bailor or tube. In the bailor a device similar 
to the core catcher or the segmented spring in the Dension 
sampler Ti. S.B.R. was used» In the lower partially cemented 
strata and in grouted zones samples were obtained by rotary 
drilling.. 

(Ii) Boundary of different zones of overburden such as 
sandy gravel was ascertained by analysing the material from 
the drilling mud. The affluent was washed over a sieve of 
0.1 mm. size and the analysis carried out by drying the 
material retained. The percentage of fines below 0.1 mm. 
could not therefore be detected. The strata varies from fine 
sand of 0.1 mm. size to coarse gravel over 3.5 mm. sizes. 
having permeability of 10" 1  cm/ sec. for coarser gravel and 
5 to 10`"3  en/sec. for finer sand. 

For Ukal project in Gujarat sampling was done mostly 
by large diameter bailor of 22 inch diameter size. Character.. 
istics of deposition showed depth of overburden of about 
15 meters in river bed and about 30 meters on the right bank. 
The overburden consists of coarse sand mixed with gravels. 



The river bed sand is coarser varying from 0,6 mm. to 2.5 mm. 

size while shoal sand is medium varying from 0.3 mm,, to 1,00 mm 

size. Grain size curve for Ukai Dam project is given in 

figure No.2.1. The permeability varies from 2 x 10 2  can/sec. 

to 10_i  cm/sec. For Gi rn a and M ull a Dam projects in Maharashtra 
sampling was done by bailor and ball valve sampler and also 

rotary drill. Overburden depth varies from 15 to 20 meters 

having a permeability in the range of 1O 1  to 10`2  em/sec, 

2.4» 3.43.  £oundinj  Sub surface soundings are for exploring 

layers of soil with an erratic structure. They are also used 

to make sure that the sub soil does not contain exceptionally 

soft spots located between drill holes and to get information 

or the relative density of soil with little or no cohesion. 

Experience shows that erratic soil profiles are far more 
I common than regular ones. For this reason many different 

procedures have been developed. They are divided into two 
large, groups, static and dynamic. In the static method the 
sounding rod is pushed into the , ground by static pressure. 
The dynamic methods consist of a driving the rod by the 
impact of a drop of hammer. According to Terzaghi and Peak 

(1949) no sounding method is equally suitable under all the 

soil conditions that may be encountered in the field. This 

explains why many different methods have come into existence. 
The method must be chosen in accordance with the type of 

information called for by the project. 

2.4.3.5.  
2.4, 3.51. Field permeability tests are generally taken before 

and after grouting to evaluate the efficiency of the grouting. 

Field permeability measurements fall broadly into the follo- 
wing 

 
 two categories: 	 • 
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(1) Local or point permeability measurements. 

(2) Average permeability measurements. 

2.4.3.52. Pin 	ea„ bilitvmeasur~nent: Point permeability 

measurements are based on measurement of seepage from a 

pocket of known i dimension. For a reliable interpretation the 

test pocket must be of defined shape and size. The size of 

the pocket should be small as compared to the depth of the 

soil mass. In practice none of the above. conditions are 

realises,' In a saturated structure when the length of the 

pocket is less than ].15th thickness of the structure the 

formula customarily used can be considered as reasonably 

accurate. As all natural formations are hetrogeneous and 

anisotropic the numerical validity of point permeability 

measurement is open to question. The point permeability mea-

surement can therefore be considered only as indications of 

relative permeability. More severe errors can arise due to 

defective procedure. Errors caused by defective procedure 
consist of the following: 

(i) Error due to silting caused by sediment brought 

by the water used for the test or the sediment 

thrown into suspension by disturbances. 

(2) Leakage along casing pipe. 

(3) iokIng of the perforations in the pipe used 

for testing. 

(4) Packing of soil near the sides of the bore hole 

and plastering of the bore holes due to up and 

down movement of the easingpipe. The plastering 

effect can be very serious when the soil contains 

layer of grout or soft clay. 
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Errors in point permeability measurements can be 
minimized by using casing pipe with large perforation or 
perf erably- slots and avoiding use of driving shoe. Holes 
should be flushed by surging and thorough water jetting, 
Alternatively air jetting can be used but this may give rise 
to leakage along the casing pipe. If test pockets are formed 
of gravel poured into open holes. after withdrawal of the 
casing pipe a film of sediment is liable to be formed at the 
top of the gravel pocket. This procedure is open to objec- 
tion as the sides of the holes can get plastered by up and 
dory movement of the casing pipe, It is therefore desirable 
to drive a perforated pipe through the gravel pocket. )hen 

side collaps does not take place an ideal procedure would be 
to stop the casing pipe at the' top of the test pocket. The• 
test section can then be drilled by a rotary tool or by 
wash boring*  

For reliable comparison it is obligatory that identi-
cal. procedure is followed for test carried out prior to and 
after grouting. It is advisable to conduct permeability test 
in portion when results of the test can be verified by samp-
ling from open excavation. If the comparison is satisfactory 
the suitability of the procedure would be confirmed. Another 
method would be to compare results of the point permeability 
test with the average,  permeability value determined by suit-
able test. While comparing results the agreement can be con-
sidered satisfactory, if the permeability measured by point 
permeability method and the average permeability method lies 
within the same range of index. 
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2.4.3.53. Avera 	gb it a~ur n s These measure- 
ments are commonly carried out by pumping from a large diameter 

hole and observing' the depressed surface by a system of pieao-
meters installed in the vicinity of the pumping well. For 
reliable measurements of average permeability steady condi- 
tion must be attained, flow can be considered as steady for 
all practical purposes if the velocity corresponding to rate 
of fall of the water surface is a small fraction. Vhen marked 
stratification is observed interpretation of the pumping test 
is complicated and it will be necessary to observe piezometric 
level for the different strata individually and the seepage 
from the different layers would have to be measured by running 
a velocity traverse through the bore hole. in the interpretad. 
ton of the test, allowance should be mad h for infiltration 
from free bodies of water. It is necessary, therefore, to 
install piezometurs in tkO . i►utually perpendicular directions. 
The principal system of piezometers being on the line of 
shortest distance between the bore hole and the free body of 

the water. 

The field permeability test (average permeability method) 

was carried out at Mangla ,Dam in 1960. As described by 
13 

Skempton and Cattin (1963) overburden consisted of about 15 
meter deep in river bed and about 25 meters deep on river 
banks mostly of boulders and gravel mixed with sand. Bed rock 
is of middle Siwalik feebly cemented sand stone. Pumping test 
in test plot before grouting showed a permeability of 4 x 10 
cm/sec. and after grouting it was reduced to 5x10 5cn/sec. 

Permeability test on Aswan High Dam was carried out 
by point permeability test by La Franc Method. Pumping out 



test in bore holes was also done. As this test was carried 
out in a short pocket the interpretation was similar to the 
Le franc test. The average permeability for coarse gravel 
was in the order of 10` ' can/;sec. whereas for fine sand it was 
5 x 10-3  an/sec. After grouting the result of pumping tests 
are not yet available but criteria is lead to achieve effi-
ciency of grout .curtain with permeability less than 5 x 10"` 
em/sec. Piezometers are installed on both the sides of the 
grout curtain to observe the uplift and permeability of the 
grout curtain, 

At Ukai. Project in 1961 field permeability tests were 
carried out to determine the groutability of the sheared rock 
pne on the right bank between Ch. 9650 to Ch.9950. The test 

is described by Desai 14(1965) . The rock met with is highly 
sheared and jointed by minerals like lime, c1oimphate and 
calcitic vanes, The drilling recovery was usually in a powdered 
form coming out with wash water and a few pieces of zeolitic 
bassalt. in the core barrel. The depth of strata extended 
down to more than 70 meters below ground level, The results 
indicated range of permeability of 2-6 x io. 2  cm/sec. F'or 
economic reasons the alignment o the right bank was shifted 
towards upstream to avoid continuous sheared rock Zone, where 

0  F 4A Je.v -4- Gf 4 p &?'Sa t e S 	JL - p- 	L.• ly ti .4 	!h' 
only sheared stringers were observed after grouting in 1967 
show,a water loss of less than 1 lugeon which corresponds to 
permeability of about 10"5  an/sec. 
2.44 3.6. Geo hvsi cal 	ption: Geophysical exploration is 

a form of field investigation in which physical 
measurements normally are made at the ground surface by using 
special instruments to secure sub surface information. It is 
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a blend of physics and geology because the physical measure-

ments are interpreted in terms of sub-surface, geological 

conditions. These methods are appropriate for a rapid though 

approximate solution of certain geotechnical problems in 

area, such as the depth to bed rock at a dam site. 

2.4.4.  

2.4.41. The term logging in its broad sense means recor- 
ding the earth crust material along a single direction usua- 

ily along a vertical line starting at the ground surface. 

Such records are represented in the form of a log sheet. 

There are two methods of logging: 

(i) Direct logging such as obtained from boring in 

soil and rocky and 

(ii) Indirect logging such as obtained by electrical 

and radioactivity. 
2,4.4.2. D~ 	o ►p nes Logs of bore holes may be made in 

written form or plotted graphically to a scale, The character 

of log depends on the materials of the bore hole, on the 

method of drilling, and finally on the purpose for which 

the bore hole is being drilled. For example, the logs of 

shallow bore holes drilled in soft material may be much 

simpler than the logs of drilling in rock. All field obser-

vations should be recorded in the form. Separate log sheets 

should be maintained for separate holes. The water table, 

If found should be recorded as actual depth or elevation and 

the date of such measurement. If no water has been found, 

this should be clearly stated on the log. A sample form of 
log sheet is given in Fig. • No.2.2. 

Recent development by the Corps of Engineers is the 
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bore hole camera. Thi.s camera I$ small enough to be lowered 

into N'X size hole having a diameter of.3". By means of this 

camera a continuous undistorted cylinderical colour picture 

of dry or water filled Wit..g-scan be obtained, Now-a-days, 

T.V. Can ras are perfected in U. S. A. where full details of 

bore hole can be obtained by sitting.in offices by closed 

circuit television operation, Bore hole camera offers a 

great saving in cost and time involved as compared with the 

method of sinking larger diameter calyx holes. But this 

method has not found any encouragement in India because of 

the availability of instruments. 

2.4.4.3. 2nd3 ' t„I~O .e 	These are often used in oil 
industries. These are electrical loggings and radioactive 

loggings. No samples are taken in either method, In Civil 
Engineering these methods are rarely used, 





2.) BOLF.. L)f 

CO 	 COLLAR £,t. FyArIcI.. 

BEAMcj OF )OL.E. 	 A4.t.E WrrH 14OIitTAL 	ro& t tP1H 
SrARTED.. 	 COMPLErEb 

COOURV WATE -rABL ELEVATION.... 

o-rF. -ripi or SIT lM'ICATED W• WMI4 wizw2 14 HAYS -rtWT1 5 S80 Cc D 

~-T 7 POR ' 

i 	21 _ 

I 	 I 

15 -4 

30 -4 

4o- 



CHAPTER - 3. 

PLANNING OF GROUTING 

3.1. G, Nom.. 
Grouting essentially consists of drilling a number of 

holes to various depths in the area to be treated and forcing 

through them, under requisite pressures a workable grout that 

411 enter and fill up the crevices and seams in the neigh-

bouring rock and fill up pores in the alluvium to set rapidly 

into an impervious mass capable of resisting the stresses 

imposed. The main points of investigations, therefore, are 

the choice of grouting materials, the size, depth, location 

of h6les, method of treatment, pressures to be used and the 

equipment employed. Cement grout In the past was more fre-

quently used but now with the modern concept of grouting 

other media such as clay, bentonite, asphalt, chemicals 

• resins etc, are also used in grouting in addition to cement. 

3.2. _ SC,~,.~, 4P E 

with modern technique of grouting process it can 

almost be used for a number of purposes in construction. 

Some of the applications of grout are listed below: 
i) Foundation treatment of dams and hydraulic structures. 

.ii) Repairs to dams and hydraulic structures. 

iii) Joint grouting for concrete dam. 

iv) Contact grouting behind penstock liners. 

v) Control of ground water movement for opcn oxca-

vation for buildings, powerhouses etc. 

vi) Repairs to buildings. 

vii) Repairs to bridges. 

viii) Strengthening machinery foundations against variations. 

\' 
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ix) Repairs to pipe lines and se#s. 
x) Stabilization of soil for roads and pavements* 

xi) Stabilization of soil for rail and road embankments. 
x .i) Lining reservoirs and canals for control of seepage. 

xili) Control of ground water movement for shaft sinking 
and mining. 

xiv) Tunnel driving. 
3.3. OBJECTIV9a 

Many grouting techniques are employed for number of 
purposes of which commonly known are: 

(1) Filling of cracks,fissu.res and cavities in 
ground formations. 

(2) Consolidation and strengthening of the foundations. 
(3) Reduction of seepage. 
There are many cases where grouting of foundations 

beneath structures is undertaken to fill voids in the over. 
burden or In rock caused by defects due to solution or other 
causes and in which the strength requirements of the grout 
are so nominal that the necessary strength is easily obtained 
with one of a number of different types of groats. The main 
essence of the operation is to place a large volume of grout 
under relatively low pressure. 

Grouting for consolidation of foundation generally 
in rock is usually done to assure uniform deformation over 
the loaded area. When grouting is undertaken to increase the 
structural strength of the foundation the strength of the 
grout becomes important. The area required to be consolidated 
is covered by a pattern of holes. washing of seams and 

joints by alternate flushing 4th air and water is carried 
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out in the hole to remove soft materials from these seams 

and joints whenever possible. This process is a]. so known as 

jetting. Hundred percent removal, of the clay or sand is 

impracticable. Grundy2(1955) is of the opinion, that natural 

silt and clay in fissures are best left in for curtain 

grouting to be compacted by the pressure of the injection. 

when the primary purpose, of grouting is to reduce the seepage 

through soil or rock the ability of the grout to penetrate 

the formation and when set its resistance to erosion, are 
important. Grout curtains are usually provided on the ups-
tream of dam axis for water-tightness and to reduce the uplift 
pressure on the structure. Casagrande15(1961) in his first 

•Rankin's lecture delivered at the Institute of Iigineers7  

London, has brought out that a single line of grout curtain 
alone does not contribute towards the checking of uplift 
unless followed by a line of drainage holes do strewn of 

grout curtain. In  his view 1001 cutoff is not possible aM 

even 	of the opening In . the cutoff may reduce the efficiency 
of grout curtain to only 29 to 3O. But Mayer16( 1961) in 

the discussion has refuted Casagrande and brought out that 
grouting not only improves the consolidation of rock dnd 

Fr" 
ermeability by sealing fissures but also affects the reduc-

tion of uplift pressure. 

Grouting of pervious soils is usually done to arrest 

or reduce seepage, to strengthen the material against erosion 

and to increase the load bearing capacity or reduce settle-
ment under existing loads, or both of these functions. 

Grouting is also done to increase shearing resistance for 
stability against lateral movement. 
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Experience of grouting in alluvial soils has shoitn 
that highly pervious foundations respond very well to treat' 
merit by ,grouting. If the average permeability exceeds 1©' l  
anj ec. the grout curtain can be achieved with low cost 
materials. On the other hand, if the permeability is of the 

order of 10-2  cm/sec. considerable an unt of treatment with 
costly materials may be necessary. For average permeability 
of 10-a  cm/sec. grouting is liable to be ineffective unless 
very expensive chemicals are used. 

In soil mechanics terminology,, to strengthen or 
improve the mechanical properties of a cohesionless soil 
involves one or both of the following changes in soil 
properties: 

(a) increase the effective angle of internal friction, and 
(b) increase the effective cohesion of the grains. 

The angle of internal friction can be effected by changing 
the relative density or porosity by altering the particle 
size distribution by the introduction of void filling parts- 
Iles with or without adhesive or cohesive properties. The 
'increase in cohesion requires the introduction of a cohesive 
material. To improve the above mechanical properties of soil 
Schiffman and Wilson (1958) have proposed two types of 
grouts  first the "void filling" grout and secondly the 
"adhesive" type of grout. 
3.4«  p STRA13 	( OF „ROUl'LjcL 

One of the most difficult problem facing the engineer 
at a given dam site is to decide whether or not it is , nece-
ssary to grout which is a subject of considerable controversy 
among experienced engineers. There are no general or defined 
rules which can be adopted so that grouting must be done for 
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the foundation of dam over a certain height. 

The desirability of grouting depends primarily on 

the height of dad, the permeability of the foundation mate-

rial and the value of the water which might be lost from 

the reservoir as a result of controlled seepage through the 
foundation. It depends to a lesser degree on the zoning of 
the dam. In cases where the results of the field investi-

gations show that the fo #ndation is very pervious and where 

the water in the reservoir is very valuable$  grouting obviously 
should be done. In the more general case when a reasonable 
quantity of water loss from the reservoir due to foundation 
seepage is not important, and when the results of preliminary 

exploration indicate that the foundation is not excessively 

pervious, the internal erosion of foundation material due to 

high differential water head will have to be safeguarded. 
To improve the structural strength of foundation, grouting of 

foundation will have to be generally planned. 

3.5,  OUm'NC, AT 

3.5.1. 	Materials for injection must be capable of mixing 
with water into a fluid capable of being pumped under pressure, 

setting i4thout contraction after injection and of resisting 

erosion during the period of setting. They must have a grain 
size small enough to penetrate the finest fissures in rock 
and soil. Grouting materials commonly used are: 

( 3) Cement 

(2)  clay 
(3)  Bentonite 

(4)  Admixtures 
(5)  Chemicals 
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2.5.2. Cement 

2.5.2.1. The following cements are used in grouting 

operations: 

C .) ; art . &. Cement& It is universally used, generally alone 

and with admixtures. Indian standard specification No, I. S. 

269-4951 gives 3 types of portland cement: 

(a) ordinary portland cement. 

(b) Rapid hardening portland cement, and 

(c) Low heat portland cement. 

For most of the works ordinary portland cement is commonly 

used. Rapid hardening portland cement is used where high 

early strengths are required. Low heat portland cement has 

nearly the same physical properties of an ordinary portland 

cement except it is finer evolves less heat of hydration 

and the development of strength is slightly slower (see table 

No, 3.1) . 

i) S1aE cements Blast furnace slag cement has specific 

surface of 4000 to F000 sq. rm /gr. blame and setting time 
• 4 	u 

of more than 100 minutes. Sodium hydroxide may be used as 

a difloculating agent. This product exhibits a superior 

sulphate resistance and because of its fineness Is often a 

better material for grouting medium and fine sands. But its 

cost is prohibitive. 

(iii) . tes .n ~'_ sumcmentr Certain resin-gypsum cements of 

proprietory make are available for extremely fast or cunt-. 

rolled set. These are expensive for normal use and mostly 

are used in oil well industries. Initial ;yet is achieved in 

30 to 90 minutes and compressive strength within 10 to 15 

minutes after initial set achieved is of the order of 100 kg/ n2 
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Further advantage is that it has a linear expansion of about 

0,3% at time of initial set. The full strength of approxi-

mately 250 kg/ cm2 is attained in 3 to 30 hours after intt al 

set. 
3.5.2.2. 	~+e 	~ me g 	The physical properties 'of 
portland cement as per I. S, 2~-l951 are given in Table No.3.1 

Table No. 3.1 
Physical properties of Portland cement. 

—er_wrp—.-.—.Mr__rw-.-._s-. war-----.—r-.---.—.-.-- _+w__—._ r__~►w_w-w__-.—._-. 

• Ordinary Rapid hard- Low heat 
Portland erring port- portland 

• cement, 	land cement. cement. 
w. r- —+r. .errVI,,M -.!""—.--W 	fw Wrc _+A[i..sr r#--. 	 -.-.+M—_i- —.rr we#—. Mr wMM►'r0i wIFAi~MtiM 

Fineness 
(a) Residue on B, S. 

No.170 si eve. 
b) Blames specific 

surface. 

10% 	5 , 

2250 sq.cm/gr 3250 sq.cm/gr 3200 sq.un/gr 

(a) Initial not 
less than 	 30 m 	30 in 	60 m 

(b) Final not 
more than 	 600 m 	600 in 	600 in 

Cores 
day not .less than 	Y - 	1600 psi 

(112.5'kg/un2) 

3 day. 	 1500 ps4 	3500 psi 	- 
112.5 kg/ em ) (246 kg/ un2) 

7 day. 	 2503 _p s 	 1600 psi 
(175.8 kg/` c 	 (112.5 kg/ cm2) 

-------- —.r--r--------------- ..—.--.--.__ _.. .r 	------asw—war 

The specific gravity of dry cement is 3.15. The 

characteristics of various physical properties are as below: 
(I) 	n~ , m 	After addition of water in cement hydration 

takes place. C3M tri cal cium ailuminate - 3CaO A1203) and 
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C3S(Tri calcium silicate - 3 Cao sio2) compounds set first 
and forms a gel. The increase in the C3A compound causes 
flash set but addition of gypsum delays the formation of 
calcium elluminate hydrate and thus C3S compound sets first. 
The C2S (2Cao Sio2) compound stiffens more gradually. The 
setting time can be altered by addition of additives depen-
ding upon the .nature of requirement of the job. For accelera- 
ting the development of strength as in cold temperature or 
where early strength is required in running water and for 
repair works, calcium chloride (CacL2) is added in the cemant 
in proportion of 1 to 2% by weight of cement. The addition 
of ]$ of Cacl2 causes rise in temperature of 110F. An excess 
of Cacl2 may cause flash setting. This is added in solution 
to the mixing water. Sodium chloride is similar to calcium 
chloride but is of a lower intensity, effect is also more 
variable and there is a loss of strength at 7 days. Retarders 
are used to delay in the setting time. These are sugar, carbo-
hydrates, soluble sink salts, soluble borates, clay, bento-
nite lignosulpharic acids and their salts etc. 
(II)  , men 	Finer cement leads to a stronger reaction 
with alkali reactive aggregates. It exhibits a higher shrink-
age and a greater proneness to cracking. However, fine cement 
bleeds less than a coarser one. An increase in fineness, 
increases the amount of gypsum required for retardation as 
in a finer cement more grains of C3tt become available for 
early hydration. Fineness of cement also improves the work-. 
ability. Troxell and Davis17(1956) have given that the most 
active part of a cement is the material finer than 10 or 15 
microns. D85 of an ordinary portland cement is less than 
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40 microns. At .Boulder Dam screened cement passing 100% 
through 100 mesh (U.S.) and 96 to 98% through 200 mesh(U. S.) 
was tried. Normal setting cement was used. Both rapid hard-
ening and slow setting cement were tried but proved -failure. 

At 'Aswan High Dam cement used is generally fine of 

blaine's specific surface of 3000 sq. can/gr* 	. 
King and Bush18(1961) have recommended use of the 

Line cement for grouting of medium and fine sand, Datye19  
(1963) has also advocated to use preferably fine cement 
exceeding specific area of 3500 sq. an/gr. Blame and setting 
time exceeding 100 .minutes. Mistry-  and Purohit20( 3904) have 
Also preferred use of finer cement with specific surface of 
3250 sq,c!n/gr. Blaine. This cement is available in India 
from M/3 sone Valley Portland Cement. Compnay, Japla( Bihar), 
(III) 	 + n.,,gs Bleeding is a water gain in a static condi- 
tion, in a form of seggregation in which some of the water 
in the mix tends to rise to the surface. This is caused by 
the inability of the solid constituents of the mix to hold 
all of the mixing water when they settle downwards. It is a 
special case of sedimentation. Bleeding can be expressed 
quantitatively and can be determined. Tendency to bleed 
depends on the properties of cement. Bleeding is decreased 
by increasing the fineness of the cement and is also affected 
by certain chemical factors, there is less bleeding when 
the cement has A high Alkali content, a high C3A compound 
or when calcium chloride (CaCL2) is added. A high temperature 
within the normal range increases the rate of bleeding, but 
the total bleeding capacity is not affected. A reduction in 
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the bleeding is also - obtained by addition of pozzolans and 
alluminium powder. King and Bush( 1961) have worked out 
the percentage bleeding of neat cement grout with different 
water cement ratios after 4 hours mixing. The results are 
given in Table No.3.2. The bleeding in the grout mix is kept 
minimum to avoid voids in the cracks or poxes when the 
grout sets in. 

Table No.3.2 
Bleeding of neat cement grout 

.rs.srrrrr—w--------- rr 	---55------ ___ rraswairt r►5NYrrr w 	 rraM rwrr 

W/C ratio by 	 percentage of 
weight. 	 bleeding. 

—Sw w5 55555-5 S5_5/f55 	 555 55_5555S 5S —ir+Y~ll Olr5555555sw5-- 

0.4 0 

0.55 2 

0.65 10 

0*75 12.5 

0.90 20.0 

1.0 25.0 

1.15 30.0 

1.5 	 40.0 

1.85 	 50.0 

2.25 	 60.0 

2.70 	 70.0 

3.12 	 80.0 

34 60 	 90.0 
4.0 (extrapolated) 	(99) 

Misty— —r5 	 Ali 	 S— 	 rrrw 555 r~r 

3.5.3. _C2X.L 	Clays occur in natural deposits. From the 

grout engineers point of view there is no bad clay, simply 

some are better than others and it is a matter of economics 



to select clay which will fulfill his requirements. Broadly 

clays that can be considered as a basic material for grou-

ting purpose are divided into two main groups viz; natural 

clays and prepared clays. Natural clays are those which 

occur in natural deposits and require little or no treatment 

before being used as a grout base. Prepared clays are those 

obtained from natural clays after some treatment to condi-

tion them to permit the necessary characteristics for 

employment as a base material. Clay deposits 'of massive and 

alluvial class are better than glacial 'deposits which tend 

to contain high proportion of sand and silt and are more 

erratic in structure. The properties of clay vary from 

place to place and that each one should be individually 

investigated for suitability for a particular job. As a 

first guide in selection) particle size distribution and 

liquid limit test provide useful means of eliminating the 

poorer samples. In most clays all the particles under 2 

microns consist of clay minerals of type montmorillonite, 

illite and keolinite groups which are the product of weath-o 

ering of the unstable constituents of parent rocks. High 

content of these minerals are advantageous, Montmorlllonite 

have the capacity to ,Swell and take water molecules direc- 

tly into their space lattice. The following properties of 

clay ,should be investigated for its suitability as a grout 

material: 

(1) g-chgai c , , Rmperti~ess The particle size distribution 

of natural clay is determined by a standard sieve analysis 

and by hydrometer tests. The natural clay deposits contain 

silt and sand in varying proportion. Clay when used as a 	• 
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grout base. should as far as possible be very fine and 
coarser fraction of sand and silt should be removed by 
treatment. Clay content should be 50 to 60% of size less 
than 2 microns, and clay, and silt should form 98 to 99;% 
of the total volume. Normally a clay with liquid limit of 
less than 60% may not be considered unless the removal of 
the coarser fraction can be accomplished economically which 
improves the liquid limit. 
( 2)  Cl1emieal 	erti.s:  Clays are divided Into the 
following groups: 

Keolini te. 
Montmorilloni t e 
tllite 
Of these first two groups are the most commonly 

found whereas 3rd group is not too well know. The Keolinite 
clay is characterized by sillica allumina ratio varying 
from 1.5 to . , and by a compact and rigid structure. The 
montmorillonite clay has a silica allumina ratio varying 
from 3 to 5, and is characterized by a loose structure. 
Because of their different type of structures and composi-
tion the pbysical and chemical properties of these two 
groups are quite opposite. 

The keolinites take very little water and have a low 
base exchange capacity. ' On the other hand'  montmorillonite 
takes more water and is more active, Activity of the clay 
is a function of surface area of the particles in a given 
mass of solid. According to Grim21(1962) highly active clays 
mould have relatively higher water holding capacity?  high 



thicotropy, low permeability and low resistance to shear, 
cohesion largely responsible for strength. 

At Kotah barrage black cotton soil available locally 
was used after treatment in settling tanks. 

At Ukai project clay was imported from a distance 

of about 60 km, available near village Tarikeshwar. This 
contains about 50 to 605 clay, 35 to 40% silt and 10 to 15% 
sand liquid limit of about 80% and plasticity index of 43%. 
This clay was used after treatment in hydrycyclone to eli-
urinate sand particles. The composition of treated clay ranged 
between 98 to 99% of clay and fine silt. 	- 

At Mangla Darn, local clay was used with clay content 
of 30% of size less than 2 microns - and liquid limit of 50%. 

At Girna Dam local black cotton soil predominantly 
having montomorillonite clay mineral was used. Clay was 
treated in hydro cyclone to eliminate sand fraction. Final 
clay contents was 60% and fine sand fraction was under 5% 
with liquid limit of 70 to 80%, and plasticity index 40-50%. 

3.5.4.  Beritot .t,as; 	Bentonite, a geological rock formation 
is one of the well knowfl ultra fine clay, 'm .nly composed 
of the montmorillonite group of clay minerals. The colour 
varies from white to light green or light blue. When a . 
dried bentonite is immersed In water, it increases its 
volume or wells. Swelling of montmorillonite is due to the 
expansion of the lattice as the water molecules enter 
between its unit layer. There are two types of bentonite: 

(I) Sodium based mont.orillonite and 
(ii) Calcium based mont.orillonite. 
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Sodium based monta .orillite exhibits high swelling 

colloidal and thixotropic properties than calcium based 

montomoiorillonite. But the study of replacing powers of 

the common ions reveals that in general the replacement of 
Na by Ca"+  is much easier and quicker than that of Ca 
by N a , The rate of cation exchange reaction in montomorill-

oni t e is slower with respect to that in Keolinite in which 

it is alsmost instantaneous. In mont¢morillonite it may . 

vary from a few minutes to about an hour, depending upon a 

number of factors. Grim21(1962) has given that the activity 

of sodium montpmorillonite bentonite Is about 7.2. whereas 

for calcium montomorilloni t e bentonite it is only 1.5. 

Krynine and Judd12(1957) have given free swelling capacity 
of Na montmorillonite bentonite between 1400 to 2000% 
and permeability of 1O '  cm/sec, to fully impermeable and 
for Ca mont smorillonite bentonite between 50 to 150% and 

permeability of greater than 2 x 10.7  an/sec. Mukherjee22  
(1965) has carried out laboratory tests on inactive montmo-

rilionite bentonite available in Bihar. Their inactivity is 
due to base of Ca and Mg ions in exchangeable positions, 
The physical properties of Bihar b©ntoni t es are clay 52.0%?  
silt 1110%, sand 36.0%. L.L. 92.0%, P.T. 38.0% and permeabi-

lity of 3.5 to 10 5  can/sec. Pbysi co chemical properties 

indicated that the bentonite in its natural state is of low 

grade quality and unsuitable for soil stabilization. Number 
of reagents were tried for sedimentation of bentonite and 
it was found that with ]$ standard soap solution the finer 
particles ranain in suspension for longer periods and the 
concentration of suspended particles is much higher. Calcium 



chloride (Ca GT 2) was adddd for stability. The laboratory 
results indicated that the activated bentonite has nearly 
the same properties .of commercial bentox~ite. 

The physical properties of commercial bentonite show 
clay content (less than 2 microns) 70 to 80%, silt (between 
2 to 20 Hmi crops) of 10 to 20% and fine sand 5 to io% with 
liquid limit between 200 to 500% specific gravity of about 
2.35.) blame fineness of about 4000 to 5000 sq. can/gr. Like -
a clay it will not develop a stable gel without the assic-
tan.ce of additives , such as cement, silicates or other suitable 
chemicals. It is also used as a lubricating agent to improve 
the penetrability and workability of grout but delays its 
setting time. 

Since its colloidal properties are~far superior to 
other clays$ it is commercially advantageous to prepare and 
market bentonite in a similar manner to cements. In this 

way the products can be graded for intended uses and the 
quality controlled and maintained within close limits than 

is usually possible with natural clays. Bentonite ores are 

usually mined as a soft rock, crushed, dried and grinded to 
a fine powder. 

3.5.5. Admixtures 
3.545.1. Admixtures are of the following principal cate-
gories: 

1. Relatively water insoluble, finely divided granular 
materials: 

a) Inert 

b) Chemically active. 



R~ s lr 

2. Water-soluble compounds: 

a) Water-reducing agents 
b) Retarders and accelerators. 

3. Protective colloids. 

. Gas producing agents. 

3.5.5.2. ` .n ely~. iv 	._,gr aria,,, ar,~mat ri al s s~ 
a) A wide variety of finely divided granular 
materials are available as admixtures to .grouts. These 
are employed in relatively large quantities, upto 50% by 
weight of cementing materials. These are bentonite and 
other clays, silt, rock flour, lime stone dust, and silica 

gels. The setting times of grouts are af'f acted by > uch 

materials$ the rate of setting generally being retarded. 

The use of bentonite clay or silica gels, which swell upon 

absorption of water, serves to stiffen the mix without 

true setting, and can result in various phenomena such as 

thixotropy. then added in finely divided form it keeps the 

solids in suspension in groats of high water content and 

produce grouts of high water retentivity. The advantage 

of such finer materials is that they can fill cracks fo,& 

fine to be filled with normal neat cement grout. 

b) bemical .v act ve , The chemically active granular 

materials generally employed in relatively large quantities 

and in finely divided form include pozzolans, blast furnace 

slag and natural. cement. The pozzolans in themselves possess 

no cementitious value whereas natural cement and water 

quenched blast furnace slags are cementitious. A pozzolan 

is a finely divided siliceous material Which, when used as 

an admixture in concrete or grouts, chemically react with 
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calcium hydroxide to produce cementitious compounds. The 
pozzolanic reaction proceeds at a slower rate than normal 
cement hydration, but continues for a much longer period 

so long as moisture, pozzolan,` and calcium hydroxide are 

present. Pozzolans may be employed in their natural or 

raw state, or after calcination to a desired "activation" 

temperature. The effect of calcination are: 
(1) To reduce the rate of reaction of pozzolan 

with lime., and 

(2) To reduce the mixing water requirement. 
An addition of pozzolans in a cement based grout 

reduces its bleeding and seggregation. It also resists the 
erosion of grout to the percolating action of low PH waters 
and sulphate water. The amount of pozzolans employed in a 
grout mixture be as high as 50%, by weight of the cementing 

material, depending on the nature and fineness of the 
pozzlan, the richness of the mix and the desired properties 

of fresh and hardened grout. For a given pozzolan the 

optimum amount can only be determined by experiments. 

3.5.5.3. Watithlepoundi 	This group of admixtures 

are chemical agents and are employed in relatively minute 

quantities$  from 0.01 to 2% by weight of portland cement 
or when pozzolans are used by weight of total materials. 
This group includes surface active agents (.water reducing, 
air entraining, and dispersing agents), retarders and 

accelerators. Such agents may be employed either alone or 
in combination in the grout mix 	 ' 
(1) ale ; a in a.gprs Surface active agents, when 
employed in grouts, have a capacity to improve the fluidity 
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in grouts and reduces water content of the mix for .a given 
consistency, Water reducing compounds widely utilized in 
grouts, mortars and concrete are of two basic categories: 

(i) Calcium, sodium or ammonium salts of ligno- 
suiphonates. 

(2) Carbohydrates. 
When inoorprated in cementitious mixtures, these 

compounds exert side effects other than mere increase in 
fluidity and orka"bility or reduction in water requirement 
at given consistency. In some cases these side effects are 
desirable, in other cases undesirable, For example, many 
water reducing agents act as retarders, that is, the rate 
of stiffening is decreased, and the setting and hardening 
functions are delayed. In warm weather this retardation 
may be a desirable feature, but at low temperatures, it 
may be objectionable. An additional property claimed is 
that of dispersion, whereby the solid particles in the 
mixture are separated from each other, but causes objec-
tionable bleeding. For correction of this condition may 
require other admixtures. Nevertheless when these agents 
are employed in cement based grouts of given consistency 
the unit water content is substantially reduced tpjhich 
increases strength, water tightness, and durability. 

(2) 	 J 	 atoJs=  The use of retarders decrea- 
ses the water cement ratio which will reduce the bleeding 

and improve the strength and water-tightness. This is 
advantageous in hot weather. In cold weather, accelerators, 
chiefly calcium chloride, are used. 
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3.5.5.4. 	 Protective ive l ,gfdsx Protective colloids, thicket - 
ne ►s or chemical suspending agents, when used in very 
small am ounts, are effective in reducing bleeding and 
seggregation, and can even replace natural materials such 
as clay or bentonite to, produce very lean and economical 
mixes. They have the advantage of being quite predictable 
in their performance compared to locally ,ccuring clays 
have no real grain size, and appear to give a lubricating 
effect to the grout that enables it to penetrate fine voids 
much better,, 

3.5.5.6. fag Prods n - ,&jrt 	When finely divided alumi- 
nium powder is added in the cement, minute hydrogen gas 
bubbles are generated by the reaction of the alkalies in 
the c .rent, which causes expansion of the grout throughout 
the mass, The presence of the many small bubbles gives a 
certain cohesiveness to the mix and helps reduce bleeding, 
while expansion during the plastic stage maintains contact 
and improves the bond of the grout with the walls and pare.-
cularly the ceilings of the fissures into which it is 
forced. Aluminium powder is added in the order of O.OI5 by 
weight of cement which amounts to a few grans and difficult 
to. batch. Therefore more reliable procedure is to add the 
powder with a chemically inert material, the combination of 
which can be batched. . 
3+ 5.5.6, LIpr cantaor Frim~s: The use of lubricating 
chemical grout to prime the hole before the injection of 
neat cement grout has been .a fairly recent developments 
and has proven most effective in the field for the grouting 
of fine sands and rock fissures. Under this system a batch. 
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or two of chrome-lignin or silicate-aluminate chemical grout 
is first pumped down the hole, followed by a high water con-
tent cement grout. It has been found that this considerably 
reduces pumping pressures for the cement grout and.  assures 
much better take. 
3.5,E5.7. Pr mitationson 	 uts 

Admixtures of acceptable quality, properly used, may 
in some cases effect significant economics, and in other cases 

may make possible construction otherwise difficult or imprac-

tical. Recent developments indicate that admixtures intelli-
gently used contributed to desirable properties of cement 

grouts. Inasmuch as admixtures contribute significant effects, 

and since their effects may vary greatly with the ehemical 

and physical properties of other ingredients of the grout 

mixture they should not be used indiscriminately. Rather, 

careful consideration should be given to the design of grout 

mix containing admixtures, and tests to determine their effect 

should be conducted prior to their use in major construction 

projects. s. 

3.5 6. n ia3L 

3.5,61, Chemicals used in a grout as a base materials are of 

two types: 

1) Inorganic chemicals 
2) Organic chemicals 

Inorganic chemicals in common use are: 

i) Sodium silicate (Na2Sio3) 
ii) Lignosulphite (or ligno-sulphonate). 

Organic chemicals are synthetic resins. Products 

commonly used are AM'.9 of the ,American Cyanamid Co' s patent 
which is a mixture of acrylamide and one of its methyl 
derivates and 2nd oroduct is of soletanche patent orocess 



which is a mixture of phenol and formaldehyde. There are 
other chemicals but these are mostly in the laboratory stage. 
The properties of chemicals used as a grout base materials 
are as below. 
3,5.62.  Sodium Silicate: Sodium silicate produced commer.- 
cially is available in dry lumps and is available in various 
grades. The Alkali silica ratio for products may range from 
1.6 to 4.0 and the specific gravity from 20a  to 500. Be 
(Baume). The silica in the soluble sodium silicate may 
either be in crystalloidal or as a colloidal silicate, the 
latter being in micelle form. The amount of silica presents 
as ionic micelle increases rapidly as the ratio exceeds 3. 
It is probable that the colloidal silicate is the one that 
produces better polymerization and stronger gel* The silicate 
ion affects alkalinity (PH) but the micelle has a greater 
influence. For ratio of 3 and high, the PH reaches a maximum 
at high concentrations. It should be noted that, by dilution, 
PH is 'effected by a staz lard silicate. A disturbing factor 
in the true appreciation of PH is the influence of NaOH, 
sometimes used to assist dissolution of sodium silicate 
after crushing and steaming. The excess NaoH even if it is 
*% can indicate a high PH in the original solution and 
still influence the PH of diluted silicate. The tests carried 

at Girna and Mula dams confirm that the primary need is to 

ensure production of good sodium silicate of ratio of NaO: 
Sio2 over 3.3 having the necessary structural colloidal 
silica in ionic micelle form. It should be noted that varia- 
tion in the gelling and strength development depends upon 

the correct chemical and structural composition of the silicate, 



..57 r 

though to a lesser extent the precipitant should also 
satisfy some minimum requirements. The present standard 
specifications viz; Indian Standard, A. S. T.M. etc. do not 
specify the grade of silicate as a grouting agent. The 
practice followed in France and Switzerland specify the 
grade of sodium silicate for grouting purpose with silica 

ratio of 1x3.3 t 0.1 (38°Be). Another positive index of 
the manufacture of the proper grade of silicate has been 
a definite trend in the relation between the gel time and 
gel strength. For quality control it is therefore necessary 
to stipulate a minimum gel stength with a standard reagent 
as well as the desired range of silica ratio. 

Sodium silicate used at Ukai Project as a grouting 
agent was spe cified as below; 

Appearances , Colourless, clear and not turbid or 
with glassy incrustation. 

Density: 	Between 370  and 42 Be. SP: Gr 
1.36 to 1.37 

Alkalinity ratio: Na)between 2 to 4 
02 

Cao + Mgo3 to be less than . 
Sodium silicate at concentration less than 	is 

an agent of deflocculation whereas at concentration greater 
than 	is an agent of flocculation. 
3.5.£3. Ligno-Sulphite; 	It is a residual product formed 
during the production of cellulose from wood pulp by the 
bisulphite process. The residue is concentrated and is 
produced in the form of a syrupy liquid or powder. Soluble 
ligno sulphite mixed with a bicromate become firm gelati-
nous masses. 
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3.5.64.  , -9j 	A}.9 chemical grout is a patent of the 

American cyanamid Co, it is a mixture of two organic monomers. 

Acrylamide and its Methyl derivates. 

Appearance: 	White powder, friable lumps. 
Bulk density: 35 lbs. per cu. £t.( appro,i.mately) 

Stability: 	Excellent when stored dry in original 

containers at temperatures below 85OF. 

Solubility: 	Very soluble in water, ethanol, 

methaz ol)  Insoluble in gasoline, kero-
sene and oils. AM.9 dissolves endother-» 

mically in water, that is the solution 
gets colder, 

There are many catalyst and mixtures of catalysts 
which may be used to gel AM-9, For normal use, however, the 

catalyst, system is composed of catalyst DMAPH, . (ammonium 
per sulphate) and KFe (Pt asi um ferri cyanide) . 

J4 APN -. This is a liquid somewhat caustic, chemical 
used as an activator for the reaction. The 

density of catalyst L 4APH, between 32°F and 104OF is about 
0.96 gram/ c. c. It should be used very carefully. 

Ammonium persulphate (A?) : Ammonium persulphate Is a 

granular material and a very strong oxiding agent. It is the 

initiator that triggers the reaction and is therefore the 
last material to be added. Gel 	mation begins with its adds- 
tion. • Generally it dissolves in water and added as a 5 to 20% 
solution to the AM-9 solution through a separate pump or 
by gravity. 

Po tasium Ferri cyanid a (Ue) - Potassium Ferri cyanid e 
is a nontoxic, reddish ,granular material which is used to 

control the reaction. It behaves as an inhibitor in very small 
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quantities and must be used cautiously. 

3.5.65. 	abi , in a ents,__ 	The . following electrolytes 

are commonly used to stablize clay grouts: 
Potassium nitrate 	003 
Potassium carbonate 	K2CO3 
Sodium Aluininat a 	Na J 02 
Sodium silicate 	Na2Sio3 
Lithium carbonates. 	Li 2 Co3 
Sodium hydroxide. 	NaoH 

Quantities used are very small and are expressed either in 
grams per liter of grout (average? to 10 gllit.) or pre. 
ferably as a percentage of the clay by weight (0.25 to 5%) . 

Electrolytes are not the only material used to stabi-
lize clay grouts, bit bentonite is also used. In very small 
concentration it makes extremely stable and thixotropic grouts 
which are ideal for sand foundation grouting. It is added in 
a small quantity (1 to 'io% of the clay weight), it gives 
stability, rigidity and thixotropy. Bentonite is very expen-
sive, and may be used economically. 
3.5.66.  ',occulatinp ins-  Flectrolytes used as floccu-

lating agents are usually salts of the sulphuric and hydro 
chlori c acids. The most commonly used are: 

Aluminium sulphate 

I Sodium sulphate 

Calcium chloride 

Copper sulphate 
Ferrous sulphate 

AL2 (SO4)3 

Nat 804 
CaCL 2 

ciSo4 

FeSp4 
Flocculents are used in evcn smaller quantities than 

stabilizers, proportions are expressed in grams per litre of 



grout or in percentage of the clay weight. The action of flo-
cculent depends on the stabilizer used in the suspension. 

Therefore, each fbocculent should be tested with different 
stabilized grouts. This may lead$  in practice to a consi-
derable amount of testing, which very often can not be affor. 
ded. when sodium silicate is the stabilizer, NCL, NaAto2 -

and other chemical grouting reagents are used. 
3,5.67. 	ira agents: 	The clay ingredients used 
in the clay based grouts may not be completely dispersed 
even under the action of a high speed mixer. The minute clods 
that may remain unbroken act as individual particles of 
greater size and Impair the fluidity of the grout mix* Suit-

able defloccUlating agents (D, A.) may therefore be used to 
remedy the above. The following chemicals are generally used; 

Sodium carbonate 
Sodium Hexameter Phosphate 
sodium hydro .de 
Sodium silicate 
Sodium Polyphosphate 

N a2 Co3 

NaQH 
Na2Sio3 
NaP4o3 

These are added on percentage basis, reckoned 4th 
respect to the combined weight of clay and bentonite and 
are added either in the form of solution of known concentra. 
tion or in the form of powder. Test results at 'Ukai indicate 
that addition of solution of known concentration was found 
suitable. 
3.5068. 	 When an electrolyte is added 

to colloidal solution containing charged particles, the colloid 

is coagulated or precipitate. Colloidal solutions are often 

protected from precipitation by electrolytes by adding small 



amount of _ iyophibi c colloids such as gelatin which are 
hence called protective colloids. The precipitating power 
of an electrolyte depends on the ion of charge opposite to 
that on the colloid particles. The precipitating power 
increases rapidly with the, electric charge of the ion. 

Precipitating agents are, used with sodium silicate 
grouts to cause gel formation. The number of reactive chemi-
eels are very many and the r esults can be very different 
with different precipta ts. 

23 
Barbedette and Sabarly (1958) have carried out sys- 

tematic study In laboratories on 'treatment with silicates 
and have worked out that the following chemicals can be 
utilized for gel for md ions 

(1) Acids common acids such as hydrochloric acid 
(HCL) sulphuric acid ( 112504) Phosphoric acid etc. 

(2) Acid salts, such as monosodium phosphates, bicar-
bonates of soda etc. 

(3) Salts of acidic reaction such as, sulphate of 
alluminum. 

(4) Neutral salts such as, sodium chloride, all the 
salts of ammonia the mtallic salts etc. 

(5) Alkaline salts such as sodium aluminate. 
(6) Certain bases such as, ammonia. 
The number of chemicals causing gel formation Is 

practically unlimited, but different considerations limit 
the choice for their practical use. These considerations are: 

(1) Quality of gel 
(2 Facility of use, and 
(3) Economy. 



The precipitates commonly used are: 
Sodium aluminate 
Ammonium sulphate 
(fertilizer variety) 
sulphuric acid 
Sodium bicarbonate 
Monosodic phosphate 

Na ALo 2 
(NH4) 2So4 

fl2 So4 
NaHOo3 
Na H2 Poi 

With sulphuric acid gel has higher strength than those 
with ammonium sulphate but the mixture becomes more viscous. 

Mono-sodic phosphate acts as a gelling agent for 
sodium silicate and deflocculating agent for clay. 
3.5.7. ;er: The quality of water also plays its role, 
impurities iii water may interfere with the setting of cement 
or form a chemical action when chemicals are added in grout 
mixes. In many specifications a clause is covered that -water 
would be po~C'table such water may rarely contain dissolved 
solids . in excess of 2000 ppm (parts per million) as a rule 
less than 1000 ppm. Brackish water contains chlorides and 
sulphates when chloride does not exceed 500 ppm, and 303 
does not exceed 1400ppm. the water is harmless. Sea water 
has a total salinity of about 3.5% (78% of dissolved being 
NaCl2 and 15% Mg CL2 and Mg Soo) and produce slightly higher 
early strength but a lower long term strength. The loss of 
strength is usually 15% but not mores but it slightly 
accelerates the setting time. 
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CHAPT kit Y- 4 
TYPES OF GROUTS 

4.1. SBak.  

Grout suspensions are mixtures of water and one or 
more grout material at a time depending upon the nature of 
the formation to be treated. Grouts can conveniently be 
divided into two main classes such ass 

(1) Newtonian, and 

(2) Non-n ewtoni fin.. 

Grouts which follotiaccording to the newtonian law 

of motion i.e.- rate of. shear is proportional to the tangen-
tial stress applied, are called newtonian liquids. The 
chemical grouts and organic resin grouts fall in this class 
and are termed as fine grouts. The grouts which do not 
follow the newtonian law of motion are called non-newtonian 
liquids. Grouts formed of solid materials such as cement, 
clays sand etc. are non-newtonian liquids and are termed as 
coarse grouts. 

This chapter deals with the important properties of 
the grout suspension and various types of grouts which can 
be successfully used for the treatment of pervious soils. 
4.2.  P OP ERTi ES OF GRCRJTSL 

4.2.1. 	The most important properties of the fresh 
grouts are: 

(1) Viscosity 
(2) Consistency 
(3) Fluidity 
(4) Stability 
(5) Gelling 
(6) Permanence. 



4.2. 1.1. 	etvz  Viscosity of a substance is the tan• 

gential force per unit area of either of two horizontal 
planes at unit distance apart, one of which is fixed, while 
the other moves with unit vel6city; the space being filled 
with the substance. Viscosity Is expressed in dyne per sq. 

centimeter dynes/cn2  or poises. The centipoise (cp) is equal 
to 0.01 poise. 1 lbs/sq.in = 69,000 dynes/cat  and 3, gr/cm2  

981 poise, When a solid is subjected to a shearing force, 
the solid deforms, the internal stresses develop until a 
condition of static equilibrium is reached. Within the 
elastic limit of a substance, these internal stresses are 
proportional , to the induced shearing strains (deformation) , 
the ability of a material to reach a static equilibrium 
rather than deform continuously, is due to a property called 
shear strength, Fluids do not possess shear strength. Fluids 
do offer resistance to deformation, due to internal molecular 
friction. However, under the influence of a shearing force, 
deformation will continue indefinitely. The property called 
viscosity is actually a measure of the internal friction 
mobilized against shearing forces. 

Viscosities of fluids are generally not measured• 
directly, but a parameter depending upon viscosity is mea-
sured, and a predetermined relationship used to arrive at 
on actual value. The viscosity of a fluid suspension depends 
upon the solid concentration. The viscosity of water Is near 
to 1 cent, poise. Viscosity of some of the grout suspension 
obtained by Stormer rotational viscometer is shown in th8 
Figure No.4,1. The ease with which a formation can be grouted 
is directly dependent on solution viscosity. Maag was the 
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first who in 1938 worked out the relationship between 
grouting pressure$  viscosity and the rate of penetration. 
The phenomena of flow of fluid through alluvial deposits 

may be compared with the flow of fluid through a long tube 
of small diameter which is governed by Poiseuilie" s law and 
is expressed ass 

V  
8Ln 

where, 
V is the volume of liquid escaping in time t 
t is the time for V 
P is the pressure differential between tube ends 
r is the tube diameter 
L is the length of tube 
n is the viscosity. 

Karol(l963) has given the laboratory results of flow of a 
fluid through a long pipe one meter long and 1* mm. internal 
diameter as shown in Figure No.4.2. Extending these data 
to field use, the following conclusions can be drawn: 

(i) For any given pressure, the rate at which a for» 
mation will accept a grout will vary inversely 
with the grout viscosity. 

(2) Acceptance rate and pumping pressures are directly 
proportional, 

(3) Acceptance rate is directly proportional to the 
Fourth power of the average void size( and therefore 
for the average grain size, for granular deposits). 

None of these conditions may exist In an actual grouting 
operation. The conclusion, therefore, should be used quan- 
titatively and not qualitatively. Viscosity of a grout suspen- 
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sion also increases with time except for resin grouts where 

there is an instantaneous gellification at the end of induc.. 

tion time, this is shoun in Figure No.4.3. 

4.2. le .2. ons „tern v~~ 	The consistency of a grout mixture 
is related to the viscosity coefficient, The consistency of 

a grout suspension is influenced by the specific gravity of 

the .grout mix and seggregation, 

In a true newtonian liquid having a laminar flow, 

the velocity gradient is proportional to the effective 

pressure. The flow property of such a liquid is expressed 

by a single constant, the coefficient of viscosity. The 

consistency curve for newtonian liquid is a straight line 

passing through. the origin and Is shown in Fig. No,,4.4. 

However$ grouts are not idea, fluids and Bingham has shown 

that some liquids, and particularly suspensions, behave 

differently and do not start flowing if the effective pre-

ssure do not exceed a certain value defined as the yield 

value. The liquids that exhibit this property are infact 

plastic substances, and are known as Bingham bodies. The 
consistency curve for Bingham bodies is shoti in Fig.No.,4.5. 

It is evident that the flow curve for a newtonian liquid 

can be defined by a single. measurements of viscosity$ but 
that for a Bingham body a number of measurements must be 

made for various rates of shear. This is conveniently done 

by means o-f measur .ents by viscometers. A typical consis-

tency curve of a plastic material or Bingham body plotted 

by Leonard and Demp sy (19 63) Is shots in Eig.. No. 4, 6. The 

main features of this curve is the rapid rise of stress 

with rate of shear until a yield point is reached after 



4067.. 

which the relation is more or less lineal• The characteris-

tics of the consistency curve given in Fig.No.4.6 are 

explained below: 
( .) it .n ham . Y . 	ue s w The Bingham yield point is 

defined as the minimum stress that must be applied to a 
plastic material to start laminar .flow. It is derived from 

the consistency curve by producing back to the a d.s the 

tangent to the plastic range of the curve. Ischy and 
Glossop7(1962) have shown that upon the yield value depends 
the minimum pumping pressure necessary to inject a grout 

into a soil for a particular pattern of pore size and 
radius of penetration. 

(2) ApR 	t 	si.t — Apparent viscosity is defined as 
the viscosity a Bingham body would have at a given rate of 
shear if it was a newtonian fluid i, e. exhibiting the charac-

teristics of a pure liquid. For practical, purposes it is 
obtained by dividing the shear stress by the unit rate of 

shear. 

(2) P,, tic„risegsi va This is defined as the shearing 

stress in excess of the yield. value that will ,induce a 

unit rate of shear. 

(4) 	.Vt o; 	-, property of some but not all., Bingh~n 

bodies is that of thixotropy. Such a liquid if left undis-
turbed will show a marked increase In shear strength, which,. 

will at once be lost if the liquid is stirred or agitated. 
But Is regained if it is again allowed to stand. Thixotropic 

properties are possessed by many cohesive soils, and is more 

pronounced with the presence of fine grains. Thixotropy is 
of prime importance, since it enables the grout upon reaching 



its destination in the ground, to stabilize, itself rapidly 

while the permanent effect of rigidification 4ue. to other 

~.gredients become effective, if present. The existence of 

this property in a grout as revealed from the observations 

of consistency curve plotted by the number of tests by 

viscometer is show in Fig.No`4.6(a) . 

(5) ,9,g, 	It is the reverse property of the thixo- 

tropy in which shearing resistance of the liquid increases 

on agitation, but decreases when left undisturbed. This is 

termed rheopexy and It can cause serious trouble in the 

mixing and injection process. Adequate use of dispersing 

agents is a remedy for mild occurrences, while material or 
combinations of materials exhibiting rheopexy to a high 

degree could be a abandoned at the outset. Consistency curve 

as obtained by viscometer Is shown in Fig'. Noy, 4.6(b) . 

4.2.1.3. .uidit/: 	Fluidity is the reciprocal of visco- 
sity. It is the property of grout suspension which penetrates 

the formation with ease. The fluidity as measured by the 

marsh cone indicates an average apparent viscosity, whereas 

it Is the yield value of the shear resistance which is 
important. It is possible to determine the conditions in 

which grout s- are able to penetrate a permeable formation 

and seal Its voids. They are dependent partly upon the 

relative geometrical dimensions of the voids and of the 

particles used to .fill then, and partly upon the surface 

action between the injected material and the pervious forma. 
26 

tion. Mayor (1963) is of the opinion that the knowledge 

of the grain size curve of a suspension is not sufficient 
to define groutability. He has explained that when an attempt 



is made to grout the formation with particles having a 

diameter slightly less than that of pore sizes an automa-

tically filtering plug forms inside the voids, which .ill 

be blocked gradually until it is completely sealed. Accor-.. 

ding to the shape and smoothness of the particles they will 
more or less easily be caught up to form arches upon which 
the smaller particles will be. wedged, In the case of cement 
grouting when high speed mixing takes place, as in the 
' Colcrete' and high 'turbulence' mixer, the particles of 
cement are rounded off and the proportion of fine material 
is increased, This also increases the stability of cores« 
ponding suspension and facilitates its penetration of small 
pores*  

Thus It appears that groutabi.lity is not a property 
• that can be measured or established by ,a number or a formula. 

The same cement, put into suspension in different mixers 
to - which different additives are added, will penetrate the 
fissures to a greater or less extent. The influence of 
pressure is equally important, for even in rock the opening 
of a crack can be changed. A liquid under pressure acts 
ke a flat-.jack which will temporarily separate the two 

faces and permit the penetration of grout which would 
otherwise be retained. This also applies to grouting in 
alluvial deposits, but the effect of pressure can be less 
beneficial. If the grouting pressure is excessive the 
grout penetrating in a more permeable zone may lift the 
overlying strata and create a passage in which the cement 
will be deposited without penetrating the stratum which it 
is required to seal. Mayor  (1963) have observed tIat the 



, excessive pressures have in all cases produced a heave in 
the alluvial deposits and cement had collected in the Voids 
without spreading into the mass of the stratum. 

4,2.1.4.  Atab .lityj  A grout must remain stable during 
the process of mixing and pumping, that is to say,  if it 
is a suspension there must be no premature sedimentation, 
and if a liquid, no premature set. It is the property of 

suspensions, which enables them to preserve their original 
theological characteristics. A lack of stability is revealed 
by the separation of the -constituents, the solid particles 
falling to the bottom and leaving a variable depth of clear 
water above them. Stability is measured by allowing a sus - 
pension to remain in a container of given dimensions and 
determining the height of clean water above the particles 
after a certain time* This is very important property of 
suspension, and depends upon the grain size of the materials., 
the specific surface of the particles and the intensity of 
surface action between the particles and the liquid. The 
addition of a very small %age of bentonite improves the 
stability of cement suspension considerably. The rise of 
water at the surface Is also termed as bleeding. Usually the 
bleeding of the grout is not desirable. Mistry and Purohit20  

27 
(1964) and Datye and U'inayaka (1965) have recommended the 
bleeding of grouts less than 5%. 
4.2.1.5.  tai ter etentivity:  water retentivity of a grout 
is indicated by its ability to retain water against vacuum 
filtration. This property is determined by observing the 
time required to extract a predetermined amount of water 
from a fixed volume of grout subjected to vacuum. This water 
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retentivity is considered to be a measure of the cohesive-- 
ness of the grout and to be indicated of its resistance 

to dilution in underwater works and to screening effects 

of small openings. It has been found that water retentivity, 

as measured by this method is closely related to the blee-

ding characteristics of the grout. 

4.3.1.6,. Gelling A fundamental of a grout is that it shall 

develop a gel after a controllable interval of time and 
also shall develop a strength in keeping with the purpose 

for which it is designed. This is in addition to the require-
ments whilst flowing. Even a bentonite clay will not develop 

a stable gel without the assistance of additives)  such as 
cement )  silicate or other suitable chemicals. Usually ref-
erred to as rigidifying agents, their range for selection 
is ride. The rigidifying agents. usually have an effect on 

the rheological properties of the grout base. In designing 
a grout mix, therefore, it is necessary to prepare trial 

mixes both in the laboratory and under field conditions in 

order that the required stability and viscosity during 

injection and gel strength in place can be achieved. To 
some extent this is a process of trial and error but on 
this basis the qualities regti*red for the work and the 
limits for field controls are assessed. Gel time of grout 
can be controlled by addition of additives in required quan-
tity and may range between a few minutes to 10 hours but in 
normal case a gel time of 30 minutes is considered. The 
gel time required may be determined mathematically knowing 
the type of grout to be used, permeability of soil to be 
treated and zone of Influence assumed. The gel time of organic 
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resin grout may even be a few seconds when the solution is 
required to seal the water flowing strata. 
4.2.1.7.  Permanence;  A grout when set must resist chemical 
attack and errosion by ground water. A grout has to be 
permanent, only as long as it is needed. For instance, in 

a grout curtain under a dam the useful life of a grout 

should be counted in decades while in a grout curtain under 
an upstrean coffer dan its useful life can be counted in 
years, ors  If the grout is used to stop quick sand condi-
tions during the driving of a tunnel, its useful life need 
be only a matter of weeks. Also$  a grout with a shorter 
life than the structure can be preferred to a more perma-
nent and more expensive grout if maintenance or corrective 
grouting is found to be economically feasible. Furthermore 
the useful life of a grout may vary with the conditions 
under which it is used. fbr instances  the use of a water 
soluble chemicals grout can be objectionable if ground 
circulation is relatively large, but 411 be quite accep-
table if the circulation is insignificant. Clay grouts, 
although they never reach the consistency of a stiff ,clay, 
have nevertheless adequate rigidity of withstanding an 
appreciable amount of water circulation without any signi-
fi cant washing or leeching. A condition may exist when clay 
particles start migration due to improper selection of clay 
grout, low pressure being applied during \ pumping and when 
several types of grouts are injected without following proper 
sequence. 

Pure silicate grouts are susceptible to disintegration 
and should be observed carefully under controlled condition 
over a prolonged period of time before unn nn a o4?  
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t-. There is no longAdata available which shows the permanence 

and stability of silicate grouts • Oren the long term stabi-
lity of s lira e .grouts by oostem process is doubtful in 
absence of the data available. Even for synthetic resin 
grouts white are recent development there is no long term 
data which indicates the permanence and stability of the 
grout curtain. Certain resins could be attacked by aggre-
ssive water and bacteria. Tests have been made by the labo- 
ratotra control des pondres in Paris, and a small amount 
of Bactericide is added to the resin, and observations 
taken after a period of our years indicated no attack by 
bacteria on resin grouts treated with bactericide. 
4.2.2.  $ ,+eolo Ei cal c aract eri st .os of t rri3. cad. sr 	,,, 

The movement of fluid through the pore space of a 

soil is resisted by drag at the interface between the 
grains and the fluid%  For true fluids the drag is propor-
tion tat viscosity and shear rate. The shear rate being 
determined by mean flow velocity and the geometry of the 
pore space. True fluids with no shear strength, are desc-
ribed as newtonian. Among the various common grouts, those 
which are simple solution of chemical compounds are ordi-
narily newtonian. Table No.4.1 shows the values of viscosity 
of grout of this type worked out by Raffle and Greenwood2s  
(1961) . Cement grouts have well defined shear strengths 
that develop immediately after mixing. Measurements made 
by Raffle and Greenwood( 1961) on cement pastes with water 
cement ratio from 0.4 to 0.9 are shown in Fig.No.4.7. If a 
grout which has shear strength is pumped under constant 
pressure into the soil, the opposing drag due to the corres- 
ponding shear stress acting at the growing area of the 



-.74- 
surface wetted by grout ultimately becomes equal to the 
oriole of the applied pressure so that none is available to 

maintain the viscous flow. 

Table No, .4.1 

Rheologi cal constants of typi cal grouts 
r 	 r r r r w r 	 MWr..+iu1~r~Yr~r ~YrDw r~r r.r r r w r..~ yr r w r wr ~.ers rw r nrsr.r.rMw 

Type of 	 Viscosity Shear stren. th d leslan2 
Grout. 	 CP 	Onmixin . g After standing 
rwr--r#rR.,-..,.I,_i`—wari#Mprrlw—rwwr.,------r-----f.-------.,—r_M►ww-r~ 

Newtonian jrout 

14% A24.-9 

Sodium silicate M75 
N on-,ne rton4an r ro ut s 
Cement grouts: 

W/C 	Q.4 
0.5 
0.66 

0*9  

1.2 

0 

116 67,6 

37 25.6 

14 6.6 

8.4 	3.1 
5% Wyoming bentonite 	10 

	
50 

5% Fulbernt clay 	 4.6 	42 	38 
rr~rwrrrwrN.r-----r. ---wtwwra.wr.-wwr—_-.-w--.,---rw---ws~__,-.w.rr~rMw~rwwr 

4.3. JST.i & OF+r~ OUTO, 

4.3.1. 	The grouts used at present for the treatment of 

pervious soils are classified in two categories according to 
their components: 

(1) The solid phase grouts or suspension grouts such 
as cement and clay mixed with water, 

(2) The grouts with only liquid phases such as sili-• 

cates, or organic resins, also termed as colloidal 
grouts. 

Solid phase grouts are non-newtonian and possess shear 

strength and are Bingham bodies. The flow of grout of this 
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type in the early sages of injection is controlled by 

viscosity but in later stages may be controlled by shear 

strength. As permeation proceeds an increasing proportion 
of the injection head is absorbed in overcoming the drag 
due to shear strength until finally the flow ceases. 
4.3.2. ce,Ment based PQuts= 

403.21. - These- are classified as: 

(1) Neat cement grouts 
(2) Cement. clay grouts 
(3) Cement-bentonite grouts 

(4) Ste.-.cement grouts 

(5) Clay-sand-.cement grouts 

(6) Cement mixed with admixtures grouts. 

4.3.22. Neg, „,Gem nt rr~u ts; Neat cement grout is a mixture 
of cement and water in. different proportion varying from 

water»cement ratio of 20 to 0,4. This is an unstable grout 

as the grout suspension on sedimentation bleeds. It Is used 

specially where strength is required. Mostly it is used for 

rock grouting and for coarse sand and gravel having size 

3. mm, and over. Sometimes bentonite is added in proportion 

of 2 to 14% of the weight of the cement for good adherence 

to the fissures in the rock, but in soil problem of adherence 

is different and due to deformation of soil mass upon load-

ing it is not the permanent hardened grout but the. plasti c 

or semi-plastic grout t•Jhich adheres to the soil mass better. 

The studies carried out by the U. S. hater-ways experiment 

Station! Vicksberg reveal that neat cement grout can pens. 

trate the cracks of size 0.5 mm, but if finer grout is used 

it can penetrate even cracks of sizes 0.25 mm. Grundy2(1955) 



has given given that with present technique, cement grouts with 
admixtures can be used to seal fissures of fineness below 
0.1 mm. ° when used after chemical injection (for lubrication) 
and can provide a high degree of impermeability to porous 
sand stone. Finely ground or air separated cement is advan-
tageous for very fine fissures but usually ordinary portland 
cement is quite satisfactory, clark29( 1959) has suggested 
that neat cement grout should be passed through the finest 
practicable sieve to remove the oversized materials. Also, 
the use of a fine sieve provides the visual evidence of 
the thoroughness of the mixing. The use of the finest cement 
possible and wet sieving should be standard practice when 
grouting fine •cracks. The wet screening,, however, requires 
constant, cleaning of screens, life of the equipment is 
also short, and requires considerable maintenance. The use 
of wet screening depends upon the volume of job and the 
degree of the results required. Properties of neat cement 
grout suspension are: 

(ii Vises  itvs  Neat cement grout with water cement 
ratio of higher than 0.5 have low viscosity and 
rigidity. For lower values of water cement 

t 	 ratio the viscosity increases sharply and the 
grout requires some rigidity, 

(ii)  1j.dity:_  Fluidity of cement grouts can be 
improved by mechanical or physico-chemical 
action. High speed mixing activates the hydra-
tion,, of cement parti cl es, gives a better di s- 
persion and brings a rapid formation of small 
crystallized elements of , hydrates of different 
types. Grouts obtained through energetic mixing 
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are sometimes called activated or colloidal. 
Basically these groats are more stable aXd  
fluid than ordinary grouts but only for very 
low water content. Wetting or dispersing agents 

t also improve the dispersion and hydration of 
the cement particles. Resulting grouts are 
found to be more ' stable and more fluid than 
ordinary grouts but only for very low Rater 
content, 

(iii) S ttin 	The initial setting time is normally 
30 minutes and final setting time 10 hours. 
The viscosity increases with time and it is 
desired that atleast .50% viscosity of the ori-
ginal value should be maintained at 20 minutes 
of setting time. Setting time can be altered 
depending upon the job conditions. Setting 
can be accelerated by addition of calcium 
chloride or sodium silicate or can be retarded 
by addition of sugar or carbohydrates but 
uncontrolled delays may take place. Addition 
of clay and bentonite in small quantities also 
prolong the setting time. Setting time also 
increases when water cement ratio increases. 
Somo cement never sets with water cement ratio 
greater than 10. All standard grouts set with 
a water gain. 

(iv) trensth: Cements when set forms a hardened 
mass with compressive strength at 7 days nearly 
equal to ' 175 kg/ c i2. Density after setting is 
fairly constant and is independent of the 
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water-cement ratio used. The density varies 
with the type of cement used, the volume of 
hardened cement grouts and may vary as much 
as 50%0 

(v) 

	

	eU.ngi The bleeding watOr accumulates under 
individual particles aid will destroy the bond 
on the under side of the particles and reduce 
both the strength and lateral impermeability 
of the grouted mass. Because grouting often has 
the duel purpose of consolidation for strength 
and for the checking of the water movement, the 
two characteristics of low bleeding and active 
expansion while setting are most important. 
Small extra cost of the material required to 
produce an expanding non-bleeding grout can be 
saved many times over in not having to go back 
and redrill and regrout the hole. 

4.3.33. me3nc1 ntbenjteprojth  
Kravetz (1958) has given that addition of clay or 

bentonite in cement in very small proportions say 1 to 3% 
by weight of cement does not alter the basic qualities of 
neat cement grouts but improves the stability of the mixture 
without affecting appreciably its compressive strength. 
Clays are economical when available locally and their abili-
ty to yield a thixotropic suspension Is of value in the 
injection of large fissures. 

Addition of clay or bentonite to water cement 
slurries greatly extends the range over which suspension 

free from seggregation by settlement may be obtained, The 



dry clay or bentonite and cement ponders may be mixed 
together and subsequently added to water, or slurries of 
clay or bentonite may be made and added to the cement 
slurry. Conversion of the bentonite to its calcium exchan 
ged form undoubtedly Qccurs through reaction with free time 

released from the cement. The calcium bentonite is then 
flocculated by the excess of cations (mainly calcium) 
present in solution. The flocs so formed are still gelati-
nous and prevent sedimentation of the relatively coarser 
cement particles. The primary role of the clay and bento-
nite thus appears to be that of a suspending agent. The 
limitation on the quantity of clay or bentonite which can be 
incorporated in a mix are imposed by the following factors: 

(i) rkabili ty of the mix - increasing the concen- 
tration of clay or bentonite leads to an increa- 
sing stiffness in the slurry, . eventually making 
it unpump able. 
Final compressive strength - substantial addi.. 
tion of clay or bentonl.te to cement slurry 
decreases the compressive strength of the set 
cement. 

(3) Specific gravity - Low specific gravity. 
(4) Stability - The concentration of clay or bento-

nite In the mix must be increased to obtain low 
bi eeding. 

Clay upto 1/3rd by weight of cement could be added 
to ensure setting, but tests must be made to ensure that 
the mixture does not shrink too much on setting and that 
there is adequate resistance to erosion. Claims are somotim s 



made that clay injection is preferable to cement injection 
for the filling of fissures containing clay. Apart from the 
low cost of the clay, the resultant product with clay in3ec. 
tion is of low density on account of the swelling action 

of the clay. Greater volumes of voids are filled than with 
the same weight of materials in cement grouts$  but the 
economy is offset by the lesser resistance to erosion by 
water action so that a greater thickness of barrier is 
required.. 

The composition of a mix for a given function can 
only be decided by taking these factors into account. 
Kravetz31(1959) also states that addition of bentonite 
from 2 to 14% as an additive to cement improves its 
adherence to rock fissures. There is a belief that addition 
of clay or bentonite in cement increases its flow properties. 
But Raffle32( 1963) believes that suspension formed by clay 
or bentonite in cement grout is very much less fluid and 
viscosity of combined suspension is greater than that for 
neat cement grout suspension. The increase in the injected 
quantities is not due to the fluidity due to addition of 
clay or bentonite in the mix but it is due to suspending 
action of the clay or bentonite which prevents setting near 
the injection point and make it possible to transfer cement 
particles further from the source than if the clay or 
bentonite was not present. He also states that decrease in 
strength on setting is the primary function of water cement 
ratio. He suggests that only one or two percent of bentonite 
prevents the bleeding characteristics of water cement suspen- 
sion of water cement ratio greater than about 0.6 by offseting 



the gravity force acting on the cement particles and thus 

cement particles are prevented from setting: 
At Ukai Project (Gujarat) high grade bentonite was 

added in the neat cement grout to the extent of 	by 
weight of cement to improve the workability and reduce the 

bleeding. 

4.3. 24. S p.-cement reutss Inert admixtures to cement are 

used for economy,, Sand is excellent when large fissures or 
cavities` exist, upto 3 parts sand to one part cement by 
weight is a reasonable.limit. The maximum particle size of 
the sand can be upto V ath of the size of the fissures to 

be injected. In all cases, a final injection should be made 

with neat cement alone to seal the fine fissures. Sand 
cement grouts tend to settle if mixed in conventional mixers$ 
and high speed colloidal mixers may be necessary. 

4.3.25. Gl~v An_c.~cement. &routs Clay is added in sand 
cement grouts if it is available at reasonable cost to 
improve the stability of the mixture. Grouts of low water-

cement ratio have a tooth paste like flow which reduces wear 
of pimp and permits coarse sand to be used. 

4.3.26. C ent- dm 	routs 	it en the fissures are 

not large enough for the use of sand, useful admixtures 
such as rock flour, lime stone dust or fly-ash, if available 
at economic cost in - relation to cement are added in the 
cement grouts. Mixes of about is i proportion will ensure 
the setting characteristics of the mixture, but the limi- 

ting proportions are easily obtained by a site tests of 

mortar made from the materials. Thorough mixing of these 
fine materials with the cement is essential. ., Admixtures may 
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be employed in grouts of various compositions to Improve 
selected properties. The class of admixture to be used will 

h-ncii I,

depend upon the desired bt6htte, Various types of admix- 
tures commonly used in cement grouts and their effects are 
explained in Chapter 3.5.5. 
4.3.3. 4us.• _ 
4.3.31. Clay based grouts are classified as below: 

l Stabilized clay grouts 
2) Clay-cement grouts 

(3) Clay-cement-bentonite grouts. 
4.3.32. StMlzecv F? u ss Clay based grouts, with or 
without cement, have two characteristics whi chi oppose pene- 
tration into fine passage or voids in the sodl. The first 
is that they have discreet particles tihich quickly block 
off the available pore spaces and secondly they have Initial 
shear strength. This initial shear strength has nothing to 
do with the setting of the grout and is present during and 
after mixing. It is represented by the Bingham yield value 
and a proportion of the available injection pressure is 
required to overcome it before any penetration can take 
place. The smaller, the void size of the soil the less 
shear strength is required to resist a given pressure. 
For normally constituted clay-cement grouts injected into 
a soil of i0"1  an/sec. permeability, shear strength might 
be unimportant in limiting penetration. Such a grout might 
have shear strength of 70 dyn/ cm2  and would react a radius 
of about 10 ft. from the injection point under a pressure 
of only 12 psi. before its progress can be arrested by 
shear strength, but at about this value of permeability the 
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particle size will inhibit penetration. Clay grouts on the 
other hard while they have a lower shear strength than clay-
cement are used in rather finer soils and consequently their 
initial shear strength may be of more importance. The use 
of conditioning chemicals therefore are essential to reduce 
the shear strength of these grouts during mixing and injec 
tiori, Jith the reduction of shear strength of clay grouts 
by conditioning chemi eels, the main barrier of penetration 
becomes that of particle size. 

In preparing these grouts, treated d clay is mixed 
with water to form a slurry. Additives are used to check 
flocculation of particles and to promote gel strength* All 
clays can be improved by such treatment and their capacity 
for penetrating soil is always greater than that of clay. 
cent mixture. High grade bentonite may be used in grouting 
coarse and medium sand. But as their gel strength is not 

sufficient to give an appreciable increase in strength to 
the soils  they are generally used only for sealing, or 
reducing the permeability, Bentonite on addition of water 
swells and this swelling is reversible end its final extent 
Is governed by the nature of the exchangeable ions. The 
strength of t hi xo trpi c gel formed by bentonite suspension 
is strongly dependent on the setting time, the effect of 
concentration of bentonite in suspension and the chemical 
composition o f the suspending fluid Is shown in F1 g. No.4. 8. 
.Tones33(1963) has given that irreversible gels can be formed 
by addition of sodium silicate to bentonito suspensions 
which leads tot 



(1) A decrease in yield point and thixotropy, .ihen 

the bentonite and silicate concentrations in 

the suspension are low, and 

(2) At higher silicate concentrations the suspension 

gels progressively are standing. 

Vora1(1951) gives the account of clay grouting on a 
largq scale at Madden Dam, Panama Canal, where problem was 

to reduce dangerous leakage in rock containing large voids, 

especially cavernous lime stones filled with loamy sand 

white will not bond with cenent. Cement-clay mixtures were 

not found suitable and pure clay was injected through I,,  

diameter pipe and thro rr Acct by air as a fine spray. The 

clay used was of low colloidal, plasti city of 35% and spec- 

fi c gravity of 2.7. He has sumarized the advantages and 

disadvantages of clay grouting as listed below 

1. Low cost 

2. Large amount of grouting from a single hole. 
_ 	3*  Time of setting can be controlled by pressure 

variation, and 

4. Practicability of grouting in highly weathered 

rock and large caverns. 

1. Its low resistance to erosion or disintegration 

(not at low pressure gradient) 
2. Difficulty in obtaining pressure resistance, 

because of surface blow out. 

3. Impossibility of grouting an opening filled with 
running water. 
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4.3.33. ('tea .'.,,~ ~gi.1tg: 	The clay-cement grouts is 
probably the best known and the most commonly employed. 
it is a slurry of clay-cement in water in different propor-

tions. This is a stable grout in the sense that it does not 
bleed on set and the ability of clay to form gels is used. 
to stabilize the cement. Fbr soil foundation, the cement 
is used as an additive in proportions usually enough to 
give the grout a cement like set, This type of clay-cement 

grout has therefore all the basic properties of a clay 
grout. The cement particles in -a clay and cement system 
are dispersed and held in place by the clay gel structure. 

The clay performs no, important function in the final cboai-
cal set resulting from hydration of the cement. Development 

of strength is slow and there is no well-defined setting 
time. Set grouts have low crushing strength relative to 
neat cement grouts. Actual strength ranges from less than 

0.1 kg/an2 to 60 kg/an2 depending upon cement content. 
Is chy and Glossop '(1962) have sboi that set strength of 
25 kg/ cm? is obtained with clay-cement grouts with cem t/ 
water ratio of about 0,4. These strengths are vastly greater 
th4,n those required to resist normal working pressured 
gradients resulting from water retaining structures and are 
usually adequate for consolidation grouting and the treat-
ment of coarse alluvial deposits of permeability more than 

i0~I an/sec. In rock grouting and consolidation of open soil, 

high set strengths may be required. For such works the clay 
content is kept a minimum only a few percent of cement 

weight by the use of highly active clay such as bentonite 
and grout mix i.s termed as cement. bentonite grout, 



Grouts containing relatively high proportion of clay, 
on the other hand, are referred to here as clay- cement grouts. 
Because of the size of the cement particles the grout mix 
is used for soils having permeability greater than 1O1/sec. 
The clay-cement grout is superior to cement grout in respect 
of stability. Grouts with no water gain are desirable as 
the voids caused on setting are thus minimum and regrouting 
is not essential s  delayed setting makes it possible to do 
intermbttent grouting without loss of hole. The clay is 
present in the role of a filler, it increases the volume 
yield per unit weight of material and at the same time 
produces a stable grout, These grouts, therefore are often 
formulated not with highly active clays, but with locally 

aecuring mixed clays, modified where necessary by additives, 
such as bentonite or sodium silicate. The amount of clay 
to be added will depend upon its quality, that I to say 
upon its particle size, clay content and liquid limit. The 

clay cement grouts are not true fluids and the gel structure 
which is present immediately upon mixing gives the grout 
sufficiently high shear strength . to resist gravitt ional 
sinking and local gradients after injection but before final 
set. Raffle and Greenwood (1961) have shown that this gel 
strength, although advantageous in presenting displacement 
is accompanied by a relatively high yield value which, in 
turn, requires a correspondingly high injection pressure. 
The demand for extra pressure is greatesl-in the finer soil 
and grouts with very high gel strength may not penetrate 
when pressure is limited to low values because of shallow depth. 



Clay evidently be finest clay as can be economically. 
procured and processed, Medium and coarse sand can easily 
be eliminated by the treatment in hydrocyclone. The fineness 
of natural clay shoulda therefore, be judged by the propor-
tion of material below 30 microns after excluding medium 
and coarse sand. It is sometimes possible that clay may 
contain excess of silt or fine sand hence it may apparently 
be finer than an other clay containing more of coarse and 
medium sand. Obviously the coarser clay with little of silt 
or fine sand can be processed into better grout material 

as coarse sand. can be easily removed by the hydrocr clone. 
Batye19( 1963) has given that grouts with cement 

content less than 20% of the clay have rarely been used. 
Cement content below this limit should, therefore, be voided 
unless confirmed by laboratory tests. The fundamental qu ali. 
ties of clay cement grouts are: 

(i) s„tab .litvs 	Stability is directly proportional 
to the quality of the clay and its proportion in 
the grout, A small aamouht of clay is usually required 
to obtain grouts whi rh settle with little or no 
water gain. Grouts with no water gain are arrays 
preferred whenever possible since with them there 
is no need for redrilling and regrouting to com.-
plete the filling of voids. 

(ii) a ,g dity „';'h o  ;r  v_: Grouts which are made. to 
settle with no water gain can be thixotropic 
sometimes, that is until the cement hardens. Clay 
cement grouts always have some rigidity. 



(iii) Mhe„,gnces This is a very interesting property 

of the clay cement grouts whi oh are found to 

have a much better adherence to clay coated 

walls of cracks and faults in rocks, than cement 
grouts. 

(iv) gMy: This is the most important of the 

qualities of clay- cement grouts, For filling 
of some quantity of voids the quantity . of clay 

cement mixture is required less than that for 

neat cement grout because of swelling proper-

ties of clay. 

4:3.34 , 	cnt-benioi tput 	sometimes bent©nite 

in small proportion by weight of clay is added in the clay-* 

cement grouts. Resulting grout mixture is finer than clay-

cement grouts. Due to colloidal particle size of the bento-

nite defiocculating agents are added in small proportions. 

The grout mixture have the same properties of clay-cement 

grouts. 

3,4.4* l cat_;ass 
4,3.41. There are 3 types of grout mixes based on sodium 
silicates 

1. Clay-silicate grouts 

2. Bentonite silicate grouts 

3. Pure silicate .grouts 

4.3*42. C ~y~gg 	s_ Zi ep~te gx~ot~tss In thi s, clay is essen- 

tially an additive to the chemicals, to reduce cost, while 

the mixture retains all the properties of the chemical mix. 

The principles of the clay-chemical grouting and chemical 
grouting are, therefore! identical. The chemical is usually 
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sodium silicate (NQ.2Sio3)mixed with a soluble reagent in 
proportion required to attain the specified setting time. 
Whereas clay chemical is suitable for medium sand, chemical 
alone are used for fine sand and silt. In preparing the clay 
chemical grout $  it should be remembered that: 

i) Extremely short setting time can be established 
during laboratory study, however, on the job the 

grout must be mixed pumped and made to penetrate 
the soil before it can set, therefore, the minimum 
setting time is dictated by the field conditions 
Casually half an hour) . 

2) There is a minimum amount of sodium silicate 
below which the setting time of the .clay-chemical 
grout cannot be controlled .although the gel will 
form eventually, this amount varying with the 
clay proportions, the reagent used, the water 
ratio etc. 

Clay. chemical grouts have a wide range of usefulness 
in medium sands for reducing of seepage when properly used. 
They are quite economical too, because the clay content 
reduces the requirement for active chemicals for a given 
volume of grout and in practice have been found to give a 
better water cutoff than clay-cement grouts in the same mate-
rials. The reason for this is that formations are stratified 
or non-homogeneous, some layers or zones being more permeable 
than others. A clay chemical grout flowing through and filling 
the open layers will also penetrate the fine grained layers 
much better than cement or cement-clay grouts. Furthermore, 
even in the more permeable areas, the gelled chemical Will 
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completely fill the space even though the suspended mate.. 
tials settle. 
4.3.43.  B tQ!ita silicate, grout:  It is a mixture of bento-
nite and sodium silicate with some suitable gelling agent. 
It has the advantage of low bleeding percentage, high shea- 
ring resistance and ultimate consistency as compared to, 
bentonite grout. It Is more economical as compared to pure 
silicate grouts of equal ultimate consistency and shear 
resistance. The permeability is however not as good as 
silicate grouts. It is possible to design bentonite silicate 
grout of zero bleeding percentage and a shear resistance 
adequate to prevent washout against any Imposed pressure 
gradient with large factor of safety by judicious selection 
of reagents.. Laboratory tests carried out by Datye ( 1963) 
reveals that the viscosity and gelling characteristics are' 
influenced by the variations in the quality of the bento-
nite. Relatively small variation in the liquid limit of the 
bentonite was found to give rise to major variations in the 
characteristics of the grout. The reagent successfully used 
is menosolic phosphate (Na;H2po3). This reagent acts as a 
gelling agent for the silicate and deflocculating agent for 
the clay. Silicate-sodium monophosphate grout have been 
used for the permanent grout curtain at Notre-Dame-De 
commeirs Dam in France where the height of dam is about 50 
meters and depth of alluvium of about 50 meters. At Ukal 
Dam(Gujarat) clay was replaced by low grade bentonite of 
liquid limit less than 300 and bentonite--silicate-sodium 
monophosphate grout was used for grouting crushed rock za ne. 
This was found to be cheaper than grout with clay-silicate 



4.3.44. 	e  blur ; 1i_cate rants:  In silicate grouts, 

the principal„ constituent is sodium silicate. The reagents 

commonly used are:  

1) , cids -- the common acids such as hydrochloric, . 

sulphuric, phosphoric etc. 

2) Acid salts, such ass  sodium monophosphate at and 

sodium bicarbonate etc* 

3) Salts of acidic reaction, such asp alluminum 

su*phate etc. 
4) Neutral salts such as, sodium chloride, all the 

salts of anmonia, the metalic salts. etc. 

5) Alkaline salts such as, sodium alluminate. 

6) Bases such as, ammonia. 
The acids are not very suitable because they are 

corrosive and have rather sharp gelling time; however$  use 
of phosphoric acid has been reported by Bachy. 

Calcium chloride has a very rapid gelling time hence 

it is not convenient for field work. The most common reagents 

are therefore; 

Sodium alluminate 

Ammonium sulphate 

Sodium bi carbonate 

,Sodium monophosphate 

$odium alluminate is generally reported to be most 

economical but it has a tendency to gelling too fast at 

temperatures greater than 40&C. Ammonium sulphate has similar 

tendency. The choice of reagent is based, on practical consi-

derations which are: 
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(1) Qu l t ~. g 	Gels have different qualities such - ass 

(1) The time of gel formation can be ,regulated with 
precision and accuracy. 

(2) Sudden gel formation without preliminary forma-

tion of gel. 

(3) Certain amount of mechanical resistance. 

(4) Impermeability, and 

(5) Stability* 

(ii) a .' i t f'(7 ' jig el Some reactive agents are toxic and 

have corrosive reactions and are eliminated for site use. 

(iii) Nco m„ : The price of gel put in place. is a. function 

of the degree of the dilation of the silicate$ the price of 

the precipitant and the facility of the injection at the 

work site. 

A general study of the behaviour of different reagents 

with silicates has been reported by Barbedette and Saarly 

(1958) . The study gives behaviour of different types of 

reagents depending on the relative proportions and the dilu-

tion with water. The study is very comprehensive and syste.. 

matic. However, its value is somewhat reduced because of 

arbitrary criteria used for defining the time of gellifi-
cation and strength of the grout. According to them the 
composition of gel is defined by. 

ogncmtrat .on  
concentration of silicate. 

Vc IUme of ,ater 
Volume of concentrated silicate. 

All the reagents have diaracteristics as above with 

gelling time increasing very rapildly with small changes in c< 



(iv) on 	o 	ions The increase 
of temperature decreases the time of gel formation. But 
the influence of temperature. .is more or less important 
depending upon the precipitants used$  for example if the 
temperature in the field varies from &° to 3000 the time 

of gel formation of a gel. 4 th /3 = 5 (with aliuminate) 

will vary from 2 hours to 20 .minutes. 
(v) t OZ h o_X gals Strength of gel is directly propor-
tional to quantity of gellified silica In a given solution. 
For constant gelling time and for given quantity of silica. 
in a given solution the strength is inversely proportional, 
to gelling time. The strength of gels of long setting time 
is very small* The strength is therefore a function of the 
gelling time and concentration of gelled silica irrespective 
of the reagent used. However,' the percentage of gelled 
silica for given /3  and gelling time is dependent on the 
reagent. 
(vi) p ,Q, _litv_P,£ the_ eel: The following factors have 
important bearings on permeability of gels: 

(i) The dilution factor 
(2) The precipitants used 

(3) The value of hydraulic gradient. 
Ba edette and Sabarly have found out that the 

permeability of the gel is near about i to 3 x 10 c n/sec. 
Infact the permeability achieved by fine soils 

due to stabilization with the treatment df silicate is very 
much more than that offered simply by the cohesion. of the 
gel itself. Furthers  the permeability of diluted gel is 
of the same order as that of the concentrated gel. The 



dilute gel has viscosity very close to that of pure water 
for penetrating the fine material, thus ensuring more uni-
form penetration. 

The silicate aluminate grout used at tikal was of 
the proportion: 

Silicate 	300 c. c 

Alurnriate 	13 to 16 gram. 

Water 	 500 c. c. 
The gel formed was quite firm and strong and had a 

good t ashout resistance. Syneresis and long term brittle-

ness are of course observed for this grout. Laboratory 

test results are given in table No.4.2. 

Recently silicate grouts have been developed whi oh 

increase the strength of the treated material, as for 

example, a grout based on sodium silicate mixed with a 
systen of organic eater, which gives a controlled, evolution 
of reaction ions. This in due course results in the preci-
pitation of silica gel. The strength of the ground treated 
in this way depends upon the concentration of sodium sili. 
cate in the grout. Caron (1968) has given that samples 

of injected sand reveal strengths of 2030 kg/øn2. Some ̀!o 
hard gels have also been developed in recent years and 

they also involve the use of organic compounds. 
Successive application In low permeability soil 

can also be done by the use of electro-osmosis method. 

The procedure is described by Bally and Antonescu35
(1961) 

,hieh shows that when an electric current in the reverse 
direction is passed from the perforated electrod normally 
used as a well, is filled with a liquid silicate - grout, 
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the rate at which the grout went into the soil is very 

much increased, 

4.30.5. e ° rom9L 
4.3.51. A new injection product has begun to appear in 
the United States and in Russia, Lignochrome (or ligno-. 

s .phonate) is a residual product formed during the pro-

duction of cellolose from pulp by the bisulphite process. 

The residue Is concentrated arid' is produced In the form 
of a syrupy liquid or powder, It is known that soluble 

gnosulphites mixed with a bichromate become firm gela-

tinous masses. The biehromate oxidizes the lignosuiphite 
and precipitates it in the form of the salt of a heavy 

metal. The process of gellification is the subject of 

gli sh,, Russian and Swedish studies viz Smith(1952) , Anger N 

(1955), Pearl and Byer(1 56), Aaltis and Roschier( 57) 

Their studies have revealed the following characteristics; 

(I) 	 The setting time varies inversely with 

the concentration of bIohromate and may be controlled 

through a range, from 10 mine to 10 hours. As for most * chemi 

Cal mixtures, the setting time is shortened by raising 

the temperature. 

(ii) Gel_ atren th<i_ Gel strength by a vane test of pure 

gel is of the order of 500 gr/n2, The principal factors 

which have a bearing on the strength are the nature of the 
lignosc .phitesf the concentration of lignosuiphite and 
chrome, and the P.H. 
(IIi) V, i ,eo .tv~, A freshly prepared lignochrome has a 

viscosity whichh is in the range of that of a silicate gel. 



This viscosity increases with time and it is therefore 
comparable with that of a silicate but not to that of , an 
e(.uious resin, Fig.No.4.9. shows the variation in viscosity 
with time after .mixing for two types of lignochromos and 
a resin grout for comparison pui po ses. 
(iv) .,c ' vL 	It is to .c and precautions must be 
taken when mixing lignochrome. After the product has galled, 
it is not toxic. 
(v) i tvs  Pure gel or mortar samples of lignochrome 
show no deterioration in water* Their loss of weight Is 
negligible and there is no reduction in strength with time. 
4.3.52. oxnnin, b 	 ano chroeir  

The study has shot that ii,g ochromes have a field 
of application parallel to that of silicate gels. Both 
are newtonian fluids with a viscosity which increases with 
time. The strength of the lignochrome is higher than that 
of the silicate gel. The advantages and disadvantages of 
Igno chromes are complete stability with time and easily 
regulated range of setting times. On the other hand they 
are slightly toz.c and more expensive. 
4.3.6.  
4.3.61. These include a group of organic substances of 
which a single molecules generally under the action of a 
catalyst unite to form larger molecules, which may have 
the effect of convert ,nng an originally liquid- substance 
into a solid. This property would suggest that polymers 
may be used as grouts and inf act several are now so used, 
and a number of others are under investigation,, The most 
commonly used products of Am-.9 and phenoplast resins are 



only described here. Unfortunately, the polymerization 
which produces commercial plastics e.g. Nylgn, Orlan, 

Dacron$  Plexiglass, etc. takes place at temperatures and 
pressures which it would be impossible to attain on grou.- 

ting sites. The following are the properties of an organic 
grouts: 
(i) 'col bility _  The monomers in use are completely 
soluble in crater* g`onc tratlon of 10-30 percent are 
commonly employed, and the strength achieved is propor-
tional to the concentration used. These solutions are not 
colloidal, and have a viscosity very clost to that of water 
about 2 cp. 
(II)  p L tine l ations  Polymerization takes - place ,abruptly 
after a fixed period of time has elapsedv which is regula-
ted by the use of one or more catalysts. Laboratory tests 
have led to the selection of suitable catalysts for each 
range of setting time, by regulating the quantity of 
catalysts. Polymerisation is an exothermico reaction and 
takes place more rapidly in an insulated medium than in 
the ground and this must be taken into account when in j ec-. 
ti ig. It may sometimes be useful to mix the monomer solu-
tion and the catalyst at the top of the hole immediately 
prior to injection in order that adequate controlled 
setting time may be obtained. 
(iii)  k . ' 	 f In i s bilr-  Using very slow pumping 
speeds, fine sands and silts may be injected with resin 
grouts. In practi cep soils with permeability down to 14'"5  
cm/sec. may be effectively .injected. 
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(iv) t ba i .itvs Organic polymers are the most stable 

products with respect to time. They are totally insoluble 

and no soluble salts are formed after setting. 

Cv) To c.tv . As monomers, these organic derivates 

are more or less toxic, but after polymerization there is 

10 danger whatsoever. 

4.3.62. , ,~ This is a product of the American Cyanid 

Company's. it is a mixture of acrylamide and one of its 

methyl derivates in proportion which produces very stiff 
gels from dilute, aqueous solutions when properly catalysed. 

The process by which gellation occurs Is a polymerization 

cross linking , reaction. iM-9 chemical is available in powder 
form whine in colour of friable lumps, very soluble in 

water= ethonal, methonal and insoluble in gasoline, kerosene 

and oils. The gel is formed by the following t ao steps.. 

step I: An aqueous solution of AN-9, containing additives 
for controlling the gel time and one component 

of catalyst system (the activator) t Is prepared. 

Step 2: The remaining component of the catalyst { the 

initiator) system (usually in water) is added to 

the solution of AN.9 prepared In step I. 

Timing of the induction period (gel time) is started. 

Two reactions occur$ in sequence. The first reaction starts 

almost immediately after the second component of the cata'yst 

system is added to the AM-9 solution. The rate of formati-on 

of free radicals and their rate of decomposition Is strongly 

Influenced- by a number of factors. Control of these by proper 
selection of the catalyst system allows a predetermined 
amount of time to e1.a se before rolznerization of AM-9 
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occurs. This is known as the induction period, or gel time, 

during which the viscosity of the solution remains almost 
constant. At the end of the induction period ) heat is evol- 
ved, and long flexible, polymer chains are -formed. As these 

chains form, they simultaneously cross linke to form a stiff 
complex matrix which binds the eater into a gel. The gel 

reaches its maximum strength in a matter of minutes. 

There are many catalysts and mixtures of catalysts 

which May be used to gel .A i-9. F'or normal use, the catalyst 

system is composed of catalyst . 4APN, !P(hmmonium persulphate) 

d KFe (Potassium ferricyanide) . The following factors effect 
the gel time: 

(i ~;~ or ce_ t dons Reducing the AM-9 concehtrati.on 11"Y ~r.'ii+tar l^ r 

causes a slight increase in gel time. 
(ii) Changes in the concentration 

of one or all components of the catalyst mixture have a 

very marked effect on the gel time, To much KFe or too 

little AP will produce week gels or none at all. excess 

AP may reduce the PH to the point where the gel. 4].l not 
form. The lower limit is 0. 	catalyst SAPN, O. '' for AP 
and the upper limit for K `e is 0*035 . 
(iii) Mn+ r urea The gel time for any catalyst system 

increases markedly with decreasing temperature and decreases 

with increasing temperature. A rough rule of thumb is that 

the gel time is out in half if the temperature goes up 10°F. 

(v) Pjj The PH of the solution, after catalyst addition, 

has a very marked. effect Qn the gel time. For best control 
upto about .s; one tour gel times the PH should be in the 
range of 7 -» 11. 
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(v) rs -  Air slows doi the polymerization of PM-9 due 

to the effect of oxygen. 

(vi) S1tsi. The presence of soluble salts, such as 

dodium chloride, calcium chloride, sulphates and phos- 

phates, has an accelerating effect on the rate of gelation. 

The amount of acceleration depends on the salt concentra- 
tion and should be determined by a test in the field. Salts 
also have the effect of increasing the gel strength, it 
also decreases with dilution. 

The use of very short gel time helps to insure that 
the grout remains near the spot whore It entered the for- 
tation. 

The grain size and grading curve of sand influence 
the strength of the injected material. The finer the sand 
and the better graded it is, the stronger sq ll be the 
treated soil* The grouted sand always has a much higher 
strength than the pure gel, and it is therefore impossible 
to judge the consolidation effect from a sample of pure 

resin. It is substantially impermeable to water 10' 10c /sec. 
No, syneresis have ever been observed. Under moist conditions, 
the gels appear unchanged for atleast 10 years. The gels 
are resistant to attack by fungi, dilute acids, alkalies 
and the ordinary salts and gases normally found in the ground. 

Polymerized -  AM-9 is mainly elastic, deformation being 
proportional to the load whether the test is made on a gel 
or on a sample of injected sand. The modulus of elasticity 
of a pure resin, 10% concentration varies from 0.1 to 0.5 
kg/cm2  while when injected in sand, it can be as high as 
100 kg/n2. This has a very interesting application for 
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filling ' fissures or joints which may open or close with 
variation in temperature. American cyanamid have given 
that properties of ANN.9 can be varied considerably with 
additives. These may be used to increase the gel strength, 
to increase the solution density, to increase the solution 
viscosity, to act as an inert filler for large voids or 
nearly to colour the solution to aid in subsequent boa 
tion of the gel. 

Almost any inert solid added to an AM-9 solution 
will result in a modest increase in gel strength, a modest 
decrease in gel shrinkage,,, and may also reduce the cost 
for some application, Fern36( 196S) has given the merits 
of AM-.9 solution as below; 

(1) The ease with which solution cab be prepared. 
(2) The simplicity of the equipment involved, 

(3) The exact control of gel times,which is possible. 

(4) The fact that the viscosity of the grout solu-
tion remains low (i.6 cp) and constant until a 
very short time before the onset of gellation. 

(5) Although AN-9 is more expensive than any other 
grouting material but AM.9 solutions fill more 
voids space than equal volumes of most cement 
slurries, because each gallon of Mi*9 produces 
at least one full gallon of impermeable gel. 
There is no bleeding, seggregation or setting 

problems. Penetration of any zone where water 	. . 
can be floLm may be expected. 
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(6) Based on field experience, contractors e timate~ 
that grouting with AM-9 can be completed in 
10-2) percent of the time required for grou-
ting with portland cement. 

(7) Due to the low viscosity of AM..9 solution and 
the extent control of gel time, waste of grou. 
ting fluid can be minimized and in some cases 
essentially eliminated. Naturally) in order to 
accomplish this, s, suitable pumping equipment 
and a good analysis of the problem are pre-
requi sites. 

4.3, 63. 	soriipgl...:,. 31mld1de. resin. Pkenoplasta are 
composed of phenol and formaldehyde which is soletan-che 
patent process. Bakelit,which is well kno Is obtained 
by combining an ordinary phenol with formal-dehyde, but 
it requires temperatures and pressures which would be 
impossible to obtain on a grouting site. However,, 1.:3 dehy- 
droxy-.bensene (resor .nol) polymerizes with formal-dehyde 
at ambient temperatures in an aqueous solution when the 
PH of the solution is changed. The acid catalysts are not 
affected by air, indeed when using certain mild datalysts 

in dilute solution, it has a better set in the absence of 
air and this is desirable for injection purposes. The 
strengths obtained in the form of a pure resin., and in a 
mortar, are far -higher than those given by 9.12-9. AJ4-9 is 
purely an elastic material, Chile resor .nol formal-dehyde 

is partly elastic and partly plastic, Under constant load 
an immediate elastic deformation is observed. This is followed 
by a delayed elastic deformation And *-h ► h'rr nh a..--M.~__~ '-  1 
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plastic flow. The elastic deformation is proportional to 

the load for the pure resin and for the mortar. The elastic 

moduli are much higher than those obtained for AM-9. 

4.3.64. marison of 	tv,_nea of res n routs: The use 

of i-9 or phenoplasts depends on the mechanical properties 

that it is desired to give to the ground, If elasticity is 
desired, AM-9 is the right choice, but if strength is requ-
ired, the phenoplasts are preferred. 

4.3.65. 	 The products which have 
boon discussed above permit the injection of fine sands 

and sandy silts, but not the transformation of sand into 

sand stones, or the regeneration of concrete, since a 

polymerized resin does not have the strength of an ordi-

nary concrete. However, if a partly polymerized plastic 

is used} from which the water of reaction has been elimi-

Hated, it is possible to attain strength far higher than 
concrete. There are large number of plastics which, partly 

polymerized$ give unconfined compressive strengths in excess 
2 

of 300 kg/ can . The commercial products have the drawback 
of being very *i scous, and not useful for the injection of 

fine sands and fissures. 

4.3.7. Grouts based_on_ 'bitumen: - Bituminous grouts are r 	w w ,- i h+ra.wr 	r_.~~sarar.w~ rrr 

of two types. The first consists of bitumen heated between 
100.150oC. The use of such grout Is exceedingly difficult 
and may involve preheating of the soil to be treated. The 
second method is to use a grout of bitumen emnulsion. The 

break down of emmulsion in the soil can be obtained either 
by the addition of an organic ester or by means of a 
synthetic resin. 



4„3.8,Ga 	,,.~ rol,treagnt~s. For the gases as grouting 

reagents, there are several patents from time to time 

which cover the use of gases in grouting, the gas genera-

ily used in con junction with a liquid component. In theory 

the injection of gas is feasible but it gives rise to 
technical difficulties and Is not of much interest from a 

practical point of view. One of the principal objects of 
grouting is to check the flow of water in the ground and 

it is just as easy to pump a liquid grout (of about the 

same viscosity as water) into the ground as to drain water 

from its For this reason the injection of a gas offers no 

advantage over the injection of an aqueous organic monomers. 

In the past, before the process of polymerization was 

understood, the idea of a gas Injection was alternative, 

but it is no longer so. 

4, 3.9. Ldeal rs uts: - An ideal grout must have properties 

which could simply be varied by altering the proportion 

of the constituents to cope with the various requirements 

demanding of it. For example, it must, In the higher con-. 

centratlons provide a strengthening of the ground, and 

in the lower concentrations at as an impermeable barrier 

to water or air. Most important of all, it must at all 

times and In all concentrations be sufficiently cheap to 

be attractive to the engineers. Idealy, it must have a 

very low viscosity in low concentration and must have an 

extended gelling time for dealing with fine sands and 

coarse silts, or, more correctly, an extendable gelling 

time, For more permeable strata it is desirable that at 
some stage during or prior to setting time it should aaiuire 



something in the mature of a yield stress, Such a grout, 
of course, does not a ist and it 'is extremely doubtful 
that it would ever be found. Some of the nearest approxi.. 
orations are perhaps the phenolic for mal-dehyde , which 
would be widely varied in their concentration,' still 
maintaining stable gels of the strength of which is pro-
portional to the. concentrations of the constituents, 
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(Laboratory trials) 

1. 1.202 	16 	1.030 	9 	300 12,69 500 0 50 36,50 717 887 r 	49 52 54 

24 1.202 	16 	10030 	9 	300 12,69 500 0 52 35,0 719 875 r - 	51 66 58 

3. 1.202 	16 	1,03 	9 	300 	12,69 	500 	1 	14 	2►0 	r 	M 	r 	r 	Study of jelling time 
only 14th T iR 

4. 1,202 16 1,03 9 	300 12.69 500 1, 08 28.0° 

5, 1.202 	16 	1,028 	9 ' 	300 	11,92 	500 	1 	00 34.0 	691 807 659 w 	45 	49 	48 

6, 1,202 	16 	1,028 	9 	300 11,92 500 1 02 34►0 712 737 572 - 	46 50 48. 

„ .. 

 

(PIS) ,D TNIAS) 
rw.rwwrwrrrr«w■pwrirrrwww rwNYrAMwMrw~IMrlMrlfYAIMfMMAMrrwrrAwrr0MwrMwrrrrrMrrM,IMwrMMMMY+~w dorrMMwrrrON01104rwr00w080004AM ww+r10ONON N,$ 6600000 a0udddOw0•M0q60.■mMM6l 

1. 11202 16 1,030 9 	300 12.69 500 0 25 35400 	 51 - 61 

24 11202 16 10030 9 	300 12.69 500 0 28 36,0 	 51 62 58 

30 1,202 16 1,030 9 	300 12.69 500 0 50 250-0° 	 56 52 60 

4, 14 16 1,030 9 	300 12.69 500 0 42 26,0 	 58 62 63 

5, 16? 16 1,028 9 	300 11,92 500 0 40 34,0 	 44 46 

6, 1,202 16 1,028 9 	300 11,92 500 0 38 33►0 	 45 46 N,To 

Orr* 04 wrrrrrw004Mw4MMrOMrwArrMMrMrrMrwrrrw~rrwwrwrrrrrrrr wMrrrrrrVlrrrrrrrrwrrwwWrwrAwrMrwyr.rgwrrwqrdlMrMMMorWrrMrw■rwrwww rwr rrrrr rr.ru.rr rrw-rwrrw rwr wrrwwi 

Note; Jelling times and vane shear strengths d end'upon temperature at the time of 
preparation of, Ox. Variation can therefo a be expected under field conditions; 
from mix and strength development with ti also, 
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CHAP T ER - 5 

MECHANICS OF GROUT Pfl TRATION 

5.1. GEiE IL B. 
There are two basic factors which govern the pease trabi-- 

lity of grout: 

(1) Viscosity of the grout, and 

(2) Granulometry of the grout and the soil. 

It is useful to develop quantitative measurement for ascer-

taming the penetrability of material. However, it must not be 

forgotten that a structure of soil skeleton is very erratic. 

The shape of pores is irregular and the penetration is tremen-

dously influenced by the presence of few open pockets. Hence the 

general rule stated here should not be taken as absolute criteria 

and field trial is always necessary before plating injection 

programme. 

5.2. rZFFCT 0F VI S C(? 5I Ty 0 	NPRATION ~- 

5.2.1. The seepage of water through soil formation under dams 

or into wells is usually described and evaluated by flounet theo-

ry and follows Darcy's law: 

KA3. 	.................(i) 

Where Q Is rate of flow 

K is permeability of soil 

A is area through wbtch flow takes place 

i is hydraulic gradient. 

This equation may not be applicable to the grout as viscosity of 

grout is greater than that of water and the movement of grout 

through the pore space of a soil filled with water is resisted 

by drag at the interface between the inner shell of grout and 
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the outer shell of the surrounding water. 
Poiseuille has given an equation of viscous flow through 

a long tube of small diameter: 

V 	I 	 • . •••••!• f•!••!• 	`2) 
8Ln 

where V is the volume of liquid escaping in time. 

t is the time for V 

P is the pressure differential between, tube ends 

r is the tube diameter. 

L is the length of tube. 

n is the viscosity. 

Fundamental of this equation is that the liquid 1lows 

slowly through a long tube of small diameter. In actual field 

conditions the soil formation cannot be considered as a bundle 

of small tubes of long length. Soil formations are generally 

hetrogeneous and anisotropic and also viscosity does not remain 

constant, 

Maag was the first who in 1938 published his theory of 

relationship between pressure of pumping, density of viscosity 

of the grout, the rate of injection, the permeability of the 

soil and geometry of the flow. His equation is: 

t = 	n 	(F13..r3) 	••• s ••!!••.• (3) 
3 Khr 

l*There 	t is the time of injection 
a& is the ratio of viscosity of the grout to that 

of water 
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His assumptions were that the soil is homogeneous and 
isotropic, that the grout is newtonian fluid, that a steady 
state of flow, has been established and that the injection is 
made through an open ended pipe of small • radius compared to 
the length of the injection pipe below ground water level and 
that the spherical flow takes place. 

In fact these simple conditions are never realised in 
for the geometry of flow can be complex and the viscosity and 
the 'theological consistency of grout may alter with time. 
Also this formula is limited to a situation when the influence 
zone of grout is far from the injection point. The Haag's 
formula is. worthwhile as it gives a clear picture of the 
progress of an injection. 

Raffle and. Greenwood( 1961) have extended the treat.- 
ment to cover non.-newtonian grouts, both with fixed shear 
strength (ideal Bingham bodies) and with shear strength grow- 0 
ing with time. 

	

5.2.2. Ne njn 	i .s For newtonian liquids th; flow of 
grout is a fully developed flow and as per Darcy's law the 
flow is 

,,. 	= 	4 it a K 	............. « « .. (4) 

Where 9 is the rate of flow 
h is the hydraulic head 
K is the permeability of the soil 
a is the effective spherical radius. 

~'or the purpose of calculations) cylindrical injection 
source may be replaced by spherical source of equal area. In 
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most cases, this simplification will lead to an exaggeration 

of the flow rate because the divergence of the flow near the 

source is greater in the spherical than in the cylinders cal 

case. This lower divergence leads to a lower hydraulic gra-

dient at the surface of the source and hence to a smaller flow 

of grout Into the soil. This effect is often further exagg'ra-

ted because of the confining action of nearby tight layers of 

ground or of ground already treated with grout, . 

For the flow of grout into water-laden soil, there is a 

resistence of the inner shell of grout and the outer shell of 

the surrounding water, the equation (4) requires some modifica. 

tion. Raffle and Greenwood have given an expression for spheri-

tally divergent, two phase flow as 

h 
n = 

	I 
( 0I a ' 	V R) + 2/R)j  

Where n is the ratio of viscosity of grout to that of water 
R is the radius of grout spread. 

and the rate of grout spread is 

- 	....... 	 ._ f nR&( j/a 	3JR)+N~  
dt 	4 11 R2o 	e 

where e is void ratio of the soil 
t is time taken to travel a distance R. 

From the above it follows that the time for the inter-
face t reach a radius R is given by 

t = e 	j n/3 E 	- i) - ~,~~, (B? -1)  

	

Kh L 	a 	2 a2 

The specific value of t can be found from Fig.No.5.1. plotted 
by Raffle and greenwood in which thiL.. is plotted against Fla 

eat 
for three values of viscosity ratio n. From a knowledge of the 
time t to penetrate to radius R the value of q at that time 
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can be calculated from equation (5) . Scott37( 1963) has found 

out that at early stages of the injection, the grout extends 

only a little way into the water laden soil. The flow rate is 
therefore higher, initially, than is predicted by +equation(5), 
but this early phase occupies a relatively small proportion of 
the total injection time and the mean injection, rate does not 

differ.. greatly from the value given by the simpler expression. 
5.2.3.  Npn:n torsi. n g o s:  Fig. No. 5.1 cannot be used 
without reservation for such fluids as clay or cement grouts, 
since these do' not obey Darcy' s law. For these fluids the 
shear rate is not related to the shear stress by a viscosity 
coefficient.. The simple newtonian relation fails because of 
fluids have shear strength$  and it it is pumped under constant 
pressure into the soil, the opposing drag due to the porrespon.. 
ding shear stress acting at the growing area of the surface 

wetted by grout.-Ultimately becomes equal to the whole of the 
applied pressure so that zone is available to maintain the 
viscous flow. Raffle and Greenwood deduce that an extra pressure 
gradient must be applied at all parts of the advancing grout ' to 
overcome the shear strength during Injection. 

Where 	i is the pressure grad.i+nt. 
Tf is the Bingham yield stress of the grout 
°' is the effective radius of an average' pore passag 

The value of o.. can be calculated from the Kozeny's 
equation for the relationship in terms of the soil permeability 
and the viscosity of water as given by the equation 



d1, 	 = 	i- p,X.,, 	............ (9) 
dxc 	,2$ 

Where n is the viscosity of water 

Yw is the density of water 

v is the mean flow velocity for unit area in the soil. 

Using relation (9) we can tabulate value of 	for ground 

of different pormeahi .ities values and hence estimate the .Limi-

ting value of pressure gradient for knot values of ba . Raffle 

and -Greenwood. have calculated the value of -4 for different 
value of K of the ground and are given in table No.5.1. 

Table No. 5.1 
• Value of 	for different values of K 

rr+rw+M— _—.hr,ib—w.r_ Mi►rs.w.f_w!wr4r r►+q-M Muw- -- rains wM--------w--- 

`t (mm) 

 

cm/sec. 	e=0.3  
—. err 	 a11+W+1_ Wei rrg4M _~MarA +Mrr__ _-__ ,-. fir----wr— 	rwi+ --it 

1 	 0.19 

100.1 	 0.059 

lo'" 2 	 0.019 
10_a 	 0.0059 

--r— ----- -s.w—w—asr.s-- ---- __arrsY~s___w+Mwt_____*ir_ r—.r ur— 

Scott 1963) has worked out the component of hydraulic 
gradient needed to maintain flow of grouts with various yield 
values in soils of given permeability as given in Table No.5.2 
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Table No, 5.2 

Hydraulic gradient to maintain flow in non-newtonian grouts 
.rwr—r—r—rrnarsorr-~rrwr war -rY+l~—awramrir+ ++r-tirarrr-- ri:-rsra - "—wrr-W---rr 

soil permeability Yield value 	Minimum hydraulic 
an/sec. 	 T.f dynes/ em2 gradient. 
rMr4-w►.YY_r_rrY_.__j_---wM 	 -- 	 rrrlM--*s 

100 • 10 1.2 
100 12 

1000 120 
10000 1200 

101 10 4 
100 40 

1000 400 
10000 

iø 2 10 12 
100 120 

1000 1200 
10000 , 	 r 

iOdW3 10 40  

100 0/~ s/4~y0f~ 

10~y00 00 

10000  

10 

100 

 12 0 

1200 

1000 

 10000 

 
— 

,MrwW—r 	— 	 --i.r W--— ~Mlr~ilrt ice--- M.---------rr----W-rwn- 

5_ 2.4 	.tai  , n itration: Maag's simple equation(3) gives 

an approximate radius of zone of influence and the ratio beet-, 

weer the radius of injection and the time passed and the rela-

tionship is shown in P1g.No.5.2. The grout increases in visco-

sity for sometime before gelling, but it can be maintained 

within 50% of its initial value for a period of about 20 minutes. 

The radius of penetration after 20 minutes for various soils 

based on Fig. No„ 5, 2 is tabulated below: 

K cm/sec. 10 1̀ 10.2 	io"3 	10-4 

R cm 4000 400 	40 	4 

Raffle and Greenwood (1961) have shown that in the case 
of permeation from a spherical source of radius 'a' the grout 
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cannot reach further than a'radias RL given by the equation 

2 

For grouts with constant shear strength and viscosity 
the initial rate of penetration is determined by the viscosity. 

when some penetration_ has taken place, a proportion only of 
the applied pressure is available for maintaining viscous flow 
and the rate of penetration correspondingly falls. Fpression 

for the time taken for the grout to reach a radius R short of 

RL is difficult to t etermine, 

5,2.5. 	 n 	n 	 By applying 
the data of the theological measurements direct estimates can 

be made of the rate of progress of injections for the real 
grouts in practical cases. For the sake of illustration, 
-z jection is done from a 3 ft. long open section of bore hole 

of 

	

	' dia. The periphical area of the section is 31 x D x 3 
I sft, approximately, and the radius of a sphere of equi- 

valent area wild. be 4" 	{ 	 Using the equation 
4 3 

(7), the time of penetration of newatonian grouts is worked 
out and is given in table No„5,:3 for the different radius of 
penetration for grouts for different permeability constants. 

Table No.5.3 
.TimLii1PfQL f 

Time in minutes for permeation to specified radius 

AM - 9 	0.01S-  0e12 1.0 0.15 1.2 	10 1.5 12 

Sodium sili- 
cate M-75 	.35 4.1 38 	3.5 41 	- 35 	- 
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5.2.6. 	gtion lim tW-.-byg, strength: For grouts r+  

possessing shear strength the limiting penetration for the 
different values of K is given in the Table No.w 5.4 calcula- 
ted by expression (10) : 

Table No. 5.4 
Limiting penetration of Non-newtons an liquids 

ra.rw.n.r+.+.rwi. wM~-—r-wryair i..r_ ,alps rw.-. -.--- —.!R+w-r.-----00-0. ." _r*r r-+w-- dr.w.r w4r 

shear sere .-2 Limiting penetration for 100 ft.of injection 
gth dynes/ cm 	 — --- --.head.. f tL  . _ .. _ _ _ _ _ _ _. - urYA~rrr~ ■ ilwlnr~! 	~..r+ 

K -- 1 cm/see. 	K = 10- en/sec. K = 10-L' c', /sec. 
rM-wrt-- wr.rr.n/rM.+iW__r/__rrw'!►rw .r wY+~irM_i.r~1w__ _____..-wrwkWar r►—+►a.Iwit---4+mss rrerr 

	

67.6 	14*1 	4.68 	1,7 

	

25.6 	 11.73 	3.9 

	

6.6 	 14.3 
..ws,.w.r.r.w...rr-ar.r....rrw.rl.«...wwrtr►..rwrrr-wwwwrr__—new..w—rr—_w _---rw~+------ 

For ordinary portland cement the calculations cannot 
profitably be pursued for less than K w 1 cn/sec, that is very 
open ground, because permeation is thereafter limited by the 
direct blockage of voids by the larger particles of cement. 
For such coarse soil, the shear strength hits no important 
effect in limiting  penetration, Fine grained cement, can be 
produced with few particles rger than 30 microns and can 
therefore penetrate into fine textured soil. However, such 
cement forms paste which possesses even higher shear strength 
of 70, dynes/cm.2 and has a limiting penetration of less than 
2 ft. in soil of permeability 10-3 can/sec and reaches 0.7 of 
this distance in 180 minutes. 

5,3• M R fl H 	©U 	Nt 	T 
Data on sieve analysis, blow counts, water table And 

boulders or rock levels are most often available from soil 
sample tests during the planning stage of a job. It is the 
job of the engineer to interpret the data and translate the 
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sieve analysis and blow counts into meaningful) terms of .pore 
size and groutability ratio. The ability of a grout to pene-

trate the voids of a formation is of paramount importance in 
considering grouting of pervious foundations to decrease seep-
age beneath structures. While the penetration of suspension 
grouts depends on the nature of the contact surface of the solid 
particles and their concentration and other similar features, 
the primary factor involved is the size of the voids being 
grouted as compared to the size of the solid* particles in 
the grout. Tests show that it is the smallest voids in the 

• formation being grouted and likewise that the largest sizes of 
the solid particles in the grout prevents the finer size from 
entering the formation being grouted. These factors suggested 
that a "groutability ratio" mi~ht be developed relating the 
properties of the formation to those of the solid particles in 
the grout„ 

It can be demonstrated that there is a definite rela-
tionship between the size of the grains in a system of packed 
rock particles and the effective pore diameter or "critical 
ratio of entrance". King and Bush18(1961) have demonstrated 
from series of tests on single size aggregates made up of 
crushed aggregates and pea gravel that the critical ratio of 
entrance or pore dineter may vary from 1155 of the diameter 
of sphere at 26,E void ratio to 4i5 at 48% void ratio, as shorn 
in Fig. No.5. 3, by .assuming sand grains to be spherical. Most 

naturally occuring sands or gravels in old river beds are suffi-
cIently abraded to be considered as spheroids for this purpose 
and will be found to have an outside range of void ratio in 
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place from 30% to 40%' with a fair larger number in the range 
of 35% to, 38% due to tight packing resulting from amixture 
of sizes. From figure No.5.3 it is seen that this range of 
porosity corresponds to a net pore diameter of 19.5% to 21.5% 
of the diameter of the large sphere. Different types of aggre-
gates and mixed grading will give widely varying pore ratios. 
For design purposes we may assume pore diameter of 20% of the 
grain size. King and Bush have demonstrated that the pore size 
should be atleast three times the effective maximum grain size 

of the grout material. This stems from the assumption that two 
grains of cement or sand wedged across the opening of a pore 
,will form a stable bridge, but that an arch formed by three 
grains will not be stable. In other words, if the diameter of 
grouting particles is not over 3'5 x 1/3 = 'x./1.5 of the particle 
diameter of the material to be grouted, the grout will be 
filtered out. The theory of the penetration of grout is just 
reverse of the theory of filter by Terzaghi where ratio of 
D15 2ilter and S5 of base materi&l should be less than 5 to 
prevent choking of filter material. The corps of l rffgineers 
Waterways Experiment Station, Vicksberg, Mississipi38(1955) 
have proposed on the basis of experimental data that grouting 
could be successfully accomplished if the groutability ratio 
were greater than N 15 =3~ 	where ' D' represents for 

d85 
alluvium particles and 'd' the size for the grout material. 
Suffixes such as 15 and 85 indicates the percentage of mate-
rial finer than the sizes indicated. 

Some believe that validity of this criteria is open to 
question for a grout with swelling tendency of particles of 
clay and bentonite which absorb lot of water and behave during 



penetration like a particle of much larger size and that a • 
grout with d85 size smaller than 50 microns, satisfactory 
penetration may not be possible gven for the groutability 
ratio of D15/d85 = 30. This requirement illustrates why sas- 
pension type grouts are normally limited to grouting medi mi 
sands and coarse grained soils. It is not enough to rely 
solely on a single point of gra alometry curves for the aliu.. 
vium and for the grout. It is therefore necessary to check 
the ratio DiO/d95. King a1d Bush18(1961) have worked out this 
ratio as equal to 8. They have plotted the values of D10/d05 
of different grouts as shown In F~.g,No„5.4. These values are 
lower thau D15/d85 but never greater than 3. Some believe that 
successful injections have been reported for values of 6 to 8. 
But the feasibility of grouting with lower values of 6 is open 
to question because when N approaches b, it is known that 
filtering starts to take place and it will give guarantee that 
the soil cannot be grouted* Sometimes, the alluvium consists 
of a mixture of two materials resulting in a gap in a certain 
particle size range* it would be desirable to divide the allu.-
vium into components when a gap in the grouting is noticed. 
When the voids in the coarse traction are adequately filled 
by the fine fraction, the granulometry of the fine fraction 

will govern the groutability. On the other hand when number 
of voids in the coarse components are left unfilled, the grou-
tability will be decided by the granulometry of the coarse 
component. 

Grout containing even a very small proportion of coarse 
particles can form a tight filter cake in the soil face near 
the injection source, so that the flow rate drops tb a negligible 



value. Scott has given that for steeply graded soil, particles 
larger than about ]/10th of the soil particle dimensions are 
trapped, if a few percent of the solid material of the grout 
i $ of this size. He has also calculated the largest size of 
the grout for given formation from equation (9) as Dmax of 
grout less than 	)*e  

e Yug 
544. I IQ 
5,4.1. 	The determination of the allowable pressures is an 
essential fetctor in the design of a grouting programme. The 
use of excess pressures may weaken the strata by fissuring the 
rock or by opening fissures in closely jointed rock. If excess 
pressures are used in grouting bel6w a foundation or a concrete 
cutoff in a dam$  the concrete may be lifted from its seat. 
This would involve an uneconomical consumption of grout,induàed 
by the grouting process Itself.. The damage may,of coarse, be 
much worse and result in a permanent "bad c .ing or increase in 
perm. abi i ty. However, it must al so be recogni zed that the 
pressure should be kept sufficiently high to minimize the time 
required to perform the grouting operations. Spacing of holes 
can be increased whkch reduce the cost of drilling. There are 
various criterion in common use to estimate, the allowable injec-
tion pressures. The common practice is to adopt,, initially, an 
allowable pressure of I lbs/sq.in. per foot of overburden cover 
or 0.2 kg/cm2  per meter of overburden cover and adjust the 
pressure on the site as performance records become available. 
Grundy2(1955) suggests that an injection pressure corresponding 
to approximately double the weight of the overburden above the 
section being grouted may be used. Lippold39( 1.958) has stated 
that the safe allowable pressure will vary from 3/4 lbs/sq.in. 



per foot of cover to 	lb/sq.in. and will depend upon the 
characteristics of the overlying materials, Burwell( 1958)
suggests that the guide given by Creager, Tustin and Hinds( 1945) 
given in Fig.No.5,5 may be used to obtain an approximato esti-
mate of the allowable pressures for various rock foundations. 
Zoruba ( .1962) has recently reviewed some other pressure speci-
fications and shows them to be at great variance 4th each 
other. The Russian code is mentioned by 7j ruba and in this 
code it is stated that pressures are always at least equal to 
the weight of the overburden above the bottom of the bore hole 
and higher pressures are allowed with more massive rock, -with 

more viscous grouts and upon regrouting a hole. Zoruba also 
states that in the construction of some Italian dams injection 
pressures equal to four times the overburden pressures have 
been used#  Very ktide:.y varying pressures have been used success-
fully in very different geological. circumstances. 

The permissible pressures for grouting the alluvium need 

not be governed by the overburden weight alone. After a small 
embankment takes place in the vicinity of. the point of injection 
considerable shearing resistance is mobilised by arching. The 
heave required in such resistance to be mobilised is often 
permissible. Thus pressures upto 3 to 5 times the overburden 
weight can be used. The pumping pressures for M4-9 solution 
should always exceed the static water head at the point of 
placing, as it is seen that in any formation the gel cep not be 
extended at pressures less than the pumping pressures required 
to place the solution. For most conditions specially fine sand 
and silt the gel can resist much higher pressures than that at 
which It was placed. Continental practice is to save on drilling 
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and obtain acceptable foundation by high grouting pressures. 

It is evident that it would not be possible to have a 
single set of specifications that could encompass the different 
geological and ground water conditions that are met in civil 
engineering works. Nevertheless, it ,would be useful to esta-
blish the theoretical mechanism by which fracture is induced 
in the rock under high injection pressures. These considera-r 

tions + will also suggest procedures for determining, in the 
field, the allowable grouting pressure for any particular 
project. 
5.4.2, lsotroo g condi.: i..nss The fracture of the material is 
assumed to follow the Coulomb Mohr failure, I. e. 

t. 

t Sin p' 	= fS". 	 «.~ - o' Cos '0' .. * ... (1? 
2 	 2 

~i here C'I' and O 3 are the major and minor principal 
stresses respectively. 

0' 	is the angle of shearing resistance 
et 	is the cohesion, 

Vertical stress may be taken as a major, principal stress 
and only penetrating fluids may be assumed. The effective stress 
before Injection will be 

E '~1 = rh-:- Yithv  
1 	J 

and O 3= K 4 I 	K (yh-y Chu) _.,. ( 3) 
where Y is bulk density of the overburden 

h is the height of the material above the point 
has is the height of water level above the point. 
K is the principal stross ratio taken equal to or less 

than 1. 
ru is the bulk density of water. 
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Increasing the pressure in the bore hole by Fey the 

excess injection pressure, reduces the effective stresses by an 
equivalent amount so that at fracture the principal effective 

stresses become 

i= (rh - rt,hw) - Pe 

tf` " = K(,rh-»rwhw) - Pe 
By substituting equation (4) 

it can be shown that 

...ø,..,..a,. (5) 

and ( 5) into equation( i) 

Pe 	►.ph«- 	w ( 1r ,,, .,, -- 	-rwhw)1..K) + c' Co f O' ....(6) 
2 	 2 Sin ~!' 

If the major principal stress is horizontal the prin-
cipal stresses at fracture are 

I 

O =K(rh-rvhw) •»Pe ........•..,.....(7) 
i 

and O= (rhsrwhw) .Pe 	.+,•,• 	+••••• (8) 
",here K is greater than or equal to 1. 

The excess injection pressure is given by 
Pe 	wthij) (i+ K)  - Crhj hw) (J.»l)+et cot '....(9) 

~iL.~f.iiil~~ Mi ~ 

2 	 2 Sin '  JO 

If the shear stress parameters, in situ stresses and 

water presures are known, equation ( 6) and (9) could be used 

to predict the excess injection pressure. Neglecting friction 

loss in the pipe the critical injection pressure would be 

P = Pe + rwhw 	............ ,.. ( i4) 
The equations (6) and (9) indicates that the grouting 

e 

pressure increases with depth provided that the shear strength 

parameters retain constant. It can also be determined that the 

common specifications of 1 lbs/sq.in. per foot depth applies to 

a material with no tensile strength and a principal stress ratio 

of unity. Furthermore, the allowable injection pressure as 
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measured at the pump cannot exceed the overburden pressure 
unless the material has some cohesion. 

5.4.3. Anisotro k _  &eIz When the formations consists of 
bedding planes, it is possible that fracture mould be induced 
along such planes if the shear strength is ,sufficientl ► lower 

than that of the bulk material. Morgenstern and Vaughan41  

(1963) have found out that when the weak planes are horizon.» 

tel or when the minor principal stress is equal to the offer-
burden pressure then 

-f 	= C' cot ' 	..rs♦.•r,r.... (11) 
and at fracture 

	

CT = rh - rwhw - Pe 	... ... .... 	( .12) 
and P = Pe + rwhw 

	

rh+ C' Cot' 	.... . .......3) 
Therefore 	= 1+  C' _ Cot 41 	, .. , ..... 	(14) 

rh " 	rh 
In actual practice in situ stresses and strength para-

meters are difficult to determine and problem is further comp_ 
licated by the presence of stratifications, jointing and changes 
in tensile strength with depth* Therefore, the most reliable 
method for finding the allowable injection pressure will be 

based upon field tests. 
5.5.  X 5' !s 	 BOUTI LTG 
5+5.1. 	Soil formations may be homogeneous deposits with 
relatively constant permeability but are more often stratified 
and lensed. It is well known that permeability is often mark. 
edly greater in the horizontal than in the vertical direction 
and the mean permeability frequently changes by several orders 
of magnitude between strata, particularly in alluvial deposits 
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such as river gravels. The spread of grout naturally follows 

the easiest paths. Early phases of injection fill only the 
more open strata, later phases treat progressively finer and 
finer soils. There are two distinct methods of procedure, each 
with its own field of application, these are permeation and 
fracturing. 
5.5.2. permeation: 	In permeation treatment the aim is to 
displace the void water uniformly by the steady outward pro-
gression of the grout, If treatment is to be effective, injec-
tion pressures must not be large enough to displace the soil 
particles, Hole positions and stage depths are chosen so that 
grout from one stage complements that from ad joining stages to 
form an integrated mass of grouted soil. • The sequence and 
volume of the individual injections are designed to fill open 
soil effectively before treatment of the finer soil. The grout 
must clearly be fluid enough to penetrate fine soil at speed 
and yet not move from position too quickly in coarse soil. In 

permeation treatment a clear distinction exists between one 
shot and two shot systems. One shot grouts penetrates as fluids 
a od set in place when the gellation period has elapsed. Two 
shot grouts depend on the meeting and intermixing of separate 
fluids pumped into the soil, with an immediate setting action. 
Certain special conditions must apply if a one shot grout is 
to get with a well defined, simple boundary. Other quite 
opposed conditions apply if the fluids of a two shot grouts 
are to interpenetrate sufficiently for reactive products to 
be distributed in depth. The criterion for intermixing in depth 
is that the advancing interface must be intrinsically unstable. 
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5.5.3.  Fracturing:  In fracturing treatment the grout cuts 
fissures and chwinels in the soil and runs until it finds 
voids which can be filled by permeation. Fracturing is some-
times employed in the early phases of the grouting treatment 
of heterogeneous formations, so as to fill isolated lenses 
and layers of open soil from a widely spaced injection holes 
(• Cambefort, 1961) . It is also used for the treatment of for-
mations that are barely permeable by the grout. The injection 
pressure required for fracturing is usually well above the 
overburden . pressure, except when open lenses are overlain by 
shallow, less permeable material or where, for examples  a 
compressible silt lies below a formation having arching strength. 
Compressible silts, which can scarcely be grouted by the most 
fluid grouts at an economic rate; can be consolidated by frac-
turing injection, and this practice is frequently adopted to 
.give strength to water-laden beds encountered at depth during 
shaft sinking operations. Permeation is the primary objective 
in grouting operations, but fracturing consolidates mpre-. 
ssible soils and both strengthens and reduces seepage in 
heterogeneous soils by filling inter-seated open layers and 
zones with grout. This method is. also known as ' Claquage' used 
in the treatment of fine grained soils, in which the grout 
penetrates as a tounge through planes of weakness in the soil 
and thOreby changes the overall conditions as the result of 
the effect of compactions  and, at the same time, seals off 

volume of soil by surrounding them with comparatively imper-
meable membrane. 
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CHAPTER - 6 

GROUTING PROGRIMME 

6.1. 	NEIL. 
I The success of grouting programme of a given pressure 

grouting work depends upon 

(1) The selection of suitable grout compatible with. 
the site conditions coupled with economy. 

(2) Design of grout mix in the laboratory for a given 
site condition. 

(3) Field grouting -test to determine suitable grout 

mix and allowable pressures. 
(4) Efficiency of the grout curtain. 
No single set of physical properties can characterize 

the ideal grout. Fluid grouts speed up work in fine ground, 

but may fall too fast in open ground. For consolidation of fine 
soils, choice dependson the strength required because high 

strength usually comes from undiluted grouts which are viscous 
and slow to penetrate. The most wide-ppread field for chemical 
grouts is medium and fine sand and sandy gravels(permeability 

io to 10 '4  cm/sec.) either to reduce permeability or to give 
modest consolidation strength sufficient to carry loads coming 
upon them. In more open soils grouts may have viscosity of 10 op 
or more without disadvantage, except when close to the surface, 
where pressures must be kept low. Chemical grouts for this 
region must be cheap if they are to compete with clay grouts 
and clay-cement grouts, however, in finer soils (K less than 

10-2  em/sec.), pumping time becomes increasingly long and grouts 
of water-like viscosity are in demand. The gel time of grouts 
injected into soil should be controlable to match a variety of 
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pumping rates and penetration distance. Injected grout does 

not then lie ungelled and mobile for unnecessarily long periods, 
in the ground. Grouts for impermeabilization do not need high 

strength. A coarse soil with a permeability of 1 cm/sec. filled 
with a grout 4th a shear strength of 981 poise 411 withstand 
hydraulic gradients of 100, and even less strength is needed 

in finer soils, and weak gels will therefore serve. Many of 
the chemical gels formed from relatively dilute solutions will 
give to a soil the strength of a weakly cemented sand. Very 
much higher strength can be achieved by using highly concentra-
ted polymer grouts. In consolidation grouting the function of 
the grout is to add cohesion. For certain hydrogel grouts 

(e. g. AM-9 and T. i chrome lignin) the strength of well compac-
ted soil behaves approximately according to Coulomb's law. 

6.2.1* The selection of a grout involves a balance between the 
various desired characteristics such as particle size, visco-
sity, strength, stability and permanence coupled with economy, 

The selection is also dependent on the spacing of grout holes 
and injection pressures. The most penetrable grouts may not 

often be economical and durable. For instance, the finer and 
more fluid grouts such as bentonite, silicates or chemical 

grouts may penetrate well but the weak gels filled in the 
large pore spaces may be vulnerable to erosion. The coarsest 
zones of the foundation, therefore, require the strongest gel. 
In the multiple line system of grout holes, generally adopted, 
the coarsest grout is first injected in the outer rows in order 
to ensure that the larger pore spaces are filled with stronger 
gels. 



-~ 127- 
When selecting the types of grout to be used for a give z 

dab, the following basic points should be considered: 
1. The, nature of the soil or rock foundation to be 

treated. 
2. The purposd of the grouting. 
3. Alternative and supplementry methods. 
4, The plan of Injection including gel times, quantities 

and consumption and placement of injection points. 
5. The application and equipments. 
6. Economics. 

6,, 2, 2. je os,.th 92 m i fl: The preliminary study which 
should be undertaken in the field prior to the commencement 
of the main alluvial grouting works falls broadly into two 

main parts. The first is the preliminary site investigation 
which establishes the basic need or otherwise, for a solution 
through the medium of alluvium grouting and the second is to 

demonstrate the application of this established method of 
grouting to the particular problem after consideration by 
carrying out a field trial to determine certain characteristics 
essential to the satisfactory execution of the work. The extent 
of this part of the study depends on the available data and 
the necessity to establish an appropriate specificationsfor 
the site, For the preliminary site investigation, it is impor-
tant to establish, as closely as possible, the. amount of voids 
and the nature, size and distribution of aggregates by analysing 
the samples in the laboratory. Such samples can also be used 
to get a general understanding of the pnrno.bllity and hence 
the range of pumping rates and pressures which may be required. 

Naturally, the formation beds, the location or the water table 



and the rate at which water may be flowing are all important 
in establishing the nature of the formation. The rate of fiow-
ing water may be established by dye tests or actual pumping 
tests, in the field. 
6.2.3. 	ooze. of thegroutiiss.  my grouting programme must 
be planned with full Mderstanding of what is to be accompli-
shed. For example, if the purpose of the grouting is consoli-
dation, then depending on . the strength, permanency and the 
other qualities required from the grout,, inert materials such 
as sand and -clay can be readily discarded or used only in small 
proportions. Similarly, if the material to be grouted is a 
granular deposits requiring impermeabil3 nation?  then the use 
of several grouts such as chemicals, clay, cement)  clay-sand 
cement must be anticipated from the start. 
6.3.4. A1ten 	 s• In a rock founda- 

tion, both wide open faults and hair cracks may be found, in a 
river bed deposits, coarse gravel with free flowing underground 
water may be interbedded with lenses of fine sand. In a grow--
ting program tee  therefore, the engineer should foresee the use 
of ' several types of grouts in order to meet any changes, some-
times very erratic, in the foundation. The range of grouts to 
be considered for a grouting programme are given by Krivetz 
( 1965) as shown in Fig.No.6.1. Scott42(1958) has refined the 
chart prepared by Kravetz and the same is shown in Ftg.No.6.2 

incorporating an additional. ,data. According to Scott the minimum 
grain size or crack width that can be grouted with a given 
material, depends on material, and field technique. 
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Caron34(1963) has  summarized the work of professor 

B. P. Askalohoff, of the University of Moscow cow .as follows: 
Class A: Coarse sand (greater than 0.8 mm) injectable 
by suspension containing particles of the order of 
50 microns. 
Class B: Medium sand (from ©.1 mm to 0.8 mm) injec-
table by colloidal solution. 

Class C: Extremely fine sands and silts, injectable 
by true newtonian solutions of low viscosity. 
His studies show that: 
(1).. Coarse suspensions are, in general, Bingham bodies 
i.e. they possess rigidity. 
(2) Grouts formed by colloidal solutions are newton an 
and their viscosity increases with time as shown in 
Fi g. No. 4.3. and 
(3) Mixtures based on organic monomers, also newtonian, 
have a viscosity which does not vary with time. 
It is eLbserved that the compressive strength of soil. 

treated with cement or clay-cement suspension (Class A) is 
independent of the grain size of the soil, while that of soil 
treated by products in Class B and Cis greater as the soil 
becomes finer. These latter products behave somewhat as 

adhesives. Study of the grouts in Class B and C must include 
not only the characteristics of the pure product, but also 
the behaviour of the product in the soil. 

Datye (1963) has given the range of application of 
different types of grouts as given in Table No. 6R  1. 



-193- 

(i) ,Analysis of grouting diagrams 

(ii) Study of the evolution of permeability. 

(iii) Watching of the possible uplift of the ground.. 

(iv) Observing the characteristics of the treated soil. 
(v) In-situ observations from open pit excavation 

or from inspection shaft driven. 
(vi) Geotechnical tests. 
The quality control staff guides the supervising 

staff regarding the quality of material and mix to be injec-
ted in the grout hole. Quality control staff performs tests 
in two places: 

(i) In the field, and 
(ii) in the laboratory. 
Tests performed for various types of grout are as 

below. Allowance may be made between the field testing and 
laboratory testing due to variation in temperature. In some 
of the chemical grouts the effect of temperature variation 
is significant. 
Cement Wised outs. 
(i) Field tests: 

Bleeding at 24 hours. 
(ii) Laboratory tests: 

Quality: 	To conform to I. S...269 1951. 
Strength: 

Clav meritbentoni te gg  ut: 

(i) Field tests: 
Clay slurry 	SP: gr. 
Combined slurry: 	SP: gr, Marsh 'cone value. 
Bleeding at 24 hours. Not more than 5% 
Gellifi cation time. 
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(ii) Laboratory tests. 

Cement: 	Quality to conform to I S-269-1951 

Bentonite: 	Atturber.g' s limits, clay content, swelling 

index. 

Clay: 	Mechanical analysis, Atturberg's limits.. 
D. A« 	Quality,.dispersing effect. 
Strength; 	Needle penetration resistance test at 
of grout. 

lday 
2 days 
7 days 

Washout tests: Fbr pressure heads 5 to 10 times of 

normal pressure head to come over 
grout curtain. 

elrouts 
(i) Field tests: 

Combined suspension 	SP: gr, Marsh cone value. 
Gelliflcation time: 

(ii) Laboratory, tests: 
Sodium silicate; Chemical. analysis, SP: Gr. . 

Alkalinity ratio 
5103 

PH Value 
Strength: 	N. P. R. T. at 

iday 
3 days 
7 days 

Vane shear , strength at 7 days. 

Washout tests: 	For pressure heads of 5 to 10 times. 

Gelling agents. Chemical analysis. 

Resin grouts: 	Not yet perfected in India. 
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The results of the v 'i. ous tests performed by the 

quality control staff are , communicated in a tabular form - as 

given in table No.7.4 to the supervising staff for timely 

action if required. 
7.5.2.  e uenar of testinsL  In the field thetests viz; 

5P: gr of slurry, bleeding and wash out tests shall be carried 
' 	out for each batch of grout injected in a stage. The needle 

penetration resistance tests on the samples prepared for 

bleeding shall be taken in the laboratory for I day, 3 days 

and 7 days and if the results show the strength of bout less 
than specified, the stage in which grout was injected shall 
be regrouted to correct it for strength. 

In the laboratory the tests on the quality of mate-
rials to be used in a grouting programme shall be carried 

out on each new batch of material arrived and shall be 
carried out before the injection of such materials in a 
grout hole. If the tests do not conform to the specifica-
tions laid downy the whole batch may be rejected or a grout 

mix may be redesigned. In ease of doubt about the quality 
of the materials in use such tests - shall also be repeated 

4h the laboratory to confirm the quality of material accor- 
ding to specifications. 

In using the cement care shall be taken to use fresh 
cement as old cement loses its strangth as much as 5 w4th 

age. 

During the progress of drilling and grouting the 

following records shall be kept upto-date: 
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The day to day record of drilling and grouting hole 

wise shall be kept as given in table No.7.5 and 7.6. The 

table No. 7, 5 gives the actual working hours, idle hours, 

reasons for idleness, core recovery, classification of soil 

of the holes drilled. Table No.7.6 gives the injection pre-

ssure, intake, time and the mix proportion used. On the 

completion of hole these data are plotted graphically shbw-

ing the grater loss (preferably in lugeons) for different 

stages, core recovery, grout Intake in liters or in kg. of 

solid for each stage and over-all consumption of grout in 

liters or in kg.. of solids. All such holes are preferably 

plotted with same datum to distil wish between shallow and 

deep holes. 
When the grouting is completed , a plant shall be 

prepared showing the regular holes as per grout pattern 
adopted $  check holes if taken . shall be shown in different 
colours to distinguish from the regular pattern)  deep holes, 
holes in which water tests are performed, permeability holes, 
if any, inspection shaft if driven, open pit excavation,if 
any and the elevation at which grouting is "carried out. A 
longitudinal section of the grouted portion shall also be' 
prepared showing the depth of overburden and rock levels 
as observed in drill holes and the elevation at which grout 
curtain is taken doun. A consolidated statement shall also 
be prepared from the register holewise and in the serial 
order of holes to see that no hole is left out to be drilled 

and all the stages of the holes are treated properly. If 
there is any missing of hole or stage the same shall be 
carried out in the field till then the installation of grou. 
tins equipment shall not be allowed to be shifted from the site. 
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In addition to above day to day record; the following 

further records shall also be maintained for efficient grou- 

ting performance: 
(I) ' Pressure intake curve for each hole stage wise 

shall be plotted from the registers to know the 
behaviour of formation to the pressures applied 
and intake. From these plots a further relation-
ship of core recovery and pressures at which 

crack -occurs and plugging pressure at which hole 

is completed can also be plotted. This plot Will 

give some indication for further grouting works 
to determine the grout pressure to be applied 
without causing any crack after knowing the care 
recovery or type of formation. 

(ii) Records . of measurements of heave at the surface 
as the soil becomes ,saturated with grout. 

(iii) Record of any check hole or test pit which might 
have been put down to expose the grouted soil 
for inspection and the results of any laboratory 
test such as permeability, crushing strength etc. 
made on samples. 

(iv) The results of plate bearing tests on the grouted 
soil if taken any. 

(v) The record of piezometric levels when installed -
upstream and downstream of the cutoff shall also 
be kept after the dam is put in service to 

measure the efficiency of the grout curtain. 



Table No,7r4 

DAILY PROGRESSREPORT of TESTS Frog URQU INU B WEN 

~IrwMr.rMMMMNrIMN1lYrrr~MM +'MM'MiAr~MNr MMyYrM1r/iMtliMWrllMrrrlwr~Ylyr~r~NrM~+riYwM Mhu.swoo!a woo w4r Mwrr~W.*00rwwoo.004»wr rMM~IIMM,1.rty1+w11rMMrrriwrMrn000M'rr00.10 

Chain 	Mo.of Needle resistance 	Vane Shea Remarks 
Date 	age. 	hols 	Clay 	Bento 	Cement e water 	4,d~ 	Marsh cone Jellifying 	Speciw 1E 	s, er V,, 	~,.. ,tests Yom (order of adding 

g 	M ft- 	Kee. fie 1 	2 	3 	7 	at 7 days, the Ingradients 
ted, Initial Atte. After Rrs. 	Mts, ding 	gravi• Day 	Days 	laps 	Days. etc.) 

raddi- 20 Mt. 	ty, 
ng 	8b. 
D.A. 

1, 	2 	3 	4a 	4b 	4c 4d 	4e 	5a 	5b 	5o 6a 	6b 	7a 	71 Be 	8b 	Be 	8d 	9 10 

i."w060000,0 000--Q6"Grrrw wr~wrr*wrwrMprMW Ild40.09"0wYrhwwr~YMMrrrMr97iM/rrriyrYMMMlIMM+Mr 9Y ropes"olo www"vlgwwr.MM#rr•rM-00 uv1 a aser+MArMp000s oofto0WMMsee 



Table No, 7,0 

SH01 NG BE DRILLING DATA 

rwr~~r~rrwMrrrrr~,YMww'rrMryrw4lMrriYY'YtrNgrwrAiwrAw~lrwrMSYrprrrrr+rwMrryrrww~r rrrrtwrwwrrry~rrtM~+q+r!~rMwr~.1 rMrrr~rrrr Mrrh~ ~N.rrrrwlrMMwrrrrr~rwr•rrrarwWN:.wrrrM 

	

, king,rth ~ 	Recovery. Classi ,rJj 	Reason for 8fgnar 
Date Shift. 	Name of 19 	To 	Net 	IM 	o 	Net 	cation, 	1i 	idling. 	three, 	Remarks,, 

machine, 

rrwrrrwwwprr•prrr*MMtwrM'rrri#rMfNtwMWr rr.IrrMafry~rrMlr~tryrrrMMwrrMyOdOP lMrrrrrwrrwrrwiMrwrrwr•nrrgrrrr~rr+ewr+M+r1«'wr.urr~w+rrrwrr.wrwryrMrrwAMwwrr4wrM~Yr 



Table Not 7,$ 

sUOWING GROUTING DAW'A 

wwMlwwI~MNlwyM Mrr~rrwMMww'MwwrA~NMwrIM+N*MwINMMwwAIM w41Aw!rwlldr~wwwswwdwrMl~Mwrw»Mrrsrw41w Mr4ilwwwMMMM r~lwwrrwwwwrww.0"0wo"W"" w#IaN+!~MM~w*w~sw.q WOO"M 

i_, ____ Total Pressure CQneanvil 	Proportion 
Date & Sbift, Location, From 	in Kg or in gallons, 	used, 	Remarks, 

lbs, 
ww 4"d Mrdw rMr4M11lw'MNwwrMl lAyMIN1M/1NMIww+~MrwwM~1w11wwMr/AwMv1~11M1A1M!IRMwMwMMMA~+1~1r ww wwwNFww+)w 'rww~AwwwwMMIMINwwwr~l~IwswrwwwM~willMwMwMwMw#Mrtw Mwr~1w wwwwwMrMl 



RLitBL~R Pnc~c~tic3 

1. 
Ir 

A 

R 

g,•#  P~QEL 

• . Cxrr v w. cLl~Y 

,tY for SANTA 4l aD 
SI1LT. 

(a) 
FIG. 7.1 DETAILS OF UYDROCYCl.ONE 

i.~IRF'•y~ 	 ~ 
w~\ 	 RAW =LAO,- &LUfe ICY 

H 

	 {Y 	 a 

0 }LNV SR.T 

(b) 
Hy.71 SFCTiONAL VIEW OF NYDI?U CYCLONE 	 Flu. 7.1 )WDROcYLONE )N SEk1SC. 



C 

C 
0 

F 



•1• 

ê-1OL AND As1r+,, . 
1• • 

•;•1  °l 

OU8L • '3 

• ~ O 

WALL O 	R.oU7 HcL •., •' 

LC:e:vE GROUT THE Tt1B~ A MAN a_ME t 

SCALED iw-ro i •PIPE 

t 	A14 GH 	 TT F, :: 
OtJ 1II4G OfZ l 	 tc. 

ROU-TtKG. Ptpr c di 	4 
DOUF3Lf_ pAc.K1ZT. L" 

a ~ourzlN49 
-T H t 	 u u -r 
tX'T r z- rIuN o1= GA tNCiu 

TUBE -MAN Q4aTrE  

ei -oour~IA pAc!ct:-.IZ5 

t Cz : 7.3 b) 
PRtNGfP1- OFTHE 1"UESE-A--MAW GH TTE 

~►IZ0UT1IJG ME'H0D 



9 L 

:3'D v Ol4 l 

t~~~y'r •-J 1d1..Li 

"2l L W o'L~ ' 1 W 

1 

W3lSA5  
fL 

•O~>3WYNa a4ixlw —W 

71dZio -- o 
- z -I fs 

4V ,a 'a 'A- A 
dws,a —'d--'d 

1S"o 
 

-1-t-' 1.H"'f- --- t?5 
dY -+off -ANYL l fXIW --YYJ- 
WV tlQ4 •INYi. 9NIX1w-•i~✓..t_ 

u 

ACS tuu1rl"lOc oM1._ 



,.15g- 

plotted. The sudden increase in intake shows the fissure 
formation in the strata. Such pressure intake curves with 
respect to time may be plotted for all stages in each hole 
to determine the behaviour of. grout travel with respect to 
pressure and the stratification of formation. In practice 
various types of intake pressure curves are possible as 
shown in Fig.No.6.10. These should be studied closely before 
deciding upon the consistency of the grout and pressure to 
be applied. 

After the grout is finished in a test plot permeabi- 
lity test may be conducted to determine the permeability 
after grouting to know the efficiency of the grout. A large 
diameter hole say 3. meter diameter may be drilled for visual 
inspection of the sub-surface to see the filling of voids 
with grout. samples taken from the large diameter hole may 

be tested in laboratory for compressive strength. If possible 
an open pit may also be excavated to inspect the seepage of 
water through the grouted zone. 

At Girna dam field trials indicated .that for border 
cases of formation say for sand fraction of size 0.8 mm. 
clay-cement grout under overburden pressure failed to pene-
trate and satisfactory penetration was obtained under high 
pressures. 

The success of the grouting operation$  therefore, 
depends upon the inference of the results obtained from the 
field trials, 
6.5.  
6.5.1. 	The efficiency of the grout curtain is related 
to the criteria, targets and the results achieved. 



6.5. 2.  çiteiaL  There is no specific rule which fixes 
the limit of the permeability of the foundation materials 
to be achieved after grouting. For rocky foundation Lagoon 
in 1932 has fixed a criteria of water loss of 1 lagoon 
(ref. Para 6.2.56) which generally corresponds to a permea-
bility of 10.5  cm/sec. This criteria so fixed was only for 

sound rock foundations as at that time all the dam founda-
tions which he had analysed were resting on sound rock. 
This limit can be relaxed in soft rock formations. At Mangla 
Dam, even a water loss of 2 lagoons was considered accep-
table. For alluvial deposits this criteria can also be 
applied. In some of the projects permeability not excee-

-4 
ding 10 cm/sec. after grouting was accepted. A reduction 
in permeability of 1000 to 10,000 times of the initial per-
meability is most warranted depending upon the type of mate-
rial to be grouted. 
6.5.3. J,tsi,. How targets of reduction in permeability 
are fixed? If a complete cutoff of seepage past the dam 
foundation is required as in case of irrigation and power 
projects when every drop of water is valuable, a ,high target 
may be fixed, when a complete cutoff is not required as in 
case of coffer dam where some seepage can be permitted or 
where the leakage past the dam is not so much of significances  

so long as the dam foundation is safe as in case of fldod 

control schemes, a low target may be economical. 
6.5.4. 	ujtcevedj  The results achieved in the filed 

s 9ldom agree with the targets fixed, due to hetrogeneous 
and anisotropic condition of the foundations. Fbr high 

targets, rigid control may be exercised to achieve the 
results in the field about 99% of the targets fixed. For 
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low targets, results achieved shall not be less than 90~' 
of the target. 

6.5.5. Measurement ofEffiaiengv_: In grouting alluvial 
deposits the efficiency of the grout curtain increases in 

direct proporti`on to the width and number of grout rows. 
In coffer dams, the efficiency of grouting could easily be 
observed by open excavation but under dams The effective-
ness in arresting seepage through the dam foundation may be 
observed by measuring the head drop by means of carefully 
located piezometers on both the sides of the cutoff. This 

will be effective if the head drop across the grout curtain 
is not less than about 905x. Records had recently been publi-
shed for the Rocky Reach dam on the Columbia river, U.S.A. 
where clay cement and chemical grouting were used to form 
a cutoff in gravel deposits with permeability as high as 
5 ems/sec. Fig.No.6.11 shows the piezometric levels at the 
highest river 'level before completion of the grouting and 
after the first filling of the reservoir. This shows a 
reduction in pressure upto 90%. 

Hydraulic, economic and safety requirements may 
impose a maximum value of seepage of water through a dam 
foundation. In order to provide some standard of comparison 
the following standards are suggestive: 

(i) Target T 	= Kt "` KP 
(ii) Reduction R = Kt - Kf 

.(iii) Grout Efficiency E = Kt.. Kf 
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lWhere, 

Kt is coefficient of permeability before grouting 
Kp  is coefficient of optimum grouting 
Kf is coefficient after grouting. 

From the above the maximum improvement that could be 
o btained 411 be Kt/Kp and mini.mug Kt/Kf. However, the designee 
will be more interested in the amount of seepage which will 
take place even after grouting, Although, the grouting effi- 
ciency gives a measure of the reduction, very high initial 
permeabilities may mask the fact that even with highly effi- 
cient grouting, the final results may still permit rather 
more seepage than is desirable. It must be borne in mind that 

laboratory grouting results are usually on the safe side 
and that success of a grouting programme depends on the 
pattern of grout holes, the grout sequence and methods and 
combination of grout used. 
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CHAPTER - 7 

TECHNIQUE OF GROUTING 

	

7.1. 	E 
After the selection of a grout mix for a given job 

condition by laboratory tests and field trials, the success 
of the grouting depends upon the following operations in the 
field: 

'(1) Grouting process 

(2) Field control 

(3) Field problems 

(4) Quality control 
(5) Grouting Data 

	

7.2. 	UTING PROCESS 

7.2.1. The grouting process can be divided into the follo-
wing component operations: 

(1) Drilling 

(2) Processing of raw materials 
(3) Mixing of grout materials 
(4) Injection of grouts. 

7.2.2. DriL11in_&L,,.  This consists of drilling holes and insta-

llation of grouting pipes. There is no standard drilling rig 
that can be used for all jobs. Therefore, the considerations 
governing the choice of drilling equipment are economy and 
speed. Drilling of foundation holes of ] " to 2" dia. size 
is carried out by rotary drills, percussion drills, wagon 
drills and Jack hammers. Augers are also used for drilling 
holes of 4" to 6" size and depth upto 20 ft. Fbr larger holes 
5" to 4811  dia. calyx shot core drills are used. Drilling carried. 
out by rotary method uses drilling mud for stabilizing the 
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sides of bore holes which avoids the use of casing pipe 
and facilitates driving in alternatively hard and soft strata. 
Different types of rotary bits are used such as steel cutters 
and fish tail bits for soft cohesive silty strata, rotary 
cutting bits with tangestan carbide inserts for partially 
cemented strata, Tricone bits are used for sand and fine 
gravels, for larger coarser gravel and bouldery strata 
Tricone bits with carbide inserts are used. It might appear 
that mud drilling would be objectionable for grouting work, 
if the bentonite suspension or chemicals are to be injected 
subsequently. However, the drilled mud is eventually replaced 
by sleeve grout which cracks under pressure. The disadvantage 
of mud drilling is therefore obviated in all methods invol-
ving the use of sleeve grout and specially in tube-a-machnette 
method. Wagon drills are most versatile and can be used for 
drilling in rock as well as soil with suitable bits. The 
drilling performance at Ukai project by above drilling methods 
shows that wagon drill is most economical. The comparison 
of progress per hour and rate of drilling per meter for 
different drilling equipments as observed at Ukai project is 
given in Table No.7.1. 

Table No.7.1 
Comparison of output and rate of drilling 

ui en 
Si Name of 	 Output per hour Rate per meter 
No. Equipment. 	in meters-_-_ . 

--- 	 Soil  ------ _.Rock. Soil 	Roc 
1. Special Jack hammers Not 	3 	- 	6.0 

(1-" dia.) 	 suitable. 

2. National calyx. 	0.9 to 1.0 	0.25 33 	105 
3. Diamond drill. 	1 	 0.5 	27 	60 
4. Wagon drill. 	4 	 2.5 	7.5 	12.0 
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7.2.3. PX2 ces in~ of ..,  w ?$terial: 

7.2.31. Qsing of clay, Naturally occuring clay contains 
silt and sand in varying proportions. Clay is generally used 
to grout sand of size 0.8 mm. and above. Therefore,, for 
satisfactory penetration it is desirable to remove fractions 
of 30 microns and above. Clay in natural deposits is av ai-
labla either in dry lumps or in moist conditions. Dry lumps 
can be broken by hand or in mechanical crushers and formed 
in powder which is stored in shed for use. In the moist clay 
water is added and slurry is formed and stored in tanks. 
From dry powder sizes over 10 mm. can be removed by scree-
ning whereas by wet screening it is not possible to remove 
coarser fraction from clay slurry as the sieves get choked 
up. The studies carried out at the C. W.& P.R. Station, Poona 
in 1959 revealed that it is not easy to remove silt and sand 
from clay slurries by simple sedimentation in tanks because 
silt and sand can settle only in a diluted suspension of clay. 
The concentrated clay suspension forms a thick fluid of high 
viscosity which does not allow the sand to settle under 
gravity. Thin suspensions are not desirable because after-
wards it would be, very difficult to remove the excess water 
to achieve a consistency required for the grout. Insuch 
cases, the separation of the sand mould be achieved by the 
use of 'Lavadune", and "hydro cyclone". The principle of 
Lavadune is very simple, and consists of a sloping tube 
through which the clay slurry travels up and the particles 
that -settle down roll along the bottom of the tube and are 
finally collected through a slot discharging to waste. 
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Particles greater than I mm. sizes can be separated out by 
this apparatus. The further separation of coarser materials 
above 30 ml crons can only be achieved by an apparatus work- 
ing on centrifugal principle called the "hydro-cyclone", 

a patent of Neyrpic, France. Field application of this 
apparatus has confirmed that penetration could be achieved 
effectively in a soil of permeability 1 times lower than 

those treated with non-hydrocyclone clay grouts. Fig.No.7.1 
shows the principle of the hydrocyclvne. It can be operated 
by a .pump or simply by gravity head. The clay slurry enters 
at the top of the cyclone tangentially Ulth a velocity suffi-

cient to cause the heavier particles to be throapn to the 
sides and drop at the bottom, there there is a throttle 

which prevents the loss of too much of the. usable clay 
slurry. The process is admittedly an imperfect one and 
con$equently the hydrocyclones are used in multiple units 
to give successive treatments$  and so ensure an efficient 
separation of sand and silt from the grout. Its successful 
performance depends on three factors: 

(1) Diameter at the top 
(2) Velocity of injection of clay slurry, and 
(3) Side slopes of the cone. 
The smaller the scale of conical chamber and - the 

greater the pressure the finer the size of separation. 

The treated clay should contain about 98 to 99%' of clay 
plus silt. Results obtained at Ukai are given in Table 
No.7. 2. 
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Table No. ?. 2 
• Results of clay treated in Hydrocyclone 

peri- age of clay c ay age of clay 
ment 	& silt before & silt after 	Remarks. 
No...r+ r  rea  Lm  rrt.  	treatment.  
190 	 94 	1st treatment repeat. • 96 

• 	 99' 

2 	74 	 86 	Ist treatment repeat. 
96 
99 

3 	83 	 94 	Ist treatment. 
98 

4 	88 	95 	1st treatment. 
98 

5 	90 	 93 	1st treatment repeat. 
95 
98 

?. 2.32. Progess„g of bentonite:  The commercial products 

of bentonite contain a little less than 10% of fine sand 

and silt. For efficient penetration of fine sand it is 
desirable to remove particles of size above 5 ml crons. -T'his 
can be achieved by smaller size of hydrocypione. 

The bentonite used at Blackwall tunnel,London con-
tained 10-155 by weight of particles in the silt and sand 
range and were removed by hydrocyclone. The result showed 
that untreated suspension passed freely through soil of 
permeability 4 x 10-1  an/sec but flow was quickly blocked 

in a sand of 9 x 10-2  an/sec. permeability. After treatment 

An hydrocyclone the suspension passed freely through fine 

sands of 2 x '10-2  c n/sec. permeability and only blocked in 

soil of permeability 3 x 10 an/sec. 

7.2.33. 	çLceing of chemicals: Chemicals are mostly avai- 

lable in dry lumps. Their solution of required specific 

gravity are prepared and stored in tanks and subsequently 
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diluted as desired. 
7.2.4 •  Mi.n  

7.2.41. 	There are two types of grout mixers viz; 
(1) Paddle type,. and 
(2) Colloidal type. 
The paddle type or low speed mixers are commonly used 

with propeller blades instead of straight paddles. The speed 
of paddle type mixers are given in Table No.7.3.. 

Table No.7.3 

Speed of paddle type mixers 

material. 	 e of 	R.P.M. 

Cement. 	 Double drum, It drum 1500 
2id drum 800 

Chemicals. 	 Single drum. 

Final mixing of 
grout slurries 
already prepared. 	 800 

The size of the mixers is generally about 2 to 3 ft. 

diameter and 3 to 4 ft. height. The colloidal type mixer 

has a high speed disc similar in design to the colcrete mixer. 
Messers Bachy in France have developed a twin cylinder mixer 
in which two cylinders rotating at the speed of 1500 r. p.m 
are placed in a drum whi ch is given a special shape. 

Moor and White( 1959) have suggested that grouts 
with better penetrating qualities will be obtained by using 
colloidal mixers. This premise appears to be based on the 
assumption that clumping a rx1 flocculation occur in neat 
cement and cannot be overcome by the paddle mixer. Tests 

made at the U. S. Army Engineers waterways experiment 



Station51( 1958) indicated that the colloidal mixer mixed to 

about the same homogeniety in about half the time required 
by the paddle mixer. However, prolonged mixing with the 
colloidal mixer heats the grout and causes rapid increase 
in viscosity. The value of colloidal mixing has been gene- 
rally appreciated and it is now almost universally used. 
The only point for alternative study is whether the colloi- 
dal mixer should be used for the final mixing after addi-
tion of cement or before the addition of cement or chemicals. 
It seems necessary to use the colloidal mixer for 'cement 
only when high proportion of cement is itsed. However, when 
the proportion of cement is small or when chemicals are used 
the final mixing can be done with an ordinary paddle mixer. 
It should be "normally satisfactory to mix the clay and water 
in a colloidal mixer to form the slurry which can be stored 
before final mixing. Addition of dispersing agents to the 
clay during the colloidal mixing process is desirable. 

Recent development in mixing clay Is by Jet mixer in 
which dry clay powder falls through opposing high pressure 
water jets which create sufficient turbulence to mix the 
highly active clay slurry. This was tried at Blackwall 
tunnel,. London. 
7.2.42. Grouting S~iin,1, On .work site processing of mate»» 
rials and mixing is done under shed called the grouting 
station. A grouting station is a kind of small modern factory$ 
schematically, it consists of a stocking area, a clay proce-
ssing plant, mixers, storing tanks, measuring tanks and 
pumps where numerous and constant controls for quality and 
quantity can be carried out. 
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7.2.5.  In,ietion of grrouts 

7.2.51. 	The injection of grout in the ground involves 
two stage process viz; 

(1) Pumping of grout at the head of the grout hole 

(2) To carry out the grout into the ground by grout 

pipes embedded in the ground. 

7.2.52. pouting_ lit:  The pumping of grout at the head 

of the grout hole is done by setting up a grouting plant at 

the site of the work. For suspension type of grout, the 

grouting plant .  consists of a grout mixer, a grout agitator, 
a grout pump a2 d piping with connections to the grout hole. 
Two types of piping system are used for the grout as shown 

in . `1g.No.72. The circulating system has a return line to 
the grout agitator tank through which grout which. does not 
go into the hole is retained. With the single line system 
all the grout pumped goes into the hole or is wasted through 
the blow off valve as shown in Pig.No.7.2. The circulating 

system is used almost universally at the present time. The 

primary advantage of the circulating system is that the 

grout has no opportunity to set in the supply line. Engineers 

who prefer the single line system believe that the high 
stage of pulsating pressures' in the grout supply line coming 

directly from the piston stroke of the pump are important 
in the process of grouting the maximum amount of grout in 
the soil. These peaks of pulsating pressure generated in 

the fluid grout in the hole are largely dissipated through 
the return line when the circulating system is used. 

The agitator in the storage tanks is used only for 

keeping the grout in uniform suspension. Various types of 

pumps have been used satisfactorily. Most satisfactory 
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equipment for injecting grout is a pump of double reciproca. 
ting duplex type. This gives asteady flow iahich is more 
effective, specially in fine seams than the. intermittant 
flow produced by compressed air equipment and the operator 
has a better control of pressure. Unless extreme care is 

used the latter may force air into seams if grout does not 
flow faster. There are other types of positive displacement 
pumps which may prove to be more suitable. One type of pump 
which may even replace the positive displacement pump is 
the centrifugal pump specially equipped for grout injection. 
The pump should be specially fitted with renewable .lines 
rubber pistons etc. for grouting purposes. 

Grout mixers are usually simple tanks with slowly 
rotating mechanically operated paddles, or high speed 
impeller type. A water meter is provided in the system to 

measure the water entering into the grout mixer. Pressure 
gauges must be protected from direct contact with the grout. 
This is done by connecting the gauge and the grout line with 
an oil or grease filled pipe. Grout lines exposed to the 
sun should be covered with wet cloth to prevent them from 
getting too hot, which sometimes causes early setting of 
the cement and increase in viscosity, thus poor grouting 
results. In cold weather$  grout must be kept from freezing 
before it is pumped into the rock. 

For silicate grouts the grouting equipment is the 

same as for suspension grouts except that agitating tanks 
are not necessary. 

The grouting plant for organic resin grouts consists 
of separate tanks for grout components drawn to a mixing 
chamber by pumps and forced in the ground. The pumps have 
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variable pumping ratio to draw the required quantity of 
solution. Sometimes the different components of the grout 
mixture are pre smixed In advance depending upon the job 
requirements and ease of working. 
7.2.53. Stem ofiniectont_ There are two systems of injec-
ting grout fluids into the soil formations: 

(1) Single fluid system, end 

(2) Two fluid system. 
( l)  S lefJj4.vstemi. Most of the single fluid Injection 
processes require the mixing of two or more components such 

as cement, clay,  bentonite and a wide selection of chemicals, 
before the resulting single fluid is injected into the ground. 
Chemical reaction commences at the moment of mixing and will 
produce a gel or set grout within a definite period of time 
known as gel time. It is a practice to premix the components 
of a batch in fixed quantities, to consume within the gel 
time. In some cases, where the injection proved to be slower 
than had been expected, the grout would have inferior flow 
characteristics towards the end of the batch and the gel 
might have completely formed before the batch had been injec-
ted and thus involves considerable waste in discarding the 
material. Increasing the gel time to allow a factor of safety 
on the expected time of injection for the batch is not a 
satisfactory solution, as increased gel times usually meant 
decreased gel strength and in addition it is not desirable 

to have ungelled grout in the ground for extended periods. 
The solution of this problem has been found in a proportion-
ing pump. This consists of two pump units interconnected in 
such a way that two solutions prepared from the grout compo-
nents are draun from two separate tanks in the required propor- 
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tions, forced through a mixing chamber and thence to the 

ground. The pumping ratios of the two solutions can be easi--
ly altered on the pumps and thus the gel times varied as 
necessary according to the ground conditions. By this means 
the full gel time of the grout is available for it to permeate 

the soil, there 9 s no danger of partially gelled grout being 
pumped and shorter gel times generally can be worked to. 
The single fluid grouts are generally of a complex character 
and require careful premixing before injection. The single 
fluid grouts used for treatment of pervious soils include: 

(i) All suspension grouts, cement based and clay 
based grouts. 

(2) Sodium silicate with suitable salts reagents such 
as sodium aluminate, bicarbonate, phosphate etc. 
These have weak gel strength. 

(3) Sodium silicate with a systems of organic esters, 
which have a controlled evolution of reactive 
ions leading to the precipitation of silica gel. 
Soil crushing strength of 20 kg/can2  can be obtained. 

(4) Chrome-lignin grouts. This grout has good penetra-
ting ability and can produce an elastic and 
insoluble gel. 

(5) Organic polymer grouts. These grouts have low 
viscosity. 

(2)  T 	4&sYstnL  Two fluid system grout is only used 
with silicate grouts. In this system a o ncentrated solution 
of sodium silicate is injected into the ground followed by 
a stronger electrolytic saline solution of calcium chloride. 
These two solutions react instantaneously in the ground and 
form a soft gel which bind the sand grains together at their 



point of contact, giving the whole mass a crushing strength 
of 30 to 50 kg/cm . This method was first used in 1925 by 
3oosten and is still favoured by some engineers because of 
its reliability and high strength. Other advantages are: 

(1) Ground heave does not occur since the fluids$ 
which are injected in small dozes, react almost 
instantaneously* For this reason, the grout is 
confined within an established radius of the 
injection position, and prevent the grout esca-
ping into the more permeable zones.. 

(2) The reactants form a reliable gel not noticeably 
affected by temperature variations or by the 
presence of brine or brackish water. Furthermore, 
the gel is chemically inert and immune to sulphate 

attacks) and the chemicals employed may be used 
safely in confined spaces since they are non..to f.lc 

and non-inflainabi e. 

Guttman has modified the Joosten's process by adding 

sodium carbonate to the silicate solution to reduce its 

viscosity and thus to permit the treatment of rather fine 

grained soils.. 
7.2.54. Injection 	~d, : There is no standard method of 
injection of grout. In each case, .methods must be adopted 
to suit the nature of the soil, the results to be achieved, 
and the conditions under which the pork must be executed. 
The suspension grouts are usually injected by the: 

(1) Rising tube method 
(2) Descedi.ng.', stage method, and 
(3) Tube--awmanchette. 
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Silicate grouts are either injected by 
(4) Single shot process, or 
(5) Two shot process. 
Organic polymer grouts are injected by 
(6) Proportioning system 

(7) Two-solution system, or 
(8) Batch system, 

These procedures are described below: 
(1) ;.. ,t uinethodi .  In this method the hole is drilled 
to the full depth end the tube is installed down to the 
bottom of the hole. The grout is injected at the bottom of 
the hole as the casing is withdrawn in short stages of 1 
to 2 ft. Shorter stages are recommended by Ischy & Glossop 
(1961) for alluvium grouting. For rock grouting the stages 
are generally much larger than that for alluvium grouting. 
The pipe is lifted after each pass. A flush coupled pipe 
is necessary so that it can be pulled out conveniently. 
This method is suitable for sands, but is rarely used in 
deep holes as it is apt to give trouble by premature setting 
of the grout in the bole, or because the grout may travel 
up the outer surface of the casing and seal it into the 
ground. 
(2)  13asc ding_ taep meth©di„  In this method a hole is drilled 

upto a certain depth and grouting is done for zone drilled. 

For this operation the tube may be gradually pulled or a 

perforated section of length equal to the stage required to 
be grouted may be used. After one stage is grouted drilling 

resumed and the grouting pipe advanced for a further length 
corresponding to the depth of the next stage. In this way, 
the entire zone requiring grouting is injected in a descen- 
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ding stages. This procedure (piccoili.s method) is used for 
the preliminary treatment of grouts for very permeable 
strata. Experience has shown that a crack develops in each 
stage, which takes most of the grout and communication 

develops along the grouting in the entire length of stage. 
It cannot therefore, be assumed that satisfactory treatment 
of layers smaller than the height of stage can be achieved. 
(3) 	:g-M. a 	e:  The tube-a-mapchette invented by 
lscby in 1933 is the most satisfactory method in use at 
present time. It is described in details by Ischy and 

Glossop7(1961) and is sho in Fig«No.7.3. It consists of a 
steel tube of ] " to 2A." diameter. At interval of about 1 ft. 
along the length of the tube rings of :/4" dia holes are 
bored through it and each group of holes is covered by a 

.ghtly fitting rubber sleeve, In operation bore hole of 
3" to 4" dia, is sunk to the full depth by normal methods 
of drilling and the manchette tube is placed in it. After 
lowering the manchette tube the casing is r .thdrain and the 
annular space is filled by sleeve grout of clay and cement 

mix which is plastic. 
Grouting is then carried out, usually beginning at 

the bottom of the hole and working upwards, through a 1}t 
dia.pipe perforated for a short distance at its lower end 
and fitted with two opposed U.Packers which can be centred 
over any one of the rings of injection holes. When pumping 
starts the pressure on the grout pipe builds up and expands 
the rubber sleeve which in turn cracks the plastic grout 
filling and allows the injection fluid to pass out into the 
slluviam. The break of sleeve grout takes place generally 
in three directions at i2©0  rear the sleeve and sleeve 



expands 10 to 15 mm. When pumping is stopped the passive 
pressure of the grout closes the cracks in the sleeve grout. 
The rubber also acts as a oneway valve. The rubber valve 
prevents any short circuiting of the grout back into the 
tube, and the sleeve grout prevents its return to the surface. 

The great advantage of this method is that the tube 
once in place can be used at any interval of time with a 
whole range of different grouts and In this way the coarser 
beds can first be treated, and the finer ones later from 
the same hole. Moreover, if necessary, grouting can be 
resumed in any hole after lapse of any length of time. 
Also the operation of boring and of injecting any hole are 
entirely distinct and can be carried on separately and at 
any time. ibis method has been patented and is generally 
considered to - be a very satisfactory method. Finally and 
most important, the method is extremely flexible as 'the 
manchette tube can be left in the ground and same hole can 
be grouted more than once and if necessary with grouts of 
different composition. Care shall be taken to wash the 
manchette after Injection for reuse. 

Army Corps of Engineers have used a combination of 

rising tube and descending stage methods. By this method 
first zone is drilled and grouted by conventional stage 
grouting methods  then second stage zone is drilled and 
grouted by using expandable packers. 

The rising tube method was used at the Kota barrage 
(Rajasthan) and for trial injection at Girna and ;Tula dams, 
Maharashtra state. It is observed that a major defect of this 
method is the leakage along the grout tubes and consequently, 



-178- 
building up of pressure at the required position is not 
possible, resulting unsatisfactory penetration of grout. 
An improvement over the rising tube method used at Kota can 
be achieved by injecting a thixotropic sleeve grout into 
the space between the grouting tube and the alluvium. A 
short pass of 1 ft. should be used and the sleeve grout at 
the bottom of each pass cleaned with air and water. Datye 
has carried out experiments at Mula darn to perfect this 
method. The leakage along grout pipe was entirely prevented 
by use of a sleeve grout. But the grout pipes tended to 
adhere to the holes and * broke while lifting especially for 
holes deeper than 40 ft. However, it is not possible to 
eliminate the major defect of this method and redrilling 
is necessary, if we have to return to the same elevation 
with a different types of grout. When the grout mix is deci-
ded In advance and changes in mix are not necessary over the 
whole length of the hole, this method could be satisfactory 
and economical, otherwise the ultimate cost of re-drilling 
would- be higher than the tube-a-manchette. 

Descending stage method has the obvious defect that 
the drill rig is kept idle for a long time between the stages. 
To be really effective, the stages should be short but the 
drilling progresses very slowly. This method would therefore, 
be considered only as a last resort to be used when all 
alternatives have failed. 

To summarize, a satisfactory grouting system must 
satisfy the following requirements: 
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1. It should permit individual treatment of lenses 

and layers with short passes, 

2. It should permit, repetitive grouting with diff-

erent types of grouts and under various selected 

pressures. 

Si The leakage along the grout pipe must be prevented. 

It is obvious that the tube-a-manchette method is 
• A 

a highly satisfactory procedure. The cost of drilling per 

meter for the tube-a-manchette method, is, however, greater 

than that for the rising tube due to larger diameter of hole. 
The cost of redrilling in rising tube thethod are partly 

offset by the initial cost of the grout pipe and sleeves in 

case of tabe.»a-ma mchette method. However, heavy grouting 

pipes are necessary in rising tube-a-method to withstand 

the driving force and breakage of pipes is to be allowed for. 

Hence$ the choice between the two method is largely a matter 

of availability of equipment. 

(4) ~ ,r JQ= , Single fluid grout mixtures are 

injected into the grout either of the methods used for sus-

pension grouting. 

(5) shhot.prc . , s:_ Joosten was the first to inject sili- 

cate grouts by the method known as two shot process. This 

consists of injection of concentrated solution of sodium 

silicate through pipes fitted with a point and perforated 

with small holes for a length of about 2 ft. at its lower 

end. The pipe is driven into the ground in stages, and sili-

cate solution injected. This passes into the sand,driving 

the ground water ahead of it and adhering to the grains. 

Having reached the limit of the zone to be treated the pipe 

is withdrai In a similar stage and an injection of calcium 
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chloride is made at each stage. This solution passes through 
pores already occupied by sodium silicate solution partly 
displacing it and partly reacting with it to form a soft gel 
which bind the sand grains together at their point of contact. 

This reaction is almost instantaneous. This method of injec-

tion ensures that the pipe will not stick fast In the treated 
ground and ensures complete treatment of the soil and to 

prevent the grout escaping into the more permeable zones. 

Joosten placed the pipes at close intervals of less than, 
1 meter. This process is still favoured by some engineers 
even though it was introduced in 1925. 

( 6)  'ri 8° tjpningsygtemr  A suitable proportioning system is 
htiown in Fig.No.7.4s  considerable flexibility has been 

designed into the system to vary gel times, pumping rates 
and pressures over a moderate range during any application. 
This system allows one man to control and eliminate adjust.. 
ments of chemical concentrations and mixing procedures during 
an application. 

AM-9, catalyst IIAAPN and EFe are mixed in tank TAi, 
AF is made up in tank TA2. The pump P2 is selected to handle 
a small volume of AP solution (5-20% AP In solution) relative 
to the volume of AM-9 solution handled by pump P1.. -Thus the 

flow through P2 can be varied on the job to produce large 

changes in gel time without materially changing the concen-

tration of AM-9 in the final mix or the total volume of solu-
tion entering the ground. The capacity of P1 is usually 
about five to fifteen times that of P2. The starting and 
stopping of the pumps can be controlled by a switch and the 

injection is controlled by opening o..- closing the valve VI. 
The orifice 0 should be sized so that AP solution will spray 
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into the mixing thamber for good mixing. This makes P2 run 

at a higher pressure than P1. 
The sizes of all pumps lines and valves must be 

chosen according to the pressure and flow rates anticipated. 

For all applications a separate water source should be 
available so that water may be pumped through P1 or another 

pump to clear the injection points or the formation ad j a-

cent to them. The American cyanamid company has designed a 
light portable proportioning pump with a mechanical control 

over a wide range of gel times. The pumping unit, with a 
volume range of 2.5 to 14 gel/min. and' a pressure range of 
09 - 150 lbs/in2, weighs approximately 375 lbs. 

(7) 	vs 	Two solution system has been used 

on some types of appli cations. It permits working convenien-

tly with only one predetermihed gel time. If the gel times 

are to be changed, careful weighed amount of AP, Catalyst 
14N or KFe can be added from time to time to the respective 

tanks. The process is shown in Fig.No.7.5. AM-9 y catalyst 
IIAPN and KFe are mixed in tank TA1 and the AP in tank TA2. 
Tanks TA1 and TA2 should be of identical size and volume, 
and surface of the solutions should be at the sate elevation. 
1ual volumes of solutions are drawn from tanks TAi. and TA2 
into blending tank TA3, continuously blended and fed to 
pump Pi. The concentrations of chemicals in each tank must 
therefore be twice that desired in the final grout solution 
This system may be modified by using separate pumps of equal 
capacity for the AN-9 and Al' solutions, such a modification, 
of courses  eliminates tank. TA3 and pump Pl and permits the 
field use of very short gel times. 
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is in the case of proportioning system, all the compo-

nents of the equipment must have the capacities and working 

pressures required by the anticipated grouting operations. 

A separate water supply is needed. 
(8) atcb System:  - In this method the .AM-9 and catalysts 

are mixed Iii one tank and the batch is then pumped into the 

ground using almost any type of pump. This system has threee 
major limitations: 

(1) The entire batch mast be placed during the estab- 

lished induction period. This is not always possible 

since pumping rates often decrease as pumping 

continues, thus the danger of gellation in the 

equipment is always present. 

(2) It is difficult to,  vary the induction period 

during pumping of a batch. mix some applications, 

economy and varying water conditions necessitate 

changing the induction period. 

(3) The most severe limiation Is that, by its nature, 

it Is not possible to use a batch system with 

very short induction period. Very short gel times 

are essential at some times during most applications. 

7.3.  Fl D CONTROL 

7.3. 1. 	Field control of grouting process is indeed a 
formidable problem especially when the work is carried out 

on the basis of limited exploratory data. The extent of 

pockets and lenses often may not be known from the explora-

tory holes (especially in alluvial deposits) and it is gene-

rally impracticable to obtain reliable permeability or grain 

size data during drilling of grout holes. In practice, 

solution of this complex problem is achieved by adopting 
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a rigid field control over the injection of different types 
of grout. Field control is exercised on the following opera-
tions: 

(1) Sequence of drilling holes 

(2) Sequence of grouting holes 

(3) Injection pressures 

(4) Intake 

(5) Upheaval 

(6) Success of grout operation 

(7) Guide to grout supervisors. 

7.3.2.  S uence of .drilling _holes:  There is no objection to 

completion of drilling in advance of grouting except when 

the stage grouting method is used. Clogging of grout pipes 

and its jamming into the holes by the hard setting grouts 
injected from neighbouring holes does not arise in the case 
of the tube-a-manchette method. The sleeve grout protects 

the grouting tube. similarly if sleeve grout is used for the 
rising tube method, the objection to drilling in advance 
can be avoided. However, it is not possible to carry out 
drilling work while grouting is in progress within the 
influence zone of the hole which Is being . grouted, . because 

the grout finds its way into the mud circulation or water 

circulation of the drill ax makes the drilling operation 
difficult. This can be avoided by doing the drilling outside 
the influence of groutin generally 30 meters. 

7.3.3.  ,sggyenc-e ofg<rocat g: 	It is always desirable to 
create confinement while grouting alluvium. It is therefore 
desirable to grout the outer lines of the grout hole first 
and then take the interior lines proceeding al ways from 
outside towards the centre. The injection of the outer lines 



requires heavy consumption whi ch should be reduced by using 

closer spacing and using - a grout with more cement. The 
choice of spacing is evidently on relative costs of grow-. 
tang and drilling. Lateral confinement is achieved by grou-
ting the outer linesjith material that sets early. For open 
and very coarse alluvium such setting type of grout is desi-
rable in order to develop adequate resistance to wash out. 
Thus the right method would be to start with the treatment 
of outer lines with grouts that set well and for the central 
zone, the more fluid grouts which would penetrate the finer 
alluvium. In any line the general practice is first grout 
holes at interval of 4 times the normal spacing of holes. 
This Is called the first stage and the method is known as 
split spacing method. Intermediate holes are grouted subse-
quently, reducing the spacing progressively. 

For vertical confinement grouting is started with 
coarse sand zone followed by grouting of medium sands and 
finally fine sands are grouted. When any particularI zDne 

or stratum is taken for grouting, the work is generally done 
from bottom upwards. However, a few manchettes at top of 
each hole are grouted initially to check the escape of grout. 
7.3.4. .fin. a 	n„ resgur 	The control of pressures during 
grouting can be achieved by the observations of pressure 
titake trend with regards to time. Theoretically the resis-
tance to flow of grout would increase as the grout travels 
away from point of injection and as the grout thickens. 
Hence the grout intake should progressively be reduced at 
a constant pressure or increasing pressure will be necessary 
to maintain a constant intake. with high pressures the 
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increase in resistance is compensated by increase in zone 
of influence due to formation of the cracks. Hence it is 

reasonable to presume that the intake may remain constant 
at constant pressure. On the other hand, if the cracks tend 
to enlarge by upheaval the intake rate may increase at cons-
tant pressure. Such a trend is therefore definitely unde-
sirable. 

Control of pressure during grouting can, therefore, 
be exercised in the following manners: 

(1) No restriction should be placed on the pressure 
for opening sleeve. 

(2) After the sleeve is opened and intake starts, 
the pressure should be brought down to the over-
burden pressure and increased gradually. 

(3) A trend of pressure and intake with regards to 
time should be observed continuously so that the 
pressure is immed±ately brought doin if any 
tendency is noticed for the intake to increase 
with constant or decreasing pressures, 

(4) Grouting should be stopped if upheaval is observed 
on the surface or high intake persists even after 
increasing the cement content and lowering the 
pressure. 

(6) The grouting is then resumed only after a lapse 
of 12 - 24 hours. 

In case of low pressures the spread of grout is 
attained entirely by permeation. The pressures ares  there-
fore, restricted to overburden pressure or slightly above 



the overburden pressure. No upheaval is permitted and con.. 

trol of pressure is so exercised that the intake decreases 
at constant pressure or the pressure has to be increased 

progressively to maintain the desired intake rate. It may 

be obligatory to use fluid grouts to achieve the desired 

spread. 

.7.3.5. Int. 	No attempt need be made to grout to refu- 

sal. It is better to limit the injection to a predeter-

mined value. If injection is not found to be adequate after 

tests, it is better to return to the hale rather than attempt 

final and complete grouting in the first instance. it is 

not possible to fill , all the voids space and the consumption 

of grout is 60 to 80 of the void space depending on the 

type of grout and the nature of alluvium, 

7.3.6. Uh av~I: In rock grouting no upheaval is permitted 

as it develops numerous fine cracks which increase the per» 
meability of the strata as they are difficult to be grouted. 

In alluvial deposits, however, some are of the opinion to 

permit upheaval to take the advantage of high pressure 
grouting. some engineers limit the upheaval in alluvial. 

deposits at I cm/meter depth. At some of the dams in Trope 

viz; at Serreponeon where the depth of overburden is nearly 

i©0 meters the upheaval due to high pressure grouting was 

in the order of 30 emo or nearly 1I3rd of the limit specified 

above. When the grouted zone is overlain by a compact and 

brittle soil which is not grouted, it would be desirable to 

minimise upheaval and it cannot be conclusively said that 

high pressure grouting and upheaval would not damage the 
foundation. Impervious backfilis are sufficiently plastic 
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arid the superficial cracked zone can always be excavated 
and removed after completion of grouting operations. In the 
case of sand and gravel deposits some upheaval may not be 
objectionable as in these deposits opeti cracks would not 
form.' 

Upheaval is measured, by standard gauges installed 
in the area to be grouted. A typical diagram ref a standard 
uplift gauge is shown in Fig.No.7.6. Uplift can also be 
measured by a crude method of levelling which may be fairly 
reliable for alluvial deposits but for rock formations it 
is desirable to install standard uplift gauges. 
7.3.7.  Success w01. ot n operations:  Grouting cannot• be 
successful without individual treathtent of different lenses.  
and pockets. Due to the wide range of the size of pore 

space of different adjoining pockets$  it is desirable to 
inject in short passes of 1. ft. It is also necessary to 
return to the s1e elevation with different types of grouts 
so as to adopt the grout best suited to the type of alluvium 
mot with. 

It is necessary to prevent leakage along the grouting 
pipe and create adequate confinement so that sufficient 
pressure can be built up. Attempt need not be made to groat 
to refusal. As grout takes time to set,, refusal cannot be 
achieved during grouting. Grouting must be stopped when: 

(1) The predetermined consumption limit is exceeded 
(2) Pressure does not rise even after prolonged 

•grouting. 
(3) Heave exceeds the permissible value. 
There, is no objection to stoppage of grout operation 

and resumption after passage of time because there is no 



single path of travel for movement of grout through alluvium. 

New paths can be created by application of high pressure and 
creating artificial. small cracks. such cracks are unavoidable 
and are not objectionable as long as the consumption of grout 
is ttot-  excessive. 

7.3.8.  G2id tq.,, rout ie r:rs:  The grout supervisor 

should keep the following points in mind for successful 
supervision of the work: 

1. Don't judge the efficiency of grouting operators 
solely on the number of bags reported as being injected. 

Look for leaks. 

2. Don't change grout supery .sors,im ess absolutely 
necessary, It is hard on the supervisors, but the experienced 
ones are able to secure instantaneous action on almost Sly» 

thing required to expedite methods or obtain more effective 

results. This may not be true if the grout crew does not 
feel that supervisor knows more about the work than they do, 

3. Don't put too much of emphasis on static or stan-
ding pressure alone. Grout that is slightly too thick pumped 
slowly, will close almost any hole,, during the injection of 
grout. 

4. Don't be too filling to call a hole completed 
because it suddenly builds pressure. This may be due to 
filtering action of grout. 

S. Don't pump water into a hole longer than necessary. 

There Is no advantage in  needlessly pumping water into a 
free hole. 

6. Don't be too hasty about deciding that a hole is 
tight. Hang on to it with water so long as there is any 
perceptible pick up in the pump speed at a normal pumping 
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14. Don't antagonise the contractors personnel by 

tint actful approaches. 
j. Don't fall to report army unusual incidents to 

the authority. 

16. Don't forget that you are expected to direct the 
grouting procedure. 
7.4.  

7.4.1. In the field following problems are generally en-
count ered: 

(i) treatment of contact between rock and alluvial 
• deposits. 
2) Grouting of top zone. 

(3) Variation in pressure and Intake, arid 

(4) Consumption of grout* 

7,4.2. `f€ 	nt o f.,~ ; ' ct CP.n, e-' The most difficult . zone 
to be treated is the contact between bed rook and alluvial 
deposits. lschy. and Haftin -( 1955) have described the treat- 

ment of the contact zone with clay-cement grout to form a 
roof. Then treat the rock with cement grout and regrout the 
roof with pure clay after the rock is treated. Once the roof 
is formed leakage does not choke the rnancIiette as it passes 
through the soil and tube is protected by surrounding sleeve 
grout. In some cases where it is difficult to distinguish 
between large blocks of rock and bed rock, grouting may be 

carried out by descending stage method instead of tube...a.-
manchette. Similarly the contact between the backfill and 
alluvial deposits may also be treated by descending stage 
method. The permeability of the contact may be determined 
by point permeability test. 



The consumption of grout in the contact zone may be 

very high say 10 times of theaverage consumption. 
7.4, 5. C, _outin, oLtnej. From the experience of field 
trial tests at Serreponcon, iayer53(1958) has concluded that 
grouting of shallow layers Is Impossible and ' certain weight 
is necessary to . counteract the effect of high grouting pre. 
ssures. Trials have shot n that for the top 5«-7 meters depth, 
perfect grouting results cannot be expected. The treatment 
of top layer can be successfully achieved by raising the 
embankment 5-7 meters height, and carry out the grouting 
from the top of the embankments. 
7.4.4. '1gr ~„ gn* fin. nos u e a nd i, to e: There are three 
cases of pressure intake relationship as shots in Fig., 10. 

(1) Case A: when intake decreases with constant 
pressure or when increased pressures required 
to maintain the constant intake, 

(2) Case B: when intake remains constant with cons-
tant pressure or when intake follows the pressure. 

(3) Case C: when intake increases with constant 

pressure or intake remains constant at decrea-

sing pressure., 

The case A is an ideal case as resistance to flow 

of grout would Increase as it %ravels away from point of 

injection and pressure applied Is required to overcome this 

resistance. Hence the grout intake should progressively be 

reduced at a constant pressure or increasing pressures 411 

be necessary to maintain a constant intake. In case B, zone 

of influence is Increased 4th increase in pressure due to 

formation of cracks and Intake may follow the pressures. 
In case C, the cracks are enlarged by heave caused by high 



grouting pressures and intake rate may increase at Constant 

pressures. Such a trend is undesirable and may be avoided* 
Grouting should be stopped and further grouting should 
commence after a lapse of some period say 1.2 - 24 hours to 
settle the grout. The clay based grouts r ain soft even 
after a lapse of 7 to 10 days, 
7.4.5. • g'n p,;. an o routs It is not practicable to grout 
alluvium to refusal as grout would keep on spreading even 
after it has reached the limit of the zone required to be 
treated. To prevent overtrave]. the consumption of grout is 
restricted to a limit decided. from void space In the zone 
to be treated, with suitable margin for overtravel.. While 
the consumption in the low pressure approach X11 be definite-
ly restricted to the void space, in the high pressure app- 
roach some allowance may be necessary. In open material the 
resistance to penetration is poor and the grout will spread 
rapidly resulting in e. constant rate of intake at constant 

pressure over prolonged period. Such a tendency is contro- 
lied conveniently by thickening the grout.) and by providing 
the confinement by cheaper grouts in the outer rows. 
7.5. QU~3 ...s4N. 	- 
7.5.1. 	Numerous and various controls are exercised dur- 
ing the execution of the job. These are exercised by taro 
separate organisations vie; 

( i) - Supervising staff s and 

(2) Quality control staff. 

The supervising staff is responsible for rkanship 

and efficiency of the grout curtain. Following tests are 

generally carried out to determine the efficiency of the 
grout eurtAirY: 
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pressure. Many apparent tight holes loosen up and take 
grout freely after a few minutes under pressure. 

7. Don't think that there is one optimum water and 
solid ratio for every hole. It changes as the hole approaches 
completion, generally increasing. 

S. Don't pump thin grout into a hole that will take 
thick grout readily. 

9. Don't attempt to reduce the water solid ratio too 
rapidly; you may plug the hole. 

10. Don ,  t fail to inject the grout at all times, at 
the maximum allowable pressure or at such pressure as can 
be sustained throughout the grouting. Strata which lies 
above the natural. ground. water level will absorb the mois-
ture from the groat causing it to thicken and slowly clog 
the voids in the formation. 

11 Don't vary the pumping speed needlessly i.e. 
stopping uinoco sarily or permit pumping at less than nor. 
mal speed If there are no leaks. 

12. Don' t#  when a test is made to see that the line 
is opened during grouting operations, permit the byepass 
valve to be closed quickly on a. fairly tight hole. You will 

a 

almost surely lose it. 

13. Don't stand ready to pounce on the contractor 
for something gone wrong.. But be alert to perceive and 
advice or warn him before the damage is done. Look ahead 
and advise others of details they may not yet have decided 
or considered,. The - supervisor who thinks everything is run-
ning smoothly- may be neglecting his works the unsolved 
problems. and conditions of Improvement. 
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Table No. f.1 

Range of application of different grouts 
—...r..raswr—w. 	 .►wr—wnwr 	rr 	 wOW— er 	 r.+ 	 +w r w+.iew 

Type of 	Granulome- 	Value of 
grout. 	try of soil 	pprmeability 	Remarks. 

treated 	lower limit. 
D-15 of soil. 

----- ___ w~lF_s r_ 	_.b+.__.M___ r__.fall-w_______r11~____ --- —r.rr ___l• 

Cement. 

Clay- cement 
bentonite. 

Bentoni te. 
chemicals. 

1.A.tilt coarse 
sand & gravel. 
0.8 mm coarse 
sand. 
0.4 mm 
medium sand. 

0.5 xl0 o 
10.1 .cm/sec. 

0.5 zlO,. ' 
cm,' see. 

10"2cm/sec. 

Depends upon fine-
ness of cement. 

d85 of clay under 
30 microns. 

d85 of bentonite. 
under 5 microns. 

Chemicals 	01 mm fine 	10'3cm/sec. Depends on viscosity 
silicates) 	sand & sit, 	 and shear resistance 

of grout. 
.firw___w_— 	 _e 	 r____ Al  ______ .__— _wtM ___ww—Mw--- 

American Cynamid Company43( 1065) have given the range 

of different grout materials for treatment of pervious soils 

and mechanical methods for underground water control for var. 

ious range of grain size of the formation materials, ats shown 

in Fig.No.6.3 and table No.5.2. The upper six bars in Fig.No.5.3 

show the different types of grouts applicable for different 

range of alluvium while the lower eight bars show the well 

developed and widely used mechanical water control techniques. 

The fact that there is so much overlapping of the materials 

and methods that each application should be carried out only 

after an economic consideration of all the different possible 

techniques. Such factors include time for completion of the 

job, number of personnel required, simplicity of application, 

control of the results and case of fitting the, grout programme 
into the overall operation. In many jobs$ particularly in large 
construction jobs, more than one grout mixes are used. Suspen- 
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Sion grouts of cement-clay-bentonites are used for filling 
large voids and fine strata . is finished with colloidal grouts 
based on silicates . or organic monomers. , Sometimes when - there 
Is a, considerable flow of water in which the suspended grout 
may be washed sways it is desirable to inject first with or-
ganic grout of low gelling time to arrest the flow of water 
and then suspen-siori grout is injected for filling of voids 
for. the purpose of strengthening the foundation and for imper-
me abili zation. 

:Table No.6, 2 
• Na ige of different grouts 

w+Mrr—r—r wry+rsr~ri+r....r~.w►r~rrM.00_w0M"Wvw 1Y ~~11l~1 ~fi A~IMwitw4 wfYwN r1l1►IY~ws 7~irf~i~sw~Rraafswar wMM 

	

Material 	Finest size that can 
Grout. 	 grouted, 	be grouted D10 in mm. 
--------aM—MM--------a -Yl----------—_e_wwwgl►'w /A all —NM.-------*-- 

Cement, 	 Fissures. 	0.1 
Cement. 	 Soil. 	 0.65 

Cement(fine 30 mircons) Soil. 
Cement. 	 Large sand. 	0.5 
Cement. 	Dense sand. 	1»4 

Silicates, 	 soil. 	 0.1 
Silicates. 	 Loose,not too 

fine sandy soil. 	0,12 
AM-9. 	 soil. 	 0.013 
--,-----_,__Iii----i_w_..------fit----- --M-- r----M-------ter-- 

6.2.5. ~e ann.n~ of InJect3.ons_ 

6.2.51. 	For the planning of the injections of a given per- 
vious formation and for the desirable results t it is impor-
tant to determine the follo •ping: 

(E) Time of injection. 
(2) Width and location of a grout curtain and No, 

of grout rows. 
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(3) Spacing, size and depth of grout holes. 
(4) Consumption and injection pressures, and 
(5) Check holes. 

6,2.52.  T meo Inec,t ons  The time of injection of a grout 
mix depends on the gel time. The time of injection can •be 
determined mathematically from equation(7) Chapter No.5, 
knowing the type of grout to be used, permeability of soil 
to be treated and gone of influence of grout. Normally gel 
time Is taken as 30 minutes unless this is accelerated or 
retarded depending upon the job conditions► For cement based 
grouts the gel time is controlled by initial setting time of 
cement which for ordinary portland cement is 30 minutes. 
Therefore all the operations of mixing and in jeetiOns should 
be completed within that time. Clay based groats remain In 
suspension if stirred continuously. Therefore )  the injection 
time of clay based grouts depends upon the quantity of grout 
injected and the economy of operation. For newtonian grouts 
except organic resin grouts the viscosity increases with time. 
The rate of penetration of this class of grout is inversely 

proportional to the viscosity. The strength of silicate grouts 
is also varies inversely with the gel time. Therefore, the 
gel time of this class of grout should be small enough. 
Normally it is taken 30 minutes. Ischy and Glossop7(1962) 
state that at least 5O viscosity of its initial value should 

be maintained at 20 minutes. For organic resin grouts there 
is an instantaneous polymerization and hence the gelling 
time can be from a few seconds to few hours depends upon the 
job conditions. 
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6.3.53.  fit, and jocat ion of grout curtain. and No, of. grout rows: 

(1)  dth ©f Grcut curtain:  The width of grout curtain is an 
important factor which governs the efficiency and the. obst of 
the curtain. The width of the curtain is taken as the distan- 
ce between the outer rows 'plus the spacing between rows 
(to allow for spread beyond the outer rows of hooles). In a 

wider curtain a few pockets of high permeability may not 

significantly a fect the efficiency of the 'curtain, but in a 

thin curtain it is necessary to block almost the entire 
surface of the curtain. The grout curtain may fail due to 
erosion under high pressure gradient and it may cause piping. 

Lane (1935) has made a study of 280 dam foundations, which 
include 150 failures. From these studies he has concluded 
that an average hydraulic gradient for foundation of gravels 
and boulders may be 3 and for fine , sands may be 8. This co- 

relation between foundation soil type and piping potential 
has some value as a guide to judgement, but It should not 
be used as a design criteria, 5heraard (1963) has classified 
the width of the clay cares which can fairly be taken as a 
width for a grout curtain, These are: 

(1) Cores with a width of 30 to 50 of the water 
head have proved satisfactory on many dais under 
diverse conditions and is adequate for any soil 
type and dam height. 

(ii) Corse with a width of 15 to 20% of the water 
head are considered thin but, if adequately de- 

signed they are satisfactory under most circums-
tances. 
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($.i) Cores with a width of much less than 10% of 
the water head have not been used widely.. 

46 mbraseys (1963) have co-related the width of grout_ 
curtain, with the base width of dam, depth of alluvial . depo-
sites, permeability of soil, before and after treatment and 

is shown in Fig.No.6.4. He has calculated that wider grout 
curtains are more efficient to arrest the seepage water. It 
is a normal practice to provide a cutoff of width of 1/3rd. to 
1/5th of the water head tappering at the lower depths in case 
when permeability of soil decreases with depth as for the 
same efficiency of cutoff low permeability ratio would require 
less width of curtain as shown in F .g.No.6.4, In case of homo-
geneous soil it is advisable to continue the same width of 
the curtain to the impervious strata. 

2) }or ~ onf o gfrout cu 	The location of grout curtain ~ wrr.rr~r err+ rr 	77. 

is governed by the location of the impervious core in the body 
of the dam. If the impervious core is centrally located then 
the grout curtain is also located at the centre of the dam 
confined within the base width of the core. If the core is 
inclined towards upstream then the grout curtain is also 
provided to- ,lards upstream but confined within the base width 
of the core. When the section of the dam consists of a homo-
geneous material which is fairly impervious then the belt 
location of grout curtain i uld be just near the upstream 

toe of the dam to keep the base of the darn dry and thu 'reduce 
the pore pressures. In no case the grout curtain is to be 
provided at the downstream toe of the dam or towards down-
stream toe as it will increase the pore pressures in the darn. 
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(3)  Number o ` ro rp. s: For alluviuM grouting, the grout 
curtain should be formed of minimum 3 rows of grout holes,. 
In case of rock grouting, curtain may be of a single row of 
holes though a tow row curtain is preferable. The No.of rows 
of grout holes depends upon the minimum width of curtain 
required, and spacing of holes. 
5.2.54. 	aiethoi grout 	,; 

( i). 	c _of 	t ho es~ The spacing of grout holes depends 
upon the type of grout to be used, permeability of soil, pres-
sures to be adopted and time of injection. Knowing the time 
of injection we can calculate the radius of zone of influence 
from equation (7) and Fig. Ro.5. l of Chapter eta. 5. 

For rough estimates spacing of holes can be taken as 

given in Table x'0.6.3. 
Table No.6.3. 

Rough estimate of spacing of holes 
--waver-r ---...►  --- —r w-rw.r---- --rrrrr —w—wwnwt ~rw►------ur-----i---rw w-- 

K 	 Depth 	 th 
cm/ sec. 	30'-GO' 	/ 6© 

--rr—w--_,._-r- ra— 	 — _.s M 	 —w-----r---wr--- --- r—r--- 

10.01 	 9 	 11 

5 x 10 2 	 7 	 8.5 

10 	5 	6 
— ---- --__.Rrr--- ---- fir.----.—w----w.frrY—w-- rAtwr►MiFS---s---s------r--r 

(2) size ze-,o ..,~3g . - ~: The equations 2 and 3 of Chapter • No. 5 

indicate that the size of hole should be large enough to 

inject a given quantity of grout in short time. In small 

diameter holes say -J to 1" size the grout stiffens in the pipe 

and is difficult to clean them afterwards. In large size 

holes the grout segregates. Holes used for grouting are -j " 

to 5" diameter size. U. S. B.R. have specified a minimum diameter 
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of 1 3/8" for grout holes. Most grout holes are drilled with 
EX bit which gives a hole of approximately " diameter. In 
some of the works where a size of grout hole was specified 
as °i " diameter the contractors have drilled larger size 
holes at their own expenses in order to avoid difficulties 
and delays due to the hole caving in and squeezing. when• 

grouting is done with rising tube method or tube-a-msnchette 
process the size of hole varies from 3 to 4". It is also 
customary to drill about 10% of holes with Nx size bits which 
give a hole of 311  diameter to obtain cores to explore the 
foundation materials,  which are later grouted or left ungrou.. 

ted as desired. It is also a practice to drill one or two 

large diameter hole of say 1 meter size in grouted zones to 

inspect visually the efficacy of grout penetration in voids 
of the soil and, to conduct permeability tests. This large 
size hole may be plugged subsequently. 
(3)  . t:h of ,nl 	The depth of grout holes should be chosen 

primarily on the basis of the results of engineer's and ge&lo-
gist's study of the conditions of bed rock under-lying the 
alluvium deposits and on the purpose of the grout curtain. 

Depth of grout holes should never be chosen on the bases of 

some predetermined, formula or on the basis + f the average depth 
of grout curtain used under other dams. In the design stage 
the engineer determines the approximate depths of grout holes 

which are flexible and more accurately depends upon the 
geological formation in individual, holes. The depth of hole 
also depends upon the type of cutoff to be provided. The site 
where the average permeability of the foundation soil decreases 
with depth below the surface or when there is a single conti- 
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nuous impervious layer into which the cutoff can be connected. 
In case when formation is homogeneous and permeability does 
not change with depth, even curtain of 95% of the full depth 
are not effective to arrest seepage. For this reason, only a 
complete cutoff should be provided and keyed into sound rock. 
6.2.55.  Con, .u, LGion& Ifieetion ?essures: 

(1)  Cn urn t : The consumption of grout in case of rock 
grouting is assumed as Kg of dry material per metre depth of 
hole whereas for alluvial grouting consumption of grout is 
calculated on the ba-dis of soil mass treated. The soil contains 
voids ranging from 25 to 35% and can be determined by labora-

tory tests. For estimate purposes voids may be assumed 30% of 
the soil mass. 

The consumption of grout is related to the injection 
pressures, viscosity of grout, gel time, permeability of the 
soil and spread of the grout. From knowledge of the above 
properties of grouts thc..lquantity of grout required to spread 

• in the zone of influence can be calculated by the equation(5) 

Chapter No. S. Fbr the purpose of estimating the consumption 
of grout may be assumed 30% of the soil mass treated. When 
low pressure grouting is adopted, the allowance for overtravel 
is implicit in the assumption of 30% because all the voids 
ii a Boil mass can never be filled by grouting. With high pre-
ssure grouting, a limit of grout consumption of 45% of the 
soil volume can be realized with good control. In the absence 
of close control on consumption of grout$  consumption of 60% 
of soil volume may be ,allowed. 

First viscous grouts are injected followed by grouts 
of lower viscosity and greater penetrating power, to impreg- 
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nate the finer grained and less permeable beds. In this way 
the degree of saturation of the soil can be gradually increased. 

Thus where it is wished to reduce the flow of water through 

an alluvial deposit it may be sufficient to seal the more 
permeable beds only) but where the grouted zones is to become 

part of a permanent structure, and strength is required as 

well as low permeability, then the ground should be saturated 

as completely as possible. Ischy and Glossop7(1963) have stated 

that in practice, complete saturation of the soil is never 

obtained,  except perhaps with a sand of almost uniform grain 

size. Taking into account the loss of excess water from cer- 

tain grouts under the pressure of injection', experience has 

shown that under normal conditions an alluvial materials will 

have been satisfactory treated when the volume of grout Injec-

ted is equal to about 50% of the volume of the void. The per-

centages of voids that can be filled by various grouts is 

given in Table No.6.4. 

Table No.6.4. 
Consumption of various types of grouts, 

.w w►ris.rw 	—•r_ ....r.`swrw►--r......r ww.—r.rr.r--nwrw- rwr--s►rr -r.rrrr .w w.nwww..--.wrw... 

Type of 	Allowance for 	%age of voids filled by 
grouts. 	overtravel. 	grout slurries. 
r------.---ww.w -------.— — rr«wrr--------..1,w --wR.K•r_r --- rr --- ------- 

Clay--cement, 	of the spac- 	60 - 70 
tng of grout holes. 

Bentonite- 
Chemical s, 	 -do.. 	 70 80 

Chemicals. 	 -do- 	 80 - 90 
r—r---_rw_----r— ------- — -- war rr --- rr.r+r-----ww—r-r --- —rrr.rr---- 

(2) iniect~n Frei ar : If the shear perameters of the soil 

foundation and the in-situ stresses and water pressures are 

known then the permissible injection pressure can be calculated 
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by the equations given in Chapter 5.4. In common practice 
permissible injection pressure is taken as equal to the 
weight of the overburden i.e. 1 lbs/sq.in. per foot depth of 

soil. Or 0.2 Kg/ i2  per meter depth of soil. 
The injection pressure is also governed by the system 

of grouting i.e. by permeation or by fracturing. If the grout 
travels by permeation, then pressures are-to be applied 
roughly equal to the weight of overburden. But it is not 
practicable as the viscosity of grout increases with time and 

increase in shear strength restricts the spread of grout 
under permissible overburden pressures. Mathematically spread 
of grout can be calculated for the type of grout used and soil 
conditions. Minimum hydraulic gradient required to maintain 
the spread of grout can be found out from table No.5.2 which 
will give the injection pressure required to permeate. But 
this xmathernatical solution evolved for the rate of spread of 
grout is approximate and it is difficult to predict the actual-
spread of grout in the field. The limiting pressure for grou-» 
tings has been a ,matter ,of great controversy and the .wide 
difference exists between the practice followed In Europe 
and in U. S. A. The American Practice limits the pressure to 
the overburden pressure while pressures exceeding 5 times 
overburden pressures have been used with success in Europe. 

The grouting pressures .should be as high as the job 
condit3.oni. will permit but should not be excessive to open 

up the cracks and cause the grout to spread beyond the required 
zone of influence. On the other hand high injection pressure 
means a higher gradient for the flowof grout, which increases 
the velocity of grout to flow and permits thicker grout which 



increases the rate of penetration thus allows lower labour and 

machinery cost per unit of volume injected. Higher pressures 
also increase the spread of grout and thorough penetration 
is ensured with a wider spacing of holes apart from the sav- 
ing in No. of holes to be drilled.. I s chy and Glo ssop7(1962) 
have stated that fissure formation -although undesirable is 

sometimes provoked deliberately by high pressures to create a net- 
work of grout filled fissures between which the silt pockets 
which are difficult to grout are encased and protected against 
internal erosion. High pressures in rock grouting may cause 
heave beyond the permissible limits and open up the fine 
cracks thus increase the permeability. In case of pervious 
foundations the higher pressures may open the passages either 
horizontally or vertically and cause the grout to escape cau- 
sing negligible upheaval. When cracks are formed a1 the surf ace 
due to upheaval the backfill can be excavated and refilled 
after completion of .grouting operation. Therefore, the choice 
between the high pressure and low pressure system of grouting 
depend upon the type of the structure and characteristics of 
the foundation soil. When the grain size of the soil is closed 
to the limit of penetrability of low cost grouts, restrictions 
o n pressure might lead to an uneconomical spacing of holes. 
It may be dangerous to resort to a wider spacing of holes in 
such cases and to inject a low strength grout at low pressure 

in a soil with large pore space -capable of absorbing the coarser 
high strength grouts. As the high strength chemical grouts 
are either not available or prohibitively expensive, the choice 
of grouting techniques is governed by the balance between the 
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cost of increased grout consumption in the high pressure system 
except when the cracking and upheaval is likely to damage a 
rigid structure overlying the ,grouted -zone. It is, therefore, 
desirable to undertake field trials to assess the injection 
pressure that can be applied to a grout selected for in joc-
tion to permeate the zone of Xthfluence assumed. 
6.2.55,E gheck£ Holes; Check holes are provided mostly on inner 
row of holes to determine the efficacy of grouting by pumping 
in or water test. For rock foundation Lugeon(1932) has given 
that the water intake should be less than 1 lugeon which is 
equal to loss of water of 1 liter per meter per minute at a 
pressure of 10 Kg/c 2 tested for 10 minutes. In British units 
this is equal to 0.067 gallon per foot of hole per minute at 
a pressure of 142.2 lbs/sq,in. One .lugeon is generally accepted 
as corresponding to a permeability of approximately 10 5cmn/sec. 
Lugeon' $ recommendations were based on experience of gravity 

dams founded on fairly good rock In Switzerland and this 
recommendation need not necessarily apply to soft rock foun-
dations. At Mangla Dam water loss of I to 2 lugeon was consi-
dered safe. For alluvial deposits Neelands47 ( 1963) has gfven 
that in practice the lower limit of permeability attained by 

Y grouting is of the order of 10' cm/sec. Relatively open grounds 
are generally easier to reduce to that figure than ground which 
started with a high degree of impermeability, but this depends 

on the presence or absence of finer material in the range 1©-3' 
to iQ~4 can/sec. which may make the final limit relatively hard 
to reach. There are reports that fine gravel treated with 
C EX-►A gave a figure of about 1 7 cm/sec. and treated by AM-9 
solution gave a figure of about 14'"~-a cm/see. But it is difficult 
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to determine the 	 7  permeability below 10 to 10 an/sec. 
At Aswan High Dam a criteria for reduction in permea-

bility after grouting was fixed at 5 x 10-4• cmisec.. at Mangla 
darn it was considered to be 5 x 10~5  cm/sec. and at Girna 
Dam it was considered less than 10"4  am/sec. At Aswan High 

Dam high permeability was considered perhaps because of pro-
vision of impervious blanket and relief wells. 
6.2.6. The nil cation ;end ea uinments: 	The selection of app- 
lication of grout and grouting equipments to be used depend 

upon the type of grout to be used. For suspended grouts collo-
idal mixers are preferable to conventional type paddle mixers. 
For cement grouting circulating type piping 'system is pref-
erred whereas for lay grouting single line system is better. 
Silicate grouts are pumped in the soil by two shot process or 
a single shot process. Single shot process is better as gell-
ing time is controlable whereas in two shot process gellifi-
cation is instantaneous. Organic resin grouts are pumped into 
soil by three basic types of equipments which are: 

(j) Proportioning system 
(2) ' Two solution sys temt  and 
(3) Batch system. 

Of these proportioning system is the best and easiest to use. 
Grouts are injected by: 
(1) Descending stage method. 
(2) Rising tube method,, and 
(3) Tubo-a-machette process. 

Of these tube-a-machette process is the best as the manchette 
tube can be left in the ground and same hole can be grouted 
more than once, and if necessary with grouts of different 



d-343d0 

compositions. Grout pumps mostly used are of double recipro-
cating duplex type. Centapifugal pumps specially equipped for 
grout Injection are flow-a--days commonly used. 
6.2.7.  Fcoo omS gsj 	Chemical groatss are expensive compara- 
tive to suspended grouts. The suspended grouts cost about 20% 
of the cost of injection process. Therefore, low cost grouts 
may be used for coarser strata of coarse sand, and gravel and 
medium to fine sands may be treated with chemical grouts. 
1rhere the foundation strata consists of Tedium to fine sands 
the outer lines may be injected with low cost grouts under 

high pressure to form barrier and Inner lines may be injected, 
with ehenical grouts to avoid excess consumption due to lour 
viscosity of the grout. Sometimes even the upper layers of 
the soil which are more permeable are treated with low cost 
grouts to provide confinement for costly chemical grouts 
injected for lower stratas. Mollex x  (1963) has worked out 
typical figures for the net cost of grouting materials per 
oft. of finished grouts as shoun in Table N'o.6.5. These costs 
are for materials only contained in 1 eft. of finished 
grout and do not include the labour and plant to prepare and 

mix the grout. Furthermore the costs can vary from place to 
place according to availability of materials and will also 
depend on mix design. 
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Table No. 6,►5 

Cost$ of ,various grout materials, 
— rasae waairaa-rrrwa—wiranr.FiYrAr.w.srwan r r-rrrw en r 	 an 	--- 

GmaUt mix, 	 Cost in' S-d 
wwrr.+ r__ 	 Mi rflww+rrry wl1 rYfwa►.wr.►r.r 	 rr+iw r w aWrartwrwr wrwa 	. 	+t.►w-r- 

i: 2 clay cement. 	 2-0 
3:1 fly-ash cement. 	 V 2-0 
Bentonitee-silicate, 	 2-8 
1-01 sand cement. 	 3--4 	 . 
Silicate. 	 3-6 
Neat cement. 	 6.0 
Guttman mix. 	 6-3 
3oosten mix. 	 7-2 
Urea Formal-dehyde. 	 10-9 
Resorcinol- formal-4 ehyd e. 	27-0 

M-4 	 35-0 
.rww►a arr wflw. «..,u 	w aaa.wNwaaw.rr.rr a.rraa aw.r rrr' r.y w rwy;i a 	—.r+r ire. err 

49 
Mi.stry (1965) has worked out the net cost of I aft. 

of hardened grout for various grout mixes as shown in Table 
No, 6.6. 

Table No.6.6 
Cost of various grouts 

..~rrrn w 	flan 	rrawn ---a-rr+rr rs --a.fl -flea a err nrarrr 

Sl. 	V Grout 4ix —Cost in ' s./ cf t 
No. 	Clay. Bentonite 	Cement. 
rrr 

 

fir,+r. ass 	 fl 	w 	rr- sl raa 	rwa 

Water of grout. 
wirAaw.in r`r M.r r rrrr—rr~r 

i. 	- ,» 	1.0 4..0 4.19 
2. - .4 	1.0 5.0 1. 11 
3. 0.8 0.2 	0.5 5.0 0.74 
r.++ r r.grar wfwsrrwnr a rlw. rr rrfl flfl 	 _wrrf----- a•------r— — _ ra 	—rte 
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Neat cenent grouts are expensive because neat cement 

grouts tend to bleed heavily, as such occupies less volume 

when set than fresh neat cent grout. Therefore to yield 
1 eft. of hardened , grout more than 1 oft. of fresh neat cement 

grout is required. For the clay based grouts due to the swel-

ling properties of, clay, bleeding is negligible and one cft. 

of fresh grouts yields approximately the same volume when set. 

Joosten grouts are generally more expensive than the 

soft gel grouts for the reasons: 

(1) The silicate is pure instead of being diluted, 

which increases the cost of the :injected material. 

(2) As the joosten process consists of 2 stage in.jec-

tion In the ground a system of very closely spared 

bore holes are required. 

6.3. 1 SIGN O . A ©UX MI,Z 
6.3.1. The general procedure for preparing and designing 
a grout comprises mixing of different materials viz; ce~nen~, 
clay, bentonite, chemicals etc. in varying proportions. 

These 'materials may not be used all at a time and their selec-

tion depends upon the requiremeiit of the job conditions. 

Mixes should always be prepared by adding different solid 

materials in their order of fineness. iagater is poured first, 

reagents for obvious reasons are mixed last. Laboratory mix-

ing is normally done with high speed mixers 'whereas in the 

field standard grout mixers are of much slower speed, and 

this point may be considered in laboratory mix design. The 

grout mix should satisfy the following properties: 

4 
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(i) specific gravity 
(2) Consistency 
(3) Fluidity 
(4) Stability 
(5) Gellification 
(6) Permanence. 
(?) Rigidity. 

Each of the above properties can be verified and tested in 

the laboratory as described below. 

6.3.2.  pe+ fic 	vity test.  specific gravity is the ratio 
of weight of grout to the weight of equal volume of water. 
The specific gravity influences the viscosity and the consis- 
tency of the grout, specific gravity of mixture should be 

greater than water In the range of 1.05 to 11.15 to drive it 
out from the pores of the soil. 

Roc 	s 'This .s a standard laboratory procedure in which 

.a standard specific gravity bottle is used for determining 
the specific gravity. However, for a grout different apparatus 
is used. In which nozzle is dipped in the grout., the ball is 

pressed and then grout is sucked irn the cylinder slowly in 
sufficient quantity to keep the float inside the cylinder 
floating. The reading given on the stem of the float gives 

directly the specific gravity of grout mix. 

6.3.3.  .cpist 	: The consistency of a grout mixture is 
related to the viscosity coefficient. There are various visco-

meters available for the measurements of consistency of a 

grout mixture. The consistency determined by rotational visco- 
meter is described below. In this viscometer the force developed 
in the grout, that will resist the motion is proportional to 
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the area in contact and the velocity gradieltit: 
F 	Ax, 

dr 
F 	rsxAx 

dr 
where n is the coefficient of viscosity. 

Procedure:.  The rotational viscometer consists of two concen-
tric co-a cal cylinder. The outer cylinder may have a variable 
speed of rotation, while the inner cylinder is fixed to a 
torsion wires The space between the two cylinders is filled 

with the suspension or liquid to be tested, and the deflec-

tion of the internal cylinder is noted for each velocity of 
the external cylinder, 

A predetermined quantity of grout is poured into the 
o uter cylinder, keeping the inner cylinder raised above the 
top of the outer cylinder. The , inner cylinder is then lowered 
into the outer cylinder slowly and trugly vertical, so that 
moo grout can enter the bottom cavity of this cylinder. The 
outer cylinder is rotated slowly and its speed is increased 
from about 2 r. p. m. to about 50 r. p. m►. gradually by means of 
arrangement consisting of a motor, a variometer and a worm 
reducer. During this period the rotation of the inner suspen-

ded cylinder is observed and the angle of its rotation at 
different speeds of the outer cylinder is measured with the 
help of "a lamp and scale arrangezm.ent ". The speed of the 
outer cylinder is then gradually reduced to 2 r.prn. and the 

angle of rotation of the inner cylinder at various different 
speeds are measured. Graph is plotted of the values of diff-
erent speeds of the outer cylinder as ordinates and the corres-
ponding values of angle of rotation of the inner cylinder 
Ge  
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11 0 is the angular velocity of the outer cylinder, 

Rc its internal radius, the external radius of the inner cyl-
Y2der, n the height of the fluid in contact with the inner 
cylinder and M the moment of external force applied to ensure 
that the internal cylinder will be stationary, At can be 
shoes that for an ordinary newtonian fluid of viscosity n 

0 = 4 hra ( -I2 - 2 ) 

	

Rp 	R c 
and that for Bingham fluid 

10 = ~.N....., ( 4 It hn 	2 	Re2 	n 	RP 

The relationship between 0 and M is linear but the 
line does not pass through the origin. 

when the suspens on is thixotropic the characteristics 
vary with time and the state of previous agitation of the liq-
uid. If, starting from a suspension in a liquid state, the 

angular velocity of the cylinder is increased or decreased, 
the plot of moment against angular velocity will be of a loop 
shape. The value of gives the yield value of the grout. 
6.3.4. Fluidity.: 

Fluidity is the reciprocal of viscosity, and bears an 
approximate linear relationship with viscosity. 
frog lure: - Fluidity of a grout is measured by observing and 
noting the flow of grout from a standard apparatus known as 
a 14arsh cone shoun in Fig.No,6.5. It consists of a cone 9 inches 

high and ? inches in diameter at the top. At the bottom of the 
cone, a highly polished 3/i6" nozzle is provided through which 
suspension of 1?25 c. c. Is allowed to flow out and the time of 
the flow noted. Time of flow of equal quantity of water is 
also noted for comparison. In some laboratories the diameter 
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of the nozzle is adjusted to give 27 seconds of time for flow 
of 1000 cc. of water and the time of efflux of equal amount 
of grout is noted and compared with the time of efflux of water. 
6.3.5.  gtabilit:  The grout mixture should be stable when 
sets without separation of free water known as bleeding. 
lPOS  i : 1000 e. c. of fresh grout mix is poured in jars 
and the grout is a ..wed to set for 48 hours in the jars. At 
the end of 48 hours volume of free water that may separate 
out at the top is measured and is expressed as a percentage 
of 1000 C. c. of the original grout. The solids level indicates 
the amount of contraction, or, if the grout contains an admix-
ture producing expansion of the grout, the amount of expansion. 
6.3.0. Gel1Ja 'ton_ . The time of gellification Is defined 
emperically as the time at which there is no appreciable defor--
mation, The grout after injection should gellify and set. This 
property will permit greater speed of grouting in the field, 
because if the grout injected in a hole does not gellify 
early it would delay the grouting of adjacent holes. 
?Obi reL_  Fresh grout mix Is poured in bcakors of 5 an. 
diameter and 100 c. c, capacity. Then at the interval, of 15 
minutes, these beakers are tilted and behaviour of the top 
surface of grout is observed. The time at which this free 
surface of grout does not show any deformation when the cylin-
der is tilted is noted and is termed as time of gellification. 
The time of gellification varies from a few seconds to few 
hours depending upon the job condition. 
6,, 3.7.  pe 	: - The grout should remain pbrmanont in posi- 
tion when set and should not be washed away under high hydraulic 
gradients imposed upon. In the laboratory the test is carried 
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out under higher than the hydraulic gradient imposed upon 
to safeguard against other disturbance in the foundation which 
may be caused due to collapsing of structure or earthquakes. 
This test measures the stability of the grout, its resistance 
to wash out forces and permeability of alluvium after grouting. 

Proc 	e:  Steel cylinder or perplex glass sheet cylinder 4" 

internal diameter afli 12" long are used. These cylinders,  are 
first cleaned from inside and they are coated inside with 
bentonite cement mix. The cylinders are then filled with allu-
vial deposits and tamped slightly. The moulds are then grouted 
and after 24 hours the cylinders are removed from the moulds 
and kept in water for 6 days. After,  6 days these are removed 
and then fixed in permeability moulds. The moulds are then 
connected to the manifold shown in Fig. No.6.7. The water ves-
sel is' then filled to about half of its capacity with water$  
keeping the cock at the bottom closed and calculated pressure 
is developed in this vessle by Joining it to air compressor. 
The cock is opened and water and or pressure is allowed to 
enter the grouted alluvium from top of the cylinder. The 
bottom cock of the permeability moulds are then opened and 
water coming out from the cock is collected. The colour of 
the coming water is then compared with distilled water by vis-
ua3. observation and wash out of the grout if any, is examined. 
If the water has even slight test of turbidity the mix of 

the grout is chat2ged and this test is repeated. After several 
such trials a stable grout is determined for its final use 
in the field. If the water collected is clean as distilled 
water, the rate of flow is measured and permeability of grou-
ted alluvium is calculated by Darcy's law. 
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Sometimes during the wash out tests through pipes are 

developed along the sides of the cylinder and give impression 
of washout of grout and high permeability results. This fac-
tor should be thoroughly studied and investigated before con-
cluding the inference from the results. If such through pipes 
are developed they can be very well sealed by plastic clay 
or wax. 
6.3.8. fligid~: This test measures the rigidity or stiff-
ness of the grout. It is, however, not possible to recommend 
any value of the strength in gram/cm2, but it is better to 
determine this value on various types of grout mixes which 
prove successful in the wash out tests. After determining the 
different values, this turns out to be quick test to check 
various trial mixes of grout. 
gDoc: This test measures the strength of the grout as 
the intensity of pressure in gr/an2 that is required to be 
applied to penetrate a wooden needle having a cross sectional 
area of 1.15 sq. cm. through a depth of 2 cm. in 5 minutes. 
In this test fresh grout is poured in plastic cylinder of 7 
to 8 cm. diameters and the grout is allowed to set. After 
24 hours, test is started. The mercury is allowed to fall in 
the beaker placed on the top of the needle. The rate of fall 
of mercury is varied and so adjusted that the needle penetrates 
2 cm in 5 minutes.time. In practice this criteria involves 
observational errors due to personal judgement. The rate of 
penetration of needle is never uniform and 5 minutes is appa-
rently taken as a time limit rather than actual period of pene-
tration. This test is used only for preliminary trials. 
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6.3.9. Method of Labooratory mxin ofd: 

6.3.9.1. Susg~siongpou s: The mixing vessel is shown in 
Fig.No. 6.6. The estimated quantity of water necessary to 
produce a grout of desired consistency is placed in the mixing 
vessel, the motor is started, and the rheostat is adjusted 
so that the speed of stirring is about 500 r. p.m. The cemen-
ting material is introduced gradually into the mixer over a 
period of 1 minute. The time of starting this operation is 
considered as the' start of mixing. As the cementing material 
is fed into the mixing vessel, the speed of stirring. is incre-
ased gradually until the maximum speed is attained. Three 
minutes of mixing is sufficient to produce a homogeneous mix-

ture. If the grout is to contain sand, the sand is introduced 
into the mixture after 3 mint.tes of mixing, gradually pouring 
it into the mixing vessle over a period of about 1/2 minute, 
and continuing the mixing for an additional 2 minutes. The 
total elapsed time in this case is 6 minutes from the time 
of starting. 	I 

For suspension grouts the order of adding grout mate-
rial to be kept as clay, bentonite, cement and the defloccula- 

ting agent (D. A.) Bentonite is added prior to cement as ordi-
nary portland cement contains more than 95% of complex compounds 
containing calcium as one of the elements and base exchange 
will take place. D. A. is added on percentage basis reckoned 
with respect to the combined weight of clay and bentonite 
and is added in the form of a solution. Results of laboratory 
tests on grout mix carried at Ukai Laboratory are described 
by Mistry49(1965). Two grouts mixes were investigated in the 
laboratory viz; 
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(1) Bentonite + Cement + Water + D.A. 

	

0.4 	. 1.0 	5.0 variable. 
(2) Clay + Bentonite + Cement + Water + D.A. 

0.8 	0.2 	0.5 	5.0 	variable. 
In the field it was found that the properties of grout 

mixes prepared in the laboratory and at site differed consi-
derably although the proportions of the mixes were identical 
and the ingredients, were of the same quality. The reason was 
that the order of mixing the ingredients was different; this 
is also emphasized by the King and Bush (1961) . Observations 

made during mix design at Ukal laboratory are given below: 
If cement is added prior to the addition of bentonite, 

the marsh value is very low irrespective of the stage at 
which the deflocculating agent is added. The gelling time is 
also high, compared to the gelling time when bentonite is 
added prior to the cement. Similarly the specific gravity is 
also somewhat higher. The most remarkable difference is in 
bleeding and needle resistance test, the results of which are 
very high. The bleeding ranges from a minimum of 25 to maximum 2  
of 47%. The 7 day needle resistance values from 9400 gr./an 
to very high val1es. This, however, is not profitable in view 
of the very high bleeding observed. These results indirectly 
indicate that due to the cement added prior to bentonite, some 
Ca  ions must have, formed and replaced the Na ions of the 
bentonite as a result of which the swelling of bentonite must 
have been marred. This accounts for the very low marsh cone 
values and very high bleeding percentage observed. If the D.A. 

is added first, or in between the bentonite and cement, the 
bleeding is high when it is added after adding bentonite and 
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cement, the bleeding is less than 5%. Also the reduction in 
marsh cone value is greatest in the last mentioned order. 
Thus the sequence of adding as first clay, 'bentonite, cement 

• and then D. A. appears to be the most suitable. Two chemicals 
were used as deflocculating agent viz; 

(1) Sodium-hexameta-phosphate. 	 y 
(2) Sodium carbonate. 

The 2% addition of sodium hexameta phosphate gave better 
results, there was no wash out of grout and permeability was 
less than 10'4  cm/sec. but -its cost is prohibitive and hence 

sodium carbonate which is cheaper was tried. 4% addition of 
sodium carbonate resulted in decrease in gelling time, increase 
in specific gravity, decrease in bleeding and the needle 
resistance values increased considerably. 

The test results at Mula Dam laboratory carried by 
Datye and Vinayaka27(196b) reveal$' that the visco.sity of 
bentonite-cement is much less than clay-cement grouts(Marsh 
cone value 30-33 versus 40-45 clay cement), Penetration resis-
tance also related to cement content and decreases with leaner 
grouts. The wash out resistance results indicated that clay-
cement grouts needy to be richer in cement when grouted in 
sands of 0.8 - 2 mm. range. It is difficult to achieve uniform 
penetration and good resistance to wash out with sands of 
lesser sizes near 0.8 mm. As revealed by the wash out resis-
tance tests, a stronger grout is required in larger voids 
space to resist seepage under pressure gradients. The needle 
resistance of clay bentonite cement grouts has to be over 
1000 grams to resist wash out in a sand skeleton of 0.8-2.0 mm. 
range, while a resistance of 300 gr: is sufficient in case of 
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silicate grouts for the same purpose• in sands of 0.2 to 0.4mrc. 
It is, therefore, - essential to ensure that all void spaces 
capable of accepting coarser and stronger grouts are filled 

before commencing the grouting of the finer material, the 
softer gels will be * suitable for injecting the relatively 
finer materials. To prevent the over . travel of grout when the 
foundation material is coarse and highly pervious, addition 
of cement is helpful in clay cement grouts. 
6.3,9.2. ,Si ic~ tg Q o_aa2 - The solution of sodium silicate 
and precipitants are' prepared separately of knoi dilution 
and are mixed together in laboratory in high speed stirrer 
as shown In 	 Laboratory tests carried out at Mula 

Dam laboratory by Datye and Vin sYaka (  1965) and their., results 
are summarized as below. 

Three precipitants viz; sodium aluminate, Ammonium 

sulphate and sodium bicarbonate in varying proportions were 
tried. The effect of these on the properties of grout mix are 
given below: 
(i) 	The gel formed ranged in colour from dull white to 
bright ..white in the order of the type of precipitant used 
aluminate, sulphate and bicarbonate. The brittleness also 
increased in the same order. 
(ii)G ]eJ.jn,g,,, me: - The increase in the doze of precipitant 
Increased gel strength and reduced gel time, but there Is a 
limiting dozage beyond which only the gelling time is reduced 
and the strength actually is very poor. A reduction in strength 
was noticed with 20 gram doze of sulphate, with 8 to 10 gram 
of aluminate and 30 grams of bicarbonate in 100 cc. solution 
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o_ sodium silicate. 

(iii) Ge trgnp 	As mentioned above the gel time and gel 
' strength bear a relationship upto a given doze of precipitants, 

an increase in precipitants increases the gel strength. The 

results showed that the ammonium sulphate appeared to{  give a 
better coverage than the aluminate or bicarbonate In. produc-
ing gels of equal strength or gel time. 

(iv) PH: It was observed that PH of the fresh grout did not 
bear any relation with gel time or strength. Viscosity results 
also indicated that it practically remained unaltered in 20 
minutes after mixing. 
(v) &eeding 	hrinkag.z  The shrinkage of gels due to 
' syneresi s' is known to be of frequent recurrence in dilate 
gels. The shrinkage of gels increased in the following order: 

Aluminate 	(o-4). 
Sulphate • 	(0.C-  ) 
Bicarbonate 	(0-40%) 

The extent to which syneresis occurs depends on the 
systen but in general decreases with increasing concentration 
of gelling agent. 
(vi) t 	u  res3 stance=  The data obtained showed that in 

0.4 to 0.8 mm, sand grouted with different mixes with hydraulic 
gradient of 10 there was no ,rash out.  and permeability was in 
the order of 1.7 x 10'4  can/sec. Even for 0.2 0.4 mm. sand 
specimen under hydraulic gradient of '30 - 60 the specimen 
have high resistance and the permeability coefficient was 
around 10^4  to 10 6  cm/sec. 	 , 

The test results indicated that sodium aluminate and 

ammonium sulphate are preferable to sodium bicarbonate as 
precipitants but the aluminate gel is more susceptible to 



temperature fluctuations, this is also confirmed by labora-
tory tests results carried out at Ukai and shown in Table 
No.4.2. Though the sodium -bicarbonate has been used on, many 
jobs, the use of this precipitant is not considered a1vis- 
able in view of high syneresis than at early ages and also 
its poor durability. 
5- 3,9.3.  bra tit resin,.. rout. Solutions of organic mono-
mers and catalyst are prepared separately and added only . 
when required as gelling starts with mixing the two solu-

tions. Solutions are prepared in conventional mixers and 
sotred before use, 'There is no laboratory record which gives 
the properties' of the mixture and their effect. These grouts 
are patent and the proportion of various mixes and proper-
ties are generally being given by the firms. 

The object of the field grouting trial is to prove 
the practicability of establishing a satisfactory penetra-
tion of grout in the alluvial deposits at a given work site. 
Field test determines the spacing of holes required, pressure 
of infection to be applied, consumption of grout per unit 
volume of mass treated, and the consistency of grout required 
and its co-relation with the mix designed in the laboratory, 
permeability of the alluvial deposits before and after grou-
ting and estimating the efficiency of the grout curtain to 
check the seepage water. The scope of the test may depend 
upon the economy and time available to carry out. Test plot 
should be minimum 30 ft, long to have sufficient number of 

holes, preferably it may be 100 ft.long for better co-rela-
tion of results. It should be located outside the seat of 
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the dam or may form part and parcel of the main grout cur-
tain. The sequence of field grouting trials are: 

(2) Drilling of holes, 
(2) Water test 
(3) Grouting injection 
(4) Water test 
(5) In-situ observation. 

After the hole is drilled to the required depth determined 
from the rock levels, water intake and slurry intake tests 
are carried out. These are very useful for assessing the 
groutai ility of different stratas. Samples of the soil shall 
be collected and tested in the laboratory for mechanical 
analysis. Water tests shall be conducted in the :bast hobes 
and grout injected in the hole and co-relation of water loss 
and grout consumption shall be determined. The water intake 

is generally observed at or lower than overburden pressure 
depending upon pore pressure in the hole. Intake rate of 
grout slurries can also be found out by adopting similar 
test procedure. The water intake tests can only give an idea 
of the relative permeability of the strata. It isptherefore, 
desirable to compare the permeability test results with the 
water intake test results. Poor co-relation between these 
would indicate defective procedure of water intake test or 
unreliable procedure for permeability test. 

Water intake tests carried at Mangla Dam are shown 
in Fig. No.6.9. In Fig. a and b water absorption is directly 
proportional to pressure, Fig. c, d, e  and f show fissure 
formation with increased pressure. 

The grout is injected in the holes at varying press-. 
ures and pressure intake curve as shown in Fig.No.6.8 are 



HOLE NO 

0 

'TN /N 

TERS 

r 

HOLE NO 

0 

Ch --- - 

WATER LOS 	GROUT INTAkE 

by L UGEO N 	IN L / T/i mx rrR 

PE ,Q 9 NF 74R 1 	S TALE 

STACK  

O 

7 OV 

/SO L /TRES 	 2/50 L!TRE3 
6 

200 	IflI 
0.44 	 /60 	,• 
LUGEO 12 

200 	 Soo >> 

250 

t7 

0.62 
200 	~uGEO  1L '2 Oo 

30 

TOTAL 	' - 1000 LITRES 2 900 LITRES 

TOTAL 166 Ay OF J'OL /DS 534.4 19 

FIG NO ?7. SHOWING THE D.R/LL!/?G AND GROUTING DATA 
0 GROUT HOLES 



'200- 
CHAPTER - 8 

ECONOMICS OF GROUTING 

The economics of grouting operation depends upon 
(i) Cheap cost of grouting operation, and 
(ii) Should be compatible with other methods of cutoff. 

8.2.3. The cost of grouting operation includds the cost 
of the following components: 

(1) Cost of exploration and field grout tests, 
(2) Cost of installation of drilling and grouting 

equipments on site, 
(3) Cost of drilling holes, 

(4) Cost of preparation and injection of grout in 
the holes, 

1 	(5) Cost of testing the efficacy of the grout, and 
(6) Overhead charges. 

8.2.2. çof explorntlon o t 	The cost of 
the preliminary investigations and foundation explorations 
are covered under the separate sub-head of the project esti-
mate viz; under sub-head "A-Preliminary". On the basis of 
these investigations, specifications and drawings of found.a-- 

tion treatment by grouting are prepared. The grout pattern 
and mix provided in the specifications are tentative and may 

not be applied directly in the field before ascertaining its 
suitability. Therefore, it is necessary to take some explora-
tory holes and field grout tests to determine the grout 
pattern and mix to be adopted. No general rule can be framed 
for estimating cost of exploration and field grout tests. 
The following schedule may be useful for preliminary estimate 
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and may be included into the overall cost of the grouting 

operation. 
The bore holes 150-200 mm. dia, at 30 meters 

c/c may be drilled for sampling and permeability 

tests. 

ii) Large diameter bore holes 450-500 mm. dia. at 

150-200 meters c/c may be drilled for pumping 

tests to determine the average permeability. 

iii) One or two exploration pits to full depth or 
partial depth may be taken to determine the 

characteristics of the foundation materials. 

iv) Field grout tests in a test plot of length 

preferably four times the spacing of holes may 

be taken to determine the pattern of holes, 

grout mix, injection pressures and permeability 

to be achieved in the field. This test plot may 

or may not form the part of the main grout curtain. 

The cost of exploration and field grout tests may 

range between 5 to .0% of the overall cost of the grouting 
operation. 
8.2.3. Cost of installAtio 	It is better to estimate this 

item separately as the cost is not dependent on the total 
volume of grouting but on the size of the installation, which 

includes the cost: of; 

i) Electrical wiring, switch gears and installation 

of generators. 

ii) Water supply pumps, storage tanks, and pipe lines. 

iii) Compressors and air pipe lines. 

iv) Clay slurry storage tanks and their processing 

plants. 



v) Grout station installations which includes, 

grouts mixers,, injectors, grout pipe lines etc. 

The above cost may be based on the plant layout for 

any specific site. 

8,2.3. C~—of drillIn—Ft - The unit cost of drilling holes in 

overburden depends on the strata met with and generalisation 

are difficult to make. On any major grouting job, trials 

4th different types of equipments must be carried out at 

the exploration stage to choose the equipment and to estimate 
the probable output. Drilling in overburden is not so cheap { 

and simple as is commonly considered. Presence of hard 

layers) pebbles and boulders can make the drilling operation 
as expensive as in soft rock. Cost of drilling often consti- 

tu.tes major part of the cost depending upon the type of equip-~ 

ment used and shall include cost of casing pipe and cost of 

tube-a manchette if installed. The cost of drilling depends on: 
i) Size, spacing and depth of holes, 

ii) Number of grout rows, and width of grout 

curtains, and 

iii) B4uipment used. 

8.2.4, g2g& of 	infections: The cost of grout. mniections 

includes the cost of processing of raw materials, preparing 

grout slurries and injection into the holes etc. It is better 

to estimate and pay for grouting on the basis of the dry 

weight of solids injected as the consistent r of the grout 
slurry varies from hole to hole. This method places a premium 

on the consumption of materials and creates a tendency to 

increase the tonnage of materials. The cost of injection of 

a grout consists of: 
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(i) F'i xe:I cost, and 
(ii) Variable cost. 

The fixed cost includes ,the cost of installing the grout 
pipes in holes, pressure gauges$  testing and renoval of 
grout pipes and other sundry stores required for grouting. 
This varies from 20 to 30% of the cost of grout injection. 
The variable cost includes the cost ,  of processing. raw mate.- 
rials, cost of materials, preparing grout slurries and 
injection of slurry into a hole. This Varies from 70 to 80% 
of the cost of grout injection and 411 depend on the quan. 
tity of solids injected and rate of injection. The cost of t 
injection also depends upon the power supply. When a bulk 
power supply is available at reasonable cost, the operating 
and capital costs of plants and equipments can be considera-
bly reduced #  The cost of injection alone can be reduced to 
the extent of about 20%. The cost of the dry materials may 
be based on the supply price at the site of work plus l5% for 
wastage, handling etc. 
8,2.5.  Cost of test Cher .ngL  It Is very important to make 
a provision in the estimate of test checking the efficacy 
of the grout, this includes: 

1) Permeability holes at suitable intervals to find 
permeability at any elevation after grouting. 
These may be grouted or simply plugged as desired. 

2) One or two inspection shaft of larger size may be 
driven to permit visual inspection of the strata 
grouted. These may be plugged subsequently. 



8.2. 6. 	A d ~h arr r~ mss: Over and above the actual cost 
of the grouting operation the estimate shall also include 
the overhead charges as •below: 

i) Contingencies charges ranging from 3 to 	of 
the actual cost of grouting for contingent work's 
viz; store sheds,, cost of photographs, film etc. 
cost of transporting the staff •to the site and 
back$ cost of forms, stationery etc., - and other 
ancillary works related to the main item* 

ii) Cost of work charged supervisory staff and qua.. 
lity control staff. The experience at some of 
the projects has indicated that the cost of 
supervisory staff comes to about 	of the total 
cost and cost of the quality control staff comes 
to about 	of the total cost. 

These over head charges .do not include the over head charges 
and profits of the contractors. This may be added at about 

16% in the rates for different items. 
8.3. ~I FFBWMT ''~Tfr~` ,OF— r5~liinTryF r 

8.3.1. The alluvial deposits below the foundation of dams 
can be made wtter-tight by the means of 

i) Rolled earthfill cutoff 

ii) Steel sheet piling. 
iii) Concrete diaphragm walls 
iv) Groutings 

v) Slurry trench, and 
vi) Combirnation of more than one method. 
The limitations and potentialities of each iiethod 

are described below. 
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8.3.2., R©~! ? ed ear*thfil.~ cutoff: 

8.3.21. This is a positive and most reliable method of 
providing cutoff below the dam. In this method cutoff trench 
of desired bed width Is excavated through the alluvial depo-i 
sits, doun to bed rock and backfilled with rolled impervious 
soil with similar construction methods as used for construc-
ting an Impervious core of the dam, or with plastic concrete 
of clay and cement. The trench shall preferably be keyed in 
rock to avoid formation of leakage paths along the contact. 
If it is left in the weathered rock this may be grouted with 
suitable grout mix to make it water tight. The rock founda-
tion below the cutoff trench may or may not be grouted, depen-
ding upon the type of rock formation, content of fissures 
determined from core recoveries,, and the degree of the seep-
age control desired* The excavation and backfilling of cut-
off trench is to be carried out in a dry state where it can 
be inspected and controlled at all times. The limitations 
of rolled earthfill cutoff . are viz; 

i) Depth 
ii) Dewatering, and 
iii) Time. 

8.3.22. 	: 	The rolled earthfill cutoffs are mostly 
constructed to depths upto 25 meters. The cost increases 
rapidly below this depth, although some trenches have been 
excavated to more than 50 meters depth for high dams, the 
construction tends to be expciisive and troublesome. 
8.3.23. DQ taring: The principal difficulty in the cons-
truction of a rolled earthfill cutoff Is frequently the 
dewatering of the trench and holding down the water level 
until the trench is excavated to the final depth and back. 



filled. It is difficult to make the reliable estimate of 
the seepage .water in the trench which is required to be 
pumped out. There are various methods of keeping the area 
dry as show in Fig. ado. 6.3. Well points are installed on 

the slopes of the trench as the excavation is being made or 
deep well pumps are located on Upstream and Downstream of 
the trench to lower the water table. In few cases sump pumps 
are installed at the bottom of the excavation and have proved 
adequate for controlling the seepage inflow. At a few dams 
the contractors have driven tunnels in the rock formation 
below the alluvium deposits and dewatered by draining the 
water downwards Into the tunnels. 

8.3.24. TietThe construction of a rolled earthfill cut 
off is a very slow process. This involves construction of 
coffer dams or ring bonds in case of . flowing water, excava.» 
tion in overburden and rock to the desired depth and back-
filling with suitable soil: and raising to the safe stage 
in a single working season before floods can be pa-ssedd

--_aver 
. The grouting in rock below the bed of C.0, T. if required 

may be done in advance from overburden though costly to 
gain time of completion of cutoff trench. For large depths 
of alluvial deposits, these operations may not be accomp-
lished in a single working season and therefore it may not 
fit in the overall working schedule of the project. 
8.3.25. PQ,tentialit , 	The potentiality of the refilled 
cutoff trench is that it provides a tight and effective 
barrier to seepage. * The reduction in permeability is to 
the extent of IO"'S  cm/sec. and pressure head drop more 
than 90%. 



8.3.3. aelsbetpilin: 

8.3.31. The steel- sheet piling was among the several impor. 
tart types of foundation seepage barriers used in pervious 
soils, 30 years ago, ' Because it is relatively , expensive and 
experience has shown that the leakage through the inter locks 

• between the individual piles Is considerable, it is, there. 
fore, chosen much less f#equently today. However$ in some 
circumstances when the alternative cutoff methods are expen.• 
sine or time 'consuming, steel sheet piling cart. provide the 
best under seepage barrier.. The limitation of steel sheet 
pile cutoff are viz; 

i) ' Depth 
ii) Formation, and 

iii Leakage. 
8,,3.33,E Dtht The steel sheet piles can be used as a see-
page barrier upto 30 to 40 ft. depth only. with a larger 
depth heavy section of sheet piles may be required to with-
stand the static pressure head of water and the dynamic 
pressure of driving and may also buckle while driving. 

Also driving of sheet piles to a greater depth would be 
difficult and serious drawback is the noise aired vibration 
associated with the driving. 
8.3.33. F'rma,~ti_on: The effectiveness of ' steel sheet piling 
as a cutoff seams particularly dependent on such factors ass 

i) Density of soil 
ii) Presence of bolders in, soil formation 
iii) Characteristics of formation viz; homogeneous. 

or heterogeneous, and 
iv) Rock surface. 



There is no reliable guide which gives the relation.-

ship between the coarseness or density of a soil and the 
type of the steel sheet piling which should be used in it. 

The presence of boulders in the formation may make the 

driving of sheet pile difficult and may be damaged during 

driving, with no indication of trouble at the surface, the 
interlocks tear open or the pile buckles. Therefore, driv. 
ing and pulling out tests should be made at site when there 
is any doubt. In some cases heavy section of sheet piles 
have to be driven assisted by jetting through coarse gravel 

mixed with boulders. If the clay stratum is met with the 
penetration of sheet piling will be very difficult through 
the clay stratum as the side friction would tend to produce 

, buckling of the piles. The sheet pile wall is more effective 
in, homogeneous soils, In stratified soils, the permeability 

in the horizontal direction is many times more than that in 
the vertical direction,, so that a large part of the total 
pressure head loss is due to seepage in the vertical direc-
tion as the water enters the foundation upstream from the 
dam and leaves it at downstream. In such cases a relatively 
small part of the pressure head loss occurs as the water 
travels horizontally under the dam, so that the influence 
of the sheet pile wall is relatively much lower than for a 
dam with homogeneous formation. For the most satisfactory 
use of sheet pile wall, the underlying bed rock should be 
sufficiently weathered, soft and with uniform surface to allow 
the pile to penetrate a few inches into the rock. During 
this distance the driving resistance increases rapidly. 

Very hard rock with sn irregular upper surface may cause 
the Dues to deflect and break and it may happen that only. 
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one edge of a pile may rest on rock while the other edge 
may be hanging in the soil formation which will increase the 
leakage along the contact zone at the base. 

8.3.34. L 	g 	The leakage and the pressure head loss 
of water , flowing through a steel sheet pile will depend 

V 

primarily on an average width of the openings in the inter-
locks. Both theory and laboratory tests indicate that, if 
no stresses exist In the interlocks the average flow channel 
between individual piles is approximately equal to the 
seepage resistance of 10.15 meters of the soil width. In 
actua,, practice it is observed from the measurements of 
pressure head across the sheet pile' cutoff installed under 
dams that the resistance to seepage actually offered by the 
sheet pile is usually equal to that offered by the length 
of soil at the site varying from 100 to 500 meters. The 

fact that the measured resistance is higher than indicated 
by the theory and the laboratory tests is due to: 

i) Interlocks stresses either tension or compre-
ssion which a closes the interlocks openings. 

ii) Plugging of the interlocks openings by corro-
Sion end/or by fine soils. 

The sheet piling havd been provided for earth, dams, 

as a seepage barrier on Missouri river projects,, U. S. A. and 
on D. V. C.dams, India. The piezometric data at Missouri river 

projects indicated hardly any reduction of pressure head of 

about 8 to 18% of the total head across the pile. with 
passage of time it increases significantly most probably 

due to corrosion and migration of adjacent soil to clog the 
interlocks. 
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8.3.35. otenia.itvt The principal' value of a sheet piling 

seems to be its ability to prevent piping progressing beyond 
the sheet pile wall. This was the major reasons for 'tts 

installation at .Missouri river projects. The driving of 
sheet piling is fast and when other methods of cutoff are 

expensive and time consumlhg, steel sheet piling can pro. 

vide the best under -seepage barrier. 
A steel sheet pile wall math special design to reduce 

leakage in the interlocks and to prevent breaking or buck. 

ling was used in 1957 in the lower 85 ft, of the foundation 
material at Swift Creek dam in Washington. It consists of 

a double row of straight section of sheet piling welded to 

18" wide flange steel beam. After the driving the space 

between the beams were excavated and the cells were filled 

with concrete. 

8,0.4# g2ncrete._d .achra~n ~r lsz 

8.3.4.1. There are various methods and patents of construc- 

 ting concrete diaphragm walls under earth dams as seepage 

barriers. Few of them are illustrated below. 

8.3.4.2. Y'ertiga'+ irai'i; : The excavation of a trench is made 
by shoring and struting and backfllling with un-reinforced 

con crete to form a wall usually 5 to 6' thick after necessary 
dewatering of foundation. 

A vertical concrete walls of various types have been 
installed under a few earth dams as foundation seepage 
barriers. When founded on rock over their whole length, 
concrete wails are perfectly satisfactory and provide almost 
complete imperviousness. However, they have not been used 
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to any large degree. This may be perhaps due to high cost 
of concrete which makes the rolled earthfill cutoff econo-
mical. One of the last major dams in U.S.A. at which a cutoff 
of this type was used is the U.S.B,R's 'Tieton dam completed 
in 1925. There, a 6 ft. wide concrete wall was carried do n 
more than 130 ft. deep.. Difficulties with dewateringarnd 
shoring during construction discouraged further use of 
similar design. These are still common in England Wand have 

been put down from 150 to 200 ft. deep. 

	

8.3.4.3. 	mnF g  	Cas,, lori y  : Other type of very 
deep concrete cutoff wall was installed as a compressed 
a .r cassion constructed under a few major dam In eastern 
U.S. in 1930. It is doubtful whether such a design would 
be economically feasible under any circumstances in the 
present day. 

	

8.3.4,4. 	 A new form of concrete 
cutoff "Walls which show promise in several. cases (when its 
brittleness would not result in cracking and where a deep 
barrier is not needed) is a continuous row of large diameter 
bored piles drilled with special drilling rigs and backfilling 
with cement mixed with natural foundation soil or by pumping 

a sand-cement grout into the hole from the bottom up as the 
drill bit is removed. This method has been used at Shek Pik 
dam Hongkong where a 22" di a. holes are drilled to form a 

continuous cutoff wall 30 ft. deep to act as a barrier to 
grouts  injected between the diaphragm walls. The Prepakt 
process has been used to build continuous underground imper-
vious walls for many types of civil engineering structures, 
however upto the present it has been employed for permanent 
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seepage barrier tinder only 2 small diversion dams of the 

B. S.B.R. 
8.3.4.5. y rroc gig:  The Feder Process .s the patent of 
ICOS firm of Milan$  Italy,. in this process holes are drilled 
continuously and are held ,open with a bentonite mud slurry 
and clay-cement concrete is placed with a tremie from the 
bottom of the hole. In Ili is this process is used by Rodio 
group for many civil engineering jobs viz; To act as a 
seepage barrier for dry excavation of C.O.T. at tlkai project, 
for open excavation of foundation of Air India Building, 

Bombay, for open excafation of machinery foundation at Ranchi 
and to act as a grout barrier at Obra Dam, U.P. the width 
of wall is kept 2 ft. cutoffs have been -formed under a con-
siderable number of low earth dams in Europe and south 

America. At Manicou.agan dam Quebec this process has been 
used (completed and tested satisfactorily in 1962) in the 
upstream coffer dam where a 2 ft. thick wail is put down to 
a maximum depth of about 250 ft. through course alluvium 

containing boulders upto 3 ft. diameter. 
8.3.4.6. The following are the limitations of the concrete 
diaphragm walls: 

i) depth 
2) Stability 
3) Seepage 
4) permanence, and 
5) Cost. 

8.3.4.61. ,D h= The records available indicate that concrete 
diaphragm walls are taken down to a maximum depth of 250 ft. 
only. Beyond this depth drilling becomes difficult and costly 
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due to weight of driving bit on the rig. 
8.3.4.62.  ,5,tAbiii 	It is. doubtful whether a thin concrete 
diaphragm walls can withstand the high hydraulic gradient. 
It acts as a cantilever slab fixed at base and may deflect 
due to high hydraulic pressure. It may even crack due to 
its brittleness. At the surface it may look, alright b t 
the in-situ conditions in the soil may be different. 
8.3.4.62.  See tae:.  If the keying into rock is not perfect, 

it may leak at the base. In Rodio's process alternate 
blocks usually 2 to 4 meter long are cost and then gaps 
are filled in. if any opening Is left in the interlocking 
of the blocks, this may cause considerable leakage. 
8.3.4, 64.  Per gnp..n,ce:. The permanence of concrete diaphragm 

walls is doubtful and are not used as a permanent cutoff 
below the dam. Mostly these are used as a supplement to 
grouting or rolled earthfill cutoff, and as a temporary 
seepage barriers, for open excavation of foundations., 

8.3.4.65. ,ZaLt: The cost of concrete diaphragm wall is 
prohibitive and costs about 8 to 10 times to that of rolled 
earthfill cutoff. The construction also takes much time as 
the excavation in rock for keying is most difficult and 
special chisels are used to excavate. The concrete also 
remains plastic for longer period and - on setting it becomes 

brittle. 
8.3.4.66.  PotCntia it es:  The bore holes can be drilled 

in any type of soil formation containing boulders where 
driving of sheet piles is difficult or in any permeable 

zone where excavation of cutoff trench is very difficult 
due to high seepage. Thereforewhen other methods of cutoff 

are not feasible concrete diaphragm walls may be employed. 
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Best cutoff can be obtained when these walls are supple-

mented with. grouting or rolled earthfill cutoff * to form a 
thick mass perfectly water-tfght. 
8.3.5. 	itin; 
8,3.5.1. It was in 1955 when grouting was first adopted 

at Serre-Poncoh to form a permanent cutoff below the earth 
dam resting on alluvial deposits. This practice has since 
Teen 'used to several dam sites and the piezometric data 
available indicates the pressure drop across the curtain 
more than 90% and reduction in permeability more than 
10,000 times of its original vaalue. \4th modern practice of 

grouting and advance in soil mecha ics and grout' technique, 

it is now possible to provide a cutoff in any soil formation 
ranging from permeability of 10 em/sec to 10 cm/sec. by 
the coarser grout of cenent. clay-bentonite and fine grout 

of silicates and organic resins respectively,. The limita-
tions of grout process are: 

.) Cost. 

8.3.5.2. 	The only limitation is the cost. It is 
costlier than rolled earthfill cutoff for low depth of 
alluvial deposits. Fbr large depths the cost of rolled 

earth fill cutoff increases many times and grouting would 

only be solution. 
8.3.5.3. Potentiality:  The grouting can be done to the 

depth to which holes can be drilled. Therefore:  depth is 
not the limitation. Grouting in various forms has a great 
potential for effective cutoff in alluvial beds and it holds 
promise of replacing sheet piling and rolled earthfill 
cutoffs. It has also great possibility for solving dewater- 
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ring and coffer dam problems many of whi oh defy solution 
today. 
8.3.6. 8.3.6.  Slurry trench met aod: 

8,3.6,1. It is latest development in providing permanent 
cutoff below the dam to check seepage through the alluvial 
deposits.in a slurry trench method, a trench is excavated 
by the conventional method of excavation by dragline or back 
hoes and the trench is kept continuously full of bentonite 
mud slurry to prevent the walls from caving in so that no 
sheathing or shoring had to be used. After the trench is 
excavated to bed ro ck with the drag line, the bottom may . be 

cleaned with clamshell buckets and air Jets. The excavated 
materials (a mixture of sand and gravel with bentonite 
slurry) may be stock-piled ed adjacent to the trench to drain 
out water. The mixture may be blended later with 15 to. 
silt. This mixture may then be dozed in the trench from 
one end displacing the bentonite slurry until, the backfil- 
ling is complete. The material is expected to have a permea- 
bility coefficient of less than 10'6  tit/sec. 

This procedure had been employedto construct ground 

water seepage barriers for various purposes but except for 
some dykes below the MCNary dam, had never been used under 
a permanent dam structure until the Wanapum dam built in 
1968. Here the foundation material at site consisted of an 
erratic deposits of sand, gravel and boulders extending to 
a depth of 80 ft. The coefficient of permeability varied 
from 3 to 10 cm/sec. Studies indicated the driving of 
sheet pile difficult and excavation of trench for rolled 

earthfill troublesome and would have been ;costly due to 
h€;avv dewaterine. After successful field tests. a 10 ft. 
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wide foundation seepage barrier 80 ft, deep was formed of 
slurry. trench. The limitations of this process are: 

. 1) Depth 
2) Permanence 

8.3.6.2. A 	l The trenches can . be excavated to the depths 

to which buckets of draglines and back hoes can be 4-owered 
safely. Therefore for deeper curtain this method is not 
suitable. 
8.3.6.3.  Peac  The core walls constructed are very 
thin say from 3 to 10 ft. wide, and the slurry in trench 
remains in a very soft conditions for very long times after 
construction. The material has a consistency somewhat like 
that of stiff butter. Therefore where early loads are to be 
imposed upon the soft mixture may shrink. Mo'eover, till 
the mixture is hardened embankments cannot be raised over 
them. This may effect the overall programme of construction. 
8,3.6.4. 	 The compaction of slurry in the 
trench is by its own weight and requires no rolling. The 

process has many advantages, and now it has a precedent on 
a major project, it will undoubtedly be used more frequently 
in the future at sites where depth of cutoff is not great 
and trench can be excavated by trenching machines or by a 
back hoes, the trench width can be reduced 3 to 4 ft. which 
will reduce the. cost. 
8.3..7. Qi bnaton ojo 	ban 9nrcps: The combina- 
tion of more than one processes are nov-a..deys preferred for 
perfect cutoff walls in alluvial deposits. 

8.40  

8.4,E  1. 	The cost comparison of different cutoff processes 

z 
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8.4.2. 	Ro d 	arti11 . 	n : The cost is worked out on 
the basis of volume of earthfilled in the trench and includes: 

The rate of excavation In 0.8 
depending upon lift and for 
normal lead of 50 m. 
The rate of excavation in rock 
depending upon lift and for 
normal lead of 50 m. 
The rate of dewatering while 
excavating, 
The rate of dewatering while 
refilling„ 
Refilling with imp. soil. 

1. 3 to 5 p er m8 

Ps.14 to 20 per m8' 

%00.5 m3 

%.0.5 m8 
Ts. 7.0 m8 

8.4.2. 5  e  she„et~ p1l ek The rate is worked oat on the 

weight basis. This can be converted to surface area basis 
inclusive of cost of driving. 

The rate of sheet pile. 
Weight of sheet p .le/sq.m. 
120 to .180 kg.Rata per/sq.m. 
depending Upon the section and 
manufactures. 

Rs. 2000 MT 

Rs, 240 to 360 per sq. m 
8.4.4. fi ncg_a&a I& hra wg * The rate Is worked. out on 
the basis of surface area inclusive of cost of dtilling, 
bentonite slurry and placing concrete. 

The rate $ r a 0.6 meter thick 
un-reinforced diaphragm wall. ' 	Ps, 380/sq.m. 

8.4.5. Grouting, A detailed estimate Is to be prepared 
from which rate per m3 of mass treated can be worked out. 
8.4,6. S1,.urry trench: The rate is worked out on the basis 

of surface area and includes most of ,excavation, cost of 
silt, blending aM dozing. 

8.4.7, Pro.b1emi. Economics of different processes of provi 
ding cutoff at a given site are worked out as below for 
the problem: 
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• Depth of alluvial deposits 
consisting of sand & gravel. 	15 M. 

Depth of water .retained. 	 60 " 

For comparison assume a unit 
length of 	 100 

8.4.71. Road ea *thfl1? eut©f f: 

(1) Quantities: 
Assume trench bed width. 	 15 in 
side slopes 	 1:1 
Excavation 4§ ,,5x15 x 100=45, 000m3 .. 45,000 in3 

2 
(ii) Abstract of cost: 
-- r-we wlrw►wwrrat.aw---wrr-wrw.rr.Mr r-Nwr.►.+rn--r-rr►wr Wre r----rral'.+.,rrr 

Quantity. 	 It ems. 	 Rate per. . 	# nount, 

+swrwwr.r.~rrr ~swar,r+nwM.rrw►-arr-a+r.rw+wr.rrr+r+wrr+itrawry +.rr+rs rrw- 	—--- 

45,000 m0 	Excavation., 	5.0 .m3 	Rs. 225,000 
45a 000 m3 	Dewatering 	1.0 " 	Rt.. 45, 000 
45,000 m3 	Refilling. 	7.0 	T . 

Conting en oy 

w/ C. 

8.4.72. Steel sheet 	 ins: 
(i) Quantities: 

• _ Rs. 585,000 
3% 
• Rs, 60 2, 550 

  12 0 Total:   Rs 614,600 

surface area One row only. 15x1001500 m2 
(ii) Abstract of cost: 

-- 

Quantity. 	It zs, 	 Rate. 	Amount. 
+Ww.rr_Y_-Mwir-... 	-rr- --- --- -dh-4 r r+.-i rr+q -rrw----r--- 

1500 m2 	Sheet piles. 
Contingency 

w/C. 

' 350 m 2 Rs. 5, 25 9 000 

Bs. 59 40,750 

Total; Ps. 551,565 
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8.4.73. QBncr.ete pia 	api waUj 
(1) Quantities: 

Surface area 	15 x 100 	1500 m2 

(ii) Abstract of cost 
w+rtw►riFr+iYa!i w+rt+sr+►40.0 

	

_— 	—— ----u — — --- ----- rriwr nY .r ----- — — 

Quantity. 	It ns. 	 Rate per 	Amount. 
ir.r~swr rrrU .wrr+rw AIr wsv&w O.il"Y/--- — w own" 	M--rAr ---lf+---fir--r..rr-------- 

1500 m2 	Concrete diaphragm wall. 380 m2 	Rs. 570,000 
Contingency. 	 3% 1.170100 

Ps. 587,100 

• 1 /C. I& -3,1.x 7 
Total: Rs. 598,842 

8.4.74. GrautifE, 
(1) Quantities: 

Width of curtain 15 m 
Rails of grout holes.. 

• 

5 Nos, 
f 

spacing between rows. 3 meters. 
Spacing of holes. 3 meters. 

• . , 	No, of hole s( 100/3+1) xb 170 No s. 
Depth of holes 170x15 2560 M 
Quantity of soil to be treated 

15x15x100 22500 n 

Assume 45 	filling. 
10025m 

Assume 80% with clay based, ,grout: 8020 m3 

20% 4th clay-s .ii•cate grout 2005 m3 

Proportion of clay-cement-bentonite grout. 

Clay + Bentonite + cement + Water + D. A. 

0.4+ 	042 	+ 	0.6 	+ 	6 + 

In m3 of slurry solids will form 186 kg. of which 

Cement 	93 Kg. 

Clay 	62 Kg. 
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Ben tong. t e 	31 Kg. 
D. A. 	1.86 Kg. 

Proportion of clay-chemical mix: 	2+.1 
This will contain 114 Kg of solid' in m8  of slurry out of 
which 

Clay 	76 kg. 
chemicals 	38 kg. 

• 
Rates are assumed as below: 

r 

Clay (processed) 	R. x.00 MT 
Bentonite 	Rs. 300 
Cement,. 	 . 200 
D. A* 	 B5• 5 Kg* 
Silicate 	 s. x000 MT 
Injection charges. 	i , 100 M.T. 

Requirement of dry materia.s*  clay-based, grout: 
Cement 2 x 8020 = 750 X. To 

1000 
Clay x8020 ...c2.,.. = 500 	" 

1000 
Ben toni t e 	8020 _.,, = 250 

1000 

D, A, 	J,. x8020 = 	15 
1000 

Chemical grout: 
Clay  76  x 2005 	150 M. T„ 

1000 
Chemicals  3&  x2005 = 75 " 

1000 
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(ii) Abstract of est mate: 
+r -----  r•.+r rr.sw w.-------- •rrwr rrrr 	— .rr.wrr -------- 

Quantity. 	Items, 	 Rate Per 	.Amount 
rrrwwerrM.r----~•--+rfl++r+/--r•r--wr•• r.r---_Ir.r~r w~..rrYiww~r~wwtIf ~+w ~r ~Mrwr.w.+rr 

2550 Rm Drillingncluding 
placing manchettes. 75 Rm 

2550 Rm Sheath grout. 5 't 
650 M.T. Clay 200 MT 

750 M.T. .Cement 300 
250 M. To Bentonite 400 
15 14.T. J. A. 5100 " 

75 14. T. Silicate 1100 " 
2 No. Permeability tests. 1000 " 

Rs. 191,250 

Rs. 12,750 

Rs. 130, 000 

Ps. 225,000 

Rs. 100,000 

Rs. 76,600 

to 82,500 

Contingency 

if/ C 

3% 

3% 
Total: 

8.4.75. Slurry trench: 

(1) Quantities: 

width of trench 
Excavation 100,x15 
Assume 5002 overcut. 

Refilling 

silt for blending 20% 
Bentonite 

3 meters 
4500 m3 

~0 ~~ 

6750 't 

1350 " 
3 100 kg/m 

0 
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(ii) Abstract of cost: 

wr 	 - 	 w.wrrlr ~If~r rrwrr 	~M ~h ~+1~~M +~anws+rrar yr Ada rr wrrrr wiYw 

Quantity. Items. Rate 	Per Amount. 
--r--r.~--- 	 i._ - 	 --rrr- ri—r►— ---r--- --.f+r------r-- 

6750 m3 Excavation, 5 	M3 N. 33,750 

1350 m3 Silt. 5 	TM 1s. • 6,750 

1350 m3 Blending of silt. 2 	t' Ps. 	2,700 

675 M.T. Bontonite (L6) 200 	" R1.135, 000 

6750 m3 Refilling 4 	" ,220 0 30 
Rs. 2051 200 

Contingency. 3% BL. 	63.§ 6 .. 
1s. 211! 3: 6 

WW6 ___ 
Total Rs. 215, 583 

8.4.76. Abstracts 	The cost worked out above for different 
types of cutoff for a unit length of 100 m is given below 
in descending order: 

1• Grouting Rt. 869,938 

2.  Roiled. earthfi.1l. R. 614) 600 

3.  Concrete diaphragm wall. R. 598$ 842 

4.  Sheet piling. R1» 551,565 
5.  Slurry trench. R. 215,583 

The ' tost comparison shoes that slurry trench is 

the most economical but other limitations viz; if there Is 

a standing pool of water or flow of water in the river 411 

require coffer dams which will add to the cost. This limi-

tation will also apply to the rolled earthfill cutoff. The 

cost of coffer dams may make these processes very costly 



-223-. 

and time consuming. The cutoff provided by sheet piling 
is not perfect in early stages of the reservoir operation 
and driving may also be difficult in gravel and boulder 
formations which may make the cutoff ineffective. Therefore 

only method which -can compete the grouting process for given 
job conditions would be concrete diaphragm. The stability 
and reliability of concrete diaphragm are not yet developed 
in this country,, therefore grouting would only be feasible. 
When there is a flow of water in the river the grouting 
operation can be carried out from floating pontoon. 
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y 	 CH PTER - 9 
EX. PLES OF APPLICATION OF GROUTING 

9.1. 	Few exaanples of application of grouting of dam 
foundations resting on alluvial deposits are illustrated 

below: 
9.2.  sERFPONC  (1956) 

Locnti.on: 	The first use of alluvium grouting on large 
scale was at the dam at Serre-Poncon on the river Durane 
In the.. French Alps. The dam is constructed of rolled earth 
fill 120 meters,  high. 
Problem;  The dam is founded on water bearing alluvium 100 
meters deep highly permeable with permeability of 10 1  cn/sec. 
The foundation consists of 3 types of alluvial materials to 
be grouted viz; 

(i) Coarse material with m .nimum grain size of 1.00 mm, 
(2) Fine material with grain size of 0.1 mm'  and. 
(3) Intermediate materials. 

Treatme  The impermeable. cutoff below foundation has been 
formed of 12 rows of grout holes of which 4 extend down to 
the bed rock. The thickness of the cutoff is about 35 meters 

at, its contact with the core and progressively decreases to 
about 15 meters thick from adepth of 30 meters down to bed 
rock in which it penetrates by several meters. The upper 

part of the cutoff is reinforced with 7 rows of shallow holes 
so as to cause a satisfactory contact between the cutoff 
and the core of the darn, and to reduce as far as possible 
hydraulic gradient in the contact zone. 

Coarse alluvial materials of size 1.00 mm were grouted 
with clay-cement grouts. The intermediate materials were 
grouted with colloidal clay of L.L. 105%  and finely ground 
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slag a sulphate resistant material with caustic soda as a 
setting agent. The layers of fine materials were grouted 
by .silicate grouts. 
Results:.  The permeability of 10 ' cm/sec. measured before 
grouting was reduced to 1005  cm/sec. 

From the filling of reservoir in 960 regular obser-
vations made in many piezometers installed both upstream 
and downstream of the cutoff show that the flow of water 
through it is exceedingly small. In fact the gradient of 
the ground water Immediately downstream of the cutoff is 
lower than that which existed there before the construction 
of the dam.* 

9.3  SH K P1K D 
Location:  The Shek Pik dam is located on the island of Lax 
Tao in Hongkong just 500 yards from the mouth of the river, 
Dam is constructed of rolled earthfill 187 ft.. high and 
2500 ft. long intended for the water supply of Hongkong. 
E pL u:  The investigation of dam site foundation indica-

ted alluvium deposits of about 30 ft* deep containing many 
boulders, overlying about 20 ft. of much decomposed granite 

with many of the physical properties of an alluvium. Beneath 

this, there is a zone of 20 to 30 ft. of less decomposed 

rock. Sound rock is available at about 100 ft.depth below 

the surface. The ground water was almost at surface level. 

Alluvium deposit was found to be very permeable and contain-

ing large boulders. Conventional methods of constructing a 
cutoff of sheet piles and a concrete filled trench were out 

of the question. Even backfilled cutoff was also found to 
be very difficult. 
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rT eeatmen, tt  The cutoff consists of two rows placed at 20 ft. 

apart of bored pile diaphragm 2" dia, extending through the 
alluvium into weathered rock. The grout was injected subsea 
quently into the, alluvium in between the bored pile diaph-
ragms. The grout curtain is formed of 4 rows of holes two 
between the diaphragms and one on either side and out side,_ 
extending to alluvium. Upstream row within the diaphragm 
was extended down to weathered rock. The grouting was carried 
out by tube--a manchette method. A wide range of grout mixes 
were used including grouts made from locally occuring clays 
after processing and with addition of some bentonite and 
cement. Four successive dozes were 'given in stages, Idea 

behind the stage grouting was to allow time for water dis-
placed by the grouting to dissipate and so reduce the heave. 
The choice of the grout for the various zones was determined, 
as the work proceeded and was based on accurate records of 
grouting pressures, rates of acceptance etc. 15 ft. thick 
embankment was placed over the cutoff and grouting was 

carried out from the embankment to increase the grouting 
pressures. 
Results:  After grouting the permeability was reduced to 

about 10 cm/sec. Some heave was also noticed in the embank-
ment which had to be removed before further raising of earth 
fill. 

The section of earth dam showing cutoff is shown in 
Fig. No.9.1. 

L  gation:  . Kotah Barrage is located across the river Chenbal 
near Kotah city in Rajasthan. The barrage has a total length 
of 1810 ft., 1000 ft, long spillway on its left resting on 



rock and remaining earth dam portion on its right abutting 

old palace wall. The earth dam is about 120 ft. high above 

the river bed. 

Problemz In earth dam portion in a length of about 210 ft. 

rock was found to be about 60 ft. below the river bed. In 

remaining length rock was met at higher level where masonry. 
cutoff was provided. Sheet piles could not be driven due to 
presence of big size boulders in the formation. Open excava-

tion was also not found suitable as it would have delayed one 
year and would have required more power for dewatering 

which was not available. then. Therefore it was decided to 
grout the allluvium. 
rn tm tt . It was the first time in India when an alluvium 

grouting was to be attempted. Methods and processes were 

not developed then and hence reputed firms viz; Solletence 

of France and Cementation tb.,Ltd. were consulted. The grout 

mix used was 

Clay 	Cement. 	Sodium silicate 

90 lbs. 	4 lbs. 	1,60 c. c. 
The consumption of grout was found to be about 4 

of the total volume treated. The thickness of cutoff is 

about 30 ft. made up of 5 rows of grout holes spaced at 

6 ft. and holes at 6 ft. c/Co 
Agg is The field permeability tests carried out after 

the grouting operations gave the average value of 8x10"3 
an/,sea. against the original value of 1.8 x 10' an/sea. 

before grouting, 
9.5,, 2.QQ R9~1CH DAM ( 7959 

Lo eatior~r The Rocky Reach Hydro electric project - is located 
on the Columbia river in North Central Washington. 
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E,g  oblsm:  The Columbia river at dam site is a relatively 
shallow fast flowing river about 1300 ft. wide. It lies on 
a high bed rock against the western wall of the canyon, and 
is, bordered on the east by a high ,broad terrace which extends 
more than 3500 ft. from river edge to the canyon wall on the 
east. Boring and seismic exploration made by the U. S. ,Army 

Corps of Engineers indicated that extensive granular deposits 

existed in the terrace areas. These erratic deposits, formed 

by the river in its previous course were highly permeable 

with permeability in the order of about 5 cm/see, 

Trent.  After a careful review of the seepage problem 

it view of this large coefficient of permeability and from 

the field grouting test results, a grouted cutoff was decided. 

The cutoff consists of three rows of hole spaced at 10 ft. 

and holes along the row spaced at 12 ft. c/ c. A construction 

trench was excavated to facilitate the drilling and grouting 
operations. The grout used was cement- clay followed by cement-
bentoni.te. The field testing and the review of data indicated 
that -sand formation of significant extent still remained 

ungrouted and that residual permeability was still higher 

than the desired value. The fine sand formation could only 

be grouted with chemical grouts. Sodium sili cate-aluminate 

grout was not considered as high PH value in excess of 11.0 

was noticed in ground water and it was doubtful whether 
gelling of grout could be assured. Chromelignin grout was 
rejected as long term stability was questionable. A14-9 grout 
was selected for further grouting because of its ability to 
penetrate the sand and silt , 'o es which remained open after 
the cement grouting. Gel time for AN-9 grout used was usua. 
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lly in the range of 15-45 minutes and grouting was done in 

stages of 5 ft. by descending stage method, 

R ,ultsi Field permeability tests and continuous record 

of piezometrlc levels before and after grouting indicate 
that Initial permeability of 5 em/sec. was reduced to 5x10 4 

cm/sec. after the completion of cement and chemical .grouting, 

The efficiency of thecutoff has remained at the same high 

level following .several years of operation at full reservoir 

level. 
Gross section of cutoff wall is shown in Fig.No.9.2 

and pie.zometric levels after grouting are shoun in FIg. To.6.11. 

9..6. -_TISS~QJL DAN (195a) 

off" :tin;,. The Hi slion Dam is located in the valley of the 

Bridge river in British Columbia. It is located at the down.. 

stream toe of the ex .sting diversion dam 60 ft. high cons-

tructed in 1948 to divert the water to the power station. 

In 1955 It was decided to raise the reservoir level by 140 ft. 

by constructing a new dam. The dam is built of earth and 

ro ckfil .. Professor Terzaghi was incharge of design and 
construction of Dam. 
Prpb. 	The site is underlain by two pervious acct,uifers, 

separated by a thick stratum of highly compressible clay. 
The permeability of the sediments beneath the clay stratum 

-1 was of the order of 10 en/sec. and the pattern of the 

stratification was that of a sediment laid don by a swiftly 

flowing river. 

reat~nent:_ The presence of two acquifers separated by the 

clay stratum required two separate cutoffs for the new dam. 
The lower cutoff consists of a grout curtain extending from 

the bottom of the clay stratum to bed rock and the upper 
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one consists of a sheet pile wall which reinforces the ori-

ginal clay cutoff of the diversion dam. The grout was designed 
4 to achieve the permeability of 2 x 10-  am/sec. after grouting. 

The curtain was designed with hydraulic gradient of 3 to 4 
times. Thus for 180 ft. depth of water., curtain width was 
kept 50 ft. made up of 5 rows of grout holes spaced at 10 ft.. 
apart and holes along the rows in row l and 5 were spaced 

at 10 ft. apart whereas for inner rows holes were spaced 
15 ft. apart?  staggered. The contract for grouting was awarded 
to Solctauche, France. The grouting was carried out from an 
embankment of 25 ft. height upto 1L.2010 down to bed rock 
x.1555, The . principle constituent of the grout were portl and 
cement type I and glacial lake clay with clay content of 40 
to £0.$ with clay fraction less than 2 u, LL 4v to 55% and 

P.1. of 19%. Grout rows I & 5 were injected with relatively 
thick and strong grout to prevent the escape of large qua'+ 
titles of less viscous grout from the central portion of the 
curtain across rows 1 & 5. Grout was made up of cement clay 
ratio of 0.53 and cement/water ratio of 0.02 by w ght. 
The grout was injected under pressures of 200 to 500 p. s.1. 
Intermediate rows No. 28'c4 were injected with grout of cement/ 
clay ratio of 0.223, cement/water ratio of 0.07 and injected 
under pressure of 200 to 400 p. s. i. sometimes reaching 
pressures of 800 p.s.i. Central. row No.3 was injected with 
clay chemicals made of clay-sodium silicate and mono sodic 
phosphate which acted as a gelling agent for the silicate 
and defloccuiating agent for the clay. The properties of clay 
chemical grout used were$ 



Initial viscosity 	36 see. 
Marsh cone. 	 45 Min. 

Shearing strength 	 2 
after 8 hour s1 	 10 g/ CM 

The grout was Injected at pressure varying from 
600 to 1300 p. s. i„ occasionally reaching to 1500 p. s. i. 
The grouting was carried out by a tube-.a-manchette process. 
The grout pressures were used 3 to 6 times overburden press- 
.res and exceptionally as much as 10 times. Observations of 

heave indicated no where more than 0, 3. ft. 
g,g_,u_„ 	After, grouting the permeability to be achieved 

.Pry 

was 2 x 10 	c n/sec... 
The section of 'the cutoff wall is shown in Fig.No.9.3. 

ptj ni, Girna dam is located on the river Girna a triw 
butary of the, river Tapi. The project was undertaken to 
supplement the irrigation demands of the existing canal 
system offtaking at 25 and 60 miles downstream and genera- 
tion of power. The dam is 3160 f t,. long and 	f t. hi gh abovd 
river bed. Masonry spillway is located from Ch. 0 to 1400 
and rest is of rolled earth fill,* 
Pgb1em Pbr masonry dam portion rock foundation was avai- 
lable at shallow depth. . br earth dam portion rock was about 

A. 
80 ft. below the surface. The overburden deposits in the 

river bed consist of two types viz; 

(i) From Ch.1400 to 2200 the deposit Is young and 

consists of homogeneous clean sand with .rain 

(2 
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During 1959-60 from Ch. 1400 to 1920 and from Ch. 2750 
onwards the cutoff trench was,  excavated down to rock and 

backfilled from Ch. 1920 to Ch, 2750 cutoff trench could not 
be excavated fully dour to rock because of high seepage and 
was stopped at 20 ft. above rock. It was, therefore,, decided 
after consultation with ,A.Mayor, French igineer, to provide 
a grout curtain. 
Treatment.:  Partial cutoff excavated was backfilled and 

15 ft, high embankment was raised over it. The grouting with 
cement-bentonite grout was under taken departmentally in May 

1960 between Ch.2450 to 2600 with three rows of grout hoes 

spaced at 7 ft. apart and holes along the row spaced at 10 ft 

'c/ c. The grouting was carried out by rising tube method. 
The work was slow and hence further work was given on contract. 
The remaining grouting was carried out by tube-a-manchette 
method, four times overburden pressures were applied and 
grout mix used was clay-cement-bentofl.te. The consumption 
was found to be 70jo of the total volume treated. The width 
of the grout curtain was kept 24 ft. The piezometers installed 
showed poor drop of head across the curtain after treatment 

with clay-cement--bentont.te mix. After trials, silicate grout 
was suggested with 2 rows spaced at 6 ft. apart and holes 
along the row at 6 ft. c/c. The grout mix used was: 

silicate 	 300 c. c. 

Aluminate 	 ii to 16 gram 

Water 	 500 c. c. 

The consumption of grout was found to be 300 lit/ 

sleeve at pressures of about 300 p. s.i. During grouting it 
was noticed that some high permeability pockets did not 

accept grout at 300 p.s.i. and hence higher pressures even 



.pto 1000 p. s.i.. were applied; There was increase in intake, 

the high pressure used may be due to non-opening of sleeves. 

Results:. After grouting permeability results show reduc-

tion in permeability to the desired degree of 10~ cm/sec. 
-W1 	-2 from original permeability of 10 ' to. 10 cm/sec. Cross 

sectiofl of earth dam showing the cutoff is shown in F1.g. 

No. 9.4. 

9.8. A, SWAT  

t  ion The Aswan High Dam is located on the river Nile, 

the life line of Egypt and Sudan. It is located 8 Vim. upstream 

of the ems.. sting Aswan Darn built in 1902 and raised twice. 
The dam will be ill meter high above the river bed and is 

being constructed in sand and ro ckf1u, Sand available is 

desert sand uniform in particle size. At the dam site .there 

is a. back water depth of about 35 meter. The novel features 

of the project are that when completed it will have storage 

of about 55 malt. which, is more than the ' combined storage 

of all major dais in India. Once filled, rain or no rain it 

can feed irrigation and power generation for consecutive 
3 years. It will take some. 10 years to fill the reservoir 

initially. The project is under construction and is likely 

to be completed very soon. 

Probl~a:_ There is no hearting zone material available, 

hence desert sand i.s placed in the hearting zone and grouted 

with cement grout to make it impervious. At the site the 

rocky gorge has been 'filled by alluvial, deposits of sand 
and gravel with lenses of silt from an elevation of +85m 

m 
to .40 . This is underlain by a stratum of indurated sand 
and silt. The deepest rock is at elevation of -13.5m• 
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Thu the maximum depth of overburden is 220 meters. sand 

fill of 30 meters depth is placed upto El. + 11,5m. Thus the 

total depth of overburden works out to 250 meters, Depth of 

weathered rock is about 10 meters, The overburden is lenti-
cular, the fine sand zones are probably formed from wind 

blown desert sand deposited in the back water of old Aswan 

Dam. There are some nines of rock debris or talus mixed 

with gravel. The permeability characteristics of various 

stratas are as below: 
~.3 

Permeability for fine sand and silt 5 x 10 on/sec. 
r 

Permeability for coarse sand & gravel: 10 cm/sec. 

Tetrn2t: To avoid the risk of foundation failure of the 

dam, the design of the seepage control is based on a combi-

nation of impervious blanket, grout curtain and relief wells. 

The grout curtain is the largest in the world 4th regards 
in 

to the depth of the grouted zone 250 meters deep from El.+ 115 

to - ,35m. The width of the curtain provided is 40 meter whereas 

model studies had indicated 25 meters thick. grout curtain. 
Grout curtain is tapered down with Increasing depth. The 
curtain consists of 8 rows of grout holes spaced. at 5 meter '  

apart and holes along the row spaced at 2.5 meter c/c. In 

case permeability after grouting is not reduced, additional 

6 roes were also eontemplated, spaced at 2.5 meters apart 

with holes at 2.5 meter c/c. The grout used for medium and 

coarse sand was cement-arid clay grout in outer and barrier 

rows of the groat holes and. silicate clay grout for the 

inner rows. For fine sand layers bentonite grout was used in 

outer and, barrier rows of th egro ut holes and al umina te-. 

silicate grouts for inner rows. Clay-cement grout was also 
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used for intermediate rows to prevent formation of large 

► horizontal lenses of clay-silicate  grout in the ,.highly per- 
vious pockets. Over gravel of clay-silicate grout is thereby 
prevented and more effective control is exercised over the 
consumption. Clay and bentonite were used after processing 
3,n a hydro cyclone to eliminate coarser particles. The 
grouting was done through the tube-a-manchette and pressures 
were applied just sufficient to open the sleeves and there- 
after the pressures were brought down to maintain the flow. 

I 
Maximum pressure. used was about 60 kg! an at an injection 

depth of about 120 meters. Normally the pressures applied 
2 were 20 kg/ an o 

system of piezometers is installed on the upstream 

and doQnstresm of the grout curtain. Results of pressure 
drop are still awaited. From the grouting carried  out so 

far it has been found that permeability has been reduced to 
5 x 10-  an/sec._ , from the initial value of 10 1  cm/sec. 
9.9.   QBRA DDZ 

otonL Obra Dam is located on the river Rihand 30 miles 
downstream of Rihand Dam in U.P. to supply water to the 
thermal power station. It is 91 ft. high dam built in rolled 
earth fill with spillway in masonry. 
Problems  The geological data of the dam site shows the 
pervious overburden extending to a depth of 80 to 100 ft. 
overlying lime stone rock in the deepest portion. The over- 
burden comprises of medium sand with fine sand in top 20 ft. 
depth. Permeabill.ty of the foundation material is about 3x10~2  
au/sec. 
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Tres eh't  It is the recently built dam and hence the 
latest practice in the foundation treatment by grouting was 
employed for a 'complete cutoff in the form of a grout cur.. 
tam to control the adverse effects of under seepage through 
the foundation. The conventional method of backfilled cutoff 
trench upto the rock level would not have been economical 
as such an alternative method of deep grout curtain was 

proposed. The treatment provide was similar to that provided 
at Shek Pik dam Hongkong. To rows of reinforced concrete 

diaphragm walls, 0,6 meter thick were provided 3 meters 
apart and extending,  one meter into rock. The in-between 
space was grottedwith silicate grout as the grain size of 
the foundation material would not have accepted cement or 
clay based grout. 
Jes 	c,.  The permeability after grouting Is found within 
desirable values. 

The cross section of earth dam showing the cutoff 
is shown in Fig.No.946. 

In addition to the examples illustrated above the 
following are further examples,where attempts are made to 
provide grout cutoff walls. 

1) Sylenstein (Germany) 

2) Stra'enti z o (Italy) 
3) Notre.•dame de Commeirs (France) 
4) M attmark (Switzerland) 
5) Rvistrorss (Sweden) 
6) Asen (Sweden) 
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The  depth of cutoffs provided are shorn. in Fig.9.6 

and the comparison is given in Table No.9.1, 

Table No.9, ,1 

The comparison of depth of the grout curtain 

Name of Dam, Country 	Depth of grout 

I. Aswan High Dam. Egypt 250 
2.  Iii ssion Darn. British 

Columbia. 150 
3.  Serre-Boncon France. 115 
4.  Sylenstein Germany 100 
5. I*ttrnarLc. Switzerland 100 
6. Stra enti zoo Italy 8S 
7 Asen Sweden 46 
8.  Notre-dame do commier France 44 
9.  Kvistrorsen Sweden 40 
10.  Rocky Rea- ch. British 

Columbia 40 
.1` Obra India (U.P) 30 

12.  Gi 	$ India (Maharashtra)30 
13.  Shek Pik Hongkong, 25 
14.  Kotah India(Rajasthan) 20 
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CUP T R - 10 

CON CL U Si 0 N 

The grouting is an art of changingthe properties 
of the formation, The studies have show that there is a 
basic difference between rock grouting and alluvium grou.. 
tang. Though the grouting process was first attempted 166 
years ago in 1802 it is only recently that alluvium grou-
ting has now been established engineering practice which is 
most useful in the foundation of deep cutoffs for dams. In 
recent years this practice has been followed more scienti-
fically at the Aswan High Dam where a thorough study of the 
characteristics of the alluvial deposits$  permeability, 
zone of formation and different grout ingradients were made 
to give separate treatment to each none to form a grout 
cut off. The subject is a complex one, and brings together 
the Civil rigineer, Mechanical Engineer, Geologist and a 
Research Officer. In this dissertation attempt has been 
made to demonstrate the basic principles of the subject, but 
it will no doubt remain one in which experience is more 
important than theory. 

It is concluded from the studies that there is a 

definite relationship between the granulometry of grout 
material and the soil, and viscosity and injection pressures. 
The grouting of coarse sand and gravel of sizes greater 

- 1  
than 0.8 mm. and permeability of greater than 10 an/sec. 

can be grouted with neat cement grout having D85 size of 

40 microns. But the neat cement grout is coarse and unstable 
and hence cheap grout of clay-cement-bentonite which is 
finer aind stable are now-a-days preferred. The medium sands 
of si7.E3 (L2 to n.k mm_ hnvinv rnc,rms h17 i * i of +1 ^"Aeo. nf' 
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xo 2  cm/sec. can very well be grouted with clay-silicate or 

bentonite-silicates grouts depending upon the coarseness 

of the formations  the availability of good quality of clay 

and bentonite. The D85 size of clay is less than 30 microns 
and that of bentoMite is about 5 microns. The fine sands 
having permeability of the order of l0 3  cm/sec. can, only 
be grouted by colloidal grouts of silicate as the clay based 
grout will not penetrate the formation. Very fine sands 
and silt having permeability less than 10 cm/sec. will not 
even accept silicate grouts due to high viscosity and will 
only accept low viscosity grouts of organic resins. The 
study of injection pressures has indicated that high pressures 
are advantageous for cheap grouts of clay and cement to grout 
the coarser and open formations for confinement and to increase 
the zone of influence thus to reduce the drilling cost. The 

chemical grouts which are costlier may be Injected at low 
pressures to avoid the overtravel# This is achieved by closer 
spacing of holes.' The method of injection by tube-a-manchette 
is best as the same hole can be grouted any number of times 
with different grout mixes and at any stage. 

The present study has revealed that grout cutoff 
walls are costlier than other methods of cutoff walls, but 
there are limitations where other methods may be expensive 

and troublesome. For example rolled earthfill cutoff will 
be expensive and troublesome where deep curtain are required 
to be provided and also in running water, which requires 
additional cost of constructing coffer dams. The limitations 
of sheet pilings are the depth and bouldery formation. The 
sheet piles are driven upto the depth of about 15 meters 
successfully and where the formation contains boulders the 



the successful penetration is doubtful. The slurry trench 
method will be suitable for shallow depths where dragline 
bucket can be lowered. Stability of concrete diaphragm wall 
and permanence are doubtful. The efficiency of the grout 
cutoff walls has been observed to be more than 90 after 
operation and the reduction in permeability has been achieved 
more than 10,000 times of an original permeability. However, 
for high dams a provision is made in the design to provi de 
impervious blanket and relief wells to avoid any mishap due 
to foundation failures. To induce the adoption of grout 
cutoff walls, the process should be economical and shall be 
able to compete with other methods of cutoff for all types 
of foundations. It requires a further investigation of cheap 
grout materials, cheap methods of drilling and grout injec-
tion processes, use of high pressures to increase the zone -
of influence and thus effect the saving in drilling cost etc. 

At present there are no standard specifications of 
the grout. material or process in 1.5.1. or A.S. T.M,, If the 
process is to compete with other methods of cutoff, then 
standard specifications shall have to be framed to standar-
dize the process for all types of foundations. The quality 
of commercial bentonite and silicates varies from manufac-
tarer to manufacturer, and requires a great deal of labo-
ratotesting to prepare a mix. Slight variation in the 
quality of the material, greatly affects the properties of 
the mix. If the commercial products are manufactured accor- 
ding to the standard specifications for grouting, then much 
further laboratory testing can be reduced which will reduce 
the ultimate cost and time. Use of resin grouts is not yet 
developed in India and if we are going to use these products 



in India we have to investigate the source and manufacture 
the product indigenously to save foreign exchange and also 

make the process cheaper* 
Systematic recording of grouting data shall also be 

explored to avoid wasting of .  much time in collecting unneces-

sary data and omitting useful information. The success of 
grouting operation depends upon the interpretation of the 
results achieved. 

There is al so a shortage of trained personnel in 
grouting-operations. Often the persons trained in grouting 
operations are transferred to other jobs. It will be hard-
ship for them to remain only in one branch of civil ° engin-
eering but the success of the operation depends upon the 
mature knowledge and - judgement of the grouting inspector. 
The civil engineering Institutes and the Government depart-
ments should also train their personnel In this field if 

the process is to compete with other methods of cutoff,, 
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