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SYNOPSIs

This dissertation presents the modern practiée of grou-
ting of pervious soils for impermeabllization and increase
in structural strength. It traces the hlstory of development
from 1802 when 1t was first applied, to the present yhen
thlis art has been more selentifically applied to form a |
seepage barrier. The importance of GeolOgical 1nvestigation
of danm sites is emphasized and various methods of fleld
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-
ting, varioug types of grout ingredients, grout mixes formed
by additions of one or more grout ingredients and their pro-
perties and rheocloglcal characteristics are also explained.
Tﬁe'mechanism of grout penetration, effect of viscosity and
shear strength granulomebtry of the grout and‘soilyinjection :
pressures, coﬁsumption, zone of influence, efficiency of the
grout curtain aré all treated mathematically. It also gives
the variou§ types of laboratory tests performed to design a
grout mix sultable for a job and procedure of field grout
tests to find the suitabllity of the grout mix designed.
Various processes of injection, their limitation and poten-
tialities, field problems and how to solve, guide to grou-
ting inspectors for successful operation, qusality control
and presentation of grouting data in various forms aml 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 yalls are provided are also given. In the

end a conclusion is drawn that even though grouting process



was applied 166 years ago, 1t has not yet developed suffi.
clently and still there is a great scope in further investi-
gation to fmtroduce' cheap grout magterlials to make the process
more economical and compatible with other methods of cutoff
valls, 1t also requires to draw standard specifications to
standardize the process. |
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" GROUTING OF PERVIOUS SOILS *

CHAPTER 1

| INTRODUCTION
lo1. GEVERAL |

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 actualiy congstructed
were so few compared with the size of the country tbaﬁ a solu-
tion of the best foundation was usually possible. With the
launching of the Fivé.Year Plans a large number of damg buil-
ding projects covering almost every possible site, the question
of foundation treatment gained increasing importance. with the
present state of knowledge about the technique and practice of
fourdation treatment almost any site can be made sultable 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 varlous alternative treatment possible, and the
exercige of mature judgement ahd 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 eny course of treatment, a full knowledge of the
englneering geology of the dam site is essential, Vor% (1051)
rightly remarked that the foundation treatment is "“the art of
remaking Geology of the dam site". Thus the art of g#buting
brocess cannot be sald as a Civil Bgineering job but it is more
or~ less an art associating civil engineer, geologist,research

officer, a mechanical engineer, at different stages of prdcess.
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The civil engineer after a thorough study of hydrology and
consumptive use of water resources will design t he mast eco-
nomical'dah section consistent with the type of foundation and
t&pé of local materlals avallable, The geologist'wall interprete
the types of rock, types of alluvium deposits and their formae
tions i,e, whether homogeneous or hetrogeneous end thelr charac-
teristics to beér the load coming upon them safely with or
without treatment, aAfter knowing fully the geologlcal 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 geologlcal formation and site
condition prevailing. Invcase of rocky and coarse gravel deposits
the treatment may vary from c@arser grout of cement to finer |
grout of clay-cement, clay;chemicals or pure chemicels depen-
ding upon the nature and extent of the fissures in the roeck,
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
alltivial deposits the basic requirement 1s.to have impermeable
foundation and to improve the strength of foundation by impro-
ving the shear parameters ‘'c! and 'g' to arrest foundation
faildres. The mechanical engineer plays the role of selecting
- best equipments of drilling and grouting available lndigeneously
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 aglluvial deposAit:s to have a
water-tight foundation but this will be a very expensive, the
" cholce will depend upon the relative cost. We may not need a
perfect water-tight foundation for all types of hydraulic
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structures. In some cases we may accept some leskage to a
reasonable degree in the foundation provided that it does not
endanger the stabllity of the structure built upon than to
treat the foundation at very high and prohlbitive cost comp=-
are'té the overall cost of the project.
| The scope of grouting of pervious soils in c¢ivil engine
eering 1s very wide. This is applicable to shaft sinking to
seal the pores for water-tightness, tunnel driving through
alluvial deposits, for stabilizing the soll for road and rail
embankments, confine the area by open excavation below ground
water table by providing a grout barrier alround th; excavation
pit and to provide a water-tight curtain below the hydraulic
structure to reduce the seepage and resist the erosion of
.fbundation material under differential head of water.
Grundyzc 1955) has classified two types of permeable medis
through which seepage takes places

(1) permeable rocks like lime-stone,dolomite,

volcanic brecclia ete.
(ii) permeable alluvial deposits of coarse gravel,
to fine sand and silt, glaclal deposits ete.

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, Y 0 QUTIN 0
L..2.1. Cepent grouting; The injection or grout process has

a fairly long history. Gloss0p3 (1960) has traced the
history of the injection of grout process from 1802 to 1960
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in two articles. Charles Berigny (1772-1842) was the first
French Engineer who in 1802 for the first time injected
puddle clay and then an Itallan pozzolana to repalr scouring
sluices at Dieppe port underneath of which mortar was washed
out, He injected by means of a simple and ingene&us percussion
pump of his own invention made of wood of size 8 om internal
dlameter with 3 om, ‘diameter sheet metal nozzle at one end
(thlis was lastly used in 1896 on the Nile Dam). This practice
became the standard practlce till 1850, In 1841, Collin a |
well-known soil engineer published his ploneer work on the
use of injection for the repairs of hydraulic structures.
He usefully sealed the cracks formed in the masonry on the
downstream side at Grosbois on the canal de-Bourgogue in 1834.
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 Howksley (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 ‘$issures
in Colliny shafts. Although portland cement was patented in
1824, majority of injections schemes undertaken before 1876
utiligzed 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 1arge masonry
dam but there wés no attempt to form a cutdff. 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
groﬁting on 19 dams built between 1900~1930. The first case
in which a groutedlcutoff was Incorporated in the design was
at the Estacada dam on Clackamas river 25 miles 8, E.of
Portlend, Oregsn. The dam was bullt on a voleanic breccia
which was highly permeable. Three row grout curtain was pro-
vided with holes at 6 ft. ¢/c and rows 6 ft. apart. Outer
pows were grouted first snd after taking percolation tests
the middle row was grouted.

During this perloed 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 1n shaft sinking, But since about 1920
most of the important advance in the method ha%e been made
Y France or Switzerland. The development of the systematice
grouting in America can be said to have taken place between
the year 1932-35, during the design of Hoover Dam. The U.S.B.R.
made a close study of the grouting practice current then in
order to draw the‘specificatiens for the dam. 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, Missourle river and elsewhere. The gtandard 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 cape~
city and to provide a deep curtain to form an impermeable
zone. Hays4( 1953) has recommended grunite blanket on rock
foundations as shown in Flgure No. 1,1 to act as a roofing
for better grout travel. Higher grout pressures can be used
to reduce the nunﬁber of holes. The practice was used at
Kenney dam in the British Columbia. |

In recent years the ferm “Grouting*® has come to
repiace the 0ld term ®Injection" named by Charles Be’i‘:“xgny
in 1802 and the method is now being used more and more not
only to seal fissures and prevent the floy 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, S

These developments remaln the basis of most of the
modern practice in rock grouting, but recent advances in
engineering geology and in soil mechenics have widened the
scope of the process and made it more effective.
1.2.2, Asphalt Groutings Cement grouting was generally

used for treating flssures in rock for yater-tightness,
but where rock contagining large flssures or cgverns 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 and American Engineer was the flrst 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.



P

When the asphalt leaves the pipe and touches the water it
congeals on the outside into nearly a solid form which 1s
éough enough to resist the bressure of ranning water, but
still soft enough to expand and seal the flgsures under
moderate pressure. It has been used in the U.S.A. on other
sltes and also recently this practice has béen employed on
the several sites in the U.S.S.R.

1. 2.3, MM Although Beripigny and others
grouted coarse sand and shingle, the treatment of wide range
of all#vial»material was the last ;ype of injection process
to be perfested. During the first qugrter 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 geotechnicsl
properties of such deposits, nor hadi the properties of grout
been examined qQualitatively, Application of cement grchting
of sand in shaft sinking process was suggested as a substitute
for the slow and relatively costly poetsch freezing process
then in use. Portier {1905) 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
would 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 gralned
sedlments, and open structure, but falled in the finer grained
and dense sediments of low porosity. Reliable methods of
alluvigy grouting eventually originated from two different
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sources known as "Two 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=-
ciagted with the second pz;ocess are those of Terzaghi, Ischy,
Mayer and Rodio. In Joosten's method the injection of concen-
trated solution of sodium silicate and of a strong electrolytic
seline 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 1ts lower end. The pipe
was driven- into the ground in stages end an injection of sodi-
um gilicate 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 Withdram in a similar stage and an injection

of caleium 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
meking the whole mass homogeneous, Such mass céuld attain
crushing sirength of about 400 to 700 psi. The chemlcal
reaction was almost instanteneous, The holes were kept usuae
lly at a distance less than 1 meter apaft. This method was
effective but costly. The complex nature of alluvial deposits
led the development of grouting method known as "tube-g-
Manchette™ by a French Mgineer Ischy in 1933 who used this
method at Bou Hanifie dam} Algeria. This permits the grout of

- different properties to be 1njected into the ground in any
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order and af eny interval of time from the same bore hole.
In 1939, A.Mayer, carried out experiments of single fluid
silicate grout with a controlled gelling time and a satisfac-
tory mixture was developed using commercial sodium silicate
vith density of 1.33 diluted by 50% to which was added
commerclal hydrocloric acld with a density of 1,15 1in a ratio.
of 75 ce¢/liter énd 15 gr. of copper sulphate. since this
mixture was very expensive attempts were made to add e¢lay
and eventually it was found that by the addition of suitable
additives clay grout could be prepéred which was thixotropic
and stable.

Maag in 1238 published hié theory of injection into
a granular material., Hlg theory did not contribute very
nmuch to grouting p.ractice, since ailuvia.l deposits are
invariayly complex in structure. However, it &rew attention
to the.relation between grouting pressure, viscosity and
the rate of penetration.-Sinée then the properties of grout
vere studied from this angle and new and more economical
flulds were introduced using mixture of portland cement and
clay, with additives to improve their properties and render
them thixotrople. Also a number of organic grouts of low
vigcosity were introduced. The complex structure of alluvial
deposits were examined, methods were developed for measuring
permeabllity of solls, 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 lschy was the most advanced method, The work on

the properties of grouts and on the physics of the injection
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are still being actively‘pursued.

The first dam on which alluvial grouting was used on
large scale was on the construction of dam at Genissliat in
1936.. The site was underlagin by a buried channel 25 m.deep
£11led with alluvium, To drive the sheet piles to the full
depth was impossible beéause’of presence of poulders to large
extent and a grout curtain was used to seal the 16wer part
of the channel., This curtain consisted of 3 roﬁa of grout
holes, the outer rows were injected with clay grout and the
1nnér row with a sodium silicate grout, This method gave good
results. Work on the project was delayed by 1939-45 war, but
whegfresuﬁadﬂ% years later it was found tha£ the grouting
was till effective. This observation encouraged French Engineers
to adopt grouted cutéff as a permanent features in the cons-
truction of dams., Further grousing of alluvial deposits at
the dam site of Serre-Poncon on the river Durance in 1951
has established grouting as the best solution for the forma-
tion of an impermeable cutoff beneath a dam built on ailuvial
 deposits. | |

5
1.2.4. Dgyelopmentg in Indin:, The C.B.I (India) has compiled
the statlstlcs of dams over 50 ft. helght constructed

in India in pre~independence period, According to these statig~

tics there are about 118 dams, 41.masonry, 62 earth dam and
8 composite dams. The first masonry dam constructed was
Khadakwasla ( 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 trestment was provided.
After the invention of cement grout by Hawksby in 1876 and
foundafion treatment of the New Croton project in 1893 in the
State of Neu‘Ybrk, Indian Engineers used grouting process for

L
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repairing cracks developed in the dams for water-tightness
‘built in the early part of this century. Examples ares
Periyar dem (1887-1897) 176 ft. high in Madras State, Kodayar
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
mgsonry dams to reduce uplift, Examples are Thokarwadi Dam
(1916-1922), Radhanagri (1918-1951), Auda Dam (1927-1934)

and Thumbrgpani Dam (1938-1946).

After Independence a lgrge number of dam building
projects covering almosﬁ every poésible site are undertaken
which necessitated g systematic design of thelr foundation
treatment on cost conslderations and safety against failures. °
Thorough study of geclogical conditions and behagviour 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 with the type
of foundation for basic requirements of water-tightness and
strengthened foundations, examplesvare Tungabhadra, Maydrkas&i,
Bhgkra, Hirakud, Rihand, Kotah Barrage, Gandhli Sagar etc.

The masonry welrs and barrages congtructed on permeable
foundation in North India in the early part of the century
shoywed floor fallures by plping due to under-seepage. Sstudy
of guch failures led the famous Khosla's theofy6(1934) of
foundtiig welr and barrages on permeable foundations., This
malnly consists of a solld floor with 3 rows of plles at
Upstream, at Downstream and below the crest. Subsequent cons-
truction of almost all welrs and barrages on permeable founda-

tions has been undertaken according to the Khosla's theory,
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and the resuits are very satisféctory,

The earth dam congtructed earlier were founded on
rocky foundations with a cutoff in the centre filled with
puddle clay or were provided a core wall in the centre in
masonry or in lime mortar. ‘Hardly any attempts were made to
bulld earth dam on alluvial deposits. The Panchet hill dam
(one of the Damodar Valley Corporations Dams) built in 1955
was provided sheet plle cutoff for impermeabilization,

- The first attempt to provide grout curtain in alluvial
- deposlits was made at Kotah barrage in 1958 where the founda-
tion of earth dam portion in the river bed consisted of mixed
sand, gravel, cobble and boulder with permeability of about
1.8+10“1 an/sec. The sheet piles could not be driven due to
presence of boulders, nor backfilled cutoff could be provided
due to high leskage met during excavation. Therefore founda-
tion was treated by clay-cement-chemicals 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 carrled out by the C.W. & P.R.Station, Poona and
individqual contribution 1s made by Mistry (1965), Datya
and Vinayska (1965) and other project laboratories who have
carried out intensive laboratory testing on various grout
ingradients to evolve optimum grout mix for the Ukazl Dam
and Girna Dam for the treatment of foundations of alluvial

deposits to provide a permanent grouted cutoff,
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CHAPTER - 2
- GEOLOGY OF DAM FOUNDATION

2v1. GENERAL

The geological invesgtigation of the dam site should
include determination of kind of bed rock, position of beds,
direction and spacing of joints, faults, shear zone, depth
of weathering in rock, forms of rock channel, depth and
character of filling in 1t, permeability of matem.al,“:‘;binty
of réck to withstand hydraulic and dynamlc 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 etec, 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 material, as 1t has a bearing
on the permeability of the foundétion material, This chapter
‘deals with the geological formations and the characteristics
of pervious solls of alluvial deposits. |

2.2, GEOLOGICAL FORMATION OF ALLUVIAL DEPOSITS

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 ény uncemented deposits,
Such deposlts may'be formed\o: rock debries of all slzes,
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 otherwisé; the
transport of the debrls so formed by wind,water,ice or in an&
otherway; and fingally deposition or accumulation. During

transport a certaln amount of sorting always occurs, and the
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material is seggregated according to particle slize and particie
density. 4s a result most sediments are built up of super-
iz‘npc')sed Iay'e_rs’ 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-
catlon or bedding, which control their principal gedtectmique
properties. Stratification is not alvays well developed,
thus certain deposits, notably glacial and land slide debris,
consistent of block of mass particles of differing s.‘;zes,
with no trace of sorting or stratification; whereas /e<ss..
and wind blown .a;.and are found in relilativ'e],y homogeneous
deposits. Sediment deposits under water, whether by rivers,
D lakes or in the sea, are always stratified and hetrogeneous,
with alternste layers of sand and gravel deposits formed by
vériations in current velocity .during deposits, Each such
bed will have its owf_x well defined structure, depending upon
the distribution of grain size and the degree of compaction
within it, and this structure wiil det;ei‘mine its porosity,
pe;rxheability an_d‘ other prbperties; such structures exist
not only in relatively coarse alluvial material but also in
fine sand deposits whiéh on c:‘asual ingpection appear and are
often cohsidered to be homogeneous, The presence of stratifi-
catlon in most fine sand is demonstrated by the fact that
their perméability in a vertical direction is many times less
than that in horigzontal direction.

Ischy and Glossc>p7( 1962) have grouped these deposits
into two main groups vigz;

(1) Cohesive soils like clay and silt.

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



2.3.1. Terminology:  According to the terminology given by
the I.S.Specification No,I, 8.1498-1959 the solls are
grouped as below:
Clavs Clay is an aggreéate of microscopic and sub-micro- -
scoplc particles, derived from the chemicsl decomposition
and disintegration of rock constituents. It is plastic within
a moderate and wide range of waﬁer-oonteﬁt‘
SilE: - A fine grained soil with little or no plasticity.
Sand & Gravels lcéhesionless ‘aggregates of rounded or sub-
| rounded,angular,' sub~angular, flaky or flat fragments of more
or less unéltered rock or mineral, Particles from 0.06 mm, |
upto 2.60 mm. are referred to as sand, thosé of slze greater
than —€ » as gravel and sgbove €0 mm. silze as |
boulders. Indian specifications have given 4 divisions of
soils as under: .

1. Qg_gx_g_g_g;g;l_ngg_gg_ug_ In these solls more than half
~ of the material is smaller than 75 micron. These are divided
into 2 sub-divislons:

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

coarse graing are larger thaﬁ 4760 microns.

b) sandy soil: In whlch more.than haglf of the coarse

grains are smaller than 4760 mlcons-:

26 In these solls more

than half of the material is smaller than 75 microns: These
are divided into 2 sub~divisions: |
a) Inorganiec silt & clay: With low to medium compressi- |

bility having a 1iquid limit betyeen 0-§0.
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b) Inorganic silt & clays wWith high compressibility
having a liquid 1limit ahbove SO.

3. silt and clavg: These soils have high organic
contents., These are divided into 2 sub-divisions:

a) Organic siits. |

b) Organic clays.

4, Pegt: This 1s a dark, spongy and fibrous soil of
vegetable origin,
2:3-20 Bropexties:
2-..3.2. 1. Mechagnical anslysis: The range of particle size
fractions as per different standards is given in table No.211,

Table No, 2.1

- Soil particle Lfraction
- Di; n mm _ .
Designation of : A.S.TeM.  Iht,S50€,0%. 1. S.-1408-
soil fraction. standard, Soll Sclencs 1959
oo - » Skandard,

Boulders | - - 60 « 200
Gravel: Fine -} — 2~ 6

Medium / 2 - 6 - 20

Coarse 8 20 -« 60
sand: Fine § ) ' 06 = o2

Medium § 42 - 074 2 = L02 +20 = .6

Coarse § 6 = 2
silt: Fine § 002 - L0006

Medium ‘ .074 - 0005 102 - 0002 -006 s 002

Coarse { .02 - .06
Clay L +005 L .002 . L +002

Colloids L 001 . - -

2.3.2.2. Permeability: Differs t authors have given different
range of permeability for various soil types. Indian Standard
Specifications have divided the solls in three groups in the

- range of permeability. Impervious solls with permeability
coefficient of Q001 em/sec. or less, semi-pervious soils with -
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permeability coefficient in the range of Q001 em/sec. to
0.10 cn/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 s0il as given in Table
No, 2. 2.

Table No.2.2

Relative values of soil permeability ado;oted by
Terzaghi and Peck

Degree. of per- Range of coeff, Soil texture.

meability. of permeability om/sec.

Hi'gh. 10“'l and over Gravel and coarse sand,

Medium, 101 to 10™® . . gsand and fine sand,

Low. - 103 to ,10"5 ' Very fine sand, silty sand,

looge silt, 1oose rock flour.

Very low. .10 to 10=7 . Dense silt, dense loess,
S . . clayey. sil% clay.

Imperviou.s. 107 =7 and less. ' liomageneous cleye

2.3. 2.3. Elaﬁ.t@.@im.. Jumikiesg have given the relation

of plasticity of goil and soll cbaracteriétics as given in

table No,2,3. - |
Table No,2,3

Plasticlty A A Ty GoReston
index, LiaLs mmsa. Lype, . Boss.

0 20 Non-plastic. . Sand. _ Non-cohesive.

L 7 ‘ 25  Low plastic. silt, Partly cohesive.
7-17 40  Medium plastic. Silty  Cohesive.

clay
(clayey soil)
717 70  High plastie.  Clay.  Cohesive.




2.3.2.4, Congistency of clavss Karol‘m - has given the
consistency of clays as given in table No.2.4.
Table No.2.4

NOW 'Undohfined compre-~

Degcriptive foot (standard pene~ . ssive strength
tem. tration test) ) (tes.fy)
Very soft. 0-2 0 - 0.25
soft. . 24 0425 = 045

Medium 4-8 . 0s5- 1.00 |
stirf, 8 =15 1.0 = 2,0
Very stiff, 150 2.0 = 4.0

 Hard, . C éo and over. . 4,00 and m.rer..

2.4, EXPLORATION OF SUB SURFACE: | | |
2.4.1s Purpose of Exploration: whenever grouting is conteme
plated for pervious soils, very careful exp'iératicn is neces~
sary to determine the fcilo_wing: | | .

- (1) The grain size distribution of the foundation
mézterial 80 as to decide 1ts groutability withl
different types of grout materials,

(2) The permeability of the strata in order to decide
| the extent of zone requiring treatment.
2.4.2, Extent of RExploragtion: = Terzaghi and Pecks( 1948)

stat'e 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 1s
not necessary to carry out elahborate investigations. Some
exploratory borings with a few clagssifications of sub soil
will be quite sufficient compensated by liberal factor of

safety in design and construetion, For large scale econstruction .
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projects exi:ensive subsoll investigations are likely to be
justified for the safe and economical design of the structure.
Clarkn( 1963) regards the expenditure on the investigation as
an insurance premiﬁm to safeguard against failure due to
faulty foundations. | | | |
2.4.3. Mathods of Sl Fwlozations: o
2¢4¢3.1. - The following methods are generally uged for [
soil exploration: _ . i
(1) Boring | S
(11)  Sampling
(i11) sSounding
(1v)  Field permeability tests, and
_ (v) Geophysical explorations.
2, 4'.-“3.:'2‘ Exploratory boring: The most common procedure in
making sub surface investigations is to drill holes on the
chosen site to extract samples for further examingtion and
‘studies, The information on the quality of the sub surface
material may be obtained not only from the ssmples but also
from the observations of the resistence to advancing of f:he
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:
(1) Economics - for small Jobs,less costly rigs may
' be used,. | _ ,
(i1) Geological cdnditioz}s - i.é. sub surface is soft
or hard.
(111) Type of terrain, acceSSibility, topography and
availability of drilling equipments,



2444343, 1p_me ) ¢ 3t The follo-
wing boring rigs are generally in use for exploratory drillings

(1) auger drills -

(2) Wash boring

- (3) Rotary drills o

(4) The cable drill or percussion drilling, | | .
2&413.31, Auger drills:  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 distance,' withdrawing the
auger and removing the soil which elings to 1t for examination.
The auger 1is é.gain inserted into thé hole and' turned further,
Th_ere are various types of auger and holes can be drilled |
from 4" to 3 ft. in diametoer; upto 20 ft. deep drilling there
is no difficulty but beyond that it is usually difficult to
vithdray it, Usually tripods and hoists sre used when drill-
ing over 10 ft, is contemplated, Casing is sometimes required
when drilling is carrled out below water table, and through
non-cohesive materials. Generally it is diffficult to drill
through (3_) fluld soils such as super saturated sands (2) boul-
ders apd hard strata such as firmly cemented sand,

2.4,3,32. Uash boring; 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 lovered
in the hole by derrick and a wash pipe of 1" diameter in length
of 6§ - 10 ft. 1s inserted in the e¢asing., A hose pipe connec-
tion 1s made through a swlveal head to the top of the wash
pipe and the lower end of the pipe is fitted with a chopping
bit, provided vith water ports so that the wash water can be
pumped down the wash pipe and forced out of the ports. The
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water rises in annular -space between the wash pipe and the
casing, It 1s collected in collecting tanks from where water
is recirculated. The hole is adVanced'by the chwiing and
washing and additionsl casing is driven as needed. While
drilling progresses the column of'wésh out cutting can be
observed. Whenever change in eolour of wash out cutting 1is
observed,- the wash out 1s turned off and a sample 1s taken,
otherwise for every 5 ft. of interval irresﬁective of change
b wash out colour 6ne sample 1s to be taken, The elevation

of water table can also be determined. |
©,4.3.33, Rotary drilling: In the rotary rig, motor is connec-
ted t0 a drill head which actuates drill rod with a bit at
the end, The motor isloil driven or electrical. The drill.rod
is rotated by means of a gear and the bit 1s forced into the
ground by a hydraulic or serew jack, Thus the bit progresses
in the depth and the material acted upon is cut, chipped and
ground., The drill rod in rotary drills generelly is thick-
walled holloy pipe, Different types of bits arelused to
obtaln cores if reguired for examingtion,

2.4.3.34. ggpgg_ggg;_g&gg In the cable tool rig a "string

of tools" 1s used, This consists of a chopping bit screved
into a stem yhich in turn ls 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

gets by either with the string of tool in a hemmering or
percussion action., The energy reduired for this action is
provided in several ways. The jaws serves as a hammer %o

drive the sampler after the hole 1s made or may be used to
Jerk the bit, loose 1f 1t sticks at the bottom of the hole.
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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 ballor or sand pumps.
9.4.3,35. Choice of size of hole: Krynine and Judd 2(1957)
have given the standard sizes of casings,rods, core bagrrles
and sige of holes as given in table No,2,5. According to them,
it is advisable to use a large dismeter of core as economy
will permit. The larger the diameter the more accurate are
the geological observations on jointing snd 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
will give deceptive information on the extent of fracturing,
as many widely spaced fractures may be missed entirely. In
extremely deep holes, it may be necédssary to resort to BEx
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 magy start with NX size be reduced to
BX at about 50 ft. depth, be further reduced to AX sige at
about 150 ft. depth and finally be drilled with EX size bits
beyond 250 ft. depth., This reduction in size permits eagier
hgndling of casing when 1t must be carried to great depths.
'Téhle No.2.5

280 20T Caging, CO
Approximate d
Size symbols, Casing 0.D of core hole.

L6 DLiCl DL €35,
a gfproximate
a. of core.

EX 1 13/16 B 28

AX 2 1/4 1 7/8 1 3/16
BX 2 7/8 2 3/8 1 5/8

NX 3 3 2 1/3
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2.4.3.4. gampling;
2.4,3,41. Samples extracted from the ground are of two types:

(1) Undisturbed, and
(il1) Disturbed.
Undisturbed samples are required in all cases where proper-
ties of rock or soil in gitu are to be studied. Disturbed
samples are obtained to study properties of soll as a cons-
tructional material. Samplers are divided into 2 bagic groups:
(1) Drive samplers which are forced into the ground
by pushing or jacking (static method) or hymmering
(dynamic method), and

(2) Core sampler. Cores afe 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 .uged:

(1) Ball valve sampler

(2) Ballor small digmeter

{3) Ballor large diameter

(4) Sampling spoon

(5) Open drive sampler and plston sampler

(6) Bishop type sampler.
2.4.3.42. Exggggg;gugg_gggg;;gg; After the hole is drilled
by auger or wash water it should be cleaned by sppon or
auger and the sampling spoon gttached 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



a vital information regarding relative denseness of strata
with 1itit]..evextra efforts. The d.esm‘iptién and limitation of
some of the samplers ls given as under.

2.4.3.43. Ball Valye samplop; It conslsts of a large tube
open at lower end and having sharp cutting edge, At the top
there is a ball valve, which lets out alr or water when the
sampler, penetrates into any strata. Thus the sampler holds
the sample by atmospheric pressure and cohesion of the mate-
rial collected. sufficiently good samples cam be obtalned in
medium sand with some silt 1.e. materlal with at least a
trace of cohesion, Natural stratification 1s not much disturbed
thus there is no mixing of layers. But sampling 1s generally
not possible in case of clean sand without any trace of silt
1,0, cohesionless sand. Sampling ig algo not possibie in

gravel oy conglomerate, as p’enetration of sampler is rather
difficult. In general it can be-sald that samples are rellalle
whenever they can be obtained in respect of their grain sige

. distribution and stratification as a smooth side tube is
driven continuously into the strata.

2e4. 3e44, Bgilox: Diameter of the sample depends upon the
internal diameter of casing pipe in yhich it works. Ballor

is a tube having sharp hardened cutting edge at lowyer end,
Just above the bottom there 1s a hinged flap which opens
inside the tube. UWhen the ballor penetrates into the strats,
displgced alr and wvater finds its way out from o;:eninés near
upper end, Flap at the bottom does not allow the material to
fall when ballor is lifted up. Large diameter bailor caperated
by a winch is driven into strata by the impact of its free fall.
Material is pushed inside the bgilor and retained by a flap.
To get more reliable results, sampling by 1$rge digmeter
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bailor should be done only for one ft. depth at a time.

Small diameter bailor 1s not heavy enough to penetrate into
the strata by its free fall and may be hydraulically driven
or by mannual hammering. In case of samples tsken by bailor,
there are two possibilitles which may lead to erroneous
results, The first one is the washing of finer materials

and second one is the mixing of layers. Due to washing of
fiﬁe materials from the sample, an Impression l1s created that
sand 1s coarser than what it actually is. When alluvium
coﬁtain some silt, 1t gets washed away during the operation
of the bailor..Being very fine its setting time is more and

so 1t remains suspended for long time in the water column.
Sample obtained by ballor appears to be clean sand vhen actua-
1ly 1%t 1s not so, Thus.bailor fails to record pregence of

silé in alluvium. This is very serlous drawback because
presence or absence of only 5% silt considerably influences
permeability of the alluvium. To correct this defect to a
cortaln extent, after one 1lift, time interval of atleast 1
minute should be kept for next ballor operation so that fine
siltvyill settle and will be collected in subsequent operation.
In river deposits, fihe and coarsge lgyers 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 1t gives an ldea of particle
size of mixed sample. The top few inches of the material
collected by the bailor consists of loose materisl falling
durlng the withdrawal of ballor followed by driving of the
casing. Thls completely disturbs seguence of stratified layers,
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2.443.45. Core drilling: This method is successfully adopted
both in case of slightly cchesive soils and hard strata. In
case of soft material the core barrel 1s nearly pressed in
the straté to get the saﬁple. Thus there is not even slightest
impact as may be in the case of bailor or ball valve sampler.
This givés 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 driiling is the only method,In case of vwet
drilling, water under pressure 1s forced through core barrel
and 1t comes out from thé casing, This water circulation
asslsts in drilling and keeps the drill bit cool, wWet method
is only sultable for hard and compact strata such as rock or
compact conglomeiate. In case of compact clay, indurated silt
and soft conglomerate this eirculation is likely to wash the
material. In such cases dry drilling where there is no ecir-
culation of water, is adopted. Recoveries can be observed
accurately excépt in non-cohesive golis and slushy material
where there 1s possibility of loss of sample. Observations
of recovery are reliable only in case of rock or hard conglo-
merate. Percentage recovery of ssmples In case of fissured
and disinﬁegrated rock or soft conglomerate is gZ2erally poor.

24443446, This sampler rejuires 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 1s ldeally sulted for non-cohesive
fine sand, It 1s not suitable where hard lgyers such as

conglomerate alternates with loose sand.
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2¢443.47. Limitationg and reliabllity of sampling: The most
reliable sample can obviously be obtained from open pit and

it 1s therefore essentlal to excavate at least one open pit
for a jJob 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
reliabllity 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 solls 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 bai;or 1s used, the conflicting effects of mixing of
solls 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 dlameter ballor which are not driven by separate
monkeys cannot be rellied upon for determining the grain sigze
distribution of material finer than one inch. Thls 1s because
.0f the predominent pumping action and the consequent mixing
and the washing away of fines. When the natural alluvium ig
free from silt the error due to washing of fines is not
significant and the sampling is liable to err on the finer
side, Thls 1s, perhaps the reason that grouting in the field

has been found easier in many of the major jobs in Europe.
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Whén'hérd layers such as'conglomerate'are interspersed with
loose sand, large diameter baillor is necessary to break the

material. The slternative 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 gsamples. During explo-
ration undisturbed samples vere obtained by freezing process.
During execution sampiing was carried out by foilowing methods:

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

(II) Boundary of different zones of overburden such as
sand, gravel was ascertained by analysing the material from
the drilling mud. The affluent was washed over a sleve of
Os1 mﬁ. 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 mﬁ. size to coarse gravel over 3.5 mm. sizes.
having permeablility of 10'1 em/ sec. for coarser éraVel and
5 to 1072 cm/sec. for finer sand,

For Ukal project in Gujérat sampling was done mostly
by large diameter ballor of 22 inch digmeter size. Character-
lstics of deposition ghowed depth of overburden of about
15 méters in river bed and about 30 meters on the right bénk.

The overburden consists of coarse sand mixed with gravels.
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The river bed sand is coarser varying from 0.6 mm, to 2,5 mm,
size while shoal sand 1s medium varying from 0.3 mms to 1,00 mm
size. Grain size curve for Ukal Dam projJect is given in

2 cn/sec.

figure No.2.1. The permeability varies from 2 x 10~
to 10”1 em/sec. For Girna and Mulla Dam projects in Maharashtra
sampling was done by ballor and ball valve sampler and also
rotary drill., Overburden depth varies from 15 to 20 meters
having a permeability in the range of 10“1€o 10"2 om/sec.
2.4.3.43. Soundings:  Sub surface soundingsare for exploriﬁg
layers of soll 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 soll with little ér no cohesion,
Ekperienéé Shbwé that erratic soil profiles are far more
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,
Thg dynamic methbds congist of g driving the rod by the
ihpact‘of a drop of hammer. According to Terzaghi and Pec&s
(1949) no sounding method 1s equally sultable under all the
 s0il conditions that may be encountered in the field. This
explaing &hy mény different methods have comé into existence.
The method must be chosen in accordance with the type of
information calléd for by the prbje ct.

2¢443.5, Fleld permepbility;

2s4,3.561. Field permeability tests are generally taken before
and after grouting to evaluate the efficiency of the grouting,
Fleld permeability measurements fall broadly into the f&llo-.
ving two categories: | '
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(1) Local or point permeability measurements,

(2) Average permeability measurements. |
2.4.3.52. Point permeability meagurement: Point permeability
measurements are based on measurement of seepage from a '
pockef of knowni dimenslon, For a reliable interpretation the
test pocket must be of defined shape and slze. The size of
the pocket should be small as compared to the depth of the
soll mass. In practice none of the above conditions ére
realised, In a saturated structure when the length of the
pocket 1s less than 1/15th thickness of the structure the
formula customarily used can be considered as reasonably
accurate, As all natural formgtions are hetrogeneous and
anisotropic the numerical validity of point permeability
measurement is open to question, The point permeability mea-
surement can therefore be congidered only as indications of
relative permeability. More sevefe errors can arise due to

‘defective procedure. Errors caused by defective procedure

’consist of the followlng: |

(1) 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)f§ﬁok1ng of the perforations in the pipe used
for testing.

(4) Packing of soll near the sides of the bore hole
and plastering of the bore holes due to up and
down movement of the casing,plpe. The plastering
effect can be very serlous when the soil containg

layer of grout or soft clay,
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Errors in point permeability measurements can be
minimized by using cQsing pipe with large perforation or
perfeérably slots and avoiding use of driving shoe., Holes
should be flushed by surging and thorough water jetting,
Alternatively alr 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 gides of the holes can get plastered by up and
down movement of the casing pipe. 1t is therefore desirable
to drive a perforated pipe through the gravel pocket. When
slde 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, R '

For rellable comparison it 1s obligatory that identi-
cal procedure is followed for test carried out prior to and
after grouting, It is advisable to conduct permeabllity test
in portion when results of the test can be verified by samp-
ling from open excavation, If the comparison is satisfactory
the sultabillity of the procedure would be confirmed. Another
method would be to compare results of the point permeabllity
test with the average permeability value determined by suit-
able test, While comparing results the agreement can be con-
sidered satisfactory, if thel§ermeability measured by point
permeabllity method and the average permeability method lies
wvithin the same range of index.
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ments are commonly carried out by pumping from a large diameter

holé and observing the depressed surface by a system of plezo-
meters installed in the vieinity of the pumping well. For
reliable measurements of average permeability steady condi-

tion must be attained, Flow can be congidered as steady for

. all practical purposes if the velocity corresponding to rate
of fall of the water surface is a small fraction, When marked
stratification is observed interpretation of the pumping test
is.complicatéd and it will be necessary to observe piezometric
level for the different strata individually and the seepage
from the different layers would hagve to be measured by rumning
‘a veloeity traverse through the bore hole. In the interpreta-
tion of the test, allowance should be madd for infiltration
from free bodies of water, It is necessary, therefore, to
install piezometers in 4wd , mutually perpendicular directions.
The ﬁrincipal system of plezometers being on the line of
shortest digtance between the bore hole and the free body of
the water. ) _

The field permeabllity test (average permeablility method)
was carried out at Mangla Dam in 1960, Ag described by
Skempton and Catt1n13(1963) overburden consisted of about 15
meter deep in river bed and about 25 meters deep on river
banksg 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 10'1
an/sec. and after grouting it was reduced to 5x10‘5cm)sec.

Permeability test on Aswyan High Dam was carried out
by point permeability test by La Franc Method, Pumping out
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test in bore holes was also done, As this test was earried
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”1 cn/sec, whereas for fine sand Qit was
5x 10“:3 an/sec, After grouting the result of pumping tests
are not yet availagble but criteria is lead to achieve eoffi-
clency of grout curtain with permeability less than 5 x 10™%
on/sec. Plezometers are installed on both the sides of the
grout curtain to observe the uplift and permeability of the
grout curtaln,

At Ukal Project in 1961 fleld permeability tests were
carried out to determine the groutability of the sheared rod:
-gone on the right bank between Ch,.9650 to Ch.9950., The test
is described by Desai14( 3965). The rock met with is highly
sheared and jointed by minerals like lime, clodphate and
calcitic vanes, The drilling recovery was usually in a powdered
form coming out with wash water and a few pleces of zeolitie
bassalt, in the core barrel. The depth of strata extended
down to more than 70 meters below ground level. The results
indicsted range of permeability of 2-6 x ‘10"'2 en/sec, For
economic reasons the alignment on fhe right bank was shifted
towards upstream to avoid continuous sheared rock zone,where

OFf Hr JSarst charaeldi Lice . U povireabidily Zasds resnlls
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~° cm/sec.

2,4.3.6. Geophysical FExnloration: Geophysical exploration is
a form of field investigation in yhich physical
megsurements 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, geologlcal
conditions. ihese methods are appropriate for a rapid though
approximate solution of certaiﬁ geotechnical problems in
area, such as the depth to bed rock at a dam site.
2.4,4. Loggings
2s4s41. The term logging in its broad sense means recor-
ding the earth crust material along a single direction usua-
1ly 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:

(1) Direct logging such as obtained from boring in

soll and rock, and | i |
(i1) ;ndirect 10gging'such as obtained by electrical
and radioactivity.

24,4, 2. Q;;gg_t_ggggm Logs of bore holes may be made in
written form or plotted graphically to a scales 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 1oés 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 1s given in Fig,..No.2,2.

Recent development by the Corps of Engineers ig the
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bore hole camera. This camera is small enough to be lowered
into NX size hole having a diameter of 3%. By means of this
camera a continuous undistorted cylinderical colour picture
. of dry or water filled Tiw.i.gh can be obtained, Noy-a-days,
T.V.Came ras are perfected in U, S. A. where.full detalls of
bore hple'caq 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 Indis because of
the afailability of instruments,

2,4.4.3. Indirect Logging: 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 arelparely used,
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PLANNING OF GROUTING

30 1. QEEM—
Grouting essentially consists of drilling a number of

holes to various depths in the area to be treated and foreing
through them, under requisite pressures a workable grout that
will enter and fill up the crevlices 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 materlals, the size, depth, location
of holes, method of treatment, pressures to be used and the
equipment employed, Cement gréut in the past was more fre-
Quently used but noy 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. _SCOPE_
| With modern technidque 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.
11) Reﬁairs to dams and hydraulic structures.
iii) Joint grouting for concrete dam,
iv) Contact grouting behind penstock liners. |
v) Control of ground water movement for opCh oOxca=-
vation for bulldings, poverhouses etc.
vi) Repalrs to buildings,
- vii) Repairs to bridges.
viii) strengthening machinery foundations against variations.
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ix) Repalrs to ﬁipeu lines and seﬁ?s.
x) Stabillization of soil for roads and pavements,
xl) Stabilization of sgoil for rail and road embankments.'
xii) Linkng reservoirs and canagls for control of seepage.
xiii) Control of ground water movement for shaft sinking
. and mining,
xiv) Tunnel driving.
3¢3. QBJECTIVES
' Many grouting techniques are employed for number of
purposes of which commonly known are: |
(1) Filling of cracks,fissurés gnd cavities in
ground formations.
(2) Consolidatlon and strengthening of the foundations.
»(3) Reduction of seepage.
| There are many cases where grouting of foundations
beneath structures is undertaken to fill volds 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 nomingl that the necessary strength is easily obtained
with one of a number of different types of grouts. The mailn
essence of the operation is to place a large volume of grout
under relatively low pressure,
Grouting for oconsolidation 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 foundatlion 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 with alr and water 1s carried
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out in the hole to remove soft materials from these seams
and joints whenever possible. This process 1s also known as
Jetting., Hundred percent removal of the clay or sand is
1mpracticable. Grundy2(1955) 1s of the opinion that natural
silt and clay in fissures are best left im for curtain
grouting to be compacted by the pressure of the injection,
Vhen the primary purpose, of grouting is to reduce the seepage
through spilAQr‘rock the ability of the grout to penetrate
the formation &gnd when set its resistance to erosion, are
vimporfant, Grout curtains are usually provided on the ups-
tream of dam axls for water-tightness and to reduce the uplift
pressure on the'stru¢ture. Casagrande15(1961) in hlis firgt
Rankin's lecture delivered at the Institute of Engineers,
London, has brought out that a singlé line of‘grout curtain
alone does not contribute towards the checking of uplift
unlegs followed by a line of drainage holes dowmstream of
grout curtain, In his view 1007 cutoff ig not possible and
even 1% of the opening in the cutoff may reduce the efficlency
of grout curtain to only 29 to 30%. But Mayerls(lésl) in
the discussion has refuted Casagrande and brought out that
grouting not only improves the consolidation of rock dnd
f;bermeability by sealing flssures but also affects the reduc-
tion of uplift pressure.

Grouting of pervious solls 1s 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 resigtance for

stabllity agalnst lateral movement,
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Experience of grouting in glluvial soils has shoym
that highly pervious foundations respond very well to treat=
ment by grouting. 1f the average permeability exceeds 10”1
an/s ec. the grout curtaln can be achieved with low cost
materials. On the other hand, if the permeabillty 1s of the
order of 10-2 an/sec. considerable amount of treatment with
costly materials may be necessary. For avérage permeability
of 1O~5 an/sec., grouting is liable to be ineffective unless
very expensive chemicals are used.

In soll mechanics terminology, to strengthen or
improve the mechanlcal properties of a eohesilonless soil
;nvqlves one or both of the followlng changes in so0il
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 vold filling parti-
cles with or without adhesive or cohesive properties. The
Increase in cohesion requirés the introduction of a cohesive
material. To improve the above mechanical properties of soil
Schiffman and wilson (1958) have proposed two types of

grout, first the "™woid fi1lling*" grout and secondly the
"adhesive" type of grout,

3.4. DESIRABILITY OF GROUTING

One of the most difficult problem facing the engineer
at a8 gilven dam site is to declde whether or not it is nece-
ssary to grout whlch 1s a subject of considerable contréversy
among experlenced 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 dam, the permeability of the foundation mate-
rial and the value of the water which might be lost from
the rveservoir 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 foyndation 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 resulks 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
foundatlon willl have to be generally planned.
3.5, GROUTING MATFRIALS
3¢50 10 Materials for injection must be cgpable of mixing
with water into a fluld capable of being pumped under preséure,
setting without 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 materlals commonly used are:

(1) Cement

(2) Clay

(3) Bentonite

(4) admixtures

(5) Chemlcals

£ MmN a . = L.
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2.5.2, Cement:
2¢542¢ 1e The following cements are dsed in grouting
operations:
(1) Portland Cement; It 1s universally used, generally alone
and with admixtures. Indian sgtandard specification No.I,s.
269-1951 gives 3 types of portland cement:

(a) ordinary portland cement.,

(b) Rapid hardening portland cement, and

(c¢) Loy heat portland cement.
For most of the works ordinary portland cément is commonly
used. Rapid hardening portland cement is used where high
early strengths are required, Low heat portland cement has
negrly the saﬁe physical propertlies of an ordinary portland
ceﬁent except itlis finer evolves less heat of hydration
and the development of strength is slightly slower (see table
No. é.l). |
(11) glag cement; Blast furnace slag cement has specific
surface of 4000 to €000 sq.cm /gre blaine and setting time
of horé than 100 minuteg. Sodium hydroxlde 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 med Lum and fine sands. But its
cost is prohibitive,
(iii) Resin Gypsum cement: Certain resin-gypsum cements of
proprietory make are available for extremely fast or cont-
rolled set. These are exﬁensive for normal use and mostly
are used in o0ll welt industries., Initial set 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/cma.



Farther advantage 1s that it has a linear expansion of about
0.3% at time of initial set. The full strength of approxi-
mately 250 kg/m® is attained in 3 to 30 hours after intfial
set. |
3.5.2.2. Properties of Cement: The physical properties of
portland cement as per I.S, 2@-1951 are given in Table Nc.3.1
Table No., 3.1
Physical properties of Portland cement,

Ordinary Ra ngid hard- Low heat
portland ng port- portland
cement, land cement. cement,

Fineness
(2) Residue on B,S.
(b) Blaines specific
surface, : ' 2250 sq.cm/gr 3250 sq.cm/gr 3200 sq.om/gr
setting time
(a) Initial not |
less than 30 m 30 m 60 m
(b) Final not
more than 600 n 600 nm 600 m
Compressive strength
1 day not less than © - ' 1600 psi o -
(112.5 kg/cm )
3 day. 1600 p sjz 3500 psi o -
(112.5 kg/m®) (246 kg/cm )
7 day. 2500 p .- 1600 5
(175.8 kg/cm (112.5 kg/cm )

The specific gravity of dry cement is 3,15. The
characteristics of various physical properties are as below:
(I) setting time: After addition of water in cement hydration
takes place, C3A(tricalclum alluminate - 3Ca0 AI203) and
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C3s(Tricalcium 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
éalcium glluminate hydrate and thus C3S compound sets first,
The C2S (2Ca0 S102) 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
repalr works, calecium chloride (CacL2) is added in the cemmnt
in proportion of 1 to 2¢ by weight of cement. The addition
of 1% of Cacl2 causes rise in temperature of 11°F. An excess
of Cacl2 may cause flash setting, This is added in solution
to the mixing water. Sodium chloride 1s similar to calcium
chloride but is of a lower intensity, effect iz also more
varlable 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 gink salts, soluble borates, clay, bento-
nite llgnosulphuric aclds and their sa;ts ete.

(II) Flneness: Finer cement leads to a stronger reaction
with alkall reactive aggregates. It exhiblts a higher shrinke
age end 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 d&A become available for
early hydration. Fineness of cement also improves the work-
ability. Troxell and Davisl7(1956) have given that the most
active part of a cement 1s 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 gcreened cement pagsing 10‘0%
through 100 mesh (U.S.) and 95 to 98% through 200 mesh(U,s.)
was tried. Normal setting cement was used. Both rapid hard-
enlng 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.cm/gr, ,

King and Bushla( 1961) have recommended use of the -
fine cement for grouting of medium and fine sand, Datyel®
(1963) has also adizocated, to use preferably fine cement
exceeding speclfiec area of ;3500_ sq.an)gr. Blaine and setting
time exceeding 100 minutes. Mistry‘ and Purohitgo(w&) have
also preferred use of finer cénent‘ with specific surface of
5250 sQe an/gre. Blaine. This cement is avallgble in India
from M/S Soné Valley Portland Cement Compnay,Japla(Bihar).
(III) Bleeding: Bleeding is a water gain in a static condi-
tion, in 'a form of se‘ggreg"ation in which some of the water
in the mix tends to rise to the surface. This is caused by
the inabllity of the so0lid constituents of the mix to hold
all of the mixing water vhen they settle downvards. It is a
special case of sedimentétion. 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 aiso affected
| by certain chemical factors, there is less bleeding when
the cement has g high Alkall content, a high €34 compound
or when calclum chloride (CaCL2) 13 added. A»high temperature
within the nomal range inéreases the rate of bleeding, but
the total bleeding capacity is not ai'fected. A reduction in
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the bleeding is also obtained by addition of pozzolans and
slluminium powder. King and Bushls( 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 poves when the
;grout sets in,
Table No.é.Q
Bleeding of neat cement grout

—————————————————————————— T G W s S ST e Ty SR D G W P G B 40N R S S AT A W W S T SR T W i

W/ C ratlio by percentage of
welght, - , bleeding,
C.4 . 0

0,85 2

0.65 10

0.75 12,5
0.90 20.0
1.0 | 25,0
1.15 30.0
1.5 40.0
1.88 : 80.0
2,25 ' €0.0
2,70 7040
3.12 80.0
3,60 9040
4.0 (extrapolated) (99)

3.5.3. Clays Clays occur in natural deposits. From the
grout engineers point of view there 1s no bad clay, simply

some are better than others and it is a matter of economics
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to select clay which will fulfill his requirements. Broadly
clays that can bé 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
oceur in naturalvdéposits and require little or no treatment
- before belng used as a grout base. Prepared clays are those
obtained from natural clays after some treatment to condi-
tion them to permit the neceés;ry characteristics for
employment ag a base material. Clay deposits of massive and
alluvial class are better than glaclal 'deposits which tend
to contain high proportion of sand and silt and are more
erratic'in structure. The properties of c¢clay vary from
place to place and that each one should be individually
investigated for suitability for a particular job., 4s a
first guide in gelection, particle S}ze distribution and
1iquid limit test provide useful mea@s of eliminating the
poorer sémples. In mogt clays all thg particles under 2
miecrons éonsist of clay minerals of #ype montmorilionite,
1l1lite and keolinite groups which are the product of weath-
ering of the unstable constituents of parent rocks. High
content of these minerals are advantageous, Montmorillonite
hsve tha'capacity to swell and take ﬁater molecules direc-
tly into:their space lattice. The following properties of
clay should be investigated for its suitability as a grout
material: | |
(1) Mechsnical properties: The particle size distribution
of natural c¢lay is determined by a standard sieve analjsis
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 sﬁould be removed by
treatment. Clay content should be 50 to 60% of size less
than 2 mierons and clay, and silt should form 98 to 994%
of the total volume, Normally a clay with liquid limit of
less than 60% may not be éonsidejred unless the removal of
-the coarsér fraction can be accomplished economically which
improves the lliquid limit.
(2) Chemical propertipsi Clays are divided into the
following groups:
| -Keolirlli:te.
- Montmorillo.x}ite

fl1ite | -

0f these first two groups are the most cqminonly
found wheéeas 'Srd, group is not too well knoim. The Keolinite
" clay is characterized by sillica allumina ratio varying
from 1.5 to 3, and by a compact and rigid structure. The -
mqntmorillonit.e clay has a silica alluming ratlo varying
from 3 to 5; end 1is charact?rized by a loosge structure,
Because of their different type of structures and composi-’
tion the ph;ysical and chemical properties of these two
groups are quite opposite.

The keolinites take very little watér 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 pagrticles in a given |
mass of solid. According to drimm( 1962) highly active clays
would have relatively higher water holding cspacity, high
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thixotropy, low permeabillity and low reslstance to shear,
cohesion largely responsible for strength.

At Kotah barrage black cotton soll avallable locally
was Uged after treatment in settling tanks.

At Ukal project clay was imported from a distance
of about 60 km. available near village Tadfeshwar. This
contains about 50 to 607 clay, 35 to 40% silt and 10 to 15%
sand 11quid limit of about 80% and plasticity index of 43%.
This clay was used after treatment in hydrycyclone to eli-
minate sand particles. The composition of treated clay ranged
between 98 to 994 of clay and fine siit,

At Mengla Dam, 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 soll predominantly
having mohtomorillonite clay mineral was used. Clay was
treated in hydrocyclone to eliminate sand fraction, Final
clay contents was 60% and fine sand fraction was under 5%
with liquid limit of 70 to 80%, and plasticlty index 40-50%.
3.5.4, Bentonites:  Bentonite, a geological rock formation
is one of the well knoyn ultra fine clay, mainly composed
of the montmorillonite group of clay minerals. The colour
varies from white to light green or light blue., When a
dried bentonite 1s immersed in water, it increases its
'volume or swyells. Swelling of montmorillonite is due to the
expansion of the lattice as the water molecules enter
betyeen 1ts unit layer. There are two types of bentonites

(1) sodium based montsnorillonite and

(11) Calcium based montmnorillonite,
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Sodium based montmorillite exhibits high swelling
colloidal and thixotroplic properties than calcium based
montemchorillonite, 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 Né+. The rate of cation exchange reaction in mont¢morill-
onite is slower with respect to that in Keolinite in which
it is alemost instantaneous, In montgmorillonite 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'éodium nontgmorillonite bentonite 1s about 7,2, whereas
for calcium mont¢morilionite bentonite it is only 1,S5.
Krynine and;Juddlg(1957)_have given free syelling capacity
of Na montmorillonite bentonite between 1400 to 2000%
and permeability of 1077 em/sec, to fully impermeable and
?or Ca montomorillonite bhentonite between 50 to 1504 and
'permeability of greater than 2 x 10"7 em/sec, Mukherjeezg
(1965) has carried out laboratory tests on inactive montmo-
rillonite bentonite available in Bihar. Thelr inactivity is
due to base of Ca and Mg lons in exchangeable positions,
The physical propertles of Bihar bentonites are clay 52.0%,
silt 11.0%, sand 36.0%, L.L, 92,04, P.I. 38.0%4 and permeabi-
1ity of 3.5 to 10'5 cm/sec. Physico 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 1% standard soap solution the finer
particles renain in suspension for longer periods and the

concentration of suspended particles is much higher, Calcium
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chloride (CaCl2) was addéd for stability. The laboratory
results indlcated that the actlvated bentonite has nearly
the same properties.of commercial bentonite.

The physical properties of commercial bentonite show
¢clay content (less than 2 microns) 70 to 80%, silt (between
2 to 20.microns) of 10 to 20% and fine sand 5 to 104 with
liguid limit between 200 to 5004 specific gravity of about
2,35, blalne fineness of about 4000 to 5000 sq.an/gr. Like’
a clay it will not develop a stable gel without the assip-
tence of additives .such as cement, silicates or other sultable
chemlcals, It 1s also used as a lubricating agent to improve
the penetrability and yorkabllity of grout but delays its
setting time, | | __ |
| ~ since 1ts colloidal properties a'ra;‘,far superior to
other clays, 1t 1s commercially advantageous to prepare and
market bentonite in a similar manner to cements, In this
way the products can be graded for in'cended uses and the
quality controlled and maintained within close limits than
1s usually possible vith natural clays. Bentonite ores are
usually mined as a soft rock, crushed, dried and grinded to
a fine powder. |
3.5.5. ddmixtures:

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

1. Relatively water insoluble,finely divided granular

materials:
a) Inert
b) Chemically active.
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2., Water-soluble compounds:
a) Water-reduéing agents
b) Retarders and accelerators,

3. Protective colloids.

8. Gas producing agents.
3+5.5.2. Finel diy ded_granular materials;
a) Inert; A wlde variety of finely divided granular
materials are availablé as admixtures to grouts. These
are employed in relatively large qugnti¥ies, 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 affected by such
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. Uhen added in finely divided form it keeps the
solids in suspension in grouts of high water content and
produce grouts of high yater retentivity. The advantage
of such finer materials is that they can fill cracks for
fine to be filled with normal neat cement grout. ‘
b) Chemicelly nctivei  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 p®ssess
no cementitious value whereas natural cement and water
quenched blhast 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 calcinatlion 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 additlon of pozzolans in a cement bagsed grout
reduces 1ts bleeding and seggregation. It also resists the
erosion of’ gmut to the percolating action of low PH waters
and gulphate water. The amount of pozzolans employed in a
grout mixture be as high as 50%, by welght of the cementing
material, depending on the nature and fineness of the
pozzlsn, 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. Jater soluble comnounds This group of admixﬁures
are chemlcal agents and are employed 1n relativeiy minute
quantities, from 0,01 to 2% by weight of portland cement
or vhen pozzolans are used by welght of total materials.
This group includes surface active agents (water reducing,
alr entraining, and dispersing agents), retarders and
accelerators., Such agents may be employed elther alone or
in combingtion in the grout mix

(1) Yater redueing apentss 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
conglstency, Water reducing compounds widely utilized in
grouts, mortars and concrete are of two basic éategoriesz

(D Calcium, sodium or ammoniufn salts of 1ligno=-

f sulphonates.

(2) Carbohydrates. |
. ¥hen incorpprated in cementitious mixtures, these
compounds exert side effects other than mere increase in
fluidity and workability or reduction in yater requirement
at given consistency. In some cases these s?.de effects are
desirable, in other cases undesirable., For example, many
water reducing agents aect 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, 1t
may be objectionable, An additional property claimed is
that of disperslon, 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 1s substantially reduced which
increases strength,water tightness, and durability.
(2) Rets
ses the yater cement ratio which willl reduce the bleeding

The use of retarders decerea~

and improve the strength and water-tightness, This ig
advantageous in hot weather, In cold weather, accelerators,

chiefly calcium chloride, are used.
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3¢5.5.4. Protective collolds: Protective collolds, thicke -

nexs or chemlcal suspending agents, When used in very
small amounts, 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 thelr performance compared to locally @accuring clays
have no real grain size, and appear to give a lubricating
effect to the grout that enables it to penetrate fine volds
much better, < _

5.5.5.5. Gas Producing agent; = When finely divided alumi-
niun powder i1s added in the cement, minute hydrogen gas
bubblesQ are generated by the reaction of the alkalies in

/ the canent, 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,
wvhile expansion during the plastic stage maintalns contact
end improves the bond of the grout with the walls and parti-
cularly the cellings of the fissures into which it is
forced, Aluminium powder 1s added in the order of 0.01¢ by
welght of cement which amounts to a few grams and difficult
to batch. Therefore more reliable procedure is to add the
poudor with a chemically inert material, the combination of
which can be batched,

3:5,5.6, Lubricants or Primars: The use of lubricating
chemical grout to prime the hole bsfore the injection of
neat cement grout has been a falrly 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-alumingte chemical grout
i1s first pumped down the hole, followed by a high water con-
tent cement grout. It has been found that thls considerably
reduces pumping pressures for the cement grout and assures
much better take. 4
34545, 7. Pragctlcal Limitations on use of admixtures in grouts

Admixtures of acceptable\quality, properly used, may
in some cases effect significant economics, ahd 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 ehemlcal
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 effecf
should be conducted prior to their use in major construction
projects.
3.5,6. Chemlcalas -
3.5.61. Chemlecdls used in a grout as a base materials are of
two types:

1) Inorganic chemicals
2) Organic chemicals

Inorganic chemicals in common use are:

1) sodium silicate (Na2sio3)
11) Lignosulphite (or ligno-sulphonate).

Organic chemicals are synthetic resinsg, 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 product 1s of soletanche natent orocess
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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 gilicate: ~ sSodium silicate produced commer-
cially 1s available in dry lumps and is avallable In various
grades, The Alkall silica ratio for products may range from |
1.6 to 4.0 and the specific gravity from 20° to 50°, 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 sililca presents
as ionic micelle increases rapidly as the ratio exceeds 3,

" It 1s probable that the colloldal sllicate is the one that
produces better polyme‘rization and stronger gel. The silicate
jon 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 standard silicate, A disturblng factor
in the true appreciation of PH is the influence of NaOH,
sometimes ugsed to assist dissolution of sodium silicate
after crushing and steaming. The excess NeoH even 1if it is
3% can indicate a high PH in the original solution and

sti1l influence the PH of diluted silicate. The tests carrled
at Girna and Mula dams confirm that the primary need is to
engure production of good sodium silicate of ratio of NeO:
sio2 over 3.3 having the necessary structural colloidal
silica in lonic micelle form. It should be noted that varia-
tion in the gelling and strength development depends upon
the correct chemlcal and structural composition of the silicate,
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though to a lesser extent the precipltant shc?uld al so
satlsfy some minimum requirements. The present standard
specificétions viz; Indian Standard, A4.5.T.Ms ete, do not
specify the grade of silicale as a grouting agent. The

practice followed in France and switzerland specify the
grade of godium silicate for grouting purpose with silliea

ratio of 133.3 ¢ 0.1 (38°Be). Another positive index of -
the m;nufacture of the proper grade of silicate has been
é definite trend in the relation between the gel time and
gel stfength? For guality 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 Ukal Projéct as a grouting
agent was speclfied as below: _

Appearances  Colourless, clear and not iurbid or

with glassy inecrustation,
D;nsitya Betueen 579 and 420 Be. SPiGr
| '1.36 to 1,37
Alkalinity ratios Nazg between 2 to 4
o2

Cao + Mgoé to be less than 2%.

Sodium silicate at concentration less than 1% is
an agent of deflocculation whereas at concentratidn greater
than 1% is an agent of flocculation,
3¢5.63. Ligno-gulphite: It 1s a residual product formed
during the production of cellulose from wood pulp by the
bisulphite'prbcess. The residue 1s concentrated and is
produced in the form of a syrupy liquid or powder. Soluble
ligno sulphlte mixed vith a blcromate become firm gelati-

nous masses.
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3:5.64. MM-Q: aM-2 chemical grﬁut is a patent of the
American cyanamid Co, it 1s a mixture of two organic monomers.
Acrylamide and its Methyl derivates.

Appearances white powder,friable 1umps.

Bulk density: 35 lbs.per cu.ft.(approximateiy)

Stability: Excellent when stored dry in original

| containers at temperatures below 85°F,
801ubilityz" Very soiuble in water, ethanol, |

methanol, Insolubtle in gasoline, kero-
gene and oils. M-9 dissolves endother-
mically in water, that s the solution
gets colder, |

| There are many catalyst and mixtures of catalysts

which may be used to gel AM«Q; For normal use, however, the

catalyst, system 1s composed of catalyst DMAPN, AP(ammonium

per sulphate) and KFe (Ptasium ferri cyanide).

MAPN -~ Thls is a liquid somewhat caustic, chemical
| used as an activator for the reaction. The
density of catalyst DMaPH, between 32°F and 104°F is about
0,96 .gram/c. c. 1t should be used very carefully.

Ammonium persulphate (AP): JAmmonium persulphate is a
granular material and a very strong oxiding agent. It is the
initiator that t;iggers the reaction and is therefore the |
last material to be added.@Gel fermation begins with its éddi-
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. .

Potasium Ferricyanide {(XFe) - é}assium Ferricyanide
is gnontoﬁc, reddish granuiafmaterial which is used to
control the reaction, It behaves as an inhibiter in very smell
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quantities and must be used cautiously.

3.5.65, Stabilizing agpentg: The .following electrolytes
are commonly used to stablize clay grouts:

Potassium nitrate : KNo3

Potassium carbonate K2Co3

Sodium Aluminate NaAl02

godium silicate Na2sio3

Lithium carbonates. Li2 Co3

Sodium hydroxide. NepH

Quantities used are very small and are expressed elther in
grams per liter of grout ( average .1l to 10 g/lit.) or pre-.-
ferably as a percentage of the clay by weight (0.25 to 5%).
_ Hlectrolytes are n_ot the only material used to stabl-
1ize clay grouts, bat bentonite is also used. In very small
cOncent_ration it makes extremely stable and thixotrople grouts
which are ideal for sand foundation grouting, It is gdded in
a small quantity (1 to 10% of the clay weight), it gives
stabllity, rigidity and thixotropy. Bentonite is very expen-
sive, and may .be used economically.
S. S. 66. Floaculating agentss-  Electrolytes used as floccu-
lating agents are usually salts of the sulphuric and hydro
chloric acj.ds‘ The most commonly uged are:

Aluminium sulphate. aAL2 (s04)3

Sodium sulphate Na2 so04
Calcium chloride CaCL2
Copper sulphate awSo4
Ferrous sulphate Fes04

Flocculents are used in even smaller quantities than

stabllizers, proportionsg are expressed in grams per litre of
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grout or in percentage of the clay weight. The action of flo-
cculent depends on the stabilizer used in the suspengion,
Therefore, each floceulent should be tested with different
stabilized grouts, This may lead, in practice to a consi-
derable smount of testing, which very often can not be affor-
ded. When sodium silicate is the stabillzer, HCD, Naato2 -
and other chemical grouting reagents are used.
3.5.67, Deflocculating agentss  The clay ingredients used
in the clay based grouts may not be completely dispersed
even under the actioﬁ of a high speed mixer. The minute clods
that may remain unbroken act as individual particles of
greater size and 1mpair the fluidity of the grout mix, Sﬁit-
able dei‘locculating agents (D, A.) may therefore be used to
remedy the agbove. The following chemicals are generally used:
Sodium carbongte | _ Na2 Co3 .
SOd;um Hexameta Phosphate

sodium hydroxlde NaOH
Sodium silicate Na2gio3
sodium Polyphosphate Nap4°3

These are added on percentaée basis, reckoned with
respect to the combined welght 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 Ukal indicate
that addition of solution of known concentration was found
suitable. |
3.5.68, Preg When an electrolyte is added

to colloidal solution containing charged particles, the colloid

is coagulated or precipitate, Colloidal solutiong are often
protected from preclpitation by electrolytes by adding small
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amount of iyophiblic collolds such as gelatin which are
hence called protective oollolds. The precipitating power
of an electrolyte depends on the ion of charge opposite to
that on the collold particles. The precipitating power
increases rapldly with the electrie charge of the ion.

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

Barbedette and Sabarlyza( 1958) have carried out gys=-
' tematic study in laboratories on treatment wlth silicates
and have worked out that the following chemicals can be
utilized for gel formatlon:

(1) Acids - common acids such as hydrochloric acid

(HCL) sulphuric acid (H2304) Phosgphoric acid etc,

(2) Acid salts, such as monosodium phosphates, bicar-

bonates of soda etce.

(3) salts of acldic reaction such as, sulphate of

alluminum,

(4) Neutral salts such as, sodium chloride, all the

salts of ammonia the mtallice salts etc,

(8) Alkaline salts such as sodium aluminate.

(6) C'ertain bases such as, ammonia.

The number of chemicals causing gel formation is
practically unlimited, but different considerations limit
the cholice for their practicalluse. These considerations are:

(1) Quality of gel

(2 Facility of use, and

(3) Economy,
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The precipitates commonly used are:

- Sodium aluminate Na ALo2
dmmonium sulphate (NH4) S04
(fertilizer variety) 2
Sulphuric acid - H2 S04
deium bicarbonate NaHCo3
Monosodie phosphate Na H2 Po3 |

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 c;ay.
3.5.7. Yater: The quaglity of water also plays its role,
impurities ih water may interfere with the setting of cement
or form a chemical action yhen chemicals are added in grout
mixes. In many specificatlions a clause is covered that vater
would be poytable 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 S03
does not exceed 1000 ppm. the water is harmless. Sea water
ﬁas a total salinity of about -3.5% (78% of dissolved being
NaCI2 and 15% Mg CL2 and Mg So4) and produce slightly higher
early strength but a lower long term strength. The loss of
strength is usually 15% but not more, but it slightly
accelerates the setting time.
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CHAPTER - 4
IYPES OF GROUTS

4.1. GENERAL

Grout suspenslons are mlxtures 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 malin classes such as:

(1) Newtonian, and

(2) Non-newtonian.

Grouts which followiaccording to the newtonlan law
of motion i.e., rate of shear 1s proportional to the tangen-
tlal stress applied, are celled newtonian liquids. The
chemical grouts and organic resin grouts fall in this class
end are termed as fine grouts. The grouts vhich do not
‘fol_low the nevwtonian law of motion are called non-newtonian
liquids., Grouts formed of solld materials such as cemeﬁt,
clay, 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, PROPERITES OF GROUTS:

4,2 1. The mogt importent properties of the fresh
grouts are:

(1) Viscosity

(2) Consigtency

(3) Fluidity

(4) Stability

(5) Gelling

(6) Permanence.,
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4,2.1.1. Viscosity: Viscosity of a substance is the tan-
gential force per unlt area of either of two horizontal
planes at unlt distance apart, one of which is fixed, while
the other moves with unit veldclty; the space being filled
with the substance. Viscoslty is expressed in dyne per sq.
centimeter dynes/mm® or poises. The centipoise (cp) is equal
to 0.01 polse. 1 lbs/sq.in = 69,000 dynes/cm2 and 1 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 1imit of a substance, these internal stresses are
proportional to the induced shearlng 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.

Viscogitles of flulds are generally not measured.
directly, but a parameter depending upon viscosity is mea-
sured, end a predetermined relationship used to arrive at
on actual value. The viscosity of a fluld suspension depends
upon the sclid concentration, The viscosity of water 1s near
to 1 centipoise. Viscosity of some of the grout suspension
obtained by Stormer rotational viscometer 1s showmn in the
Figure No.4,1. The ‘eage with yhich a formation can be grouted
is directly depenient on solution viscosity. Maag was the
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first who in 1938 worked out the relationship between
grouting pressure, viscoslty 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 Poiseullle's law and

is expressed ass

V = 4

. 8 L‘n

where, _
V 1s the volume of liquid escaping in time t

t is the time for V
P 1s the pressure differential between tube ends
r is the tube diameter
L is the length of tube
n is the visuosity.
Karol2%(1963) has given the laboratory results of flow of a
fiuid through a long pipe one meter long and 1 mm, internsal
diameter as shown in Flgure No.4.2. Extending these data
to field use, the following conclusions ecan be drawn:

(1) For eny given pressure, thé 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) gcceptance rate 1s directly proportional to the
fourth power of the average vold size(and therefore
for the average graln gize, for granular deposits).

None of these conditions may exist in an actual grouting
operation., The conclusion, therefore, should be used quan-

titatively and not quglitatively. Viscosity of a grout suspen-
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sion also increases with time except for resin grouts vhere
there 1s an instantaneous gellification gt the end of induc-
“tion time, this is shown in Figure No.4.3. '
4-.2. 1.2, Consistency; The consistency of a grout mixture
is related to the viscoslty coefficlent, The consistency of
a grout suspension 1s influenced by the specific gravity of
the grout mix end seggregation,

In a true newtonian liquid having a laminar flow,
the velocity gradient 1s proportional to the effective
pressure. The floy prop’erty of such g liquid is expressed
by a single constant, the ooefficient of viscosity. The
consistency curve for neutonian liquid is a gtraight line
passing through the origin and is shown in Fig, No,4.4.
‘However, grouts are not ideal flulds and Bingham has shown
tbat some liquids, and part'icularly suspez}sions, behave
differently and do not start flowing if the effective pre-
ssure do not e_xceed a certain value defined as the vield
value. The 1iquids that exhibit this property are infact
plastic suﬁstances, and are known as Bingham bodies, The
consistency éurve for Bingham bodies is shown 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 & number of measurements must be
mede for varlous rates of shear, This is convenlently done
by means of measurements by viscometers., A typical consis-
tency curve of a plastic material or Bingham body plotted
by Lgonard and Dempsy%( 1963) is shown in E"ig‘No.é. 6. The
main features of this.curve is the repld rise of stress
"with rate of shear until a vield point is reached after
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which the relation is more or less lineal- The characteris-
tics of the consistency curve given in Fig.No..é.G are
explained below: | . _
(1) Wgw- The Bingham yield point is
,defined as the minimum stress that nust be applied to a
plastic material to start laminar flows 1t is derived from
the oonsistency curve by produeing back to the axis the
| tangent to the plastic range of the curve. Ischy and
Gloés'0p7( 1962) have shown that upon the yleld value depends
the minimum pumping pressure hecessary to inject a grout
into a soil for a particular pattern of pore size and
radius of penetration. | S
(2 Mp_ﬁgmma- Apparent viscosity is defined as
the viscésity a Bingham body would havé at a givgn rate of |
shear if 1t was a newtonian fluid i,e. exhibiting the charac-
terigtics of a pure liquild. For practical purposes it is
o btained by dividing the shear stress by ‘the unit rate of
shear. | g L
(3) B;‘ags_;_g__m_gm This is defined as the shearing
stress in excess of the yield value that will induce a
unit rate of shear.
(4) ‘Thixotroph: A property of some but not all, Bingham
bodies is that of thixotropy. Such a liquid if left undis-
turbed will shovw a marked increase in shear strength, which,
will at once be lost if the liquid is stizi'red or aglitated.
But 1s regained if it is again allowed to stand., Thixotropic
properties are possessed by many éohesive soils, and 1is more
pronounced with the presence of fine grains. Thixotropy is
of prime importance, since it enables the grout upon reaching
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its destination in the ground, »to stabiliy;'e, itself rapidly
while the permanent effect of rigidification due to other
Bgredients become effective, 1f present. The existance of
this property in a grout as reveaied from the obgervations
of congistency curve plotted by the numbex; of tests by
viscometer 1s shown in Fig.No.é.G(a).

(5) m It is the reverse property of the thixo-
tropy in vhich shearing resistance of the liquid increases
-on agitation, but decreases when left undisturbed. This is
termed rhebpexy and it can cause serious trouble in tﬁe
mixing and injection process. Ad.equa‘te use 6f dispersing
agents 1s a remedy for mild occurrences, while material or
combinations of materlals exhibiting rheopexy to =a Y_Iigh
degree could de a a'bandcnedl at the outset. Consistency curve
as obtained by viscometer is shown in Fig.No,4.6(b).
4.2,1.3, Flulditys Fluldity is the reciprocal of visco-
sity.' It is the property of grout éuspension which penetrates
the formation with case. The fluidity as measured by the
marsh cone indicates an average apparent viscosity, whereas
it is the yield value of the shear resistance vhich is
importent, It is posslble to determine the conditions in
which grouts are able to penetrate a permeable formation

and seal 1ts volds. They are dependent partly upon the
relative geometrical dimenglons of the voids and of the
particles used to £111 then, and partlj upon the surface
action between the injected material and the pervious forma-
tion, Mayorze( 1963) is of the opinion that the knowledge

of the grain sige curve of a suspension is not sufficlent
to define groutability. He has explained that wvhen an attempt
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is made to grout the formation with particles having a
diameter sllghtly less than that of pore sigzes an automa-
tically filtering plug forms inside the volds, which will
be blocked gradually untll it is completel? sealed, Accor=-
ding to the shape and smoothness of the particles they will
more or less easily be caught up to forﬁi arches upon which
the smaller particles will be.wedged. In the case of cement
grouting when high speed mixing takes place, as in the
'Colerete’ 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 corres-
ponding susgpension and facilitates its penetration of small
pores,

Thus it appears that groutability 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
i‘issﬁres to a greater or less extent, The influence of
pressure 1is 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 temporarlly 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 1lift the
overlying strata and create a passage 1n vhich the cement
will be deposited without penetrating the stratum vhich 1t
is required to seal. Maayc»rg6 (1963) have observed that the
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- excessive pressures have in all cases produced a heave in
‘the slluvial deposits and cement had collected in the Yolds
without spreading into the hass of the stratum. |
4,2,1.4, Skabllitys A grout must remain stable during
the procéss of mixing and pumping, that is to say, if it

18 a suspension there must be no prepatnre sedimentation,
and if a iiquid, no premature set. It 1s the property of
suspehsions, 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 tﬁe bottom and lea#ing a variable depth of clear
water above them. Stability is measured by allowing a sus-
pensién to remain in a container of given dimensions and
determining the height of clean water above the pzrticles
afteria certain time. This is very important proéerty of

~ suspension, and.dépends upon the grainvsize of the material,
the specific surface of the particles and the intensity of
surface action between the particles snd the liquid. The
addition of a very small %age of bentonite improves the
stabllity of cement suspension considerably. The rise of
wéter at fhe surface is also termed as bleeding, Usuaglly the
bleeding of the grout is not desirable. Mistry and Pu,rohitg_0
(1964) and Datye and Vinayakag?( 1965) have recommended the
bleeding of grouts 1ess than 5%.

442.1.5.
1s indicated by its ability to retain water against vecuum

Water retentivity of a grout

filtration. This property is determined by obseving 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-
negs 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 measufed by this method is closely related to the blee-
ding characteristics of the grout.

4,2.1.6. Gellings A fundamental of a grout is that it shall
vdeve10p a gel after a controllable interval of time and

also shall develop a strength in keeping with the purpose
for which it ig designed. This 1s 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, thelr range for selection

is wide, The rigidifying agents usually have an effect on
the rheological properties of the grout base. In designing
s grout mix, therefore, it is necessary to prepare trial
mixes both in the laboratory and under field conditions in
order that the required stabllity 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 requtred 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
treasted and gone of influence assumed. The gel time of organic
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resin grout may even be a few seconds when the solution 1s
required to seal the water flowing strata.
4.2.1. 7. _Permasnence: A grout when set must resist chemical
attack and errosion by ground water. A grout has to be
permanent, only as long as 1t is needed. For instance, in
a grout curtain under a dam the ugeful 1life of a grout
should be counted in decades while in a grout curtain under
an upstream coffer dam its useful life can be counted in
years, or, 1f the grout is used to stop quick sand condi-
tions during the driving of a tumnel, 1ts useful 1life need
be only a matter of weeks., aAlso, a grout with a shorter
life than the structure can be preferred to a more perme-
nent and more expensive grout if malntenence or corrective.
grouting is found to be economically feasible. Furthermore
the usefulilife of a grout may vary with the conditions
under which it is used, For instance, the use of a water
soluble chemicals grout can be objJectionable if ground
clrculation 1s relatively large, but will be quite accep-
.table 1f the circulatidn is insignificant, Clay grouts,
although they never reach the consistency of a stiff clay,
have nevertheless adequate rigldity of withstanding an
appreciable amount of water clrculation without any signi-
flecant washing or leeching, A condition may exist wvhen clay
particles start migration due to improper selection of clay
grout, low pressure beilng applied during pumping and when
several types of grouts are injected without following proper
sequence.

Pure sllicate grouts are sugsceptible to disintegration
and should be observed carefully under controlled condition

over a prolonged period of time before usa on a oclwan mm~t.-s
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There is no longAdata avallable which shows the permanence

and stability of silicate grouts- Even the long term stabi-
11ty of silicate grouts by yoostem process is doubtful in
absence of the data available, Even for synthetic resin
grouts which are recent development there is no long term
data which indicates the permsnence and stability of the
grout curtain. Certain resins could be attacked by aggré--
ssive water and bacterla, Tests have been made by the 1abo-
ratotre control des pondres in Paris, and a small amount
of Bactericide is added to the resin, and observations
taken after a period of four years indicated no attack by
bacteria on resin grouts treated with bactericide.

4,2.2, Bheological characteristics of typlcal grout;

The movement of fluid through the pore space of a
soil 1s resisted by drag at the interface between the
graing and the fluld, For true fluids the drag is propor-
tion ¢4 viscosity and shear rate., The shear rate being
determined by meen flow velocity and the geometry of the
pore space. True fluids with no shear strength, are desc-
ribed as newtonian, imong the various common grouts, those
which are simple solution of chemical compounds are ordi-
narily newtonlian, Table No.4.1 shows the values of viscosity
of grout of this type worked out by Raffle and GreenwoodEB
(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 hag shear strength is pumped under constant
pressure into the soil, the opposing drag due to the corres-

ponding shear stress acting at the growilng area of the
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surface wetted by grout ultimately becomes equal to the
wvhole of the applied pressure so that none is avallgble to
maintain the viscous flow.
Table No. .4.1
Rheologlcal constants of typieal grouts

Type of Viscosity Sheapr gtrensth dynes/om®
Grout. CP On mixing. After standing
et o o 2 e 0t 1 0 2 e e o
Newtonian groutg
108 AM-9 1.2
Sodium silicate M75 45
Cement grouts: - -
W/C Oed 116 67.6
05 :37 25,6
0.66 14 6.6
0.9 . 8.4 8.1
5% wyoming bentonite 10 L2 50
6% Fulbernt clay 4.5 L2 38

4.3. IYPES.OF GROUTG
4.3. 1. The grouté used at present for the treatment of
pervious soils are classified in two categories according to
thelr componentst | '
(1) The sclid phase grouts or suspension groutsv 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
grduts. |
Solid phase grouts are non-newtonian and possess shear
strength and afe Blngham bodies. The flow of grout of this
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type in the early st;ages of injeetion is controlled by
viscosity but in later stages may be controlled by shear
strength, As permeation proceeds an increasing proportion
of the injection head 1s absorbed. in overcoming the drag
due to shear strength until ﬁ.nally the flow ceases.,
4:3.2. Cement; based srouts:
' 4;3.21. -These are classified as:

(1) Neat cement grouts

(2) Cement-clay grouts .

(3) Cement-bentonite grouts

(4) sand-cement grouts

(5) Clay-sand-cement grouts

(8) Cement mixed with admixtures grouts.
4.:3. 22, MM Neat cement grout is a mixture
of cement and water in different proportion varying from
water~cement ratio of 20 to 0,4. This 1s an unstable grout
as the grout suspension on sed:l_.mentation bleeds. It is used
specially vhere strength is required. Mostly 1t is used for
rock grouting and for coarse sand and gravel having size
1mm. and over. Sometimes bentonite is added in proportion
of 2 to 14% of the wekght 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 soll mass upon loead-
ing it is not the permanent hardened grout but the plastic
or semi-plastic grout vhich adheres to the soil mass better.
The studies carried out by the U, S.VWater-ways experiment
Station, Vicksberg reveal that neat cement grout cen pene-
trate the cracks.of size 0.5 mm, but if finer grout is used
it can penetrate even cracks of sizes 0.25 mm, Grundyz( 1955)
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has given that with 'present technique, cement grouts with
admixtures can be used to seal fissures of fineness beloy
O« 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 separafed cément 1s advan-
tageous for very fine flssures but usually ordinary portland
cement is quite satisfactorys, Clark®(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

bhe thoz;oughness of the mixing. The use of the flnest cecment
possible and wet sleving should be standard practice when
grouting fine cracks. The wet screening, however, requires
eonstant cleaning of screens, 1life of the equipment 1s

also short, and requires' considerabie 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:

(1) Yiscosity: Neat cement grout with vater cement
ratio of higher than 0,5 have low viscosity and
rigidity. For lower values of water cement
ratlio the viscosity increases sharply and the
grout requires some rigidity,

(ii) Fluidity: Fluidity of cemeht grouts can be
improved by mechanical or physico-chemical |
action. High speed mixing activates the hydra-
tion,of cement particles, gives a better dis-
pérsion and brings a rapld formation of small
crystalllzed el ements of hydrates of different
types. Grouts obtained through energetic mixing
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are sometimés called activated or colloidal.
Baslically these grbuts are more stable and

fluid than ordinary grouts but only for very

'Vlow water content. Wetting or dispersing agents

. also improve the dispersion and hydration of

the cement particles. Resulting grouts are

- found to be more stable and more fluld than

—ordinary grouts but only for very low wmater

(1i1)

content,

m__glg;_, The 1nitia1 setting time 1ls normally
30 minutes and fingl setting time 10 hours.
The viscosity increases with time and 1t is
desired that atleast 50% vi%cosity of the ori-

- ginal value should'be maintained at 20 minutes

(iv)

of setting time, Setting time can be altered

depending upon the job conditions. Setting oan

can be accelerated by addition of calecium
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.
Some cement never sets with water cement ratio
greater than 10. All standard grouts set with
s water gain, |

Strengths Cements when set forms a hardened
mass with‘compres:';ive strength at 7 days nearly
equal to 175 kg/cem?, Density after setting is
fairly constent and is independent of the
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water~-cement ratio used. The denéity varles .
with the type of cement used, the volume of
hardened cement grouts and may vary as much
as 50%. |
(v) Bleedingy The bleeding watér accumulates under

individuel particles and will destroy the bond
on the under side of the particles snd reduce
both the strength and lateral 1mpemeability
of the grouted mass. Because grouting often has
the duel purpose of consolidation for str‘ength
and for the checking of the water movement, the
two cha:acteristics of loy bleeding and active
expansion while setiing are most important.
Small extra cost of the materlal required to
produce an expanding nen-bleeding grout can be
saved many times over in not having to go back
and redrill and regrout the hole,

4,3, 23,

Kravetz>0(1958) has given that addition of clay or
bentonite in cement in very small proportions say 1 to 3%
by welght of cement does not alter the basic qualities of
neat cement grouts but lmproves the stability of the mixture
wvithout affecting appreclably its compressive strength.
Clays are economlcal when avallable locally and their agbili-
ty to yield a thixotropic suspension is of value in the
injection of large fissures,

Aqdition of clay or bentonite to water cement

slurries greatly extends the range over which suspension

free from seggregation by settlement may be obtained, The
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dry clay or bentonite and cement powders may be mlxed
togethér and subsequently added to water, or slurries of
eclay or bentonite may be made end added to the cement
slurry. Conversion of the bentonite to its caleium exchan-
ged form undoubtedly accurs through reasction with free time
roleased from the cement, The calcium bentonite 1s then
flocculated by the ‘excess of cations (mainly cal cium)
present in solution, The floes 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
jmitation on the quantity of clay or bentonite which can be
incorporated in a mix are imposed by the following factors:
(1) vWorkability of the mix - increasing the concen-
tration of clay or bentonite leads to an increa-
sing stiffness in the slurry, eventually making
. it unpumpable. |
(2) Final compressive strength - substantial addi-
tion of clay or bentonite to cement slurry
decreases the compressive strength of the set
‘cement, | ‘
(S) Speclfic gravity - Low specific gravity.
(4) stability - The concentration of clay or bento-
nite in the mix must be increased to obtaln loy
blecding, .
Clay upto ]/érd by welght 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 1s sdequate resistance to erosion. Claims are sometimds
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made that clay injection 1is preferable to cement lnjection
for the filling of fissures containing clay. Apart from the
low cost of the clay, the resultant product with clay injecw
tion is of low density on account of the swelling action

of the clay. Greater volumes of volds are filled than with
the sane welght of materials in cement grouts, but the
economy is offset by the lesser resistance to erosion by
water action s0 that a greater thickness of barrier is
required,

The composition of a mix for a given function can
only_be declded by taking these factors into account,
Kravetzsl( 1959) also states that additlon of bentonite
from 2 to 14% as an additive to cement improves its
adherence to rock fissures. There is a belief that addition
of c;ay or bentonite in cement increases its flow properties.
But Rai'flea‘?'( 1963) belleves that sugpension formed by clay
or bentonite in cement grout is very muech less fluid and
viscosity of combined suspension i1s greater than that for
neat cement grout sumpension, The increase in the injected
quantities is not due to the fluidity dve to addition of
¢lay or bentonite in the mix but it is due to suspending
action of the clay or bentonite which prevents setting near
the injection polnt and maeke 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 yater cement suspen-

sion of water cement ratio greater than about 0,6 by offseting
]O 5 187 (9 el T T Y A et
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the gravity force acting on the cement particles and thus
cement particles are prevented from setting.

At Ukal Project (Gujarat) high grade bentonite was -
a&ded in the neat cement grout to the extent of 2% by
welght of cement to :merové the workability and reduce the
bleeding,

'4.3. 2. ggnd-cement groutg: Inert admixtures to cement are
‘used for leconomy. sand 1s excellent when large fissures or

- cavitlies' exist, upto 3 parts sand to one part cemeﬁt by
welght 15 a reasonable limit. The maximum particle size of
the sand can be upto 1/8th of the size of the fissures to
be injected, In sll cases, a final injection should be made
ﬁith neat cement alone to seal the fine fissures. Sand
cement grouts tend to setile if mixed in conventional mixers,
and high speeci colloldal mixers may be necessary.

4.3.25. Clay-sand-cament grouts: Clay 1s added in sand
cement grouts if it 1s avallable at reasonable cost to
improve the stablility of the mixture. Ggrouts of low water-
cement ratio have a tooth paste like flow which r educes wear
of pump and permits coarse sand to be used.

4.3.26. Cement-gdmixture grouts: when the flssures 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 111 proportion will ensure
the setting characteristics of the mixture, but the limi-
ting proportions are easlly obtalned by a site tests of
mortar made from the materials, Thorough mixling of these
fine materlals with the cement is essential, Ad:ﬁixtures may
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be employed in grouts of varlous compositions to improve
selected properties. The class of admixture to be used will
depend upon the desired ﬁgzgéﬁf%a. Various iypes of admlx-
tures commonly used in cement grouts and theilr effects are
explailned in Chapter 3.5.5.
4.3.3, Clay based grouts: |
4,3.31. ‘Clay based grouts are classified as below:
| '(i) Stabilized clay grouts

(2) Clay-éement grouts

(3) CIaY-cement-bentonite grouts,
4,3.32, gzghllgggg_glgx_ggggﬁgi Clay based grouts, with or
without cement, have two characteristics which oppose pene-
tration into fine passage or voids in the soil, The first
is that they have dlscreet particles vhich quickly block
6ff the available pore spaces and secondly they have initial
shear strength, This initlal shear strength has nothing to
dd ﬁith the §ettiﬁg of the grout and is present during and
after mixing, It is represented by the Binghem yield value
and a proportion of the avallgble injection pressure is
required to overcome it before any penetration can take
place., The smaller, the void size of the séil the less
she;r strength is required to resist a given pressure.
'For normally constituted clay-cement grouts injected into
a soil of 10"+ em/sec. permeability, shear strength might
be unimportant in limiting penetration. Such a grout might
have shear stfength 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 1ts 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 chemlcals therefore are essential to reduce
the shear strength of these grouts during mixing and injee-
tion. With the reduction of ghear strength of clay grouts
by conditioning chemicals, the main barrier of penetration
becomes that of particle size.

In‘preparing these grouts, treated clay is mixed
with water to form a slurry. Additives are used to check
flocculation of paxticles and to promote gel strength, All
clays can be improved by such treatment and their capacity
for penetrating soil 1s always greater than that of clay-
cement mixture, Hlgh grade bentonite may be used in grouting
coarse and medium sand. But as thelr gel strength is not
sufficd ent to give an appreclable increase in strength to
the soil, théy are generally used only for sealing, or
reducing the permeability, Bentonite on addition of water
swells and thls swelling is reversible end its final extent
is governed by the nature of the exchangeable ions. The
strength of thixotrplc gel formed by bentonlite suspension
is strongly dependent on the setting time, the effect of
concentration of bentonite in suspension and the chemical
composition of the suspending fluid 1s shown in Fig.No.4,.8.
J‘ones'?'a( 1963) has given that irreversible gels can be formed
by addition of sodium silicate to bentonite suspensions
which leads to:
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(1) A decrease in yield point and thizotropy, when

the bentonite and sillcate concentrations in

the suspension are loy, and

(2) At higher silicate concentrations the suspension

gels progressively are standing.,

VOral( 1951) gives the account of clay grouting on a

large 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

which will not bond with cement. Cement-clay mixtures were

not found

suitable and pure clay was injected through 1"

diameter pipe and throwpout by air as a fine spray. The

clay used was of low colloidal, plasticity of 35% and speci-

fic gravity of 2.7. He has suxnarl zed the advantages and

disadvantages of clay grouting as listed below:
Advantagess

L

e

3

4,

Low cost _
Large amount of grouting from a single hole.-
Time of sgtting can be controlled by pressure
variation, and

Practicability of grouting in highly weathered

rock and large caverns,

Dispdventages:

1.

2o

3.

Its low resistance to erosion or disintegration
(not at low pressure gradient)

Difficulty in obtaining pressure resistance,
because of surface blow out.

Impossibility of grouting an opening filled with

running yater.
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4,3.33. Clay-cement groutss;  The clay-cement grouts ig
probably the best known and the most commonly employed.

1t is a slurry of clay=cement in water in different propor-
tions, This is a stable grout in the sense that 1t does not
bleed on set and the abllity of clagy to form gels 1s used
to stabilize the cement. For soll foundation, the cement
1s usdd as an additlive in proportions usuglly enough to.
give the grout a cement like get, This type of clay-cement
grout has therefore all the basic properties of a clay
grout, The cement parficlas in a clay and cement system

are diSpersgd and hgld in place by the clay gel structure,
The clay performs no important funcgion in the final chemi-
cal set resulting fro_n_n 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 rangesfrom less than
0.1 kg/cmg‘to €0 kg/cm? depending upon cament content,
Ischy and Glossop7k1962) have shown that_set strength of

25 kg/m® 1s obtained vith clay-cement grouts with cement/

wvater ratio of about 0.4. These strengths are vastly greater
than those required to resist normai working pressureg
gradients resulting from water retalning structures and are
usuglly =dequate for consolidatlon grouting and the treat-
ment of coarse alluvial deposits of permeability more than
10'1 en/sec, In rock grouting and consolidation of open soil,
high set strengths may be required. Ior such works the clay
content is kept a minipum only a few pereent of cement
weight by the use of highly active elay such as bentonite
and grout mix is termed as cement-bentonite grout,
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Grouts containing relatively high proportion of dlay,
on thé other hand, are referred to here as c¢lay-cement grouts. -
.éecause of the slze of the cement particles the grout mix
is used for soils having permeabdlity greater than 10"lcn/sec.‘
The clay=-cement grout is superior to cement grout in respect
of stabllity, Grouts with no water gain are desirable as
the volds caused on setting are thus minimum and regrouting
is not essential, 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 nften
formulated not with highly active clays, but with locally
@curing mixed clays, modified where necessary by additives,
such as bentonite or sodium s111 cates The amount of elay
to be added will depend upon its quallty, that 15 to say |
upon its particle size, clay content and liquid limit. The
clay cement grouts are not true fluids agnd the gel structure
which is present immediately upon mixing gives the grout
- sufficiently high shear strength to resist gravitstional
sinking and local gradients after injeétion but before final
set., Raffle and Greenwoodm( 1961) have shown that this gel
strength, slthough advantageous in presenting displacement
is aceonipanied by é relatively high yield value which, in
turn, requires a cbrreSpondingly high injection pressure.

The demand for extra pressure is greatestin the finer soil
and grouts with very high gel strength may not penetrate
vhen pressure is limlted to low values because of shallow depth,
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Clay evidently be finest clay as can be economically.
procured and processed., Medium and coarse sand csn easily
be eliminated by the treatment in hydrocyclone, The fineness
of natural clay should,therefore, be judged by the propor-
tion of materlal 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, Obwiously 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 hydrocyclone.

Datyem(lgéé) has given that grouts with cement-
content less than 204 of the clay have rarely been used,
Cement content below this 1limit should, therefore, be afoided
unless confirmed by laboratory tests. The fundgmental quali-
tles of clsy cement grouts are:

(1) gtability; Stability is directly proportional
to the quality of the clay and 1ts proportion in
the grout, A smell amouht of clay is usually required
to obtain grouts which settle with 1little or no
wvater gain. Grouts with no water galn are aluways
preferred whenever possible since with them there
is no need for redrilling and regrouting to com-
plete the filling of volds.

(11) Rigidity & Thixotrony: Grouts which are made. to
settle with no water gain can be thixotropic
sometimes, that 1s until the cement hardens. Clay
cement grouts always have some rigidity.
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(111) Adherence: This 1s a very interesting property
of the clay cement grouts which are found to
have a much better adherence to clay coated
walls of cracks and faults in rocks, than cement
-grouts,

(iv) Economy: Thigs is the most important of the
qualities of c¢lay-cement grouts, For filling
of same quzntlity of volds the quantity of clay
ceﬁnent mixture 1s required less than that for
neat cement grout because of syelling proper-
ties of clay. o

‘4;3.34. Clay-gement-bentoni te groutis; Sometimes bentonite
in small proportion by weight of clay is sdded in the clay-
cement grouts, Resulting grout mixture is finer than clay-
cement grouts, Due to colloldal particle size of the bento-
nite deflocculating agents are added in small proportions,
The grodt mixture havé the same propertles of clay-cement
grouts.

Bed.4 Silicate based pgroutis:

4,3,41. There are 3 types of grout mixes based on sodiunm
gilicate:

1. Clay~silicate grouts

2. Bentonite silicate grouts

3. Pure silicate grouts
4,3.42. Clay=-sodium sllicate egrouts: In this, 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, identlical., The chemlcal is usually
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sodium silicate(Ne2sio3)mixed with a soluble reagent in
proportion required to attain the specified setting time.
whéreas clay chemical is sultable for medium sand, chemical
alone'are uged for fine sand and silt. In preparing the clay
chemlcal grout, 1t should be remembered that:

1) 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 s0ll before it can set, therefore, the minimum
setting time is dlctated by the fleld conditions
(usually half an hour).

2) There is a minimum amount of sodium silicate
below which the setting time of the clay-~chemiecal
grout cannot be controlled although the gel will
form eventually, thls amount varying with the
clay proportions, the reagent used, the yater
ratio ete. |

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 chemicels for a given
volume of grout and in practice have been found to give a
better water cutoff than clay-cement grouté in the same mate-
rials., The reason for this 1s that formations are stratified
or non-homogeneous, some layers or zones being more permeable
than others. A clay chemlical grout flowing through and filling
the open layers will also penetrate the fine grained layers
much better than cement or cement-clay géouts. Furthermore,

even in the more permeable areas, the gelled chemical will



completely f£fill the space even though the suspended mete-
tisls settle.
4.,3.43. Bentonite silicate grout: It is a mixture of bento-

nite and sodium silicate with some sultable gelling agent.
It has the advantage of low bleeding percentage, high shea-
ring resistance and ultimate consistency as compared to,
bentonite grout. It 1s more economical as compared to pure

silicate grouts of equal ultimate conslistency and shear
resistance. The permeability 1s however not as good as

silicate groutss It 1s possible to design bentonite silicate
grout of zero bleeding percentage‘and a shear resistanceA
adequate to prevent washout against any imposed pressure
gradient with large raétor of safety by Jjudicious selection
of reagents. Laboratory tests carried out by Datyels(19sé)
reveals that the viscosity and gelling characteristies are’
influenced by the variations in the quality of the bento-
nite. Relatively smail varlation in the liquid limit of the
bentonite was found to give rise to major variations in thg
characteristies of the grout, The reagent successfully used
is menosodic phosphate (Naﬁzpoé). This reagent acts as a
gelling agent for the silicate and defloceculating agént for
the clay. Silicate-godium monoPhosphate grout have been
used for the permanent grout curtain at NotreeDame-De
commeifs Dam in France where the helght 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
1iquid limit less than 300 and bentonite-silicate-sodium
monophosphate grout was used for grouting crushed rock pne,
This was found to be cheaper than grout with clay-silicate



4.3.44. Pure Sodium gilicate pgronta: Iﬁ silicate grouts,
the principal congtituent is sodium silicate. The reagents
commonly used are:

1) Acids -~ the common aclds such as hydrochloric,

sulphuric, phosphoric ete.

2) Acid salts, such asy, sodium monophosphate znd

godium blcarbonate etc,

3) salts of acldic reaction, such as, alluminum

supphate ete. |

43 Neutral salts such as, sodium chloride, all the

"salts of ammonisn, the metalic salts. etc.

5) Alkaline sgalts such as, sodium alluminate.

6) Bases such ag, cmmoniag.
| The aclds are not very sultable because they are
eorrosive and have rather sharp gelling time; however, use
of phosphoric agid has been reported by Bachy.

Calcium chloride has a very rapid gelling time hence
1t is not convenlent for field work, The most common reagents
are therefore:

Sodium alluminate

Ammonium sulphate

Sodium blcarbonate

Sodium monophosphate

sodium alluminate 1s generally reported to be most
economical but it has a tendency to gelling too fast at
temperatures greater than 40°C._ Ammonium sulphate has simllar
'tendency. The cholce of reagent is based on practical consi-

derations which are:
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(i) Quality of gel: Gels have different qualitles such gs:

(1) The time of gel formation can be regulated with

precision and accuracy.
(2) sudden gel formation wlthout preliminary forma-
- tion of gel. '

(3) Certain amount of mechandcal resistance.

(4) Impermeability, and

(5) Stability.
(11) Eﬁgiglﬁx_ggg_ggg;,.some roactive agents are toxic and
have corrosive reactions end are eliminated for site use.
(111) Egopomy: The price of gel put in place is a function
of the degree of the dilution of the silicate, the price of
the precipitant and the faellity. of the injection at the |
work site. -

A general study of the behaviour of different reagents
with silicates has been reported by Barbedette and Sabarlygs.
(1958). The study gives behaviour of different types of
reagents depending on the relative proportions and the dilu-
tioﬁ_with water. The study 1s very comprehensive and syste-
matic. However, 1ts value 1s éoméwhat reduced becsuse 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 hyz

< = 1 ] eagent,
. concentration of silicate.

A =

£ uater
Volume of concentrated silicate.
All the reagents have characteristics as above with

gelling time increasing very rapfidly with small changes in <.



, ation: The increase
of temperatﬁre decreases the time of gel formation, But‘

the influence of temperature is more or leés important
depending upon the precipitants ﬁsed, for example if the
temperature in the field varies from 8° to 30°C the time

of gel formation of a gel with .2 = 5 (with alluminate)
will vary from 2 hours to Qo.m;nuﬁes, |

(v) _Strensth of gel: Strength of gel is directly propor-
tional to quantity of gellified silica in a given solution.
For congtant gelling time and for given qugntity of silica
in‘a given solutlion the strength is inversely proportio%el
to gelling time., The strength of gels of long sething time
is very small, The strength is therefore a function of the
gelling ﬁime and concentration of gelled silicalirrespective
of the reagent used. However, the percentage of gelled
sllica for given 2 and gelling time is dependent on the
raagqnt. ‘

(vi) The following factors have

importent bearings on permeabillity of gels:

(1) The dilution factor _a

(2) The precipitants used

(3) The value of hydrau}ic gradient.

Banbedette and Sgbarly have found out that the
permeability of the gel is near about 1 to 3 x 10'7cm/sec.

Infact the permeability achieved by fine soils
due to stabiligzation with the treatment 6f silicate is very
much more than that offered simply by the cohesion of the
gel itgelf. Further, the permeabllity of diluted gel 1s
of the same order as that of the coneentrated gel., The
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dilute gel has vigcosity very close to that of pure water
for penetrating the fine material, thus ensuring more uni-
form pénetration.

fhe silicate aluminate grout used at Ukal was of
the proportion:

S8ilicate 300 ¢sc
Aluninate 13 to 16 gram.’
Water 8500 C.Ca

The gel formed was quite fim and strong and had a .
good washmit resistance. Syneresls and long term br;ttl,e—
ness are of course observed for this grout. Laboratory
test results are given in table No.4.2. |

Recently silicate grouts have been developed which
increage the strength of the treated material, as for
example, & grout based on sodium silicate mixed with a
system of organic eater, which gives a controlled evolution
of reaction ions., This in due course results in the preci-
pitation of siliea gel. The strength of the ground treated
in this way depends upon the concentration of sodium sili-
cate in the grout, Caronaq‘( 1968) has given that samples
of injected sandi reveal strengths of 20-?0 kg/ ana. Sbmebﬂh@?
hard gels hav;e 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 i1s described by Bally snd Antonescuss( 1961)
vhich shows that when an electric current in the reverse
direction is passed from the perforated electrod normally
used as a welly 1s filled with a liquid silicate grout,
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the rate at which the grout went into the soll is very

much increased.

4.3.5, Lignogchromes

4.3.51, A ney injection product has begun to appear in
the United States and in Russila, Lignochrome (or ligno-
sulphonate) 1s a residual product formed during the pro-
duction of cellalose from pulp by the blsulphite process.
The residue is concentrated and 1s produced in the form
of a syrupy liquid or powder., It is known that soluble
lgnosuiphites mixed with a blchromate become firm gela-
tinous masses. The bichromate oxidizes the lignosulphite
and preeipitaxe5<it_in the fo:m of the salt of a heavy
metal. The process of gellification is the subject of
Mnglish,Russian and Swedish studies viz Smith( 1952), mger
{1955), Pearl and Blyer{1956), Aaltis and Roschier(1957).
Their studies have revealed the followlng characteristies:
(1) getting fime: The setting time varles inversely with
the concentration of blchromate and may be controlled
through a raenge from 10 min, to 10 hours. Aas fof-most’chemi
cal mixtures, the setting time is shortened by raising
the temperature.'

(ii) gel strenpgth:s Gel strength by a vane test of pure
gel 1s of the order of S00 gr/cmz. The principal factors

which have a bearing on the strength are the nature of the
lignosulphites, the coneentration of lignosulphite and
chrome, and the P.H. |

(141) VYiscositv: A freéhly prepared lignochrome has a
viscosity which 1s in the rTange of that of a silicate gel.
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This viscosity 1ncrea§es with time and 1t 1s therefore
comparable with that of a silicate but not to that of an
equious resin, Fig.No.4.9. shows the variation in viscosity
wlith time after mixing for two types of lignochromes and

a resin grout for comparison purposes.

(iv) Toxiecitys It is toxic end precautiong must be
taken when mﬁﬁing lignochrome. After the product has gelled,
it is not toxic. |

(v) §gtabllity: Pure gel or mortar samples of lignochrome
show no deterioration in vater, Their loss of yelght 1s
negligible and tﬁere is no reduction in strength vith time.

4.3.52, Comparison bstyeen silicate gels and l1lgnochrome;
The study has shown that lignochromes 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 lighochrome is higher than that
of the sllicate gel., The adventages and disadvantages of

lgnodhrdeS'are complete stability with time and easily
regulated range of setting times. On the other hand they

are sllightly toxlc and more expensive.

4.3.6. gynthetic resins (high Polymers):

4,3,61. These inc¢lude a group of organiec substances of
which a gingle molecules generally under the action of a
catalyst unite to form larger molecules, which magy have
the effect of converting an originally liquid substance
into a solid. This property would suggest that polymers
may be used as grouts and infact several are noy so used,
and a number of others are under investigation., The most

commonly @sed products of Am-9 and phenoplast resing are
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only described here. Unfoftunately, the poiymerization
which produces commercial plastics e.g. Nylon, 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
gro'uts:

(1) Solubllitv: The monomers in use are cnmpleéely
soluble in water, Concentration of 10-30 percent are
commonly employed, and the strength achleved 1s propor-
tional to the concentration used. These solutions are not
colloidal, and have a viscosity very clost to that of water
about 2 cpe |

(i1) Polymerization: Polymerization takes place abruptly
after a fixed period of time has elapsedy 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. Polymerigation 1s an exothermlco reaction and
takes place more rapidly in an insulated medium than in
the ground and this must be taken into account yhen injec-
ting, It may sometimes be useful to mix the monomer solu-
tlon and the catalyst at the top of the hole immediately
prior to injection in order that sdequate controlled
setting time may be obtained.

(1143) 1 Using very slow pumping
speeds, fine sands and silts may be injected with resin

grouts. In practice, soils with permeablility down to 1075

cn/sec, may be effectively injected,
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(1iv) gtability: Orgaﬁic polymers are the most stable
products with respect to time. They are.tétally insoluble
and no splub,le salts are férmed after setting.
(v) Toxicity:s  As monomers, these organic derivates
are more or léss toxlie, but after polymerization there is
» danger,Whatsoaver;
4,3.62, A=Q:. This is a product of the American Ciﬁamid
Company's. It is a mixture of acrylamide and ons of 1t:s |
methyl derivates in proportion which produces very stiff
gels from dilute, squeous solutions yhen properly catalyééd.
The process by which gellation occurs 1s a polymerization
cross 1inkingfreaction. AM-Q chemical 1s available in powder
form white in colour of friable lumps, very soluble in
yater, ethonal, methonal and insoluble in gasoline, kerosene
gnd 0oils. The gel is formed by the following two steps.
Step I1: An aqueous solution of AM-9, containing additives
for controlling the gel time and one component
) of Qatalyst system (the activator), is prepared.
Step 2: The remaining component of the catalyst (the
initiator) system (usually in water) 1s added to
the solution of AM-9 prepared in Step I.
Timing of the induction period (gel time) is started.
Two reactions occurg in sequence, The first reaction starts
almost lmmedlately after the second component of the catajyst
system is added to the AM«9 solution, The rate of formati-on
of free radicals and thelr rate of decomposition 1s strongly
1nf1uenced;by a number of factors, Control of these by proper
selection of the catalyst system allows a predetermined

smount of time to elapse before nolymerization of AM.O



«00

oceurs. 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 fiexible, polymer chains are fdrmed. As t_hese
chaing form, they simultaneougly cross linke to form a stiff
complex matrix which binds the water into a gel. The gel

- reaches its maximum strenmgth in a matter of minutes,

There are many catalysts and mixtures of catalysts
which may be used to gel AM-2. For normal use, the catalyst
system 1s composed of catalyst DMAPN, AP(Ammonium persulphate)
and KFe (Potassium ferricyanide). The following factors effect
the gel times
(1) Wm&_,_ Reducing the M-9 concentration

causes a slight increase in gel tinme.

(ii) Catalygt concentration; Changes In the concentration
of one or all components of the catelyst mixture have g
very marked effect on the gel time, Too much XKFe or toco
little AP will groduce week gels or none at all. Excess

AP may reduce the PH to the point where the gel will not
form, The lower limit is 0.2 catalyst IMAPN, 0.27 for AP
and the upper limit for KFe is 0,0357.

(ii1) Zemperature: The gel time for any catalyst system
increases markedly with decragsing temperature and decreases
with increasing temperature. A rough rule of thumb is that
the gel time is out in half If tho temperature goes up 10°F.
(iv) PH; The PH of the solution, after catalyst addition,
has a very marked effect on the gel time, For best control
upto about & one hour gel time, the PH should be in the
range of 7 - 11.
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(v) alrs Air slows down the polymerization of AM-9 due

to the effect of oxygen.

(vi) Sglts: The presence of soluble salts, such as
dodium chloride, caleium chloride, sulphates and phos-
phates, has an accelerating effect on the rate of gelatlon.
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 where it entered the for-
mation, v '

The grain gize and grading curve of sand influence
~the strength of the injected materisl. The finer the gand
and the better graded it is, the stronger will be the
treatéd soil, The grouted sand always has a much higher
strength than the pure gel, and it is therefore impossible
to judge the congolidation effect from a sample of pure
resin, It is substantially impermeable to water 10~ Pen/sec.
No. syneresis have ever been observed. Under molst conditiong,
the gels appear unchanged for atleast 10 years. The gelé
are resistant to attack by fungi, dilute acids, alksalies
ard the ordirary salts and gases normally found in the ground,

Polymerized AHM-9 is mainly elastic, deformation being
proportional to the load whether the test is maie on a gel
or on a sample of injected sand. The modulus of elasticity
of a pure resin, 107 concentration varies from 0,1 to 0,5
kg/em2 while vwhen injected in sand, it can be as high as
100 kg/em2, This has a very interesting application for
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- f£illing fissures or joints which may open or close with
variation in temperature, American cyanamid have given
that prépérties of AM-9 can be varied considerably with
additives. These may be used to irncrease the gel strength,
to increase the solution density, to increase the solution’
"viscpsity, to act as an inert filler for large voids or
nearly to co};éur the solution f.o aid in subsequent loca
tipn of the gel. |
Almost any inert solld added to an AM-9 solution -
w’ill resblt‘ in a modest increase in gel strength, a modest
decrease in gel- shrinkage, and msy also redu,ée the cost
for soin_e application, Ferﬁas( 1963) has giveiz the merits
of M-9 solution as ‘belows
(1) The eé.éé with whieh solution cah be prepared.
(2) The simplicity of the squipment involved,
(3) The exact control of gel times,wyhich is possible. .
- (4) The fact that the viscosity of the grout solu-
: " tion remains low (1.6 cp) and constant until a
very short time before the onset of gellation.
(5) Although AM-9 ig more expensive than any other
grouting mgterlial but AM-9 solutions fill more |
voids space than equal volumes of most cement
slurries, because each gallon of AM«9 produces
at least one full gallon of impermeable gel.
There is no bleeding, seggregation or setting
problems. Penetration of any zoﬁe wheré vater

can be flowm may be éxpected.



=102~

(6) Based on field experience, contractors eatimate;
that grouting with AM.9 can be completed in
10-20 percent of the time required for grou-

- ting with portland cement,

(7) Due to the low viscosity of AM~Q solution and
the extent control of gel time, waste of grou-
ting fluid can be minimized and in some cases
essentlally eliminated. Naturally, in order to
accomplish this, suitable pumping equipnent
and a good snalysis of the problem are pre-
requisites,

4,363, Re

Fox resd Phenoplastg are
composed of phenol and formal-dehyde which is soletan-che
patent process, Bakellt,which 1s well known &s obtained
by combining an ordinary phenol yith formal-dehyde, but
it'reQuires temperatures and pressures which would be
impossible to obtain on a grouting site. Howevery, 1:3 dehy-
droxy-bensene (resorginol) pclymerizes with formal-dehyde
at zmblent temperatures in zn aqueouns solution when the
PH of the solution 1ls changed. The acid catalysts are not
affected by eir, indeed vhen using certain mild édatalysts
in dilute solution, it has a better set in the absence of
alr 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 A&H-9. A1-9 is
purely an elastic material, vhile resorminol formaludehyde
ig partly elastic and partly plastie, Under consgtant load
an immediate elastic deformation is observed. This is followed

by a delayed elastic deformation and then hv an deecman-tir -
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plastiq flow. The elastic deformation is proportional to
the load for the pure resin and for the mortar. The elastic
modull are much higher than those obtained for AM-0,
4.3.64." Comparison of two tyoes of resin grouts; The use
of AM-9 or phenoplasts depends on the mechanical properties
. that it 15 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. Pre-Polymerlized resing: The products which have
been'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
polymgrigedAresin does'not have the sﬁrength of an ordi-
ngry concrete, Hovwever, if a partly polymerized plastie
s used, from which the watér of reactlon has been elimi-
Qated, it is possible to attain_strengthrfar higher than
concrete, There are large number of plastics which, partly
polymerized,gfive unconfined compressive strengths in excess

of 300 kg/em . The commercial products have the drawback
of being very #iscous, and not useful for the injection of

fine sands and figsures.

4,3.,7. Grouts based on bitumen:- Biltuminous grouts are
of two types. The first consists of bltumen heated between
100-150°C. 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 emmulsion, 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,
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4,3.8, Gas_as p grout reagent: 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-
1ly used in conjunction 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

practicel point of views One of the prinecipal objects of
grouting is to check the flow of water in the ground and
it 15 just as easy to pump a liquid grout (of about the
same vigcogity as water) into the ground as to drain water
from 1t. For thls reason the injection of a gas offers no
advantage over the injection of an aqueouis organic monomers.
In the past, before the process of polymerlzation was
understood, thé idea of a gas injection was alternative,
but it is no longer so. .

4,3.9. Idgal groutsg:- #n ideal grout must have properties
which cquld simply be varied by altering the proportion

of the constituents to cope with the various requirements
demandiﬂg of it. For example, 1t must, in the higher con-
centrations provide a stpengthening of the ground, and

in the lower concentrations act as an impermeable barrier
to wéter or alr. Most lmportant of ail, 1t must at =sll
times end in all concentratlions be sufficiently cheap to
be attractive to the engineers. Idealy, it must have a
very lov vigcosity in low concentration and must have an
extended gelling time for dealing with fine sands end
coarge silts, or, more correctly, =n extendable gelling
time, For more permeable strata it is desirable that at
some stage during or prior to setting time 1t should acyuire
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something in the nature of a yleld stress_. Such a grout,
of coursé, does not exist and it is extremely doubtful
that 1t would ever be found, Some of the nearest approxi-
mations are perhaps the phenolic formal-dehydes, which
would be widely varied in their concentration, still
maintaining stable gels of‘ fhe strength.o‘f which isv pro- -

portional to the concentrations of the constituents.



Table No,4,2

ULAL DAL EROTECY
ssss_esss_u_.s.smsssss.s.sm.sssss_ss.mms.
ltrss bebon of oot uhy, Dropention Jellitying Tep, Nesdle resistance fost Vene shesr bogt Tin
81. SP. nol Vol,of SPgr.of Vol.of b Sliete Mumi )atsr bing ln I i ,mggm ggg;g rs
No. silicate dlicste alwingte ninate solue ob spigr nebodn o Mows Mimbs 00 1 2 3 7
solutdon, ﬁlﬁ%on snlutdon, fﬁ:rtn %-35 I gas oo dyy deys days ey, day days days
ars 4 ) Co
* (Lgtoratory trials)
Lo 5w 9 m o owpe w0 & S mwoe. 8 B u
o M B MR8 W B W0 & B0 T M N5 9
| | , |
% L0 % Wl 9 WO M1 ¥ N . o« o« o« Studyof Jelling tlue
orly vith 768
‘ ) : ‘ ¢
Lol ¥ W 9 WOpE WL B R )
souk wo ows 9 m one w1 0w MW . 5 o9 4
oo 6 M 8 m omk om o1ow s MWm - 46 o0 08
! RALIL
- (FIED W 49)
Lo W% LW 9 mone w0 5 B« 6
AR R I Wones N o0 B % SN
oo % L0 9 mone oo 5 50 % 86
e B w0 ¢ d ne oo & 50 B @6
o ® w8 4w onk om0 o4 uf g% I
R o w0 B o § 4 I

n

Noter  Jelldng tines and velo shear strengths d

préparation of gix, Varlatlon can therefode be emocted under fleld enditions,
fron ndx gnd toongth develcpment wth tinp also,

sS:d pon Seperatir ob the tue of

S Pe s N S SR ny g S Sl

LUL VL PTY



Fig: 4-+}
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CHAPTER - 5
MECHANICS OF GROUT PENETRATION
5.1. GENERAL
There are two basic factors which govern the penetrabi-
lity of grout:
(1) Viscosity of the grout, and
(2) Granulometry of the grout and the soil.

- It is useful to deveiop quantitative measurement for ascer-
taining the penetrability of materlal., However, it must not be
forgotten that a structure of soll skeleton 1s very erratic.

The shape of pores is irregular and the penetration is tremen-
dously influenced by the presence of few open pockets. Hence the
genéral rule stated here should not be taken as absolute criterié
and field trial is always necessary before planning injectioﬁn
programme.
5.2. EFFECT OF VIGSCOSITY ON PN ETRATIONS
5.2.1. The seepage of water through 39il f&rﬁation Qnder dams
or into wells is usually described and evaluated Ey flownet theo- .
ry and follows Darcy's law:
Q KAL P & § |
Where

i

is rate of flovw

Q

K 1is permeabllity of soil

A 1s area through which flow takes place

i 1s 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 soll 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.
Poigseuille has given an equation of viscous flow through
a long tube of small diameter:

vV = EE E4§ ecs e ORI OIERNLIEEIS (2)
8Ln

vhere V 1s the volume of 1liquid escaping in time.

t is the time for V

P is the pressure differential between tube ends
r 1s the tube diameter.

L is the length of tube,

n is the viscosity.

Fundamental of this equation ig that the liquid flows .
sloﬁly through a long tube of small dlameter. In actual fleld
conditions the soll 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
congtant,

Maag was the first vho in 1938 published hig theocry of
relationship between pressure of pumping, density 6f viscogity
of the grout, the rate of iInjection, the permeability of the
'soil and geometry of the flow, His equation is:

t = < n (Rs-vra) sersrnsesenede (3)
3 Khr '

there t is the time of injection
* igs the ratio of viscosity of the grout to that

of water
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His assumptions were that the soil 1s homogeneous and
i1sotropic, that the grout is newtonian fluld, that a steedy
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 floy can be complex and the viscosity and
th.,e theological consistency of grout may alter with time,
Aiso this formula is limited to a situation when the influence
zone of grout is far from the injection point. The Maag's
formula 1s worthyhile as 1t gives a clear picture of the
progress of an injection, - |

Raffle and G_reenwoodzs( 1961) have extended the treat-
ment to cover hon-newtonian‘grouts, both with fixed shear
_strengtih (1deal Bingham bodies) and with shear strength grow-
ing with time. ‘
5.2.2. Neytonian Grouts: For newtonian liquids ths flow of
grout 1s a fully developed flow and as per Darcy's law the
filovw 1s |

i

4naK AR I T Y EEY (4)

+

vhere Q is the rate of flovy
h is the hydraulic head
K is the permeability of the soll
a is the effective spherlcal radius.
For the purpose of calculations, ceylindrical injection

source may be replaced by spherical source of equal area. In
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most cases, this simplification will lead to an axaggeration
of the flow rate becsause the divergence of the flow near the
source 1s greater in the spherical than in the cylinderical
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 exaggzra-
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 watef-laden soil, there 1s 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 expressicn for spheri-
cally divergent, two phase flow as |

n= .8 [n(Va-vRs VR eeeen(®)

there n is the ratio of viscosity of grout to that of water
R is the redius of grout spread.
and the rate of grout spread 1s

QB. = Q i = &__ [nRe(l/a - I/R}'*‘R] "..(é)'
dt 4 I R2¢ e

where e is void ratio of the soil
t is time taken to travel a distance R.
From the above 1t follows that the time for the inter-
face t reach a radius R is given by

t = 2 [ 3 3 - - -. 2"] d'oocl?
g.}éla_l_n/ (gs,. 1) 1:_133_;1.(2.5 1 (7

The specific value of t can be found from Fig,No.5.1. plotted

by Raffle and Qreenvwood in vhich Xht_  1s plotted against R/a
ea2 :
for three values of vigcosity ratio n. From a knowledge of the

time t to penetrate to radius R the value of @ at that time



can be calculated from equation (5). Scott37( 1963) has found
out that at early stages of the injectlon, the grout extends
only a little way into the water laden soll., The flow rate is
therefore higher, initially, than is predicted by equation(s),
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. Non-newtonian grontg: Fig, No.5.1 cannot be used
without reservation for such flulds as clay or cement grouts,
gsince 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 if it is pumped under constant
pressure into the soil, the opposing drag due to theﬁqqrre-s;pén-
ding sheaf stress acting at the growing area of the surface
wetted by grout-ultimately becomes equal to the whole of the
applied pressure so thét none is available to maintain the
viscous flow. Raffle and-éraénwbod deduce that an extra pressure
gradient must be applied at all parts of the advancing grout to
overcome the shear st_rength during injecﬁion.

1 = 2.7 RN €

o<
Where i 1is the pressure gradient,
| Tf is the Bingham yield stress of the grout
< 1s 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 yater as given by the equation
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g__pgi = E_é_ﬁ_z = Xﬁgy_ | covsssccnnes(D)
there n 1s the viscoslity of water
Yy 4is the density of water
v is the mean floy veloclty for unit area in the soil.
Using relation (9) we can tabulate value of < for ground
of different permeabilities values and hence estimate the Limi-
ting value of pressure gradient for known values of -« , Raffie
and .Greenwood. have calculated the value of < for different
value of K of the ground and are given in tgble No,5.1.
Table No, 5.1
Value of < for different values of K

X =< {mm)
o/ se€ce o e = 0,3
1 . 0.19
10=1 0, 059
10~2 0.019
10™3 ' . 0.,0059

scott37( 1963) has worked out the component oif hydraulic
gradient needed to maintain flow of grouts with various yleld

-------------------
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Table No, 5.2 '
Hydraulic gradient to maintaln flow in non-newtonian grouts

Dy o o - b o W e G G il D A WU G Y A Y ) SO S0 S TR W A - S D D ) A YA S S B b e i S R OO W 400 e W U b G o I W ek S

Soil permeability Yield value, Minimum hydraulic

on/sec, . If dynea/amg gradient, |

109 - 10 - 1.2
100 12
1000 120
10000 1200
107t o 10 4
100 40
1000 400
10000 -
1072 10 12
100 120
1000 1900
o 10000 T .
103 - 100 40
AT 8 - aee
1000 4000
10000 - -
10~4 10 120
100 11200
1000 - -
10000 - -

ﬁn‘ﬂuuu_-ﬂ-i---muqﬂuﬂ--‘ﬁlﬂ#ﬂoi‘ﬂﬁﬂ“mndm-qdu-—-_—dn_ﬂ-—‘—-ﬂ

5.2.4. Lgmiﬁ_gi_zggg_xgxgg_k_ Maag s simple equafion(B) gives
an approximate radius of gone of influence and the ratio bet-:
ween the radius of injection and the time passed and theirelau
tionship 1s shown in Flg.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 1s tabulated beloy:

K en/sec. 1071 1072 3073 104

R em 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 'radius RL glven by the equation

RL - a = Xg_gnz(_ X EEYEE N ERN RN ac(lO)

For grouts with constant shear strength and viscosity
the initial rate of penetration 1s determineq by the viscosity.
When some penetration has taken place, a proportion only of
the applied pressure is avallable for maintaining viscous flow
and the rate of penetration correspondingly fallé. Expression

for the time taken for the grout to reach a radius R short of
RL 1s difficult to determine, |

, 2 , , By applying
the data of the rheological measurements direct estimates can
be made of the rate of progress of injections for the real
grouts 1In practical cases. For the sake of illustration,

«njection is done from a 3 ft,long open section of bore hole
of 1" dia. The periphical area of the sectlon is I x D x 3
= 1 sft. approximately, and the radius of a sphere of equi-
valent grea Qill be 4" = ( _z_%__._)%. Using the equation
(7), the time of penetration of newtonian grouts 1s worked
out and is given in table No.5,3 for the different radius of
penetration for grouts fgr Qiffgrent permeabllity constants.

Tab}e No,5.3

Time in minutes for permeation to speclified radius

af 100 ft.indection nressure,

K = lg— I @‘ §§Qa E — Isang s;!!z ggg! K'.: ” !HS gg‘ ggg
Grout 4 L, 1 f%, 2 Lt
M -9 0.016° 0.12 1.0 0.15 1.2 10 1.5 12 -
Sodium sill-

cate M-75 35 4.1 38 3.6 41 - 35 - -
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6.2.6, Pengtration limited by shear strength: For grouts
possessing shear strength the limiting penetration for the
different values'of K is given in ﬁﬂé.Téﬁie-N§‘5‘4 cal cul g~
ted by expression (10):
Table No, 5.4 _
Limiting penetration of Non-newtonian liquids

S ) D S e S S S0 NS B AR O N P O S D o e W 0D IS A T G S S D AR N A W T G G G i T i O U G TP WY O5P W D 4 A A S Y iy e e R

Shear stren~2 Limiting penetration for 100 ft.of injection
gth dynes/om ol ‘

K=1m/see, K= 101 em/sec. K = 10°< cu/sec.

67.6 14,1 . 4,68 1.7
6.6 ’ ' SR 14.3

For ordinary portland cement the caleulations cannot
profitably be pursued for less than K = 1 an/sec, that is very
open ground, because permeation 1s thereafter limited by the
direct blockage of volds by the larger particles of cement,
‘For such coarse soll, the shear sfrength has no important
effect in limiting penetrétion. Fine gralned cement, can be
prodﬁced with few particles imrger than 20 microns and can
therefore penetrate into fine textured soll, However, such
cement forms paste which possesses even higher shear strength

of 70,dynes/cm2 and has a limiting penetration of less than

2 ft. in soll of permeability 10'3 an/ sec and reaches Q7 of
this digtance in 3180 minutes.

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 ihté meaningfull terms of.pore
size and groutabllity ratio, The ablllty 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 1s the size of the voids being
grouted as compared to the size of the solldsg particies 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 finei size from
entering the formation being grouted. These factors suggested
that a “"groutabllity ratio" m_ight 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 graing in a system of packed
rock particles and the effective pore diameter or "critical
ratiovof entrance®. King and Bush18(1961) have demonstrated
from series of tests on single size aggregates made up of
crushed aggregates and pee gravel that the critical ratio of
entrance or pore dirmeter may vary.from 154 of the diameter.
of sphere at 263 voild ratio to 417 at 487 void ratio, as shown
in Fig.No.5.3, by .assuming sand grains to be spherical. Most
naturally occuring sands or gravels in old river beds are suffiw
ciently abraded to be considered as spherolds 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 354 to 38% due to tight packing resulting from amixture
of sizes., From figure NQ.S.S it is seen that this range of
porosity corresponds to a net pore dlameter of 19.5% to 21.5%
of the dismeter of the large sphere. Different types of aggre-
gates and mixed gradiné‘will give widely varying pore ratios.
For design purposes we may assume pore digmeter of 207 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 ofﬂcement 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 V5 x ]/.3 = 1/15 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 Térzaghi where ratio of
D15 i4lter and @85 of base materisl should be less then 5 to
prevent choking of filter material., The corps of Ingineers
Waterways Experiment Station, Vicksberg, Mississipi38(1955)
have proposed on the basis of experimental data that grouting
could be successfully accomplished 1f the groutability ratio
were greater than N = 15 = g%%, vhere 'D' represents for
alluvium particles and 'd' the size for the grout material.
suffixes such as 15 and 85 indicates the percentage of mate-
rial finef 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
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penetration like a particle of much larger size and that a
grout with d85 size smaller than 50 microns, satis$actory
penetration may not be éoésible even for the groutability
rétio of D15/d85 = 30. This requirement 1llustra£es why sus-
pension type grouts are normally 1imited to grouting medium
sands and coarse gralned soils. It i1s not enough to rely ’
solely on a single point'of granulometry curves for the allu-
vium and for the grout, It is therefore necessary to check
the ratio D10/d95. King add Bush18(1961) have worked out this
| ratio as equal to-8.‘They have plotted the values of D10/d95
ol different grouts as shown In Fig,No.5.4. These values are
| lower than D15/d85 but never greate: than 8, $ome believe that
successful injections ha&e been reported for values of 6 to 8,
Butlthe feasibility of grouting with lover values of 6 1s Opén
to question because when N approaches 6, it is known that
filtering_sfarts to take place end it‘will give guarantee that
the soil cannot be grouted, Sometimes, the slluvium consists
of a mixture of two materials resulting in 3 gap in a certain
particle size range, It would be desiradble to divide the allu-
vium into components when a gap in the grouting is noticed.
When the voids in the coarse fraction are adequately filled

by the fine fraction, the granulometry of the fine fraction
will govern the groutabillty. On the other hand when number
of voids in the coarse components are left unfilled, the grou-
tability will be declded 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 t0 a negligible
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value. Scott has glven that for steeply graded soil, particles
larger than about 1/10th of the soil particie dimensions are
trapped, if a few percent of the solid material of the grout
- 1s 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 (_32 nk ¥,
e Yug

Se4s Le The determination of the allowable pressures is an

essential fgetor in the design of a grouting programme, The
use of excess pressures may weaken the strata by fissuring the

‘rock or by dpening fissures in closely jointed rock, If excess
pressures are used in grouting below 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,induced
by the grouting process itself. The damage may,of course, be
much worse and result in a permanent woskening or increase in
permzablliity. However, 1t must alsc be recognized that the
pressure should be kept suffieiently high to minimize the time
required to perform the grouting operations, spacigg of holes
can be increased yhkch reduce tﬁé cost 6f drilling, There are
various criterian in common use to egtimate the allowable injec;"
tion pressures. The common practice is to adopt, initially, an
allowable pressure of 1 1lbs/sq.in, per foot of overburden cover
or 0.2 kg/cmz per meter of overburden cover and adjust the
pressure on the site as performance records become available,
Grundyzkless) suggests that an injection pressure corresponding
to approximately double the welght of the overburden gbove the
section being grouted may be used. Lippold39(1958) has stated
that the safe allowable pressure will vary frem 3/4 lbs/sq.in.
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per foot of cover to 2% 1b/sd.in. and will depend upon the
characteristics of the overlying materials, Burwell4o(1958)
suggests that the guide given by Creager,Justin and Hinds( 1945)
given in Fig.,No.5.5 may be used to obtaln an approximste esti-
mate of the allowable pressures for various rock foundations.
zorubé (1962) has recently reviewed some other pressure speci-
fications and shows them to be at great variance with each
othe}. The Russian code 1s mentioned by Zoruba and'ig this
code it is stated that pressures are always at least equal to
the welght 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_gome Itallan dams injection
pressures equal to four times the overburden pressures have
been used, Very widely varyling pressures have heen used success-
fﬁlly 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 vieinity of. the point of injection
conslderable shearing resistance 1s mobiliseé by arching, The
heave required in such resistance to be mobilised 1B often
permigsible. Thus pressures upto 3 to 5 times the overburden
welght can be uéed. The pumping pressures for A9 solution
should always exceed the static'water head at the polnt of
placing, as it is seen that in sny formation the gel cen 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 thaen that at
which 1t was placed, Continental practice is to save on drilling
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and obtaln acceptable foundation_ by hlgh grouting pressures.
It 45 evident that 1t Awould not be possible to have a |

single set of specifications that could éncompass the different
gedlogical and ground water conditions that are met in clvil
engineering worics; Nevertheless, 1t would be useful to esta-
blish the theoretical mechanism by which fracture is 1nduced',
in the rock wnder high injection pressures. These oonsidex;a-k
tionsg will also suggest procedures for determining, in the
field;- the allowable grouting pressure for eny particular
pro ject, " |
5.4.2, Igotropig conditions: The fracture of the material is
‘assumed to folloy the Coulomb Mohr failure, 1.e.

%im' Sin p* = __J.'é;-,ﬂ'_a ;c' COS B' eevess()

Where O 1! aﬁd 0"'“3 are the major and minor principal

stregsses respectively.
g is the angle of shearing resistance
~¢' 1is the cohesion,

- Vertical stress may be taken as a mdjor principal stress
~and only penetrating fluids may be assumed. The effective stress
before injection will be ‘

d'1 = rh - Yvhy coessansses{2)
and O‘”"é = K 0”’1 = K (yh-ywhwy) ....(3)
where Y is bulk density of the overburden

h is the helght of the material above the point

hy 1s the helight of water level above the point,

K 1s the principal stress ratio taken equal to or less
than 1, - .

ry 1s the bulk density of water,
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Increasing the pressure in the bore hole by Fe, the
excess injection pressuré, reduces the effective stresses by an
equivalent amount so that at fracture the principal effective
stresses become
5-;.'-(rh~rwhw) - Pe cecssssennens (4)
0‘% = K(rh-rwhw) - Pe cosesesrscess (B)
By substituting equation (4) and (5) into equation(l)
it can be shown that

m_mﬂmm_ *ﬁﬂﬂ%&%ﬁl"‘ ¢! Cob @' +ee.(6)

If the major principal stress 1s horizontal the prin-
- cipal stresses at fracture are
U"'i'z K(Th = PWhW) = PE@ wevovessscsnsesael?)
and U"é‘: (rherwhuy) « P@  siescesssssesnsee(8)
vhere K 1s greater than or equal to 1. '
The excess injection pressure 1s given by

im.mmm:&. {nh-ryhy) (K=1)+c' Cot §'....(9)
2gin @°

If the shear stress parameters, in situ stresses and
water presures are known, equation (6€) and (9) could be used
to predict the excess lnjectlon pressyre. Neglecting friction
loss in the pipe the critical injection pressure would be

P = Pe + rvhy PP @ ¢))

The equations (6) and (9) indiecates that the grouting
pressure increases with depth provided that the shear strength
parameters remain constant., It can also be determined that the
common specifications of 1 1bs/sq.in. per foot depth applies to
a material with no tenslle strength and a principal stress ratio
of unity. Furthermore, the allowable injectlon pressure as
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measured at the pump cennot exceed the overburden pressure
unless the material has some cohesion,
5¢4. 30 Aglggzxgnig_ggggg; when the formations consists of
bedding planes, it is possible that fracture would be induced
along suchiplanes if the shear strength is.sﬁfficiently loyer
than that of the bulk material. Morgenstern and Vaughan41
(1963) have found out that when the weak planes are horizon-
tal or when the minor principal stress is equal to the oder-
burden pressure then
-4 = ¢ cat pr seareasseesnse (11)
and at fracture ‘
Oﬁf = Th « TWhw = P&  secevrnseess (12)
and P = Pe + rwhw -

= rh+ C' Cot ﬂ' P Y R T (13)
Therefore P = 1+ g;_gggggi veseesess  (14)
! r .

In actual practice in situistresses 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, Therefors, the most reliable
method for finding the allowable.injection pressure will be
based upon fleld tests,

5.5, SYSTRMg OF GROUTING

5.5.1. 80ll formations may be homogeneous deposits with
relatively congtant permeabllity but are more often stratified
and lensed. It is well kn&wn that permeabllity 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 alluvlal deposits
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such as river gravels.lThe-Spread of grout naturally follows
the easlest paths. Early phases of injection fill only the
more open strata, later phases treat ﬁrogressively 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 permeéticn treatment the agim is to
displace the vold water uniformly by the steady outward pro-
gression of the grout, If treatment is to be effective, iInjec~
tion pressures must not be large enough to displace the‘soil
particles; Hole positions and sﬁége dépthé éie chosen so that
grout from one stage complements that from gdjoining stages to
volume of the individual injectiong are designed to fill open
soil effectively before treatment of the finer soil. The grout
must clearly be fluid enough to peﬁéﬁrafé'fine soll at speed
and yet not move from position too quickly in coarse soil, In
permeation treatment a clear distinetion exists between one
shot and two shot systems. One shot grouts penetrates as fluids
and set in place when the gellation perlod has elapsed. Two
éhot grouts depend on the meeting and intermixing of separate
flulds pumped into the soil, with an immediate setting action.
Certain speclal conditlionsg must apply if a oﬁe shot grout‘is
to get with a well defined, simple boundary. Other quite
opposed conditions apply 1f the flulds of a two shot grouts
are to interpenetrate sufficiently for reactive products to
be distributed in depth. The criterion for intermixing in depth
1s that the advancing interface must be intrinsieally unstable,
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5.5.3s Exagturing: in fracturing treatment the grout cuts
figsures and chanﬁels in the soil and runs until it finds
voids which can be filled by permeation. Fracturing is some-
timesg empl&yed 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, iael). It is also used for the treatment of for-
mations that are barely permeable by the grout. The 1nject£on
pressure requlired for fracturing is usually well above the
overburden pressure, except when open lenses are overlaln by
shallow, less permeable material or where, for example, a
compressible silt lles below a formation having arching strength,
Compressible siltsg, which can searcgly.be grouted by the most
fluid grouts st an economie rate, can be consolidated by frace
turing injection, and this practice is frequently adopted to
glve strength to water-laden beds encountered at depth during
shaft sinking operations. Permeatlon is the primary objective
in grouting operations, but fracturing consolidates compre-
ssible soils and both sérengthens and reduces seepage in
heterogeneous soils by filling inter-seated open layérs and
zones with grout, This method i1s also known as 'Claquage' used
in the treatment of fine gralned solls, in which the grout '
penetrates as a tounge through planes of weakness in the soil
and thereby changes the overall conditions as the result of
the effect of compaction, and, at the same time, seals off
volume of soil by surrounding fhem with comparatively imper-

meable membrane.
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CHAPTER - 6
GROUTING PROGRAMME
6.1, GENERAL

The success of grouting programme of a given pressure
grouting work depends upon

(1) The selection of sultable grout compatible with

the site conditions coupled with economy}

(2) Design of grout mix in the laboratory for a given

site condition,

(3) Fiéld grouting test to determine sultable grout

mix and allowable pressures.

(4) Efficliency of the grout curtain,

No single set of physlcal properties can characterize
the ideal grout., Fluld grouts speed up work in fine ground,
but may fall too fast in open ground. For consolidation of fine
solls, cholce dependson the strength required because high
strength usually comes from undiluted grouts which are visoous
and slow to penetrate. The most yide-gpread field for chemical

grouts 1s medium and fine sand and sandy gravels(permeability
10‘1 to 10“4 cm/sec,) elther to reduce permeabllity or to gilve
modest consolidation strength sufficient to carry loads coming
upon them, In more open soils grouts may have vigcosity of 10 cp
or more without disadvantage, except when close to the surface,
where pressures must be kept low. Chemical grouts for this
region must be cheap 1f they are to compete with clay grouts

and ¢lgy-cement grouts, however, in finer soils (K less than

10~2

cn/sec.), pumping time becomes increasingly long and grouts
of water-like viscosity are in demand, The gel time of grouts

injected into scil should be controlable to match a variety of
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pumping rates and penetration dlstance. Injected grout does
nqt'then lie ungelled and mobile for unnecessarily long periods,
in the groﬁnd. Grouts for impermeablilization do not need high
strength., A coarse soll with a permeability of 1 an/sec. filled
with a grout with a shear strength of 981 poise will withstand
hydraulic gradients of 100, and even less strength 5:5 needed
in finer soils, and vweak gels will therefore serve., Many of
the chemical gels formed from relatively dilute solutions will
give to a soll the strength of a weakly cemented sand. Very

much higher strength can be achieved b:g using highly concentra-
ted polymer grouts. In consolidation grouting the function of
the grout is to add cohesion., For certaln hydrogel grouts

(esg. AM=9 and TIM chrome lignin) the strength of well compac-
ted soill behaves approximately accorqing to Coulomb's law,

6. 2. SPRECTION OF A GROUL

6.2+ 1« The selection of g grout involves a balance between the

»

various desired characteristics such as particle size, visco-
gity, strength, stability and permanence coupled with economy,
The selectlion 1s 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 fluild 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.
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When selecting the types of grout to be used for g given
geb, the following basic points should be considered:

1. The. nature of the soil or rock foundetion to be

treated,

2. The purposé of the grouting,

3. Alternative and supplementry methods.

4, The plan of injection including gel times; quantities

énd congumption and placement of injection points,

5. The application and equlpments.

6. Economlcs, | A
64 2, 2. Noture of the formation: The préliminary'study which
should be undértaken 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 thls established method of
grouting to the particular problem after consideration by
carrying out a field trial to determine certain characteristics
essentigl to the satisfactory execution of the work. The extent
of this part of the study depends on the avallable 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. asount of volds
and the nature, size and distribution of aggregates by analysing
the samples in the laboratory. sSuch samples can also be used
to get a general understanding of the permocbllity and hence
the range of pumping rates and pressures which may be required.
Naturally, the formation beds, the location ol the water table
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and the rate at which water may be flowing are all importent
in establishing the nature of the formation, The raté of flow-
ing water may be established by dye tests or actual pumping
tests, in the field. '
Ge 2430 Egzngsg,gi__ng_gzg_jlggi_ Ay grouting programme must
be planned with full understanding 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 sucﬁ
as sand aﬁd clay can be readily discarded'or used only in smgll
proportioﬁs. Similariy, if the material to be grouted 1s a
grénﬁlér deposlits requiring impermeabilization, then the use
of several grouts such as chemlicals, clay, cement, clay-sand
cement must be anticipated from the start.
6.2.4. Alternati
tion, bdth wide open faults and halr cracks may be found, in g

In g rock founda-

river bed deposits, coarse gravel with free flowlng underground
water may be interbedded with lenses of fine gand. In a grou-
ting programme, 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 Kravetz30
(1988) as shown in Fig.No,6.1. Scott42(1958) has refined the
chart preéared by Kravetz and fhe same is shoun in Fig.No.6.2
incorporating an additional.data.'According to Scott the minimum
grain slze or crack width that can be grouted with a given
material, depends on material and field technique.
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Caron>2(1963) has summarized the work of professor
B.P.Askalohoff, of the University of Moscoy as follows:

Class A: Coarse sand (greater than 0.8 mm) injectable

by suspension containing particles of the order of

80 microns.

Class B: Medium sand (from 0,1 mm to 0.8 mm) injec-

table by colloidal solution.

Class C: Extremely fine sands and silts, injectable

by true neytonian solutions of low viscogity.

His studies show that:

(1) Coarse suspensions are, in general, Bingham bodies

i.e. they possess rigidity. |

(2) Grouts formed by colloidal gsolutions are newtonizn

and their viscosity increases with time as shown in

Fig.No.,4.3., and |

(3) Mixtures based on organié monomers, also neytonian,

have a viscosity which does not vary with time.

It is abserved that ‘ﬁhe compressive strength of s0il
treated with cement or clay~-cement suspension (Class A4) 1s
independent of the grain slze of the soil, while that of soil
treated by products in Class B and C is greater as the soil
bscomes finer. These latter products behave somewhat as
aihesives. Study of the grouts in Class B and C must 1nc1udé
not only the characteristics of the pure product, but also
the behaviour of the product in the soil.

Datyem( 1963) has given the range of application of
different types of grouts as given in Table No,.6. 1.
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(1) analysis of grouting dlagrams -
(1i) Study of the evolution of permeability.
(111) watching of the possible uplift of the ground.
(iv) -Obse;ving the characteristics of the treated soil.
(v) In-gitu observations from open pit excavation
or from inspection shaft driven. |
~ (vi) Geotechnical tests.
The quality control staff guides the supervising

staff regarding the quglity of material and mix to be injec-
ted in the grout hole. Quality control staff performs tests

in two places:

(1) In the field, and

(11) 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 Based grouts:
(1) Field tests:
Bleeding at 24 hours.
(1&) Laboratory tests:
Quglity: To conform to I.S.-2é9 1951.

Strength:
= =hbenton ut:

(1) Fieid tests:
Clay slurry SP:gr.
Combined slurry: SP: gr, Marsh cone value.
Bleeding at 24 hours. Not more than 5%
Gelllification time.
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(ii) Laboratory tests:

Cement: | Quality to conform to IS-2629-1951

Bentonite:  Atturberg's limits,clay content, swelling

index. .
Clay: -~ Mechanical analysis, Atturberg's limits. .
Da Ao | Quality,dispersing effect.
Strength:  Needle penetration resistance test at
of grout.
8 days
7 days

Washoat tests: For pressure heads 5 to 10 times of

normal pressure head to come over

grout curt‘ain.

Chemical grouts
(1) Field tests:

~ Combined suspension SPigr, Marsh cone value,

Gellification time:

(ii) Laboratory tests:
| Sodium silicate:

Strengths

Washout tests:
Gelling agents.
Resin grouts:

Chemical analysls, SP:Gr..
Alkelinlty ratio

Ngo
. Sio3
PH Value
N.P.R.T, at
1 day
3 days
7 days

Vahe shear»stre}ﬁgth at 7 'days.

For pressuré heads of 5 to 10 times.
Chemical znalysis.

Not yet perfected in India.
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The results of the various 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. | e o

74542 of testing; In the fleld thetests viz;
SPigr of slurry,‘bleeding__ and wash out tests shall be carried
out for each batch of grout injected in a stage. The needlé
penetration resistance tests on the éamples prepared for
bleeding sghell be taken in the laboiétogylfor 1 day, 3 days
and 7 days and 1f the results show the stréngtﬁ of gmout less‘
than specified, the stage in which grout was injected shall
be régrouted to correct it for streﬁgthb |

In the laboratory phe tests on the quglity of mgte-

rials to be used in s grouting programﬁe shall be carried
‘out on eaéh.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 down, the whole batch may be rejected or a grout
mix may be redesigned. In case of doubt about the quality

" of the materials in use such tests shall also be repeated
<« 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 strength as much as 504 with

8EC.

7.6, GROUTENG DATA

During the progress of drilling and grouting the
following records shél; be kept upto-date:



-196- -

The day to day record of drilling and grouting hole
wise shallrbe 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 thé injection pre-
ssure, intake, time and the mix proportion used. On t’he'
domplevti‘on of hole these data are pldtted gx;aphically éhow-
ing the water loss (preferably in lugeons) for different
stages, core recovery, grout intake In liters or in kg. of
~ golid for each stage and over-all congsumption of grout in
.liters or in kg.‘of s0lids, All such holes are preferably
plotted with same datum to distinguish between shallow and
deep holes, A ,

Wheﬁ the grouting is completed, a plant’ shall be
prepared showihg the regular holes as per grout pattern
adopted, check holes 1f taken shall bé shown in different
colours to distinguish from the regular pattern, deep holes,
holes in whicﬁ water testis arev performed, permeabllity holes,
if any, inspection shaft if driven, open pit excavation,if
any snd 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 snd the elevation at which grout
curtain 1s taken down, A consolidated statement shall also
"be prepared from the reglster holewise ahd 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 trezted properly. 1f
there is any missing of hole or stage the same shall be
carried out in the field till then the installation of grou-
ting equivment shall not be allowed to be shifted from the site.



In addition to ébove day to day record, the following

further records shall &also be maihtained for efficient grou-

ting performance:

(i)

(11)

(111)

(iv)

(v)

Pressure intake curve for each hole stage wise
shall be plotted from the reglisters to know the

behaviour of formation to the pressures applled

- and intake. From these plots a further relatiom-

ship of core recovery and ?ressures at which
crack ocecurs and plugging pressure ét which hole
is completed can also be plotted. This plot will
give some indicatiop fbr-further grouting works
tq‘determine the grout pressure to be applied
without c}auSing any crack after knowing the coréd
recoﬁery or type of formation, | | |
Records of measuremeﬁts of héave at the surface
as the soll becomes saturated with grout.

Record of eny check hole or test pit which might
have been put down to expose the grouted soil
for ingpection and the results of any laboratory
test such as permeabilify,crushing strength ete.
made on samples.

The results of plate bearing tests on the grouted
s0il if taken any. |

The record of plezometric levels when instéiled
upstream and downstream of the cutoff shall also
be kept after the dam 1s put in service to

measure the efficliency of the grout curtain,
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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 beha&iour of. grout travel with reSpecﬁ to
pressure and the stratification of formation. In practice
various types of intake pressure curves are possible as
showyn in Fig.No,6,10. These should be studied ¢losely before
deciding upon the consistency of ﬁhe grout and pressure to
be applied.

After the grout is finished in g test plot permeabi-
1ity test may be conducted to determine the pérmeability
after grouting to know the efficlency of the grout. A large
diameter hole say 1 meter diameter may be drilled for visual
- inspection of the sub—surfaée to see the filling of voids
with grout. Samples taken from the la;ge diameter hole may
be tested in laboratory for compressive strength. If possible

an open pit may also be excavated to lnspect the seepége of
water through the grouted zone.

At Cirna 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. ICIENCY O 0 N
Ge 50 1. The efficlency of the grout curtain is related

to the criteria, targets and the results achieved.
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6e5.2, . Critoria; There is no specific rule which fixes
the 1imit of the permeabllity of the foundation materials
to be achleved after grouting, For rocky foundation Lugeon
in 1932 has fixed a criteria of water loss of 1 lugeon
(ref. para 6.,2.56) which generally corresponds to a permea-
bility of 10‘5 an/sec. This criteria so fixed was only for

sound rock foundations as at that time all the dam founda-
tions vhich he had analysed were resting on sound rock.

This 1limit can be relaxed in soft rock formations. At Mangla

Dam, even a water loss of 2 lugeons was considered accep-

table., For alluvigl deposits this criteria can also be

applied. In some of the projects permeability not excee-
ding 10”4 cm/sec. after grouting was accepted. A reduction
in permeability of 1000 to 10,000 times of the initigl per-
meablllity 1s most warranted depending upon the type of mate-
rial to be grouted. )

6.5.3. Iarggts: How targets of reduction in permeability

are fixed? If a complete cutoff of gseepage past the dam

foundation is required as in case of irrigation and power
projects when every drop of water 1s valuable, a.high target
may be fixed, vhen a complete cutoff 1s not required as in
case of coffer dam ﬁhere-some seepage can be permitted or
vhere the leakage past the dam 1s not go much of significance,
so long as the dam foundation 1is safe as In case of flaod
control schemes, a low target may be economical.

6.5.4. Regults achieved: The results achieved in the filed
sdldom agree with the targets fixed, due to hetrogeneous
“and anisotropic condition of the foundations. For high

’i:argets, rigid control may be exercised to achleve the
results in the fleld 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. Mgasurement of Efficiency: In grouting alluvial
deposits the efficiency of the grout curtain inereases in
direct proportion 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
'lis not less thaﬁ about 90%. Records had recently been publi;
shed for the Rocky Reach dam on the Columbia river, U,.S.A.
where clay cement and chemical grouting vwere used to form
a cutoff in gravel deposits with permeability as high as
5 cems/sec. Fig.No.é.ll shoys the plezometric 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:
(1) Target T = Kg - Kp
(11) Reduction R = Kt - Ke
(1ii) Grout Efficiency E = Kt - Kf

Kt"‘Kp
- 4
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lhere,

K¢y 1s coefficient of permeability before grouting

K@ is coefficient of optimum grouting

K¢ 1is coefficient after grouting.

From the above the maximum improvement that could be

o btained will be Kt/Kp and minimuy Kt/Kf. Hoyever, the desighe~r
will be more interested in the amount of seepage which will
take place even after grouting. Al though, the grouting effi-
cienéy gives a measure of the reduction, very high initial
permeabllities may mask the fact that even with highly effi-
clent 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.



TYRE OF FOUNDAT/ION
PUORPOSE OF ROCK ROCK COARSE COARSE TO |MEOIUM TO
BLAST GRAVEL MEDIUM SAND| FINE SAND
GROUT LARGE
CRACKS COARSE SAND Djo 71 ©O°2 D577 O-1MM
FAULTS & o mwm
SMALL Vo105 (P19 77 IMmmMm
CAYITIES , .
ASPHALT EMULSOIN
IMPERMEARB) — CHEMIC ALS
CLAY ~ CNEMICALS
LIZATION czAY
| ccay -cement
CEMENT
COARSE *
GROUT
CEMENT
N I CLAY ~CEMENT
ONSOLIDATIO
CONSOL/ CLAY — CHEMICAL S |
CHEMICALS
AS PMALT EMULS/ION

% SAW DUST, SAND - CEMENT ~CLAY , ETC.

fIG-G'/

EXTENT OF PRESSURE GROUTUSE




3s0 Laoas 32NSs3dd 40 INFLxH

T-9 94
?:Orwa,..wnil 71
e E;Mtl.mm.ruooqi T
TYSEl NI Ls0o omnM R ottt T T LI I Uil
- pue NHis o6 .
SSHE>CMY NAlSooP IHL, [EASNOS - — - o T LT e T
I or. Zvu;..monﬂ
- 1WM|¢,UI. LT Lo - - - oo MlJ
_,_ .rl.m.l.wu )
b e .k
= Tt
{ .rlm_lumu \AJ‘JU i -
ﬁ”i! A~
‘SSEl 8= ‘Shs T =SS SgEnS — 2o IPM
¢ - T ey e p—— — g e —— - . - — . P—— e
ATAdVYd [ISY ZLIAVAH JSoNLnoas Hl T WJ:NW..\LMIUII./%¢ B
JanssramTAL Nt AV 20 msn : - e T T T T TooTT -
HHi Fsznoe s Y aue S - -
T T LTI T ———
Ml L..Z.EIUU “.44“ .
L NIWID ANV ».&o.wihlﬁ Tmaa L J(.UNW.\L.\LOCI
q.._ B T HovyN f:L>>V U.o‘l...w 0210Numvxl.
S5s¢1 mNnr - — eI I =
PRIV > ‘ ~ T OZ(J.rN_O& I mnxn.r .u.'m&1_d‘.uwl
s leoux PSIA ‘NoLw o e e s e lietes o —
= =a = 7:10.41 I.r.)? AiwTRAADY NI DTes T——
ANBWIOSdXE FAVALZTALYM ‘Godr—S L
e ) A —
WL STITEAYAS aNv SANVS L_ e msavaxmB vy OV T o
. -Q o- o_ t -
NOILYAMNNOS =0 DNILAOE® :=mexno= 190 ! _rs.z.mu SXN:Vao
VAW N
- . A_O.O Hus z_.(ﬂ«v
ﬁ HA = | w pord = w LINIATOD |
eI =) S i~ S TEAVY IS - ”

L

NOULNANMO A 40 3IdAL

B




ST10S DNIZILYMIa aNY DNIZITIGVLS
=54 SAOHIaN 20 WOoS(avdadwWoo
S5 DI+

F1miIssod SISONS o —o0aDzm 1| §\\§§
WSRLEAS NOASYA Saeliod VNS G

MOSE ADHA TOYNIVIQ £LLAVA —Faniod 1Ia A §

_
_
muﬁfﬁaEiuouonwtz_._iu.ruomxr&E.&jmz,w\\\\\\\\\\\S\\\\\\\\\\\\\\\\E “
A Srxay Holslanoe™ HDAW® 4L ABCES N NTEILSAS WAOZYA —Sathiod =M é _

BHidnd <AYEr —NOUPAYVXIg sqoady -aANS §

owzmm2a 7777 T 227 T 1T T2 IT T,
aw QR=ssaBINNO2 G777 I T 77T 7T 7T !

|
|

At =N IO X AT YN
PRI

DX v 9. VAP @.V. VY,
Asinolr=a .No”’WQN&O&QNOD”WQNO}ODQ '®.

PROKRCATRKXs
ANOAD Ay INTHD - N e oV @Y 0 V2’0 Voo Va0 ¢ OV 00 0.V 0.
€ BRI ERRRERLLANR

A

o = [ = [« [ = = [ w ] > T = 1
A V1> s AQAwWvyYs MR AYESD




A

C9)%95-0d

>
C 7NF04) % 7 oiava LZirisyswasg

Q
C 7 N3o) % Al olavya =IVd4S pnwmdo

I
._
b—

4

|
|

e { 1 1 1 { |

b— =N 30dA ADNIPWayg _ -

&
t
\
\
e - T
O d .~
REN G — R N
FT7FT 7777 CEEFros
ll.‘d.l 7 TTITTTY 7
ON 4
7

[
L4

S R—

O) =N Bod AoNB1DIdy g ~— — — m

~t. 5 2 ‘&. IU.I

i
[~
4
Q
i
1
m.
1
1
X
X
NS
LY
°F

oQ)

(22 +-2 Bid
(7 NDaoay 75 olva ALMNS VR NTEg

a
(P NY3o4 % ™ ounva 3D>vds HNzde

- — A i 1
O1 =N oA AINAIDIZFH— — — — —
YOz N Yod AINFr21449

__.I,l

-
L
-

Y A ADNELD AN a0 LND




ol 5y T << AUVGET
= | ]
f ;
37 7
-iL — g .Y GREZoLT LEvVEL
3 —_— —— T T

SuPPORT

VWOLUME o SzZousT
172w <.c..

1/
e ¢ HoLEm SMooeTH

Filg 6-5%

lad [ AR |

FLOW C(ONE.

7TORMEOSTAT

FOR SPEED conTROL

t

to

- 4. P. morvoe RATED 10,0680 R PM
o= WPkt SPEED.,

e,

SYLINDRICAL MIXING

CONYTAiNER 6}’2_ BY B imcHES
C.s-f-s.t:t_)

| =~ )
l \s"'A!H\—:sS ST L

PRoPE LiLER

e —————
AL LU

M1 mrAWND
/| |

- 3
Fla' 6.4,

LABORATORY SrouT

MIXE B2




WA7TER

70 8F PLUGGED
WHEN F/tLED

!

PERAIEABILITY
CYLINDER

MAN/
FOLD

Oorr INLET
1PRESSOR
. | I
T A= waree
AIR TANK
RECEIVING g T I==
4" ey nvoer - -
- -3'p —— <« — 3!
¥
DRAIN
cocx
LTG.67 SHOWING WASH OUT SET up
CGROU T PRE SSUFRPE
CALSING F/ISSURES
¢
<
n
1)
Y
Y
g
[N
N
8]
&
(V]

-

RATE OF GROUT

PRESSURE

LrGg.6-8

INTAKE —>

INTAKE CURVE




LRALAGE FAL/MA LmakLedE caL, min

LARKALGET GAL/ mMim

REF — ©w: POIMNTS FOoR INGREADING

PO SSURES .

— POINTS VOolZ DEcREASING
PRESSURETS,

i
P
é ] /
Ca) T X io5~125 )
N o TEST 4
. ’
2 (tz‘o-sczo-d-o D (b)
TESTY X
° —
v v —
10
8 / ’
/
x - - >
c o120~ 140) f 5 ‘(s ¢
TESTES ' TEST 4
4 (<> Ch)
2
° —— - -
10 r
/ ’
oV BO~100) <
& li
e ] Vs
T = _ © 6 ( 180 .-200)
3 TEST =
. <
2
© - - m——— —— JL,_“E""-_:'_— i . RE—
20 A0 60 80 00 120 140 160 Zo 40 60 80 109 126 188 160
&
ePrEssL=E Lbs/a PerssuzE Lbs/ o

Fla: 6.8.
TYPICAL WATER PRESSURE
TEST RESULTS,




Ky/cm?2
LE) mrn

v

PRESSURE kg/cm?

CONSUM PT/ON Lt/ min

Kg/cm?2
LE) men

PRESSURE
kg/cm?

CONs UM? TION Lt/ mrim

TIME —3

TimEg —>—

Kg/ecm?
Lt) »mrh

B

PRESSUR Kg/cm 2

CONSUMPTION L8/ 77E7

Kg/cm?
L/ mern

B

PRESSURE K §)ErP

Comsu:(fr/om L4/ 77783

TIME —>~

TIME ——3

Kg/cm®
LT) rrn

~
"

PRESSURE Kg/Cn?

Kgq/cr?
Lt/ men

CONS UMP r/ON
L8/ m1En

TIME —>

PRESSURE R;/sz

CONSUMPTION
L) min

T/ME —>

FrG. 6-10

TRENDS 'OF PRESSURE AND

RATE OF CONSUMPT/ION OF GROUT




GROUT CURTAN

7’1-_—_—264‘/!6’/ TAFFER GRoUr corzamd T 1
70

690}
6801
670
660
650}
6401t
630
620+
610

¥

I
I
I
!
l
!
l
|
|
+

CUATAIN)

4.8 1958 (8rropn Grou
T

e e s o S — ——— —— . —

|26-4-/96/ |
(rrer sroulT

{cumTamn ) |

ELEVATION IN FEET

¥
|
I
|
[
l
|
[
|
|
!
|
l
|
|

I
|
l
|

j} G. 611 . ROCKEY REACH DAM. RIE ZOMETR/C LEVELS ACROSS
SROUT CURTAIN BEFORE COMPLETION OF THE GROUTING
AND AFTER THE FIRST FI/LLING OF THE RESERVOIR




-163~
CHAPTER -~ 7
TECHNIQUE OF GROUTING
7+1. GENERAL
After the selection of a grout mix for a given jobd

condition by laboratory tests and fleld 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 Datsa
7.2. GROUTING PROCFSS
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. Dpilling; This consists of drilling holes and insta-
llation of grouting pipes. There 1s no standard drilling rig
that can be used for all Jobs., Therefore, the conglderations
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. For larger holes
5" to 48" dia.calyx shot core drills are used. Drilling carried
out by rotary method uses drilling mud for stabllizing the
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sides of bore holes which avdids the use of casing pipe
and facllitates driving in glternatively hard gnd soft strata.
Different types of rotary blts are used such as steelvcutters
and fish tall bits for soft cohesive silty strata, rotary
cutting bits with tangestan carbide ingerts fof partially
cemented strata, Tricone bits are used for sand and filne
gravels, for larger coarsef gravel and bouldery strata
Tricone bits with carbide inserts are used. It might appear
that mud drilling would be objectionable for groutihg work,
if the bentonite suspension or chemicals are to be injected -
subséquently. However, the drilled mud is eventually replaced
by qleeve 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 perfo_rmance at Ukal project by above drilling methods
shows that wagon drill is most economlical. The comparison
of progress per hour and rate Af drilling per meter for
different drilling equlpments as observed at Ukal project is

given in Table No.7, 1.
Table No,7.1

Comparigson of output and rate of drilling

: with zagzgug equipments
S1 Name of igtput per hour Rate per meter

No, FEguipment, meteors ‘ .
Soll Rock. _Soll Rock
1. Special jack hammers Not 3 - 6.0
(1@" dia.) suitable.
2e National calqu 0.9 to 1.0 0.25 33 105
3s Digmond drill. 1 0.5 o7 60

4, Wagon drill, 4 2.5 7.5 12.0




7+ 2,31. Processing 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
satlisfactory penetration it is desirable to remove fractions
of 30 microns gnd above. Clay in natural deposits is aval-
lable elther in dry lumps or in moist conditions. Dry 1u;nps :
can be broken by hand or in mechanical crushers and formed
1n powder which is stored in shed for use. In the moist clay
water 1ls added and slurry is formed and stored in tanks.
From dry powder sizes over 10 mm. can be removed by scree-
ning vhereas by wet screening it is. not possible to remove
coarser fraction from clay slurry as the sleves get choked
ups» 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
gfavity; Thin suspensions are not desirable because after-
wards 1t would be very difficult to remove the excess water
to achlieve a consistency required for the grout. Insuch
cases, the separation of the sand would be achieved by the
use of "Lavedune", and "Hydrocyclone®, The principle of
Lavadune 1s 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 1 mm, sizes can be separated out byi
this apparatus. The further separation of coarser materials
above 30 micréns can only be achieved by an apparatus work,
ing on centrifugal principle called the 'hydro-cyclonev®,
a patent of Neyrplc, France. Field application of thisg
apparatus has confirmed that penetration could bé achieved
effectively in a soll of permeability 1&}times lowver than
those treated with‘nonﬂhydrocyclone clay grouts. Fig.No.7.1
shovs the principle of the hydrocyclone. It can be operated
by a pump or simply by gravity head. The clay slurry enters
at ‘the top of the cyclone tangentially with a velocity suffi-
cient to cause the heavier particles to be thrown to the
sides and drop at the bottom, where there is a throttle
which prevents the loss of too much of. the usable clay
1slurry. The process 1s admittedly an imperfect one and
eungequently the h&droqyclones are used in multiple units
to give successive tréatments, and so ensure an efficlent
separation of sand and gilt from the grout, Its successful
performance dépends on three factors:

(1) Diameter at the top |

(2) Velocity of injection of clay slurry, and

(3) slde 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'éie given in Table
No.7. 2,



-167=
Table NOo 7¢2 '
Results of clay treated in Hydrocyclone

EXPéri4~%{age of clay %age of cliay ro———
ment & silt before & silt after Remarks,.

No, treatment, __ treatment,
1 - éo ' 94 Igt treatment repeat.
5 |
2  7a 86 Ist treatment repeat.
.-
‘3 - 83 94 'Ist treatment,
98 . g
4 a 88 ‘ 95 - Ist treatment,
o 08 . |
5 - 90 - 93 | ist treatment repeat.
A 5
70232, B ggesging ntoni te: Thé cormerclal products

of bentonite contein a little less than 10% of fine sand
and silt, For efficient penetration of fine sand 1t is
- desirable to remove particles of siz'e above 5 microns. This
can be achieved by smaller size of hydrocyclone. |
The bentonite used at Blackwall tunnel,London con-
tained 10-15% by weight of particles in the silt and sand
»rénge and were removed by hydrocyclone. The result showed
that untreated suspension pasgsed freely through soil of
permeability 4 x 10™ T a/sec but flow was quickly blocked
- in g sand of 9 x 10'-:2 can/8sec. permeability. after treatment
in hydrocyclone the suspension passed freely through fine
sends of 2 x 10"2 e/ sec, permeability and only blocked in
§611 of permeablility 3 x 10‘.3 cn/sec. '
7¢2433. Procesging of chemicalg: Chemicals are mostly aval-
lable in dry lumps. ‘Their solution of regquired specific

gravity are prepared and stored in tanks and subsequently
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diluted as desired.
7.244. Mlxing of grout materials:
7.2.41, There are two types of grout mixers vizs
' (1) paddle type, and |
(2) Colloidal type.
The paddle type or low speed mixers are commonly used
- with propeller blades instead of stralght paddles. The ;;peed ‘
of paddle type mixers are given in Table N0.7.3.
| Table No.7,3 -
Speed of paddle type mixers

M:aterial.‘ Type of ReP.M.

Cement. . Double drum, Ist drum 1500
ond drum 800

Cheulcals. single drum. 800
Final mixing of

grout slurries -
already prepared. 800

The size of the mixers is generally about 2 to 3 ft.
dismeter 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 Vmixer
in which two éylinders rotafing at the speed of 1500 r.p.m
are placed in a drum vhich is given a special shape. |

Moor and whiteso( 1969) have suggested that grouts
with better penetrating qualities will be obtained by using
®1loidal mixers. This premise appears to be based on the
assumption that clumping and flocculation occur in neat
cement and cannot be overcome by the paddle mixer, Tests

made at the U, S.Army Engineers waterways experiment
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Station51(1958) indicated that the colloidal mixer mixed to
about the same homoéeniety in about half the time required
bf fhe paddle mixer, However, prolonged mixing with the
ooilbidél mixer heats the grout and causes rapid increase
in viscosity. The value of colloidal mixing has been gene-
rally appreciated and it 15 now almost universally used.
The only point for alternative study is whether thg collol-
dal mizer should be used for the final mixing after addi-
tion of cement or before the add;tion of cement or chemieals.
It seems necessary to use the_colloidal mixer fo:‘cement
only when_high proportion of cement is used, However, when
the proportion of cement is small or vwhen chemicals are used
the final mixing can be done with an ordinary paddle mixer.
It shouid be normally satisfactory to mix the clay and water
in a colloidal mixer to form the slurry which can be stored
before fingl mixing. Addition of digpersing ggents to the
¢lay during the colloldal mixing process is desirable.

Receht deveiopment in mixing clay 1s by jet miier in
which dry clay powder fglls thrgugh opposing high pressure
water jets whiqh create sufficient turbulence to mix the
highly active c¢lay slurry. This was tried at Blackwall
tunnel, London. o
7.2.42. Grouting Stationg: On vork gite processing of maté—
rials and mixing is done under shed called the grouting
station, A grouting station 1g a kind of small modern factory,
schematically, 1t‘consists of a stocking area, a c¢lay proce-
ssing plant, ﬁixers, storing tanks, measurlng tanks and
pumps where numerous and constant controls for qua;ity and

guantity can be carried out.
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7.2.5. Injection of grouts
7¢ 26571, The injection of grout in the ground involves
two stage process vigz; _ .

(1) Pumping of grout at the head of the grout hole

(2) To carry out the groﬁt into the ground by grout

pipes embedded in the g:éound.

7.2.52, Grouting Plant: 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 suspensicn type of grout, the
grouting plant congists of a grout mixer, a grout agitator,
a grout purp and piping with connections to the grout hole.
Two types of plping system are used for the grout as shown
in Fig.No.72. The circulating system has a return line to
the grout agitator tenk through which grout which does not
go into the hole 1s returned. With the single line system
all the grout pumped goes into the hole or 1s wasted through
the blow ofrIValve as shown in Fig.No,7.2, The circulating
system is used almost universally at the present time. The
grimary 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 beliGVe that the high
stage of’pulsating pressureg in the grout supply line coming
directly from the plston stroke of the'pump are important
in the process of grouting the maximum amount of grout in

the soll. These peaks of pulsating pressure generated in
the fluid grout in the hole are largely digsipated 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 gatisfactory
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equipment for injecting grout is a pump of double recipfocar
ting duplex type. This gives asteady flow vwhich is more
effective, speclally in fine seams than the intermittant
flow produced by compressed air equipment and the operator
has a better control of pressure. Unless extreme cafe is
used the latter may force air intp seamsfif grout does not
flow faster. There are other types of positive displacement
pumps which may prove to be more sultable. One type of pump
which may even replace the positive dispiacement pump 1s
the centrifugal pump specially.GQuipped for grout injection,
The pump should be gpecially fitted wlth renewable lines
rubber pistons ete. for grouting purposes.

Grout mixers are usually simple tanks v;ith slowly
rotating mechanically Opefated paddles, or high speed
impeller type. A water meter 1s 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 1s done by connecting the gauge and the grout line with
an 0il or grease filled pipe. Grout lineg 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 1t is pumped into the rock.

For silicate grouts the grouting equipment ié the
same as for suspenslon 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, sometiﬁes the different components of the grout
‘mixture are pre-mixed in advance depending upon the Job
requirements and ease of morlzs‘:}.ng:s
7.2.53. System of injection: There are two systems of injec~
ting grout fluids into the soll formations:

(1) single fluid system, and

(2) Two fluid system,
(1) gingle fluld system; Most of the single fluid finjection
processes require the mixing of two or more components such
as cement,clay bentonite and a wide selection of chemlcals,
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 ecases, where the injection proved to be slower
than had been expected, the grout would hagve inferior flow
characteristics towards the end of the batich and the gel
might have completely formed before the batch had been injec-
ted and thus involves conglderable waste in discarding the
materia;. Increasing the gel time %o allow a factor of safety
on the expected time of injection for the batch is not 2
satigfactory solution, asvihcreased gel times usually meant
decreased gel strength and in addition it ig 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. Thls consists of two pump units Interconnected in

gsuch a way that two solutions prepared from the grout compo-
nents zre drawn 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 varled as
necessary'according to the ground conditions. By this means
the full gel time of the grout is avallable for 1t to permeate
- the soil, there 1s no danger of partially gelled grout being
pumped and shorter gel times generally can be worked to.
The single fiuld grouts“are generally of a complex character
and require careful premixing before injection, The single
fiuid grouts used for treatment of pervious soils include:

(1) All suspension grouts, cement based and clay

- based grouts. |

(2) Sodium silicate with suitable salts reagents such
a8 sodium alumingte, blearbonate, phosphate etec.
These have weak gel strength. _

(3) godium silicate with a system of organic esters,
which have a controlled evolution~of regctive
long leading to the precipitatlon of gilica gel.
Soil crushing strength of 20 kg/em® can be obtained.

(4) Chrome-lignin grouts. This grout has good penetra-
ting ability and can producé-an elastic and
insoluble gel. |

(5) Organic polymer grouts. These grouts have low
viscosity.

(2) Iwo fluld system: Two fluld system grout is only wused
with silicate grouts. In thils system a concentrated solution
of sodium silicate is injected into the ground followed by

a stronger electrolytic Qaline solution of calcium chloride.
These two solutions react instantaneously in the ground and

form a soft gel which bind the sand grains together at thelr
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polnt of .contact, giving ﬁde whole mass a erushing strength
of 30 to 50 kg/an". This method was first used in 1925 by
J’oosteﬁ and 1s still favoured by some engineers because of
its reliabllity and high strength. Other advantages ares.

(1) Ground heave does not occur since the fluids,
vhich are injected in small dozes, react almost
instentaneously. For this reason, the grout.is
confined within an established radius of the
injection position, and prevent the grau{:' esca~
ping into the more permeable zones,

(é) The reactants form a reliable gel not noticeably
afi‘ected by temperature variations or by the
presence of brine or brackish water., Furthermor'e,
the gel is chemically inert and immune to sulphate
attacks, and the chemicals employed may be uged .
safely in confined spaces since they are non-toxic
gnd non-inflsmable.

_ Gattman has modified the Joosten's process by adding |
sodium carbonate to the silicate solution to reduce its
viscosity and thus tc_> permit the treatment of rather fine
grairzed soils. |
7.2.54, Injection ds: There is no standard method of
injection of grout. In each qase, methods must be sdopted
to sult the nature of the soll, the results‘ to be achieved,
and the conditions under which the work must be sxecuted.

The suspension grouts_ are usually injected by the:

(1) Rising tube method

(2) Desceding.. stage method, and

(3) Tube-a-manchette.
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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 systenm

(7) Two-solution system, or

(8) Batch system,
These procedures are described below:
(1) Rising tube method:; In this method the hole is drilled
to the full depth and the tube is installed down to the
bottom of the hole. The grout is injected at the bottom of
ﬁhe hole as the casing 1s withdrawn in short stages of 1
to 2 ft. Shorter stages’are recommended by Ischy & GlOSSOp(7)
(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 cdupled pipe
is necessary so that 1t can be pulled out conveniently.
This method is sultable for sands, but is rarely used in
deep:holes as it 1s apt to_give»trouble by premature setting
of the grout in the hole, or because the grout may travel
up the outer surface of the casing and seal it into the
ground.l '
(2) Dascending stage method; In this method a hole is drilled
upto a certain depth and grouting ls done for zone drilled.
Fﬁr 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 1s grouted drilling
resimed 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 (piccollis methed) is used for
the preliminary treatment of grouts for very permeable
strata. Experience has shown that a crack develops in each
gstage, 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 sénaller ‘than the height of stage can be achieved.
(3) Tubg-a-mgnkhette: The tube~a-manchette invented by
Ischy in 1933 is ‘the most satisfactory method in use at
present time., I%t is described in detalls by Ischy and
Glossop’(1961) and is shown in Fig.,No.7.3. It consists of a
vsteel tube of B " to 23" diameter. At interval of about 1 ft.
along the length of the tube rings of 1/4" dia holes are ‘
bored through it and each group of holes is covered by a
f&igh‘tly 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 1s placed in it. After
lowering the manchette tube the casing is withdrawn and the
annular space is filled by sleeve grout of clay and cement
mix which 1g plastic. |

Grouting 1s then carried out, usually beginning at
the bottom of the hole and working upwards, through a 1»
dia.pipe perforated for a short distance at its lower end
and »fitted with two opposed U.Packers which ¢an be centred
over any one of the rings of injection holes. When pumping
starts the pressure on the grout pipe bullds up and expands
the rubber sleeve which In turn cracks the plastic grout
£filling and allows the injection fluid 'to pass out into the
siluvium, i’he break of sleeve grout tsgkes place generally

4n three directions at 120° near the sleeve and sleeve
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expands 10 to 15 mm. When pumpling is stopped the passive
pressure of the grob.t closes the cracks in the sleeve grout.
The rubber also acts as a oheway valve. The rubber valve
prevents any short circuiting of the grout back into the
tubé, end the sleeve grout prevents its return %o the surface.

The great advantage of this method is that the tube
6nce in place can be used at any interval of time with a
vhole 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‘anyllength of time,

Also the operation of boring and of injecting any hole are
entirely distinet and can be carried on separately and at
any time. This method has been patented and is generally
congidered to-be g very satisfactory method. Finally and
most important, the method 1s 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
menchette after injection for reuse.

Arany Corps of Ingineers have used a combinatidn of
risigg tube and descending stage methods. By this method
first zone is drilled and grouted by conventional stage
grouting method, then second stage zone 1s 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 ilula dams,

Maharashtra State. It is observed that a major defect of this
method 1s the leakage along the grout tubes and consequently,
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building up of pressure at the required position is not
possible, resulting unsatisfactory penetration of grout.
i improvement over the rising tube meﬁ?od'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 alr and water. Datye
has carried out experiments at Mula dam to perfect this
method} Thelleakage 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 1ifting especially for
holes deeper than 40 ft. However, 1%t 1s not possible to
eliminate the major @efect 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
whéle length of the hole, this methodé could be satisfactory
end 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 d4iff-
erent types of grouts and under various se}ected
pressures. ’
3+ The leakage along the grout pipe must be prevented.
It i1s obvious that the tube-a-manchette method 1is
a highly satisfactory procedure., The cosgt of drilling per

meter for the tube-a~-manchette method, 1s, however, greater
than that for the rising tube due to larger dismeter of hole.
The cost of redrilling in riging tube method are partly
offset by the initial ccsp of the grout pipe and sleeves in
case of tube~a-mamchette method. wagver, heavy grouting
'pipes are necessary in rising tube-a-method to withstan&

the driving force and breakage afgpipes is to be allowed for.
‘Hence, the choice Eetween the two methpd is largely a matter
of avallability of equipment,

(4) s;ag;g_gbgﬁ_gzgggggg, Single'fluid grout mixtures are
injected into the grout either of the methods used for sus-
pension grouting,

(5) Twe shot progess; Joosten was the first to inject sili-
cate grouts by the method known as two shot process. This

congists 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 1s driven into the ground in stages, and sili-
cate solution injected. This passes into the sand,driving
the ground water ahead of 1t and adhering to the grains.
Having reached the limit of the zone to be treated the pipe
is withdrawn in g similar sfage and an injection of calcium
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chloride is made at each stage. This solution passes through
pores already occupied by sodium silieaté 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 engures 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 xilore permeable zones.
Jﬁoosteh placed the pipes at close intervals of less than.
1 meter. This process is still favoured by some engineers
even though if was introduced in 1925,
(6) W&&_ﬂm A sultable proportipning system 1s
ghown in Fig.No,7.4, considerable flexibility has been
deéigned into the system to vary ‘gel times, pumpingh rates
and pressures over a moderate range during any applieation,
This system allows one men to control and eliminate adjust-
ments of chemical concentrations and mixing procedures during
an application, ‘

41-9, catalyst IMAPN and KFe are mixed in tank TAI,
AP 15 made up in tank TA2., The pump P2 ls selected to handle
a small volume of AP solution (5-204 AP in golution) 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 materlially changing the concen-
tration of AM-9 in the final mix or the total volume of solu-
tion entering the ground. The capacity of Pl 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 1s controlled by opening ovr closing the valve VI,
The orifice O should be sized so that AP solution will spray
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into the mixing &hamber for good mixing., This mskes P2 run
at a higher pressure than P1l.

The sizes of all pumps lines and valwes must.be
choseh according to the pressure and flow rates anticipated.
For all applications a separate water source should be
avallsble so that water may be pumped through Pl or another

pump to clear the injection points or the formation adja-
| cent to them. The American cyanamid company has designhed 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

0 - 150 1bs/inZ, weighs approximately 375 1bs.

(7) Iwo_golution system: Two solution system has been used
on some types of appli catiohs. It permits working convenien-
t1ly with only one predetermihed gel time. If the gel times
are to be changed, careful welghed amount of AP, ecatalyst
DMAPN or KFe can be added from time to time to the respective
tanks, The process is shoyn in Fig.No,7.5. aM-9, catalyst
IMAPN and KFe are mixed in tank TAl and the AP in tank TA2.
Tankg TAl and TA2 should be of ldentical size and volume,

ahd surface of the solutions should be at the sstne elevation.
Mugl volumes of solutions are drawn from tanks TAl and TA2
into blending tank TA3, continuwusly blended and fed to

pump P1. Thé concentrations of chemicals in eaéh tank must
therefore be twlce that desired 1n the final grout solution ,
This system may be modified by using separate pumps of equal
capacity for the AM-9 and AP solutions. Such a modifieation,
of course, eliminates tank TA3 and pump Pl and permits the
fleld use of very short gel times. |
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As in the case of proportloning system, all the éompa-
nents of the equipment must have the capaclties and working
pressures required by the anticipated grouting operations.
A separate water supply is needed.
(8) Batch System:- In this method the AM-9 end catalysts
are mixed ih 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 must be placed during the estab-
lished induction period. This 1s not slways possible
since pumping rates often decrease as pumping
continues, thus the danger of gellation in the
equipment 1s always present.

(2) It 1s difficult to vary the induction period
during pumping of g batch. For some applications,
econony and'Varying water conditions necessitate
changing the induction period.

(3) The most severe limiation is that, by 1ts 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, FLELD CONTROL

7¢3s 1s Field control of grouting process is indeed a
formidable problem especially when the work is carried out
on the baslis of limited exploratory data. The extent of
pockets and lenses often may not be known from the explora-
tory holes (especially in glluvial deposits) and 1t 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 exerclsed on the following operage
tions: ‘
(1) Sequence of drilling holes
(2) Sequence of grouting holes
(3) Injection pressures
(4) Intake
(5) Upheaval
(6) success of grout operation
(7) f;uide ltb grolut' supervispré.

There is no objection to

completion of drilling in advance of grouting except ﬁhen
tné stage grouting method 1s used, Clogging of groﬁt pipes
and its janming into the holes by the hard setting grouts
injeéted from neighbouring holes does not arise in the case
of the ‘bube-a-manchett@method. The sleeve grout protects
the grouting tube. similarly 1f sleeve grout is used for the
rising tube method, the objection to drilllngvin advance

can be avolded. However, it 1s not'possibleAto carry out
drilling work while grouting is in pfqgress within the
infiuence zone of the hole which 1s being grouted, because
the grout findsg its way into the nmud circulation or water
circulation of the drill and makes the drilling operation
difficult. This can be avolded by doing the drilling outside
the influence of groutin%generally 30'mgters.

7.3.3. Sequénce of grouting: It is always desirable to
create confinement yhile grouting aglluvium. It ié therefore
desirable to grout the outer linés of the grout hole first
gnd then take the interior lines proceeding always from

outgide towards the centre. The injection of the outer lines
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requires heavy consumption which should be reduced by using
closer spacing and uging a grout with more cement. The
choice of spacing is evidently on relative costs of grou-
- ting and drilling. Lateral confinement is achieved by grou-
ting the outer linesvwith material that sets early. For open
and very coarse alluvium such setting type of grout is desi-

rable in order to develop ‘adeth,ate 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 fluld grouts which would penetrate the finer
alluviun, In gny line the general praéticé is firét grouﬁ
holes at interval of 4 times the normal spacing of holes.
This 1s called the first stage and the method is knoyn as
split spacing method. Intefmediate holes are grouted subse-
quently, reducing the spacing progressively. |

For vertical confinement gréuting is started with
coarse sand zone followed by grbuting of mediun sands and |
fina_lly firie sards are grouted. then any particulari. Zone
or stratum 1s taken for grlout.tng, the work 1s 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. Inlection pressures:  The control of pressures during
grouting can be achieved by the observation; of pregsure
ntake grend with regérds to time. Theoretically the resis-
tance to flowy of grout would inerease as the grout travels
away from point of injection and as the grout thickens.
Hence the grout intake should progressively be reduced at
a congtant pressure or increasing pressux;e will be necessary

 to malntain a constant intake. wWith high pressures the
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increaée in resistance is compensated by increase in zone
of influence due to formation of the cracks. Hence it is
Teasongble to presume that the intake may remain constant

at constant pressure. On the other hand, 1f the cracks tend
to enlarge by upheaval the intake rate may increase at cong-
tant pressure. Such a trend is therefore definitely unde-
sirable.

Control of pressure during grouting can, therefore,

be exerclised in the following mamners:

(1) No restriction should be placed on the pressure

| for dpening sleeve,

(2) After the sleeve igs 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 immediately brought down if any
tendency is noticed for the intake to increase

- with congtant or decreasing pressures,

(4) Grouting should be stopped if upheaval is observed
on the surface or high intake persists even after
increasing the caﬂentvcantent and lowering the
pressure.

(5) The‘grouting is then resumed only after a lapse
of 12 - 24 hours,

In case of ;ow pressures the spread of grout is

attalned entirely by permeation., The pressures are, there-

fore, restricted to overburden pressure or slightly above
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the overburden pressure. Nq 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 achleve the desired
spread. ‘
743+ 54 ;aﬁaggl, No attempt need be made to grout to refu-~
sal. It is better to 1imit the injection to a predeter-
mined value., If injection is not found to be adequate after
tests, it is better to return to the hole rather than attempt
final and complete grouting in the first instance. It 1s
not possible to fill all the volds 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. Upheaval: 1In rock grouting no upheaval is permitted
| as 1t develops numercus fine cracks which increase the per-
meabllity 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. gome engineers limit the upheaval in alluvial
deposits at 1 om/meter depth, At some of the dams in Europe
viz; at Serreponcon where the depth of overburden ls nearly
100 meters the upheaval due to high pressure grouting was
in the order of 30 c¢m. Or nearly 1/3rd of the limlt specified
above. When the grouted zone 1is overlailn by a compact and
brittle soil which 1s not grouted, it would be desirable to
miniﬁise upheaval and 1t camnot be conclusively said that
high pressure grouting and upheaval would not demage the
foundation., Impervious hackfills are sufficiently plastic
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and the superfieial cracked zone cah always be excavated
and removed after completion of grouting operations, In the
case of sand and gravel deposits some upheaval may not be
obj}ectionable as in these deposlts opeﬁ cracks would not
form.’v |

Upheaval 1s measured by standard gauges installed
in the area to be grouted. A typleal dlagram of a standard
uplift gauge 1s 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 of pgrouting operationsg: Grouting cannot be
sucecessful without individual treatment of different lenses
and pockets. Due‘to the wide range of the size of pore
space of different adjJoining pockets, 1t is desirable to
inject in short passes of 1 ft. It is also necessary to
return to the same elevation with different types of grouts
so as to adopt the grout best sulted to the type of slluvium
met 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 grout
to refusal. As grout takes time to get, refusal cannot be
achieved during grouting, Grouting must be stopped when:

(1) The predetermined consumption 1limit 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 ig no
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gingle path of travel for movement of grout through aliuvium.
New paths can be created by application of high presé,ure and
creating artificial smgll cracks. gsuch cracks are ungvoidable
and are not objectionable as long as the consumptign of grout
is not excessive.
7.3.8. Guide to_grout supervisorg: The grout supervisor
should keep the following fpoints in mind for successful
supervision of the work: -

1. Don't judge the efricien’cy of grouting operators
solely on the number of bags reported as being injected.
Look for leaks. |

.25 Don't éhange grout supervisorsunless absolutely
necessary. It ig hard on the supervigors, but the experienced
ones are abl;a to secure instantaneous action on almost any-
thing required to expedite methods of obtaln more effective
results, This mgy not be true if the grout crew does not
feel that supervigsor knows more about the work than they do.

3. Don't put too much of emphasis on statie or stan-
ding pressure slone, Grout that is slightly too thick,pumped
slowly, will close almost any holey, during the injection of
grout, ’ .

4. Don't be too willing to call a hole completed
because it suddenly builds pressure, Thls may be due to
- filtering action of grout.

5. bon't pump water into a hole longer than necessary.
There 1s no advantsge in needlessiy pump,intﬁ water into a
free hole.
, 6., Don't be too hasty asbout 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



=190 =

14, Don't gntagonise the contractors personnel by
wmtactful approaches.

16, Don't fall to report any unusual lncidents to
the authority. | ‘ '

16. Don't forget that you are expected to direct the
grouting procedure. |
7v4, ELELD PROBLEMS
Tedsls In the field'following problems are generally en-
countered:

(1) Treatment of contact between rock and alluvial

deposits. '

(2) Grouting of top znné.

(3) Variation in pressure and intake, and

(4) Consumption of grout, -
\a £ G zone; The most difficult zone
to be treated 1s the contact botween bed rock and alluvial
deposits. Ischy and Haffin52(1955) have described the treat-

ment of the contact zone with clay-cement grout to form a
roof. Then treat the roeck with cement grout and regrout the
‘roof with pure clay after the rock is treated. Once the roof
is formed lealtage does not choke the manchette as it passes
through the soil and tube 1s protected by surrounding sleeve
grout, In some cases where it 1s difficult to distiﬁguisn
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
slluvial deposits may also be treated by descending stage
method., The perméability'of the contact may be determined

by peint permeabllity test.
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The consumption of grout in the contact zone may be

very high say 10 times of theaverage consumption.

7.4.3. Q;Qgsg_g_gs;J;uLngy;_‘ From the experience of field
trial tests at Serreponcon, Mayer (1958) has concluded that
‘grouting of shalIOw layers is impossible and certain welght
1s necessary to counteract the effect of high grouting pre-
ssures. Irlals ha&e'shown that for the top 57 meters depth,
ﬁeffect'grouting results cannot be expected. The treatment
Bf'tOp layer can be succéssfdlly achieved by raising\the
embankment 5-7 meters height, and carry out the grouting
from the top of the embankments,

7.4.4. Yarlation i L int.
cases of pressure intake relationship as shown in Fig.&. 10,

ke: There are three

(1) Case A: when intake decreases with constant
pressure or whenvinéreased pressure is required
t0 maintain the constant intake.

(2) Case B: vyhen intake remains constant with cong-

| tant pressure or when lIntake follows the pressure.

(é} Case C: yhen intske increases wlth constant
pressure or intake remains congtent at decrea-
sing pressure, ».

The case A 13 an ideal case as resistance to flow
of grout would increase as it gravels away from point of
injection and pressure applied is required to overcome this
resistance. Hence the grout intske should progressively be
reduced at a constant pressure or increasing pressures w1l
be necessary to maintain a constant intake. In case B, zone
of 19fluence is increased with increase in pressure due to
formation of cracks and intake may follow the pressures.

In ease C, the cracks are enlarged by heave caused by high
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grouting pressures and intake rate may increase at constant
pressures. such a trend is undesirable and may be avolided,
Grouting should be S;tOpped and further grouting should
commence after a lapse of some period say 12 - 24 hours to
settle the grout., The clay based grouts remain soft even
after a lapse of 7 to 10 days.

7.4.5. -Congumption of prout: It 1s not practicable to grout
alluvium to refussl as grout would keep on spreading even
éfter it has reached the limit of the zone required to be
treated. To prevent overtravel the consumption of grout is
restricted to a limit d-eci.ded from void space in the zone

to be treated with suitéble margin for overtravel. Wnile

the consumption in the low pressure approach will be definite-
1y restricted to the void space, in the high pressure app-
roach some allowance may be ne;:essary. In open material the
resistance to penetrétio_n is poor and the grout will spread
rapldly rosulting in a constant _rate of intake at constant
pressure over prolonged period. such a tend‘ency. is contro-
lled conveniently by thickening the grout, and by providing
the g:onfinement by cheaper grouts in the outer rows.

7.5, QUALLTY CONTROL
Te5e 1o Numeroug and various controls are exerclised dur-

ing the execution of the job. These are exercised by two
separate organlisations vig;

(i)~8apervising staff, and

(2) Quallty control staff,

The supervising staff i1g responsitle for workanship
and efficiency of the grout curtain. Following tests are
generally carried out to determine the .efficiency of _the

rrout curtain:
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pressure., Many apparent tight holes loogen 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 appréaches
completion, generally increasing.

, 8. 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 fall to inject the grout at all times. at
the maximum allowable pressure or at such pres'sura as can
be sustalned throughout the grouting., Strata which lies
above the natural_ground.water level will gbsorb the mois-
ture from the grout causing it to thicken and slowly clog
the voilds in the formation. |

'11s Don't vary the pumping speed needlessly i.es
stopping unnecessarily or permit pumping at less than nor-.
mal speed 1f there are no leaks,

12, Don't, vhen a test ig made to see that £hevline
is opened during grouting operations, permit the byepass
valve to be closed quickly on a fairly tight holé. You will
almost surely lose 1t. ’

13. Don't stand ready to ‘pounce on the contractor
for something gone wyrong. But be glert to perceive and
advice or warn him before the damage 1s done. Look shead
and advise others of detalls they may not yet have declded
or considered, The supervisor who thinks everything is run-
ning smoothly‘may be neglecting hig work, the unsolved

problems end conditions of improvement,
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Table No.6.1
Rahge of application of different grouts
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Type of Granulome- Value of
grout, try of soil peprmeability Remarks,
tregted lower limit,

D=15 of soil.

Cement, 1.0.mm coarse 0,5 xlb“lto Depends upon fine-
sand & gravel. 10-1 cm/secs ness of cement,

Clay-cement 0.8 mm coarse 0,5 ;z::l.()",:L d85 of clgy under

bentonite. sand. cn/ sec, 30 microns,

Bentonite- 0.4 mm 10°2em/sec.  d85 of bentonite

chemical s, medium sand. | under 5 microns,

Chemicals Orl mm fine 10~3em/ sec, Depends on viscosity

(silicates) sand & silt, ' and shear resistance
. of grout,

,

Ameri can Csi‘namid COmpany%( 1965) have given the range
of different grout materials for treatment of pervious soils
and mechanlcsl methods for underground water control for var-
ious range of grain size of the formation materials, as shown
in Fig.No.é.S and table No.6.2. The upper six bars in Fig.No.é.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 1s so much overlapping of fhe materials
and methods that each application should be carfied 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, simplid ty 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. Stspen-
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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,considerablg flow of water in which the suspended grout
may be washed wway, it 1s desirable to 1njéct‘first with or-
gahic‘grout of'low géiiing-timé'ﬁo arfest iﬁé fiow of uatéf-
and then suspehsioﬁ grout 1s 1hjected for filling of voids |
for the purpose of strengthening the foundation and for imper-

meabilization,
Table No,.,6,2
Ranige of different grouts
T T T  Haterial | Finest size that can
Grout, - - -+ grouted,  be grouted D10 in mm. -
Cement. Fissﬁres. 0.1
Cement. soil. 0.65
Cement(fine 30 mircons)soil. 0.29
- Cement, | Large sand, 0.5
Cement. = Dense sand. 1.4
gillcates. Soil. 0.1
silicates. Loose,not too
fine sandy soill. 0. 12
AM-9. Soil. 0.013

62,5, The Plsnning of Injection; |
64 2,514 For the planning of the injections of a given per-
vious formation and for the desirable results, it is impor-
tant to determine the following:

(2) Time of injection.

(2) width and loecation of a grout curtain and No,

of grout roys.
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(3) Spacing, slze and depth of grout holes.
(4) Congumption and injection pressures, and
(5) Check holes.
6.2.52, Time of Injection; The time of 1njebtion of a grout
mix depends on the gel time. The time of injection can be
determined mathematically from equation(?) Chapter No.5, -

knowing the type of grout to be used, permeability of soii
to be freated and zone 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 gll the operations of mixing and injections should
be completed within that time, Cley based grouts remain in
suspensgion 1f stirred énntinuously. Therefore, the injection
time of clay baéed grouts dependg upon the guantity of grout
injected nnd the economy of operation, For newtonian grouts
excépt organic resgin grouts the viscosgity 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 varles inversely with the gel time, Therefore, the
gel time of thls c¢lass of grout should be small enough.
Normally it is taken 30 minutes. Ischy and Glossqp7(1962)
state that at least 50% viscosity_pf 1ts‘init1al value should
be maintalned at 20 minutes. For orgaﬁic resin grouts there
is an instantaneous poélymerlzation and hence the gelling

time can be from a few seconds to few hours depends upon the

job conditions,
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6. 2,53, Qidth aggtlogation of ggggt curtain and No,of grout roys:

(1 ldth of Grout curtain: The width of grout curtaln ls an
important factor which governs the efficlency and thefpbst of

‘the curtain., The width of the curtaln is taken as the distan-
ce between the outer rows plus the spacing between rows

(to alloﬁ for spread beyond the outer rows of holes). In'a
wider curtain g few pockets of high permeability'ma& not
significantly efifect 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 fall due to
erpsion uﬁder high pressure gradlent and it may cause piping,
Lane44(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 flne sands may be 8., This co-
relation between foundation soll type snd piping potential
has some value as a guide to judgement, but it should not

be used as a désign criteria, Sheraar445(1963)'has classified
the width of the clay cores which can falrly be taken as a
width for a grout curtain, These are:

(i) Cores with a width of 30 to 50% of the water
head have proved satisfactory on many dens under
diversé conditions and is gdequate for any soil
type snd dam height.

(11) Corse with a width of 15% to 20% of the water
head are considered thin but, if adequately de-
signed they aré satisfactory under most circums-

tances.
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($14) Cores with a width of much less than 108 of
the water head have not been used widelyQ

mnbraseys46( 1963) have co-related the width of grout.
curtain, with the base width of dam, depth of alluvial dspo-
sites, permeabllity of goll, before and after treatment and
is shown in Fig.No,6.4. He has calculated that wider gréut
curtains are more efficientltc arrest the seepagé 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
wﬁen permeability of soil decreases with depth as for the
same efficiency of cutoff low permeability ratio would‘require
less width of curtain as shoyn in Flg.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) Location of grout curtain: The location of grout curtain
is governed by the location of the impervious core in the body
of the dam, If the impervious core 1s 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 uéstream then the grout curtain is also
provided towards upstream but confined within the base width
of the core, When the section of the dam consists of a homo-
geneous material which 1s falrly impervious then the best
location of grout curtain would be Jjust near the upstream
toe of the dam to keep the base of the dam dry end thusreduce
the pore pressures. In no case the grout curtain is to be
provided at the dowynstream toe of the dem or towards down-

stream toe as it will increase the pore pressures in the dam,
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(3) Number of grout rows: For alluvium grouting, the grout
cartain should be formed of minimum 3 rows of grout holes,
in case of rock grouting, curtain may be of a single roy 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 spaqi&g‘of holes.
6.2.54., Spacibp.slze and depth of grout holesg:
(1) spaging of srout holes: The spacing of grout holes depends
upon the type of grout to be used, permeabllity of goil, pres-
sures to be adopted gond time of injection, Knowing the time
of injection we can calculate the radigs of zone of influence
from equation (7) and Fig.No.5.1 of Chapter No,5.
For rough estimates spacing of holes can be taken as
given in Table No.é.s.
Table No.G.S.
Rough egtimate of spacing of holes

X | Depth Depth

an/ sec. ' 30'.60! / 60
10~ 9 11

5 x 1072 7 8.5
1072 5 6
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(2) size of Holes: The equations 2 and 3 of Chapter-No.5
indicate that the size of hole should be large enough to
inject a given quantlity of grout in short time. In small
diameter holes say ¥+ to 1" size the grout stiffens in the pipe
and is diffieult to clean them aftervards. In large size

holes the grout segregates. Holes uged for grouting are 4" |
to 5" digmeter 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 wifh
EX bit which gives a hole of approximately 1} " diameter. In
some of the works where a slze of grout hole was specified
as 1" diameter the contractors have drilled larger size
holes at thelr own expenses in order to avold difficulties
and delays due to the hole caving in and squeezing. when
grouting is done with rising tube method or tube-a-manchette
~ 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 3" diameter to obtain cores.to'explore the
foundation materlals, which are later grouted or left ungrou-
ted as desired. It is also a practice to drill one or two
large diamete: hole of say 1 meter size in grouted mnes to
inspect visuglly the efficacy of groqt'penetration in voids
of the sgoil and_to conduct permeability tests. This large
size hole may be plugged subsequently.

(3) Qgp_ﬂz_f_gglgg__ The depth of grout holef' should be chogen
primarily on the basis of the_results of engineer's and gedlo-
gist's study of the conditions of bed rock under-lylng the
alluvium deposits and on the purpose of the grout curtain,
Depth of grout holes should never be chosen on the bases of
some predétermined formula or on the baslis of the average depth
of grout curtaln 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 permeabllity 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 1s 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. Congumption & Injection Pressures:
(1) Congumption: 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 1s
calculated on theAbaéié of soil mass treated. The soll 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, viécosity of grout, gel time, permeability of the
s0il and spread of the grout, From knowledge of the above
properties of grouts theiquantity of grout required to spread
-in the zone of influence can be calculated by the equation(s)
Chapter No.5. For the purpose of estimating the consumption
of grout may be assumed 30% of the soll mass treated. When
low préssure grouting is adopted, the allowance for overtravel
is implicit in the assumption of 30% because all the voids
f a goil mass cen never be filled by grouting. Wlth high pre-
ssure grouting, a limit of grout consumption of 45% of the
soll volume can be realized with good control. In the gbsence
of close control on consumption of grout, consumption of éo%
of soil volumé may be allowed.

First vigcous 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 13 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 saturatioh of the soll is never
obtained, except perhaps with a sand of almoest uniform grain
size. Taking into account the loss of excess water from cer-
taln grouts under the pressure of injection, experience has
shoyn that under normal conditions an alluvial materials will
h_ave' been satisfactory treated when the volume of grout injec-
ted is equal to about 50% of the volume of the void. The per-
contages 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.
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Type of Allowance for %age of voids filled by
grouts. ' overtravel. - grout slurries.
Clay-cement, % of the spac-< 60 - 70
ng of grout holes.
Bentonite- R
Chemical s. =GO m : ' 70 « 80
Chenicals. -do- | 80 - 90
(2) Injection Pregsures: If the shear perameters of the soil

foundation and the in-situ stresses and water pressures are

known then the permissible injectiony,pres'sure can be calculated
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by the equations given in Chapter 5.4. In common pracfice
permissible injection pressure is taken as equal to the
welght of the overburden i.e. 1 lbs/sq.in, per foot depth of
soll or 0.2 Kg/dnz per neter depth of soil,

The injection pressure 1s alsé govefned 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 igs not
practicable as the viscosity of grout increases with time and
Increase in shear strength restricts the spread of grout
und er perﬁissible overburden pressures. Mathematically spread
of grout can be calculated for the type of grout used.and séil

conditionsg, 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 mathematical solution evolved for the rate of spread of

grout is approximate and 1t is difficult to prediet the actual.

spread of grout in the fleld. The limiting pressure for grou-

tings has been a matter of great controversy and the wide |

difference exists between the practice followed in Rurope

and in U.S.A. The American Practife 1limits the pressure to

the overburden pressure wvhile pressures exceeding 5 times

overburden pressures have bsen used with success in Europe.
The grouting pressures should be as high as the job

conditions 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 flow of grout, which increases
the veloclity of grout to flow and permits thicker grout which
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increases the rate of ﬁenefration thus allows lower labour and
machinery cost per unit of volume ihjécted. Higher pressures
also increase the spread of grout and thorough penetration

is ensured with g wider sﬁééing of holes apart from the sav-
ing in Nb; of hoies to be diilled. Ischy and G10530p7(1962)
have stated that fissure formation although undeslirable is
sometimes pr5v$ked delliberately by high pressufes 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 lncrease the permeabilityl In case of pervious
foundations the higher pressures may open the passages elther
hdrizmntéily-or vertically and cause the grout to escape cau-
sing ﬁegligibie uﬁheaval. @hen cracks are formed qf the surface
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 grouﬁing
depend upon the type of the structure and characteristics of
the foundation soil. ihen the grain size of the soil 1s closed
to the 1imit of penetrability of low cost grouts, resisictions
on.preésﬁré=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 preSsuré

in a soil with large pore space capable of absorbing the coarser
high strength grouts. As the high strength chemlcal grouts

are elther not available or prohibltively expensive, the choice
of grouting teéhniques 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 1s likely to damage a
rigid structure overlying the grouted zone. It is, therefore,
desirable to undertake field trials fo assess the injection
pressure 'i:hat can be appllied to a grout selected for injec-
tion to permeate the zone of fhfluence assumed. |
6. 2.56. Checgk 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/cmz tested for 10 minutes., In British units
this 15 equal to 0,067 gallon per foot of hole per minute at
.a pressure of 142.2 1bs/sqd.in. One lugeon 1s generally accepted -
as corresponding to a perxheability of approximately _10"501}1/ sec.
Lugeon's reeommendations were based on expe‘rience of gravity
dams founded on falrly good rock in Smézerl'and and this
recommendation need not necessarily apply to soft rock foun-
dations. At Mangla Dam water loss of 1 to 2 1ugeon was consi-
dered safe, For alluvial deposits Neelands (1963) has giwen
that in -praetice the lower limlt of permeability attalned by
grouting 1s of the order of 10~5 cn/sec. Relatively ’Opeh grounds
are generally easler to reduce to that flgure than ground which
started with a high degree of impermeability, but this depends
on the presence or absence of finer material in the range 10~3
to 10"4 om/sece which may make the final limit relatively hard
to reach. There are reports that fine gravel treated with
CIMEX~-A gave g figure of about 10"7 cn/sec. and treated by AM-9
gsolution gave a figure of about 10" en/ seec. But 1t is difficult
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to determine the permeability below 10-7 1:0,10"'8 cn/sec.

A At Aswan High Dam a criteria for reduction in permea-
bllity after grquttng'was fixed at 5 x 1O~4'cm/sec. at Mangla
dam it vas considered to be 5 x 1070 an/sec. and at Girna
Dam 1t was oonsidered less than 10#4 an/sec. At Aswan High
Dam high permesbility was considered perhaps beecause of pro-
vision of impervious blanket and relief wells.
6+2.6. The apnlication and equipments: The selection of app~
1 ication of grout and grouting equipments'to be used depend
upon the type of grout to be used, For suspénded grouts collo-
idal mixers are preferable to conventional type paddie mixers.
For cement grouting clrculating type piping ‘system 1s pref-
erred whereas for lélay grouting single line system is better.
silicate grouts are pumped in the soil by two shot process or
a slngle shot process. Single shot process is better as gell-
ing time 1s controlable whereas in two shot process gellifi-
cation 1s instantaneous. Organic resin grouts are‘pumpéd into
soil by three basic types of equlpments which are:

‘L Proportioning system |
iz)'Two solution system, and
(3) Batch system.
of these\prOportionihg system 1s the best and easiest to use.
Grouts are injected by:
(1) Descending stage method.
(2) Rising tube method, and
(3) Tubé-a2-machette process,
Of these tube-a-machette process 1s the best as the manchette

tube can be left in the ground gnd same hole can be grouted

more than once, and if necessary with grouts of different
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compositions. Grout pumps mostly used are of double rec¢ipro-

cating duplex type. Centdifugal pumps specially equipped for

grout injection are now-a-days commonly used.

6.2.7. Egonomicsi: Chemical grouts are expensive cbmpara-

tive to suspended grouts. The suSpéndéd grouts cost about 204
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 chemicsel grouts,
Where the foundation strata congists of medium to fine gands

the outer lines may be injected with low cost grouts under
high pressure to form barrier and lmner lines may be injected.
witi; chemical grouts to avoid_ excess consumption due to low
viscosity_cf‘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'&s (1263) has worked out
Wpicd figures for the net cost of grouting materials per
eft. of finlshed grouts as shown in Table No,€,5. These costs
are for materials only contained in 1 cft, of finished

grout and do not include the labour and plant to prepafe and
mix the grout. Furthermore the costs can vary from place to
place agccording to avallablility of materials and will valso
depend on mix design. |
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Table No. 6.5

Costgs of ‘various grout materials,

Goout mix. | Cost in' S-d
1:2 clay cement, - 2~0
3:1 fly-ash cement, 2.0
Bentoni te-silicate, 2.8
1:1 sand cement, - 3«0
Silicate. | 3-6
Neat cenent. 6-0
Guttman mix. 6—3
Joosten mixz, 7-2
Urea Formal-dehyde. 10-9
Resorcinol-formal-dehydes 27-0
M-9 o o 35«0

42 ' '
Mistry (1965) has worked out the net cost of 1 cft.

of hardened grout for various grout mixes as shown in Table
No. 6,6,

Table No, 6.6

Cost of various grouts

sl. " Grout Mix | i Cost in Ps./cft
No. Clsay. Bentonite Cenent, Water of grout.

1. - - 1.0 4,0 4,19

Ca - o4 1.0 5,0 1.11

39 ooe . 002 005 .\ 5.0 0074
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Neat cement grouts are expensive because neat cement
grouts tend to bleed heavily, as such occupies less irolume
when set than fresh neat cement grout. Therefore to yield
1 cft. of hardened grout more than 1 cft. 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 approxiﬁzately 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) 4s the joosten process consists of 2 stage injec-
tion in the ground & system of very closely spacéd
bore holes are required.
6,3. DESIGN OF 4 GROU
Ba3e 1o The general procedure for preparing and designing |
a grout comprises mixing of different materials viz; cement,
¢lay, bentonite, chemicals etc. in varying proportions,
Thése materials may not be used all at a time and their selec-
tion depends upon the requirement of the job conditions.
Mixes should always be prepared by adding different solid
materials in their order of fineness. water is poured first,
reagents for obvious reasons are mixed last. Laboratory mix-
ing is normally done with high speed mixers vhereas in the
field standard grout mixers are of much slower speed, and
thls point may be considered in laboratory mix design. The
grout mix should satisfy the following properties:

&
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(1) Specific gravity

(2) Consistency

(3) Fluidity

(4) Stability

(6) Gellification

(6) Permanence,

(7) Rigldity.
Each of the above properties can be verified and tested in
the labsrator}} as described below. |
6434 2 WM Specific gravity is the fatio
of welght of grout to the weight of equal volume of water.
The specific gravity infiuences the viscosity and the consi g-
tez}cs( of _the grout, gpecific gravity of mixture should be
greater than water in the range of 1,05 to 1,15 to drive it
out from the pores of the soil,
Progedures This 1s & standard laboratory procedure in vwhich
a standardv specific gravity bottle is used for determining
the specific gravity. Hoyever, for a grout different apparatus
is used. In x-;bi'ch nqzzle is dipped In the grout, the ball is
praessed and then grout is sucked in the cylinder slowliy in
sufficient quantity to keep the float ingide the cylinder
floating. The reading given on the stem of the float gives
directly the specific gravity of grout mix.
6.3.3. Consistency: The conglstency of a grout mixture is
related to the viscoslity cocefficient. There are various visco-
meters avallable for the measurements of congistency of a
grout mixture. The congistency determined by rotational visco-
meter is deseribed below., In this viscometer the force developed
in the grout, that will reslgt the motlon is proportionzl to
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the area in contact and the velocity gradient:

F Ax dy
: &r

F = nxAx gy
dr

Where n 1s the coefficient of viscosity.
Progedure; The rotational viscometer consists of two con cen-
tric co-axial cylinder, The cuter cylinder may have a variable
"speed of rotation, while the imner cylinder is fixed to a
torsion wire; The space bstween the two cylinders is filled
with the suspension or liquid to be tested, and the deflec-
tion of the mfernal cylinder 1s noted for each velocity of
the external cylinder. . | |
| A predetermined quantity of grout is poured into the
outer cylinder, keeping the inner cylinder ralsed above the
top of the outer cylinder. The inner cylinder is then lowered
into the outer cylinder slowly and trucly vertical, so that
‘mo grout can etﬂ:er the bottom cavity of this cylinder. The
outer cylinder is rotated slowly and its speed is increased
A.fxl'om about 2 r.p.ms to about 50 'r.p,m. gradnally by means of
arrangement consisting of a motor, a variometer and a worm
reducer, During this period the rotation of the lnner suspen-
ded cylinder 1s observed and the angle of 1ts rotation at |
different speeds of the outer cylinder 1s measured with the
help of "a lamp and scale arrangement™. The speed of the
outer cylinder ls then gradually reduced to 2 r.pm. and the
angle of rotation of the inner cylinder atv various different
speeds are measured. Graph is plotted of the values of diff-
erent speeds of the outer c¢ylinder as ordinates and the corres-
ponding values of angle of rotation of the inner cylinder

ace Aheninan.
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If @ is the angular velocity 6f thé outer cylinder,
"Re its internal radius, the external radius of the Inner cyl-
Pbder, n the height of the fluld in contact with the inner
eylinder and M the moment of external force aéplied to ensure
that the internal cylinder will be statlonary, it can be
shown that for an ordinary newtonlan fluid of viscosity n

——
—

1 - )
RPZ  Rc?

4T hn
and that for Bingham fluid

= M __ (1. ~-_J_)-2Iflog Rc
4 I hn RP2 R? n RP

The relationship between @ and M ig linear but the
line does not pass through the origin,

when the suspension is thixotroplc the chargcteristics
vary with time and the state of previous agitation of the lig-
uid. If, starting from a suspension in a liquld state, the
angular veloclty 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 yleld value of the grout.
6.3.4., Ruidity:

Fluidlity is the reciprocal of viseosity, and bears an
approximate linear relationship with viscosity.
Brogedure: Fluldity of a grout 1s measured by observing and
noting the flow of grout from a standard apparatus known as
a Marsh cone shown in Fig.No.6.5. It consists of a cone 9 inches
high and 7 inches in dlameter at the top. At the bottom of the
cone, a highly polished 3/16" nozzle is provided through which

suspension of 1725 c.c. 1s allowed to flow out and the time of
the flow notei, Time of flow of edual quzntity 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. Stability: The grout mixture should be stable when
sets without separation of free water known as bleeding,
Brocedure: 1000 ¢.c. of fresh grout mix 1s poured in Jars
and the grout 1s silswed to set for 483 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 pefcéntage
of 1000 c.c. of the original groutd. The solids level indicates
the amount of contractiony or, if the grout contains an admix-
ture producing expansion of the groutz the amount of expansion,
6,3.6, Gellification: The time of gellification is defined
emperically as the time at which there 1s no appreclable defor-
mation, The grout after injection should gellify aﬁd set., This
proﬁgrty will permit greater speed of grouting in the fleld,
because if the grout injected in a hole does not gellify |
early’it would delay the grouting of adjacent holes. ‘
Brogcedure; Fresh grout mlx 1s poured in begkers of 5 m.
dismeter and 100 c.c, capacity. Then at the interval of 15
minutes, these beakers are tilted and behaviour of the top
surfage of grout is cbserved. The time at vhich this free
surface of grout does not shoy any deformation when the cylin-
der is tilted is ncted ard 1s ?ermed as time of gellification.
The time of gellification varies from a fev seconds to fey
hours depending upon the Jjob condition,
6.3.7. Permanencge:- The grout should remain peérmanent in posi-
tion yhen set and shéuid not be washed away under high hydraulic
gradients 1mpoéed upon. In the laboratory the test is carried
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out under higher than the hydraulic gradient imposed upon
to safeguard againsgt other disturbance in the foundation which
may be caused due to collapsing of structure or earthquakes.
This test measures the stabllity of the grout, its resistance
to wash out forces and permeabllity of alluvium after grouting.
Progedure: Steel cylinder or perplex glass sheet cylinder 4"
interngl dizmeter aud 12" long are used. These c¢ylinders 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 fhe manifold shown in Fig.No.6,7. The water ves-
sel 1s-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 1{ to air compressor.
The_ cock 1g opened and water under pressure is allowed to
enter the grouted .alluvium from top of the c¢ylinder. The
bottom cock of the permeabillity moulds are then opened and
watezj coming out from the cock is collected. The colour of
the éoming water is then oompared with distilled water by vis-
ual observation and wash out of the grout if any, is examined.
If the yagter has even slight test of turbidity the mix of
the grout is changed 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 1s clean as distilled
water, the rate of flov 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 pilpes are
developed along the sides of the cylinder and give impression B
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 segled by plastic clay
or waX.

6.3.8, Rigidity: This test measures the rigldity or stiff-
ness of the grout. It is, however, not possible to recommend
any value of the strength in gram/cmz, but it is better to
determine this value on varipus types of grout mixes which
prbve 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.

Exgggig;g; This teét measures the strength of the grout as
the intensity of pressurevin gr/cm2 that is required to be
applied to penetrate a wooden needle having a cross sectional
area of 1.18 sq.cm, through a depth of 2 cm; in 5§ minutes.

- In this test fresh grout i1s poured in plastic cylinder of 7
to 8 em., dismeters and the grout 1s allowed to set. After

24 hours, test 1ls started. The mercury is allowed to fall in
the beaker placgd on the top of the needle. The rate of fall
of mercury 1s warled and so adjusted that the needle penetrates
2 om 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 1limit rather than actual period of pene-
tration. This test 1s used only for preliminary trials.
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6.3.2. Me of o in :
6+3.9. 1. Suspension grouts: 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 1s started, and the rheostat is adjusted
so that the speed of stirring is about 500 r.p.m. The cemen-
ting material 1s introduced gradually into the mixer over a
period of 1 minute. The time of starting thls operation is
consldered as the start of mixing, As the cementing material
is fed into the mixing vessel, the speed of stirring is incfeg
ased gradually until the maximum speed is attained. Three
minutes of mixing is sufficient to produce a homogeneous mix-
ture. If the grout 1s to contain sand, the sand is introduced
into the mixture after S minutes of mixing, gradually pouring
it into the mixing vessle over a period of about 1/2 minute,
and éontinuing the mixing for an additional £} minutes. The
total elapsed time in this case 1s 6 minutes from the time
of starting,

For suspension grouts the order 6f 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 complek compounds
containing calcium as one of the elements and base exchange
will take place., D.A. 1s added on peréentage basis reckoned
with respgct to the combined welight of clay and bentonite
and 1s added in the form of a solution, Results of laboratory
tests on grout mix carrlied at Ukal Laboratory are described

by Mistry49(1965). Two grouts mixes were lnvestigated in the
laboratory viz;
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(1) Bentonite + Cement + Water + D.A. '

0.4 1.0 5.0 varlable.
(2) Clay + Bentonite + Cement + wWater + D.A.
0.8 0.2 05 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 ‘che proportions of the mixes were identical
and the ingredlents were of the same quality. The reason was
that the order of mixing the ingredients was different; this
1s also emphasized by the King and Bugh15( 1961). Obgervations
made during mix design at Ukal lagboratory are given below:

If cement is added prior to the addition of bentonite,
the marsh value is very low irrespective of the stage at
whiéh the deflocculating agent 1s 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 inOSt remarkable difference is in
bleeding and needle resistance test, the results of which are
very high. The bleeding ranges from o minimum of 25 to maximum
of 47%. The 7 day needle resistance values from 9400 gr./cmz
to very high values. 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 snd réplaced the Na' ions of the
bentonite as a result of yhich 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 1t 1s 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 mentiohed order.
Thus the sequence of adding as first clag’béntonite, cement
_and then D, A, appears to be the most sultable. Two chemicals
were ﬁéed as deflocéulating agent vig; |

(1) sodium-hexameta-phosphate. | .

(2) Sodium carbonate. - '
The 24 addition of sodium hexameta.phosphaté gave better
', results, there was no wash out of grout and permeability was

4

less than 10”% cm/sec. but its cost is prohibitive and hence

sodium carbonate which is cheaper was tried. 4% addition of .
sodium carbonate resulted ih 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(1966) reveals'ﬁhat the visgosity of
bentonite-cement is much less than clay-cement grouts(Marsh
cone value 30-33 versus 40-45 clay cement), Penetration resis-
tance_aléo telated to cement content and decreases with leaner
groﬁté.'The wash.but resistance results indicated that clay-
cement grouts needg to be richer in cement when grouted 1in
sands of 0.8 - 2 mm.range., It 1s difficult to achieve unifbrm
penetration and good resistance té‘waéhlout w}th sands of
lesser sizés'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. Thé needle
resistance of clay bentonite cement grouts has to be over
1000 grams to resist Qash out in a sand skeléton of 0.8-2,0 mﬁ.

range, while a resistance of 300 gr. 1s sufficient in case of
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silicate grouts for the same purpose. in sands of 0,2 to O.4mm. -
it 1s, thqrefore,-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 sultable 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.

6e349.2. Silicate Grouts:- The solution of sodium silicate
and precipltants are prepared separately of known dilution
and are mixed together in laboratory.in high speed stirrer
as'shomn in Fig.No.6,6. iaboratory tests carried out at Mula
Dam'labdratory by Datye and Vinayaka27(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
giVén below: | .
(i) Gel: The gel formed ranged in colour from dull vhite to
‘bright .white in the order of the type of precipitant used
aluminate, sulphate and bicarbonate. Thé brittléneés al so
increased in the same order. -

(1i) Gglling time:- 'The increase in the doze of precipitant
increased gel strength and reduced gel time, but there is a
1imiting dozage beyond which only the gelling time is reduced
and the strength actually is very poor. A reduction in strength
was notlced 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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of sodium silicate. _ |
(1ii) gg;_gzxgggghl As mentioned above the gel time and gel
' stréngth bear a relationship upto a given doze of precipitants,
an incéease in precipitants increases the gel strength; The
results showed that the ammonium sulphate appeared td’ give a
better coverage than the aluminate or bicarbonate in produc-
ing gels of equal stréngth or gel time.
(iv) E;: It was observed that PH of the fresh grout did not
bear any relation with gel time or strength., Viscosity fesults
' also indlcated that it practically remained unaltered in 20
- minutes after mixing,
 (v) Bleeding & ghrinkage: The shrinkage of gels due to
' syneresis' is éno@n'td-be of frequent recurrence in dilute
gels. The shrinkage of gels increased in the follo@ing order:

Aluminate (0-4%).
Sulphate .  (0-6%)
Bicarbonate (0=40%)

The extent to which gsyneresls occurs depends on the
system but in general decreases with increasing concentration
of gelling agent.

(vi) Uash.out resistence: The data obtalned showed that in
0.4 to 0.8 mm, sand grouted with different mixes with hydraulic

'gradient of 10 there was no wash out and permeability was in
the order of 1.7 x 10~% au/sec. Even for 0.2 - 0.4 mm. sand
specimen under hydraulic gradient of 30 - 60 the specimen
have high resistance and the permeability coeffliclent was
around 10™% to 10°° w/sec. |

The test results indicated that sodlum aluminate and

aomonium sulphate are breferable to sodium bicarbonate as
precipitants but the aluminate gel is more susceptible to
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temperature fluctuations, fhis is also confirmed by labora-
tory tests results carried out at Ukal gnd shown in Table
No.4.2. Though the sodium -bicarbonate has been used on many
;}obs,l the use of this brecipitant is not considered advis-
able 1n view of high syneresis than at early ages and glso
its poor durability.
6s 3.9.3.WW Solutions of organic mono-
mers and catalyst are preparel separately and added only .
| when required as gelling starts with mixing the two solu-
tions, solutions are prepared in conventional mixers and
gsotred before use, There is no laboratory record which gives
the properties of the mixture and thelr effect. These grouts
are patent and the prbportion of varlous mixes and proper-
t:}.és are generaily belng given by the firms. |
644 D_GROU

The object of the field grouting trial is to prove
the practicablility 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 injection to be appiied, congumption of .grout per unit |
volune of mass treated, and the consistency of grout required
‘and 1ts co-relation with the mix designed in the lgboratory,
permeabllity of the alluvial deposits before and after grou-
ting and' estimating the efficiency of the grbut curtain to
check the seepage water. The scope of the test may depend
upon the economy and time avallable to carry out. Test plot
should be minimm 30 £t. 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 ﬁarcel of the main grout cur-
tain, The sequence of field grouting trials are:

(1) Drilling of holes,

(2) water test

(3) Grouting injection

(4) water test

(8) In-situ observation.
After the hole 1s drilled to the required depth determined
from the rock levels, water iIntake and slurry’intake tests
are carried out. These are very useful for assessing the
groutability of different stratas. Samples of the soil shell
be collected and tested in the laboratory for mechanical
analysis.Water tests shall be conducted in the test hobes
and grout injected in the hole and co-relation of water loss
and grout consumption shall be determined. The water intake
1s generally observed at or lower than overburden pressure
depending upon pore pressure in the hole. Intake rate of
grout glurries 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 is,therefore,
desirable to compare the permeability test results with the
vater intake test results. Poor co~-relation between these
would indicate defective procedure of water intake test or
unreliagble procedure for permeabllity 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. ¢, d, e and f show figsure
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
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CHAPTER - 8
ECONOMICs OF GROUTING

8.1, GENERAL

The economics of grouting operation depends upon

(1) Cheap cost of grouting operation, and

(11) should be compatible with other methods of cutoff,
8.2, COGL OF GROUTING OPERATION
8.2.1« The cost of grouting operation 1néludés 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,
(é) Cost of drilling holes,
(4) Cost of preparation and injection of grout in
the holes,

(5) Cost of testing the efficacy of the grout, and

(6) Overhead charges.,
8.2+2. Cosf of exploration and field grout tegtg; The cost of
the preliminary investlgations and foundation explorations
are covered under the separate sub-head of the project esti-
mate vigz; under sub-head "A-Preliminary®. On the basis of
these investigationg, specifications and drawings of founda-
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 fleld hefore ascertaining its
sultability. Therefore, 1t 1s necessary to take some explora-
tory holes and field grout tests to determine the groﬁt
pattern and mix to be adopted. No general rule can be framed
for estimating cost of exploration and field grout tests.
The following schedule magy be useful for preliminary estimabe
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and may be included into the overall cost of the grouting
operation,
1) The bore holes 150-200 mm. dla. at 30 meters
¢/ ¢ may be‘ drilled for sampling and permeability
tests. |
11) Large diameter bore holes 450-500'mm. dia. at
150~-200 meters c¢/c may be drilled for pumping
tests to determine the average permeablility.,

1i11) One or two exploration pits to full depth or
partial depth may be taken to determine the

characteristics of the foundation matérials.

iv) Fleld grout tests in a test plot of length
preferably four times fhe'spacing of holes may
be taken to determine the pattern of holes,
grout mix, injection pressures and permeability
to be achleved in the field. This fest 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 10% of the overall cost of the grouting
Operatioa.
8e 2430 QQﬁ&__i_l&ﬁ&ﬁllejégbh 1t 1s 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 cosgt:of} |

1) Electrical wiring,swltch gears and installation

of generators. |

11) Water supply pumps,storage tanks, and pipe lines.

111i) Compressors and air pipe lines.

iv) Clay slurry storage tanks and their processing

plants,
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v) Grout station‘installations which includes,
grouts mixers, injectors, grout pipe lines etc.

Thevabove cost may be based on the plant layout fpr
any specific site. | | .
8+2.3. Cost of dpillings- The unit cost of drilling holes in
overburden dependsron the Strata met with and generalisation
are diffieult to make. On any major grouting Job,'trials
with different types of equipments ﬁdst be carried out at
the’exploration stage to choose the equipment and to estimate
the probable output, Drillingviq overburden is not so cheap
and simple as is commonly consideréd. Presence of hard
layers, pebbles and'boulders can make the drilling operaﬁicn
as expengive as in goft rock, Cost of drilling often consti-
tutes major pért of the cost depending upon the type of equip-
ment useéd and shall include cost of casing plpe and cost of
‘tube-a-manchette 17 1n§ta11ed.'The cost of drilling depends on:

1) Size, spacing and depth of holes, |

11) Number of grout rows, and width of grout

curtains, and

iii) Equipmént used. '
8424, Cost of grout injectiong: The cost of grout.injections
includes the cost of processing of raw materials, preparing
grout slurries and injection into the holes ete. It is better
to estimaté and pay for grouting on the basis of the dry

weight of solids injected as the consistency 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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(1) Flxed cost, and -
(11) Variable cost.
The fixed cost includes,thé cost of installing the grout
pipes in holes, pressure gauges, testing and removal bf |
grout pipes and other sundry stores required for grouting.
This varies from 20 to 30% of the cost of grout injection,
The varlable cost in;:ludes the cosﬁ-of processing, raw mate-
rials, cost of materials, preparing grout slurries and
1njeétion of slurry into a hole., This varles from 70 to 80%
of the cost of groﬁt injection gnd will depend on the quan-
tity of solids injected and rate of injection. The cost of 1
injection also depends upon_the power supply. When a bulk
power supply 1s avallable at reasonable'cost, the operating
and capital costs of plants and equipments can be considera-
bly ﬁeduced. 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 154 for
wastage, handling etec, |
84254 C f t hecking; It is very important to make
a provision in the estimat.e of test checking the efficacy
df‘the grout, this includes:
1) Permeability holes at suitable intervals to find
- permeability at any elevation after érouting. ‘
These may be grouted or simply plugged as dééiréd.
2) One or two inspection shaft of larger size may be
driven*to permit visual inspection of the strata

grouted. These may be piugged subsequently.
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8426, Qverhead charges: Over and above the ‘actual cost
of the grouting Operation the estimate shall also include
the overhead charges as below: |

1) Contingencies charges ranging from 3 to 5% of
the actual cost of grouting for contingent works
viz; store sheds, cost of photograﬁhs, £film ete,
cost.of transporting the staff to the site and
back, cost of forms, stationery etc., and other
anciliary works related to the main item,

11) Cost of work charged supervisory staff and qua-
1lity control staff. The experience at some of
the projects has indicated that the cost of
supervisory staff comes to about 2% of the total
cost end cost of the quality control staff comes:
to about 1% of the total cost.

Thege over head charges do not includeé the over head charges
and profits of the contractors. This may be added at about

15% in the rates for different items,
8¢3. DIF M s 0 F '
8.3.1. The alluvial deposits below the foundation of dams
cen be made water-tight by the means of
i) Rolled earthfill cutoff
i1l) Steel sheet piling
111) Concrete dlaphragm walls
iv) Groutings
v) Slurry trench, and
vli) Combination of more than one method.

The limitations and potentlialities of each method

are described belovw.
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8.3, 2 Rolled earthfill outoff: -
843.21. This is a positive and most reliable method of
providing eutoff below the dam, In this method cutoff trench
of desired bed width is excavated through the slluvial depo~
slts, down to bed rock and backfilled with rolled impervious
soll with similar congtruction methods as used for construc-
ting an impervious core of the dam, or with plastic concrete‘
of clay and cément. The trench shall preferably be keyed in
rock to avolid formation of leakage paths along the contact.
If 1t is left in the weathered rock this may be grouted with
sultable grout mlx 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 recoveriés, and the degree of the seep=
" age control desired. The excavation and backfilling of cut-
off trench is to be carrled out in a dry state where 1t can
be inSpected and controlled at all times. The limitatlions
of rolled earthfill cutoff are vig;

i) Depth
11) Dewatering, and
1i1) Time.

8+ 3.22. Depth: 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 expensive and troublegome.

8.3.23. Dewatering: The principal difficulty in the cons-
truction of a rolled earthfill cutoff 1s frequently the
devatering of the tfench and holding dowh the yater level
until the trench is excavated to the final depth and back-



o 206+
filled. It is difficult to make the reliable estimate of
‘the seepage;water in the trench which 1g required to be
pumped out, There are various methods of keeping the aréa
dry as shown in Fig.No.6,3., Well points are insgtalled on
the slopes of the trench as the excavatlon 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 ingtalled at the bottom of'the'excavation and have proved
adequgte for controlling the Seepagé inflow. At a fey dams
the contra?tors have driven tunnels in the rock foimation |
below the alluvium depeosits and dewatered by draining the
wvater downyards into the tunnéls. |
843+ 24. Iime: The construction of a rolled earthfill cut
off 1s‘a.very'alow process. This involves construction of
coffer dams or ring bunds in case of flowing water, excavaf'
tion in overburden and rock to the desired depth and back-

| £11ling with suitable soil and raising to the safe stage

in g sgingle working seagon before floods can be paégégfbver
£, The grouting in rock below the bed of C,0,T. if required
may be done in advance from overburden though costly to

galn 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 schegdle of the project.

8.3.25. Rotentiaglity; The potentiality of the refilled
cutoff trench is that it provides a tight and effective
barrier to seepages. The reduction in permeability is to

-5

the extent of 107 cm/sec, and pressure head drop more

than 90%«
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8.3.3. gteel sheet piling:
8:3.31¢ The steel sheét plling was among the several imporf
tant types of foundatlon seepage barriers used in pervious
soils, 30 years ago, Because it 1s relatively expensive and
| experience has shown that the leakage.through the inter locks
- between the individual plles is bonsiderable, it 1s, there-
fore, chosen much less ffequently today. However, in some
circumstances when the alternative cutoff méthods aTe expen
sive or time consuming, steel sheet piling can prov1de‘the
best under seepage barrier. The limltation of stee} sheét
pile cutoff are vigz; | |
i) ~ Depth
11) Formation, and
111) Leakage.
8.3‘32¢ Depth; 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 statlc pressure head of water and the dynémic
pressure of driving and may also buckle while driving.
Also driving of sheet piles to a greater depth would be
difficult end serious drawback is the nolse and vibration
associated with the driving,
8.3.33. Formation: The effectiveness of steel sheet piling
as a cutoff seams particularly dependént on such factors as:
i) Density of soil
ii) Presence of boldérs in gsoil formation
1i1) Characteristics of formation viz; homogeneous
or heterogeneous, and

iv) Rock surface.
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‘ _ There 1s no reliable guide which gives the relation-
ship between the coarseness or density of a soil and the
type of the steel sheet §1ling which should be usged in it.
The presence of boulders in the formation néey make the |
driving of sheet pile difficult and may be damaged during .
driving, with no indication of trouble at the surface, the
interlocks tear apsn or the pile buckkes. Therefore, driv-
ing and pulling out tests should be made at site vhen there
is any doubt. In some cases heavy section of sheet plles
have to be driven assisted by Jetting through coarse gravel
mixed with boulders. If the clay stratum 1s 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 plle wall is more effective
in homogeneous soils, In stratified soils, the permeability
in the horigzontal direction is many times more than that in
the vertical directiony, so that a large part of the total
pressure head loss 1s 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 plle 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 veathered, soft and with uniform surface to allow
the pile to'penetrate a few inches into the rock. During
thls distance the driving resistance increases rapidly.

Q; Very hard rock with an irregular upper surface may cause
the piles 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 contaet gone at the base.
83434, Lgakage:  The leakage and the pressure head loss
of water flowing through s steel sheet pille will depend
primarily dn an average wildth of the openings in the inter-
 1ocks, Both theory and laboratory tests indicate that, if
no stresses exist in the interlocks the average flow chennel
betyeen individual piles is approximately equal to the
seepage resistance of 10-15 meters of the soil width, In
actual 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 véryiﬁg from 100 to 500 meters. The:
fact thét the measured resistance 1s higher than indicated
by the theory and the laboratory tests is due to:

1) Interlocks'stresses either tension or compre-

ssion which closes the interlocks openings.

11) Plugging of the interlocks openings by corro-

sion and/or by fine soils.

The sheef piling hgvé been provided for earth danms,
as a seepage barrier on Missouxfi river projects, U.S. As and
oh D.V.C.dams, India. The plezometric data at Missouri river
projects 1ndicated hardly any reduction of pressure head of
about 8 to 18% of the total head across the pile. wWith
passage of time it increases significantly most probably
due to corrosion and migration of adjacent soll to clog the

interlocks.
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843,35, Potentiality: The principal value of a sheet piling
‘seems to be 1ts abllity to prevent piping progressing beyond
the sheet pile wall. This was the major reasonsg for its
installation at Missourl river projects, The driving of
shée't piling is fast and when other methods of cutoff are
expensive and time consummg, steel sheet piling can pro-
‘vide the best under seepage barrier. '

A steel sheet pile wall with special design to reduce
leakage in the interlocks énd to prevent breaking or buck-
ling was used in 1957 in the lower 85 ft. of the foundation
mgterial at Swift Creek dam in Washington, It consists o,f»

a double row of straight section of sheet piling welded to
18" wide flange steel beam. After the driving the space
betweeﬁ the beams were excavated and the cells were filled
with concrete,

8.3.4. Concrete diaphrasm walls:

8.3.4. 1. There are various methods and patents of construc-
ting concrete diaphragm wa:l.ls under earth dams as seepage
barriers. Few of them are 1llustrated below.

8e3e4e 28 M The excaVation of a trench is mede
by shoring and struting and backfilling with w-reinforced
cohcrete tc form a wal}l 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 walls are perfectly‘ satisfactoryband provide almost

complete imperviousness. llowever, they have not been used
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to any large degree. This may be perhéps due to high cost
of concrete which makes the rolled earthfill cutoff econo-
vmical. One of the last major dams in U.S.A., at vhich a cutoff
of this type was used is the U; S.B.R'S 'Tleton dam completed
in i925. There, a 5 ft. wlde concrete wall was carried down
more than 130 ft. deep. Difficulties with deweteringand
shoring during construction discouraged further use of
similar design., These are still common in England-an& have
been put down from 150 to 200 ft.deep. |
8e3¢4e3s

deep concrete cutoff wall was installed as a compressed

pe: Other type of very

alr cassion constructed under a few major dam in eastern
U; S, in 1930. It is doubtful whether su'ch a design would
be economically feasible under any clrcumstances in the
present day.

834444, ]

. cutoff walls which shoy promise in several cases (vhen its

d: A new form of concrete

brittleness would not r_esult in cracking and where a deep
barriez; is not needed) is a continuous r/ow of lérge diameter
pored piles drilled with special drilling rigs and backfilling
wvith cement mixed with natural foundation soil or by vpu;zping
a sand-cament grout into the hole from the bottom up as the
drill bit 1s rénoved. This method has been used at Shek Pik
dam Hongkong where a 22" dia. holes are drilled to form a
continuous cutoff wall 30 ft. deep to act as a barrier to
grout, injected between the diaphragm walls. The Prepakt
process has been used to build continuous underground imper-
vious walls for many types of civll engineering structures,

however upto the present it has been employed for permanent
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seepage barrier under only 2 small diverslon dems of the
Us SeBeRs |
8e3e445 _Process: The Veder Process is the patent of
I1C0s firm of Milan, Italy. In this process holes are drilled
continuougly and are held open with a bentonite mud slurry
and clay-cement concrete is placed with a tremle from the
tottom of the hole, In India this process is used by Rodio
group for many civil engineering jobs viz, To act as a
seepage barrier for dry excavation of C.0.T. at Ukal project,
for open excavation of foundation of Alr India Building,
Bombay, for AOpen excafation of machinery foundation at Ranchi
and to aet as a grout barrler at Obra Dam, U.,P., the width
of wall 1s kept 2 ft., cutoffs have been -formed under a con-
_giderable number of iow earth dams in ERarope and south
mmerica. AL Manicouagan dam Quebec this process has been
used (completed and tested satisfactorily :Ln 1962) in the
_upstream coffer dam where a 2 ft. thick wall is put down to
a maximum depth of about 250 ft. through coarse alluvium
containing boulders upto 3 ft. diameter.
8.3,4.6. The following are the limitatiqns of the concrete
diéphragm wallss

1) depth

2) st ability_

3) Seepage |

4) Permgnence, and

5) Cost.
8.3.4.61. Depth: The records avallable indicate that onerete
digphragm 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 welght of'dr1v1ng bit on the rig. ,
8.3.4.62, ghability: It is doubtful whether a thin concrete
disphragn valls can withstand the high hydraulic gradient.
It acts.as a cantilever slab.fixed atlbase and may deflect
due to high hydraulic pressure. It may even crack due to
its brittleness. At the surface it may look alright bdt
the in-situ conditions in the soil may be different.
8,3.4.63. Seepage; If the keying into rock is not perfect,
it may leak at the base. In Rodilo'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, Pormanence:- The permanence of concrete diaphragm
walls 1s doubtful and are not used as a permanent cutoff
below the dem. Mostly these are used as a supplement to
grdutiné ogfrolled earthfill cutoff, and as a temporary
seepage barrlers, for open excavation of foundations.
Be3+4.65, Costs The cost of concrete diaphragm wall is
prohibitivé snd costs sbout 8 to 10 times to that of rolled
- earthfill cutoff, The construction also takes much time as
tﬁe_éxéaVation.in rock_for keying is most difficult and -
special chisels are used to excavate. The concrete also
remalns plastic for longer period and on gsetting 1t becomes
brittle. ‘
8.3.4.66, Potentialities: The bore holes can be drilled
in any type of soil formation containing boulders where
driving of sheet piles 1s difficult or in any permeable
zone whére excavation of cutoff trgnch is very difficult
due.to high seepage. Therefore when other methods of cutoff

are not feasible concrete dlaphragm walls may be employed.
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Best cutoff cen be obtained when these walls are supple-
mented with. groutihg or rolled earthfill cutoff to form a
thick mass perfectly water-tight. | '

84345, Grouting:
8,3.5.1. It was in 1955 whern grouting was first adopted

at Serre-Poncon to form a permanent cutoff below the earth
dam resting on alluvial deposits. This practice has since
been used to several dam sites and the plezometric data
available indicates the pressure drop across the curtain
more than 90% and reduction in permeability more than

10,000 times ‘of its original value. With modern practice of
grouting end advance in soil mechanics and grout technique,
1t is now possible to provide a cutoff in any soil formation

4 can/sec. by

ranging from permeabllity éf_ 10 a/sec to 10
the coarser grout of cement-clay-bentonite and fine grout
of silicates and organlc resins respsctively. The limita-
tions of grout process are:

1) Cost.
8e3.5+2. Cogk: The only limitation is the cost., It 1is
costlier than rolled earthfill cutoff for low depth of
alluvial deposits. For 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 csn be done to the
depth to which holes can be drilled. Therefore, depth is
not the limitation, Grouting in varlous forms has a great |
potential for effective cutoff in alluvial beds and it holds
promise of replacing sheet piling and rolled earthfill
cutoffgs. It has also great possibility for solving dewater-
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rihg and coffer dam problems many of which defy solution
to-day.
8.3.6. Slurry trench method:

8¢3.6,1; It 1sfiatest development in providing permanent
-cutoff beiow.the dém 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 1s kept continuously full of bentonite
mud slurry to prevent the walls from caving in go that no
sheathing or shoring had to be used. After the trench is
excavated to bed rock 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 adjacent to the trench to drain
out water. The mixture may be blended later with 15 to 20% |

silt. This mixture may then be dozed in the trench from

one end displacing the bentonite slurry until the backfil-
ling 1s complete. The material 1s expected to have a perméa-
bility eoofficient of less than 10°° au/sec.

This procedure had been employedto construct ground
water seepége barriers for various purposes but except for

some dykes below the MCNary dam, had never been ugsed under
a permanent dam gtructure until the Wanapum dam built in

1968, Here the foundatlion materlal at site consisted of an
erratic deposits 6f sand, gravel and boulders extending td
a depth of 80 ft. The coefficient of permesbility varied
from 3 to 10‘1 cn/ sec. Studieé indicated the driving of
sheet pile difficult and excavation of trench for rolled
earthfill troublesome and would have been ocostly due to
heavy 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, Depth; The trenches can be excavated to the depths
to which buckets of draglines and back hoes can be fowered
safely. Therefore for deeper curtain this method is not
sul table.
8.3.%.3, Permanenge: The core walls constructed are very
thin say from.éAto 10 ft. wide, and the slurry in trench
remaing in a very soft_conditidns.for very lohg times after
congtruction., The material has a consistency somewhat 1like
that of stiff butter. Therefore where early loads are to be
imposed upon the soft r.nixture' may shrink., Moweover, till
the mixture is hardened embankments cennot be raised over
them., This may effect the overall programme of construction.
8.3.6.4. Potentiglitios; The compaction of slurry in the
trench is by its own weight and requires no rolling. The
process has many sdvantages, and now it has a precedent on
a major project, it will undoubtedly be used more frequently
in the future at sites vhere 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, Combination of more than one process: The combina-
tion of more than one processes are nowy-a-days preferred for
perfect cutoff walls in alluvial deposits.
8,4, | oN

8.4.1. The cost comparison of different cutoff processes

e ATV 02 adeanmad aAd WAl A,
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8.4, 2. Rolled earthfill trench: The cost is worked out on
the bagis of volume of earthfilled in the trench and includes:
The rate of excavation in O B '
depending upon 1ift and for 3
normal lead of 50 m. RBse 3 to § per m

The rate of excavation in rock
depending upon 1lift gnd for

normal lead of 50 m, Pse14 to 20 per m®
The rate of dewatering while . . 3 '
excavating, RseOeb5 m
The rate of dewatering while 3
refillinga RB.O.5 m
Refilling with imp.soil. Bse 7,0 m°

8,4.3. gheol sheet pile: The rate is worked out on the

| weight basis. This can be converted to surface area basis
iﬁclusive of cost of driving, |
The rate of sheet pile. Rse 2000 MT
weight of sheet giie/sq.m.
. 120 to 180 kg.Rate per/sy.m.

depending upon the section and
manufactures. Rse 240 to 360 per sg.m

, The rate is worked out on
the basis of surface area incluslve of cost of drilling,
bentonite slurry and placing concrete.

The rate #€r a 0.6 meter thick -
un-reinforced diasphragm wall, ' Rse380/sq.m.

8.4.5., Grouting: A detalled estimate is to be prepared
“from which rate per ma of mass treated can be worked out.i
8.4,6. glurry trench: The rate is worked out on the basis
of surface area and 1ncludes'most of excavation, cogt of
silt, blending and dogzing,

8.4.7. Problem: Economics of different procésses,of pfovi
ding cutoff at a given site are worked out -as below for
the problem:
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. Depth of alluvial deposits
 congigting of sand & gravel. . 15 m.

Depth of water retained. 6o "

For comparison assume a unit
length of . 100 ®

844471 EQZMMJQ

) (1) Quantities:
Assume trench bed width, 15 m
side sloﬁes | | ' | 1:1
Excavation 45215x15 x 100=45,000m° 45,000 m°

(11) Abgtract of cosatr. ‘

Quantity. Itenms, ~ Rate per. amount,
45,000 m,'3 ‘Excavation, 5.0 m3 Rse 225,000
45,000 m®  Dewatering | 1.0 " B, 45,000
45,000 me Refilling. ', 7.0 " m_m
| | ' - . Rse 535,000
Contingenay . 3% ‘ .
' ' Rse 602,550
W/ C. B 12,020
L Total: TRse 614,600
8,4.72, Skeel sheet plling:.

(1) Quantities:

Surface area onhe row only. 15x100=1500 m2

(11) Abstract of cost:

Quantity. Itenms, - Rate.  Amount.
1500 m2 Sheet piles. © 350 m® . 5,925,000
Contingency _ K/ Bse 15,750
RSO' 5’40,750
WCs &% - e 10,815

Total: ®. 551, 565
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8.4.73. Concrete diaphraem wall:

(1) Quantities:
surface area ' 15 x 100 = 1500'm2

(11i) Abstract of cost

Quantity. Items. Rate per Amount.
1500 m2 Concrete diaphragm wall, 380 m2 B. 570,000
Contingency. - 3%
"Boe 587, 100
| w/C. - 2% Res 11,742
| Totals Bs. 598,842

8.4.74. Grouting;
(1) Quantities:

width of curtain 15 m
Rays of grout holes. . 5 Nés.
| Spacing between rows. ) | 3 meters.
Spacing of holes. | '3 meters.

", No.of holes(100/3+1)x5 170 Nos.

| Depth of holes 170x15 2550 M
Quantity of soil to be treated |
= 15x15x100 22500 m

Assume 45% filling. ,u 1%5%%53

assume 80% with clay based .grout: 8020 m°

20% with clay-silicate grout 2005 m3
Proportion of clay-cement-bentonite grout.

Clay + Bentonite + cement + Water + D.A..

0.4+ 042 + 0.6 4 6 +

In m° of slurry solids will form 186 kg. of which
Cement 93 Kg. '

Clay 62 Kge
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_Bentonite 31 Kg.
D\ A 1.86 Kg,
Proportion of clay-chemical mix: 2+1
This will contain 114 Kg of sollds in m3 of slurry out of
which - | |
. Clay 76 kg,
chemlcals 38 kg.
Rates are assumed as belowz'
Clay (processed) ﬁs. 100 MT

Bentonl te Be 300 "
Cement. Rse 200 ®
D, A I&. 3 5 Kg.
Silicate Rse 1000 MT

| Injection charges. ‘Bse 100 M.T. 4
Requirement of dry materigls, clay-based grout:
Cement __93 x 8020 = 750 M, T,

1000
Clay 62 %8020 = 500 "
1000 . '
Bentonite __31 x8020 = 250 "
1000 i
D, A, 1,86 %8020 = 156 "
1000 ,
Chemical grout: ‘ .
Clay _76_ x 2005 = 150 M. T,
1000 '
Chemicals _38_ x2005 = 75 ¢

1000
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(ii) Abstract of estimate:
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Quantity. Items. _ Rate Per Amount
2550 Rm  Drilling including
- placing manchettes. 75 Rm Rse 191,250
2550 Rm  sheath grout. 5 n Be 12,750
650 M.T. Clay 200 MT Rse 130,000
750 M.Ts  Cement 300 # Pse 225,000
250 M.T. Bentonite 400 Bse 100,000
15 M.7. D4 Ad 5100 Re 76,500
75 M.T.  Silicate 1100 " . 82,500
2 No. Permeability tests. 1000 * e 2,000
e 820,000
Contingency 3% PSe. . 24, 600
. %, 844,600
W/ e 3% Be 25,338
Total.: Rse 869,928
8.4.75. glurry trench: .
(1) Quantities: |
- Width of trench 3 meters
Excavation 100x."3x15 4500 m®
‘Assume 50 overcut. ~222Q " R
6750 m°
Refilling 6750 "
silt for blending 203 1350 *
Bentoni te 100 kg/m°



-P222e
(11) abstract of cost:
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Quantity. Items; , Rate Per Amount.
6750 m° Excavation. 5 M3  p. 33,750
1350 m® . siit, 5 Bse - By 750
1350 m®  Blending of silt, 2 " B 2,700
675 M. T. Bentonite (LG) 200 " Rse 1':35‘,000
6750 m® - Refilling 4 " B, 22,000
Tse 205, 200
Contingency. | 3% Bss 6,156
Tse 211, 356 -
We 2% Ba_. 2,227
Total Rs. 215,583

8a4e 76, WQ_ 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 Rse 869,038

2. Rolled earthfill., Re 614,600
3. Cohcrete diagphragm wall. R 598,842
4, Sheet plling, | Rse 561,565
5, SiLurry trench. . R 215,588

The gost .comparison shows fhat slurry trench is
the most economical but other limitations vigz; if there is
a standing pool of water or flow of' wvater in the river will |
require coffer dams which will add to the cost. This limi-
tation will also applﬁr to the rolléd earthfill cutoff. The

cost of coffer dems may make these processes very costly
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and time consuming. The cutoff provided by sheet plling
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 conditlong would be concrete dlaphragm. The stablility
and rellability of concrete dlaphragm are not yet developed
in this country, therefore grouting would only be feasible.
when there 1s a flow of water in the river the grouting

operation can be carried out from floating pontodn.
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'y C}{APTm - 9
EXMPLES OF APPLICATION OF GROUTING

9.1, Few exmnples of application of grouting of dam
foundations resting on alluvial deposits are illustrated

below:

9,2, SERRE-PONCON (1956)

LMJ._QQ,_ The first use of alluvium grouting on large
scale was at the dam at Serre-Poncon on the river Duxféne
in the French Alps. The dam is constructed of rolled earth
£111 120 meters high. _

Problem; The dam is founded on water bearing alluvium 100

meters deep highly permeable with permeability of 10”1

can/ sec.
The foundation consists of 3 types of alluvial materlals to
be grouted vig; |

(1) Coarse material with minimum grairi size of 1.00 rm,

(2) Fine material with grain size of 0.1 mm, and

(3) Intermediate materlals,
Iregtments Thé impermegble cutoff below foundation haé 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 1ts contact with the core and progressively decreavses 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
g0 as to cause a satisfactory ‘contact between the cutoff |
and the core of the dam, and to reduce as far as possible
hydrauwlic gradient in the contact zone.

| Coarse alluvial materlals of size 1.00 mm were grouted

with clay-cement grouts. The intermedliate materials were

grouted with colloidal clay of L.L.105% and finely ground
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slag a sulphate resistant material with caustlic soda as a

getting agent, The layers of fine materials were grouted

by silicate grouts. ‘

Begults: The permeability ef 10
grouting was reduced to 10~ cxn/sec.

"From the filling of Ireservoir in 1960 regular obser-

-1 em/sec. measured before

- -vations made in many plezometers installed both upstreanm
and downgtream 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. SHEK PIK DAM

Logation: The Shek Pik dam 1s located on the island of Lan
Tao in Hongkong just 500 ya£dS from the mouth of the rive;r.
Dam is constructed of rolled earthfill 187 ft. high and
2500 ft. long intended for the water supply of Hongkong.,
Broblem:  The investigation of dam site foundation indica-
ted alluvium deposits of about 30 ft. deep containing many
boulders, overlyihg about 20 ft, of much decomposed granite
wlth many of the physical properties of an alluvium., Beneath
this, there is a zone of 20 to SO ft. of less decomposed
rock. Sound 'rock is avallable at about 100 ft.depth below
the surface. The ground wéter was almost at surface level.
Alluvium depo.sit was found to be very permeable and contain-
ing large boulders. Conventional methods of constructing a
cutoff of sheet plles and a concrete filled trench were out
of the question, Even backfllled cutoff was also found to
be very difficult.
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Ireatment: The cutoff consists of tﬁo rows placed at 20 ft.
apart of bored pilé diaphragm 22" gia; extending through the
' alluvium into weathered rock. The grout was injected subse-
quently into the. alluvium in between the bored pile diaph-
ragms. The grout curtain is formed of 4 rows of holes two
between the dlaphragms 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
aut by tube-ag-manchette method. A wide range of grout mixes
were used 1nc1§ding grouts made from locally occuring clays
after processing and with addition of some bentonite and
cement, Four successive dozes were given in gtages, 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 varlous zones was determined
as the work proceeded and was based on accurate records of
grouting pressures, rates of acceptance etec. 15 ft. thick
- embankment was placed over the cutoff and grouting was
carrled out from the embankment to inecrease the grouting

pressures.

Results:  After grouting the permeability was reduced to

-5 cm/sec. Some heave was also noticed in the embank-

about 10
ment which had to be removed before further ralsing of earth
fill. '

The section of earth dam showing cutoff is shown in
Fig.No.9. 1. |
9.4. KOTAH BARRAGE (1958)

Locatlon: Kotah Barrage is iocated;across the river Chambal
near Kotah city in Rajasthan, Thé barrage has a total length

of 1810 ft., 1000 ft. long spllliwgy on its left resting on



rock and remsining earth dam portion on its right abutting
old palace wall. The earth dam is about 120 ft.high above
the river bed. |
problem; In earth dam portion in a length of about 210 f£t.
rock was found to be about 60 ft. beloy the river bed. In
femaining length rock was met at higher level yhere masonry
cutoff was provided. 8heét plles could not be driven due td
presence of big size boulders in the formation. Open excava~
tion was also not found sultable as it would have delayed ome
year and would have required more power for dewatering
which was not available.then. Therefore it was decided to
grout the alluvium, |
~ Ireatment; 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 vig; 501.1etance
of France and Cementation (.,Ltd. were consulted. The grout
mix used was | : |

Clay Cement. sodium silicate

90 1lbs, 4% 1bs. 160 c.c.

The congumption of grout was found to be about 467
of the total volume treated. The thickness of cutoff is
about éo £t. made up of 5_rqws of grout holes gpaced at

6 ft. and holes at € ft. c/c.

Besults: The fleld permeability tests carried out after
the grouting operatlions gave the average value of 8x10'3
cm/sec. againgt the original value of 1.8 x :10"l cn/ sec.
before groutiné.

9.5, BOCKY REAGCH DAY (1969) - |

Location: The Rocky Reach Hydro electric project is located

on the Columbia river in North Central Washington,
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ERoblem: The Columbia river at dam site is a relatively
shalloy fast flowing river about 1300 ft.wide. It lies on
a high bed rock against the western wall of the canyon, and
igs bordered on the east by a high broad terrace vhich extends
more than 3500 ft. from rivér edge to the canyon wall on the
ezst. Boring and seismic exploration made by the U, S, Army
Corps of Engineers indicated that extensive granular deposité
exlsted in the terrace areas. Thege erratlc deposits, formed
by the river in its previous course were highly permeable
- with permeabllity in the order of about 5 em/sec.
Treatment; After a careful review of the seepage problem
b view of this large coefficlent of permeability and from
the field gpdutﬁng test results, a grouted cutoff was deecided.
The cutoff consists of three rows of hole spaced at 10 ft.
and holes along the row spaced at 12 ft. ¢/c. A4 construction
trench was excavated to facilitate the drilling and grouting
opératians. The grout wsed was cement-clay followed by cement-
bentonite, The field testing and the review of data indicated
that sand formation of significant extent still remained
ungroﬁted énd that residual permeability was still higher
than the desired value. The fine sand formation could only
be grouted with chemical grouts. Sodium silicate-aluminate
grout was not considered as high PH value in excess of 11.0
was noticed in ground water and it was doubtful yhether
gelling of grout could be assured. Chromelignin grout was
rejected as long term ;tability was questionable., AM-O0 grout
was selected for further grouting because of 1ts gbility to
penetrate the sand and silt fowes which remained open a:ter

the cement grouting. Gel time for AM-9 grout used was usug-
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11y in the range of 15-45 minutes and grouting was done in
stages of 5 ft. by descending stage method.
Results: Fleld permeability tests and continuous record

61‘ pie@metric levels before and after grouting indicate
that initial permeabllity of 5 cm/sec. was reduced to 5x10™%
cn/sec. after the completion of cement and chemical grouting,
The efficlency 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
end plezometric levels after grouting are shoyn in Fig.No.6.11.
9.6, MISSION DM (1959) |
Location; The Mission Dam is located in the valley of the
Bridge river in British Columbia. It is located at the down-
stream toe bf the existing diversion dam 60 ft. high ccns-
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 g new dam. The dam fgs built of earth and
rockfill, Professor Te\;rzaghi was incharge of design and
congtruction of Dan. , |

Problem; The site ls underlain by two pervious acquifers,'
separated by a thick stratum of highly compressible clay.
The permeability of the sediments beneath the clay stratum
was of the order of :1()“':L cn/sec. and the pattern of the
gtratification was that of a sediment lald down by a swiftly
flowing river. “ ‘

Treatment; The presence of two acquifers separated by the
clay stratum required two separate cutoffs for the new dam.
The lower cutoff conglists of a grouf_lcurtain exten&ing 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
to achieve the permeabiliﬁy of 2 x 10‘4 an/sec. after grouting,
The curtain was designed with hydratlie gradient of 3 to 4
times; Thus for 3180 ft,‘depth of water, curtein width was
kept 50 ft. made up of 5 rows of grout holes spaced at 10 ft..
apart and holes aléng the roys in rovw 1 end 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 Solctanche, France. The grouting was carried out from an
embankment of 25 ft. helght upto Fl,2010 down to bed rock
El, 1555, The principle congtituent cf the grout were portland
cement,"type I and glaclal lake clay with clay content of 40
to 604 with clay fraction less than 2 u, LL 45 to 558 and
P.I. of 19%. Grout rows 1 & 5 were injectéd with relatively
thick and strong grout tg prevent the escape of large quan~
tities of less viscous grout from the central portion of the
cﬁrtain, across rows 1 & 5. Grout was made up of cement clay
ratio of 0.;3 end cement/water ratio of 0.02 by wé@ght.

The grout was injected under pressures of 200 to 500 p.s.i.
Intermediate rows No.2%4 were injected with grout of cement/
clay ratlo of 0.22, cement/water ratio of 0.07 and injected
under pressure of 200 to 400 p.s.1l, sometimes éeaching
pressures of 800 p.s.,i. Central row No.3 was injected with
clay chemicals made of clay-sodium silicate and mono sodie
phosphate which acted as a gelling agent fﬁr the'silicéte

and deflocculating agent for the c¢lay. The properties of clay'
chemical grout used were:



| -231-
Initial visecosity 36 sec.
Marsh cone, ' 45 Min,

Shearing strength . 2
after 8 hours. 10 g/ om

| The grout was injected at pressure varying from
600 to 1300 p.s.i. occasionally reachirig to 1500 peseds
The grouting was carried out by a tube-a-manchette process.
The grout pressures were used 3 to 6 times ove.;cburden press-
ures and exceptionally as much as 10 times. Observations of
heave indiecated no where more then O, 2.1ft,
Bgs,g;m After grouting the permeability to be achleved
was 2 x 10....4 cm/ sec..
- The section of ‘the cutoff well is shown in Fig.No,.9.3.
9.7. GIRNA DAM (1064)
Location: Girna dam is located on the river Girna a tri-
butary of the river Tapi. The project was undertaken to
supplement the irrigation demands of the exlsting canal
- system offtaking at 25 and €60 miles downstream and genera-
tion of power. The dam 1s 3160 ft.long and 183 ft.high abové
river bed. Masonry spillway 1s located from Ch. O to 1400
and rest is of rolled earth fill, .
Problem; For masonry dam portion rock foundation was aval-
lable at shallow depth. For earth dam portion rock was about
80 ft. below the surface. Jhe overburden deposits in the
river bed consgist of two types viz;
(1) From Ch.1400 to 2200 the deposit is young and
consists of homogeneous clean send with grain

(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 déwn to rock because of high seepage and
was stopped at 20 It. above rock. It was, therefore, decided .
after consultation with A.Mayor, French Engineer, to provide
a grout curtain.
Ireagtment; Partlal cutoff excavated was backfilled and
16 ft, high embankment was ralsed over it, The grouting with
cénent-bentonite. grout was under taken departmentally in May
1960 between Ch.2450 to 2600 with three rows of grout hoes
spaced at 7 ft, apai't and holes aioné the row spaced gt 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 ranaining grouting was carried out by tube-a-manchette
method, four times overburden pressures were agpplied and
grout mix used was clay-égnentabenfenite. The consumption .
was found to be 70 off the total volume treated, The width
- of the grout “cu:':jtain was kept 24 ft. The plezometers installed
showed poor drop of head across the curtain after treatment
with clay-cement-bentonite mix. After trials, silicate grout
waé suggésted with 2 rows sp'aced at 6 ft. apart and holes
along the row at 6 ft; ¢/ ce The grout mix used was:

sllicate 300 c¢. Ce
Aluninate 11 to 16 grem
Water | 500 c. Co

' The consumption of grout was found to be 300 1it/
sleeve at pressures of agbout 300 p.s.i. During grouting it
was noticed that some high permeabllity pockets did not

accept grout at 300 p.s.l. and hence higher pressures even
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upto 1000 p.s.i. were applied. There was increase in intake,
'the'high pressure used may be due to non-opening of sleeves.
E.QS.BL&.S... After grouting permeability results show reduc-
tion in -pemeability to the desired degree of 10.»4 cn/sec.
from original permeabiiity of '10."1 to 10‘2 cn/sec, sz'oss
section of earth dam showing the cutoff is shown in Fig,
No. 9.4.
9.8. ASHAN HIGH DAM |
Logation: The Aswan High pam is located on the river Nile,
the 1ife line of Egypt and Sudan., It is located 8 Km. upstream
of the existing Aswan Dam built in 1902 and ralsed twice.
The dam will be 111 meter high above the river bed and is
" being constructed in sand and rockfill, Sand available is
desert sand uniform in particle size. At the dam site there
is a back water dépth of about 35 meter. The novel features
of the project are that when completed it will have storage
of about 55 maft. which 1is more t.han' the combined storage
of all major dams in India, Once filled, rain or no rain it
can feed ifrigation and power generation for consecutive
3 years. 1t will take some 10 years to fill the reservoir
initially. The projJect is under construction and is likely
to be completed very soén. ,
Problem: = There 1s no hearting zone material avallable,
hence desert sand is placed in the hearting gone and grouted
with cement grout to make 1t 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 +85°
to —-40m. This is underlain by a stratum of indurated sand
and sllt. The deepest rock is at elevation of -135m.
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Thus the maximum depth of overburden 1s 220 meters. sand

£111 of 30 meters depth 1s placed upto El. +115 . Thus the .

total depth of overburdén works out to 250 meters. Depth of

weathéred 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. ‘.mere are some mnes of rock debris or talus mixed

with gravel. The permeability characteristjcs of various

| stratas are as below: A
Permeability for fine sand and silt 5 x 10“3 an/sec.
Permeability for coarse sénd & gravel: 10-1 cm/seg.

Treatment; 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 1g the.largest’in the'world with regards

to the depth of the gro&zed zone 250 meters deep from E1¢+13$m

to -lﬁsm. The wiqth of the curtaln provided 1s 40 meter whereas

model studies had indicated 25 meters thick grout curtain,

Grout curtain is tapered déwn with increasing depth. The

curtain consigts of 8 rows of grout ﬁoles spaced at 5 meter

apart aﬁd holes along the row spaced at 2.5 meter ¢/co In

case perméability after grouting is not reduced, additional

€6 roys were also contemplgted, spaced at 2,5 meters apart

with holes at 2.5 meter c¢/c¢. The grout used for medium an&

coarse sand was cement-and clay grout in outer and barrier

rows of the grout holes and silicate clay grout for the

inner rows, For fine sand layers bentonite grout was used in

- outer and barrier rowys of thegrou§ holes and alumlnate-

silicate grouts for inner rows. Clay-cement grout was also
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used for intermedlate rows to prevent formation of 1argé
’horizontal lenses 0f clay-sillcate grout in the highly per=~
vious pocketss Over Eravel of clay-silicate grout is thereby
prevented and more effective control 1s exercised over the
ebnsumption. Clay and bentonite were used after processing

in a hydro cyclone to elimingte co-ars‘er partlicles. The
grouting was done through the tube-a-manchette and pressures
were applied Jjust sufficient to open the sleeves arid there-
after the pressures were brought down to maintain the flow.
Maximum pressure used was about 60 kg/cm2 at an injection
depth of about 120 meters. Normally the pressures applied
'werevzo kg/cmz. |

Results: A system oi‘ plezometers is installed on the upstream
and downstream of the grdut curtain, Results 6f pressure
drop are still awaiteﬁ‘ From the grouting earried out so

:f.‘ar. it has been found that permeability has been reduced to
5 x 10"4 cn/sec. from the initlal value of 10...1 o/ sec.

9.9, OBRA DA{: | |
Location: 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 1s 91 ft.high dam built in rolled
earth fill with splllyay in masonry.

Problem: The geological data of the dam site shows the
pervious overburden extending to a depth of 80 to 100 ft.
overlying 11me‘ stone rock in the deebest portion., The over-
burden comprises of medium sand witt; fine gand in top 20 ft.
depth. Permeabllity of the foundation material is about 3x10"2

cm/sec.
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Treagtmeht; It is the recentiy bullt 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-
tain to control the adverse effects of under seepage'through
the foundation. The conventional method of backfilled cutoff
trench upto the rock level yould not have been economical
as such an alternative method of deep grout curtaln was
proposed, The treatment provide was similar to that provided
at Shek Pik dam Hongkong, Two 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 groutedwith silicate grout as the grain sigze of
the foundation material would not have accepted cement or
elay based grout,
Besults:i . The permeability efter grouting is found within
desirable values.

The cross section of earth dam showing the cutoff
is shown in Fig.No.9.6.
9.10, OIHER EXMIPLES

In addition to the examples 1llustrated above the
- following are further examples,where attempts are made to
provide grout cutoff walls,

1) Sylenstein (Germany)

o) Streflentizzo (Italy)

3) Notre~dame de Commeirs (France)

4) Mattmark (Switzerland)

5) Kvistrorsen (Sweden)

€) Asen (Swedien)
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The depth of cutoffs provided are shown in Fig.9.é
. and the comparison is gilven in Table No,9.1.
Table No.9.1
The comparison of depth of the grout curtain

Ngme of Dam, Country Depth of grout
1. Aswan High Danm. Egypt 250
2, Mission Danm. British

' Columbia, | 150
3. Serre-Boncon ' France. 115
4., Sylenstein Germany 100
5. wmbittmark, Swltzerland 100
6. strafientizoo Italy | 85
7. Asen Sweden 45
8. Notre-dgme de Commier France 44
9, Kvistrorsen | Sweden 40
10, Rocky Rea-ch. British |

Columbla 40

11. Obra o India (U,P) 30
12. 6irna - India (Maharashtra)30
13. Shek Pik Hongkong, e5

14. Kotsh India(Rajasthan) 20
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CHAPTER - 10
CONCLUSIORN

The grouting is an art of chunging the properties
of the formation. The studies have shown that there is a
basic difference between rock grouting and alluvium grou-
ting., 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 thls 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 zone to form a grout
cut off, The subject is a complex one, and brings together
the Civil mgineer, 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 remaln one in which experlence is more
important than theory.

It 1s 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
than 0.8 mm., and permeabllity of greater than lo-l'cm/sec.
can be grouted with neat cement grout havinngBS size of
40 microns. But the neat cement grout is ecoarse and unstable
and hence cheap grout of clay-cement-bentonite which 1is

finer ahd stable are now-a-days preferred. The medium sands

of size 0.2 to 0.8 mm. havine nemmashilitv Af +he Aardan A
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10'."2 cn/sec. can very well be grouted with c¢lay-silicake or
bentonite~-silicates grouts depending upon the coarseness
of the formation, the avallability of good quality of clay
and bentonite, The D85 size of clay is less than 30 microns
and that of bentonite 1s about 5 microns. The fine sands
haﬁing permeabllity of the order of 1073 em/sec. esh only
be grouted by colloidal grouts of sillecate as the clay based
grout will not penetrate the formatidn.'Very fine sands
and silt having permeability less than 10™° em/sec. will not
even accept silicate‘grouts due to high viscosity and will
only accept low viscosity grbuts of organic resiné. The
study of injectlon pressures has indicated that high pressures
are advantageous for cheap grouts of ¢lay 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. Thls 1s achieved by closer
spacing of holes.’ The method of injection by tube-a-manchette
1s 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
wails are costlier than other methods of cutoff wells, but
there are limitations where other methods may be expensive
and troublegome., For example rolled earthfill cutoff will
be expensive and troublesome where deep curtain are required
to be provided and also in rumning water, which requires
additional cost of congtructing coffer dams. The 1imitatibns
of sheet pilings are the depth and bouldery formation, The
gheet pilles are driven upfo the depth of about 15 meters
successfully and where the formation contains boulders the
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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 efficlency of the grouf
-eutoff walls has been observed to be mo:ée than 907 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 fhe design to provide
impervious blanket and relief wells to avoid any ﬁishap due
to foundation féi,lures. To induce the adoption of grout
cutoff walls, the process shduld be economlical 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 gzone:
of influence and thus effect the saving in drilling cost ete.

At present there are no sténdard Sp.ecifications of
the grout material 61' process in 1.8.1I. or A.S.T.M, If the
process is to compete with other methods of cutoff, then
standard specifications shall have to be frémed. to standar-
dize the process for all‘ types of foundations. The quality
of commercial bentonite and silicates varies from msnufac-
turer to manufacturer, and requires a great deal of labo-
ratopy~testing to prepai'e a mix. Slight variation in the
quality of the material, greatly affects the properties of
the inix. If the commercial products are manufactured accor-
ding to the gtanderd specifications for grouting, then much
further laboratory testing can be reduced which will reduce
the ultdmate cost and time. Use of resin grouts is not yet
developed in Indie and if we are golng to use these products
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in India we have to investigate the source and manufacture
the product indigenously to save foreign exchange and also
make the process cheaper¢
gystematic recording of grouting data shall also be
explored to avold wasting of much time in collecting unneces-

- sary data and omitting useful information, The success of
grouting operation depends upon the\xnterpretatioh of the

results achieved,

There is also a shortage of trained personnel in
grouting-operations, Often the persong trained in grouting
Operatidns are transfeired to other Jjobs. It will be hard-
ship far'them to remain only in one branch of civil® engin-
eering but the success of the operation depen&s.upon the
mature knowledée and judgement of the grouting inspector.
The eivil engineering institutes and the Government depart-
ments should élso train their personnel 1n'this field if
| the process is to compete with other methods of cutoff,
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