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Grouting

e Grout isacondruction material used to embed rebarsin
masonry walls, connect sections of pre-cast concrete, fill
voids, and sedl joints (like those betweentiles).

e Grout isgenerally composed of a mixture of water,
cement, sand, often color tint, and sometimes fine gravel
(if it isbeing used to fill the coresof cement blocks). It is
applied asathick liquid and hardens over time, much like
mortar.

o Initialy, itsapplication confines mainly in void filling,
water sopping and consolidation. Nowadays, it extends to
aleviate settlement of ground caused by basement and
tunnel excavation works, to strengthen ground so that it
can be used as a gructural member or retaining structure in
30l ving geotechnical problems



Grouting

Grouting is the process to inject grout into the ground. Hence,
the volume of the ground ready to accept grout is the primary
consderation before any other consderations

GROUT can be defined as a sol ution, an emulson or sugpension
In water, which will harden after a certain time interval. It can
be divided into two main groups

a. Suspenson Grout
b. Liquid Grout or Solution Groui.

Suspension grout isa mixture of one or severa inert materials
like cement, clays etc. suspended in a fluid -- water. According
to itsdry matter content it is either of the sable or unstable type.
suspengon grout isa mixture of pure cement with water.

Liquid grout or solution grout cons gs of chemical productsin
a olution or an emulsgon form and their reagents. The most
frequently used productsare sodium silicate and certanresns



Use of Grouting in Civil Engineering

|ts traceable record can be as early as in the beginning of 1800s.

In 1802, the idea of improving the bearing capacity under a duice by
the injection of self-hardening cementitious slurry was first introduced

In 1864, Peter Barlow patented a cylindrica one-piece tunnel shield
which could fill the annular void left by the tal of the shield with grout.
It isthe first recorded use cementitious grout in underground
construction.

In 1893, the first systematic grouting of rock inthe USA as performed
a the New Croton Dam, in New Y ork.

In 1960s, et grouting technique was devel oped.

In 1977, first application of compaction grouting for controlling ground
movement during construction of the Bolton Hill Tunnel.

In 1995, the first industria application of the compensation grouting
concept was conducted at the construction site of the Jubilee Line
Extension Project in London.
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Types of Grouts

e Ceament-based Grouts:

— Cement-based grouts are the mogs frequently used in both water
sopping and strengthening treatment. They are characterized by
their water cement ratio and their Total Dry Matter / Water
weight ratio. The properties and characterisics of these grouts
vary according to the mix proportions used. However, they have
the following properties and characteristicsin common.

« Stability and fluidity according to the dosage of the various
components and their quality

Unconfined compressive strength linked to water cement ratio
Durability depending on the quantity and quality of the
components

Easy preparation and avail ability

Ease of use

Relatively low cost mixes



Pure cement grout

It isan ungable grout. However, bleeding can be avoided
with water cement ratio lessthan 0.67.

Usual mix proportions are from water cement ratio 0.4 to 1
for grouting. Very high mechanical srength can be attained
with thistype of grout.

During grouting, cement grainsdeposit in inter-granular
voidsor fissuresisanalogousto akind of hydraulic filling.

The grout usually undergoes a sgnificant filtration effect.
The grain fineness is an important factor for fine fissures



Bentonite cement grout

It iIsa dable grout. When bentonite is added to a cement
suspenson, the effects are: -

— Obtain ahomogeneous colloida mix with awide range of
Viscosity.

— Avoid cement sedimentation during grouting.

— Decrease the setting time index and separation filtering
[PrOCESSES.

— Increase the cement binding time.
— Improve the penetration in compact type oils
— Obtain awide range of mechanical strength val ues.

— Inwater gopping, grout will include alot of bentonite
and little cement. In consolidation works, grout will
containa lot of cement and little bentonite. Ideal mixes
should be both stable and easy to pump.



Groutswith fillers

Fillers are added in order to modify the viscosity of a given
grout so asto obtain a low cost product to substitute the
cement. The most commonly used fillers are the natural
sands and fly ash from thermal power stations.

Theterm “mortar” is commonly used to specify grouts with
fillers that have a high sand content. Adding fillers reduces
the grout penetrability, asthefillers are of larger grain
Sizes.

Grouts with fillers are used when water absorption and/or
the size of voids are such that filling becomes essential and
when the leaking of grout into adjoining areas should be
limited.

In addition, fillers in grout will produce low slump grout
with high viscosity for certain grouting purposes. 10




Silicate based grouts

Slicates based groutsare sodium silicate in liquid form dil uted
and contai ning a reagent.

Their viscogaty changes with timeto reach a solid date that is
caled the“gd”.

They are used in soilswith low permeability val ues such that all
suspens on grouts cannot penetrate. According to the type of
grout used, the gel obtai ned will be water -

Tightness and/or with strength that are temporary or permanent.

When the temperature of a slicate decreases, its viscosty
Increases very rapidly. Thistemperature should not fall below O
degree Cinorder to eiminate any risks of modification of its
properties

11



Soft gels

It ismainly for water Sopping purpose. They are gelswitha
very low dosage in silicate in which the gelling processis
most generally obtained by adding a mineral reagent

Their very low degree of viscosity (close to water) ensures
the injection of very fine sand to achieve the water sopping
PUrpO<E.

Reduction in permeability canbe upto 1 X 10-6 m/sand, in
some case even up to 1 x 10-7 m/swhen more lines of grout
holes are added. There isalso a dight improvement in
srength, about 0.2 MPa.
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Grout Injection Methods

Different grout injection methods have been developed for different grouting
techniques. There are four main injection methods to inject grout into the
ground.

Drill Hole Method

— A holeisdrilled through the pores'voids of the ground. Then grout is
pumped via the grouting line into the surrounding ground of a section with
the use of single or doubl e packers.

Drill Tool Method

— It isaone-stage grouting method by means of the drill casings or rods. There
are two injection methods.

— A very permeabl e soil maybe injected during rotary drilling. During the
drilling of the grout hole, each time a re-determined distance has been
reached the drill rod is withdrawn a certain length and the grout is injected
through the drill rod into the section of soil drilled. During each injection the
top of the grout hole, a collar is used to seal the gap between the hole and the
drill rod.
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Grout Pipe Method

Grout pipesare ingalled indrilled hole for later on gout injection
operation. The gaps between the grout pipe and the drilled hole
are normally sealed. When compared with above Drill Tool
Method, it is more flexible asthe drilling plant is not engaged in
the grouting operation.

For multiple-stage grouting, the sealed-in deeve pipe injection
method (the tube-a-manchettes method) isused. It alows several
successi ve injectionsin the same zone.

The method isto place a grout pipe with rubber deevesinto a
grout hole, which iskept open by casing or by mud. Thispipeis
then permanently sealed in with a deeve grout composed of a
bentonite-cement grout.

14



Jetting M ethod

Finally, adifferent type of injection method, the jet grouting
method, isintroduced in the 60s, which has a revol utionary
change to the grouting concept o far.

The grout, with the aid of high pressure cutting jets of water or
cement grout having a nozzle exit velocity >= 100m /sec and
with air-shrouded cut the soil around the predrilled hole.

The cut s0il isrearranged and mixed with the cement grout.
The s0il cement mix ispartly flushed out to the top of the
predrilled hole through the annular space between the jet
grouting rods and the hole wall. Different shape of such soll
cement mix can be produced to suit the geotechnical solution.
The cutting digance of the jet varies according to the soil type
to be treated, the configuration of the nozzle system, the
combi nation of water, cement and shrouded-air, and can reach

asfar as 2.5m.
15
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Different Types of Grouting Mechanisms

There are lotsof names asfar as grouting techniques are
concerned. They can be categorized according to ther
functions, their grout material s used etc. Five mgor techniques
are:

e the Rock Fissure Grouting,
« TAM Grouting,

e Compaction Grouting,

e Compensation Grouting and
e Jet Grouting.

The five selected grouting techniques should have covered the
bag ¢ mechanisms of all existing grouting techniques

17



 Rock Fissure Grouting

* Rock fissure grouting isthe use of a hole drilled through the
fissures and joints of arock massto allow grout to be injected at
close centers vertically and re-injecting, If necessary.

e Grouting Mechanism

— Thereisonly one grouting mechanism for rock grouting. The
following schematic diagrams show how isthe mechanism
for grouting in rock. The grout isinjected under pressure
through the grout hole drilled into the rock massto be treated.

Grouting Completed

Grouting in Progress



Application

Rock fissure grouting technique has along higory of
application in civil engineering. Its main applications are:
Sealing rock mass underneath and at ends of damsto prevent
seepage or leaking of the reservoirs

Sealing rock mass above and underneath arock tunnel to
prevent water seepage i nto the excavated tunnd.

Cementing fractured rock mass. Although Rock Fissure
Grouting technique can be used to cemented sugar clubs rock
formation, like in dope gability projects, its main application
Isinthe field of water sopping, especially in tunnel
excavation project.

19
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 Tube-a- Manchettes(TAM) Grouting

 Tube-a-Manchette (TAM) grouting isthe use of deeved perforated
pipesin grout holes, soilsor completely decomposed rock to allow
grout to be injected at close centers vertically, and re-injected, if
necessary

o Grouting Mechanism

— Itisagrouting technique for grouting in soil formation only, with
partid or complete displacement of in-filling ground water. The
pores/voids in between the soil particles are filled with grout under
pressure with partia or complete di splacement of in-filling ground
water.

— When the grout has set, the soil mass becomes a matrix of soil
particles cemented by the grout. In addition to the seding purpose, it
aso changesthe property of the soil mass e.g. the strength of the soil
mass The most obvious change in ground property by this treatment
method isthe reduction of permeability. Ground consolidation is aso
ataned, but the increase in strength is limited. For high strength
Improvement, it will be very expensive.
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o Application of TAM

 Main applications of the TAM grouting
technique are -

— Sealing soil mass above and underneath a tunnel
excavated in soil under compressed air condition.

— Sealing soil mass behind the soldier pile wall, pipe
pilewall etc.

— Sealing “windows” In cofferdams

— Consolidation of loose soil mass (cohesion less
granular sand)

— Seadling underlying soil of dams

23



Jet grouting

Jet grouting isa grout injection that cuts and mixesthe soil to be
treated with cement or cementitious grodui.

With regard to the CUT and MIX grouting mechani sm, the soil
particlesare cut by the grout jetting under high pressure and
mixed with it to forma matrix. When the grout set, the matrix is
not only impermeable, but al so possesses some kind of strength.

The grength of the matrix depends on the grout srength and the
degree of s0il replacement.

SOIL MASS

Schematic Diagram of Cut and Mix Mechanism for Jet Grouting




Application

Thejet grouting technique isdeveloped in the 1960s. However,
because of its unique properties, it isbecoming quite popular in
the civil engineering works. Its main applications are: -

Grouting of clay / slt soilswhich isnot suitable for TAM
grouting technique.

Jet grout wall and roof are used to reinforce tunnel portal
excavation works.

Sealing of windows of coffer dams

Used asjet grout raft to reinforce cofferdam to limit its
deflection and thus decrease the settlement caused by the
excavation works.

25



e Compaction Grouting
« Compaction grouting is a 9 ngle-gage grouting with high srength
mortar to the ground to create a grout-bulb at the end of drill pipe.

e Grouting M echanism

— A stiff grout with avery low dump isinjected under reativdy high
pressurethrough pipesor casingsinto soil. Thegrout exitingthe
bottom of the pipeformsa bulb-shaped mass that increasesin volume.

— Displacement of the sail isproduced by the weight of the overburden
pushing back against the expanding grout bulb. Thusit densifiesthe
soft, loose, or disturbed soil surrounding the mass.

— It can also beused to alleviate settlement problem during the
excavation of tunne or deep basement asthe hardened bulb-shaped
grout will inducean increasein the soil volume strain to the soil strata
and cause heaving of ground at the ground surface.

26



Application
Compaction grouting is a soil and foundation support

Improvement system that increasesthe bearing capacity of
ils.

A mgor advantage of usgng compaction grouting isthat its
maxi mum peak effect isrealized in the weakest or softest
drata of the infragructure support.

|ts mai n applications are as follows;
a. Lateral datic dengfication of soils.

b. Lifting and re-leveling roads, bridges, and other exigting
gructures

c. Blocking of flow-path of viscous liquidsthrough stratum
layersand rock cracks, voids, and fractures

d. Construction of underpinning

e. Theremediation of 9nkholes .
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Compensation Grouting
Compensation grouting isa grout injection that can ‘ compensate
for dressrelief and associated ground settlement.

Grout isinjected through grout pipes, which are usually TAM
grout pipes, under high pressure into the soil. Fracturesin soil are
created which are then filled with grouit.

The fracturesfilled with grout will follow the plane with the
minor principle dress and formed in layers.

Theincrease in volume will compact disurbed soil surrounding
the mass, will compensate settlement caused by tunnel Excavation
works and can be used to lift up settle sructures

29



Grouting Equipment
Percussion Drilling. Percussion drills are operated by ar-driven
hammers. The best known types are the jackhammer, drifter, and wagon
drill. The drill proper consists of a hollow steel rod, fitted with afixed or
detachable bit on one end and ashank on the other.

Operation. Percussion drills are used for drilling in rock. The percussion
drill does not reciprocate. Its shank fitsinto andis held loosely in the
chuck at the forward end of the machine, where it is struck by a hammer-
like piston actuated by compressed air. During drilling the bit remansin
close contact with the rock at the bottom of the hole at al times except
during the slight rebound caused by impact of the hammer. Drills are
provided with amechanism that causesthe drill steel rod to rotate between
blows of the hammer.

Cuttings or dudge are removed from the hole by air or water that passes
through the machine, down the hollow drill steel rod to the bottom of the
hole, and then rises up the hole to the surface. Remova of cuttings by
water Is preferred for grout-hole drilling but is not mandatory.



Jackhammer drills, duetotheir light weight, are usualy heldin
position by hand. Drifter-type drills are designed for tripod or bar
mounts.

The wagon drill, as commercidly avalable, is comprised of adrill
head mounted in leads that are supported on atrack-,wheel- , or skid-
mounted chassis.

Application. Percussion drilling produces acceptable grout holes

and, generdly, isthe most economica method of drilling shalow
holes. This advantage decreases with depth and disappears a depths
from 75 to 125 ft depending on the type of rock. In operation, the
edges or wings of the bit wear away so that a progressively smaller
hole is drilled. Therefore, when pertinent, the specifications should
state the minimum acceptable size of grout hole.

31



Rotary Drilling. Rotary drilling isthe process of making a hole
by advancing adrilling bit attached to a rotating col umn of
hollow drill pipe.

Thedrill pipeisturned by a motor at goeeds ranging from afew
hundred to 3,000 or more rpm. Pressure on the bit isapplied
hydraulically or mechanically. Water isforced through the drill
pipe to wash cuttings out of the hole.

Drill rigsvary in sze from small lightwei ght machines capable
of drilling afew feet holesto several milesin depth.

Small rigs are suitable for grout holes

A variety of rotary bitsare used for various 9zesof holesfor
grouting.

32



CORE TYPE PLUG TYPE FISHTAIL BIT
CIAMOND BITS

ROCK BITS DRAG BITS
Figure 8, Drill bits



Grout Mixer

o Grout Mixers. Many types of grout mixers have been used, including
hand-turned dough mixers, concrete mixers of various sizes, and
especidly designed grout mixers. Any machineissuitable that hasthe
desired capacity and that mixesthe grout mechanicaly to auniform
consistency.

 Two mixers can be arranged to discharge into the same sump to satisfy
high capacity requirements. M anud stirring of cement and clay grouts
In atub is not satisfactory except in emergencies. Hand-powered dough
mixers are not recommended because of their limited capacity.

(1) Centrd Valley-type grout mixer, 8-cu-ft capacity.
— During the grouting at several dams of the Centrd Vdley Project, a small,

air operated, lightweight grout mixer was needed that could be set up and
operated in a5- by 7-ft galery.
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e Grand Coulee-type grout mixer, 21-cu-ft capacity.

— In the grouting at Hoover Dam, considerabl e experimenting was done with

various equipment for mixing grout. Concrete mixers were first used but were
|ater discarded for the type mixer.

* High-speed colloidal-type mixers.

High-speed colloidd -type grout mixers are commercially available in both the
single - and double —drumtypes. These mixers are equipped with small
centrifugal pumps, which cause the grout to circulate a high speed while being
mixed. Particles of cement may be broken and rounded to asignificant degreein
high-speed mixers. Thisresultsin an increase in pumpability and penetrability
for Portland-cement grout. In an emergency, grout can be pumped at low

pressures into the foundation or other places with the centrifugal pumps of these
MiXers.

e Water meters.

— A satisfactory water meter isthe single-disk type, size 1-1/2 in., and threaded
for pipe connection. Thistype hasab6 -in. vertical register with along hand that
makes one revol ution per cubic foot of water and a short hand that indicates 10
cu ft per revolution. For use in grouting, the meter should have areset knob to
set the handsto zero and adirect-reading totalizer. A screen should be provided
If sand or rock particles are present in the water supply 36
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Agitator sumps.
— After mixing, grout should be agitated to prevent settlement whileit is

being pumped. This can be done by pumping the grout into a sump
equi pped with a stirring bl ade.

— Agitator should have the same capacity as the mixer so that one batch
of grout can be pumped while the next batch is being mixed. When
emptying the grout from the mixer into the agitator, the grout should
pass through a 1/8-in. -mesh screen to remove pieces of sacks, strings,
wire, ties, or other foreign matter that may be dropped into the mixer.

« PUMPS.

— Pumps for cement grouting should be sufficiently flexible to permit
close control of pressure and to provide for avariable rate of injection
without clogging of valves and feed lines. With constant speed pumps,
specid arrangements of the supply piping systems and valves are
needed to provide close control of the grouting operation. Constant
speed pumps are powered by electric motors or internal-combustion
engines. V ariable speed pumps are hand operated, steam driven, or ar
driven. 38
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GROUT LINES.
a. Generd. There are two primary arrangements of piping used to

supply grout from the pump to the hole. The ssmpler of thetwo is
the angle-line system. It consgsof apipe or ahoseor a

combi nation of both, extending from the pump to the header at the
hole.

The pump speed control sthe rate of injection. The second
arrangement isthe double -line or circulating sysem. This system
has areturn line from the header to the grout sump in additionto the
pump line of the single -line system. Thus, if the header connection
to the hole isclosed, grout can be continuoudy circulated from the
grout sump to the pump, through the pump line, through the header,
and back to the sump through the return line. While grouting, the
amount of grout entering the hole through the header can be varied
by opening or clogng a valve on the return line without changing
pump speed. The double-line system is generally preferred because
It permits better control of grouting pressures and allowsless
material to settle out of the mix to plug the lines



H ose.

— Flexible hose is most commonly used for suction and discharge lines. If
the length of the discharge line is such that pipeis necessary, a short length
of hose should be provided at the pump discharge and a the connection to
the grout header.

Piping.

— Black ged pipe and fittings 1-1/2 in. in diameter are normally suitabl e for
pressure lines; but where large quantities of grout areto be injected and
the supply lineislong, it may be desirable to provide a larger sze pipe and
connection hoses.

Grout Header.

— The grout header isusudly assembled as a unit in order—that it may be
moved from one grout hole to another. The assembly consists of the
operating val ves, a pressure gage, pipe, and the necessary fittings to attach
the header to the hole and to attach the grout supply and return lines.

Pressure Gages.

— Reliadble pressure gages are essential in pressure grouting. They constitute
the principal index to the behavior of the hole and the stressesthat are
being produced in treated material. a1



Schematic Plan of Grout Plant
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