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Abstract

When utilizing a cement based suspension grout, it is important to use balanced stable
grout formulations with the proper rheology for optimum penetrability and desired set
characteristics. Grouting is nothing but a permeability test in which the Newtonion fluid,
water, is substituted by the Binghamian cement based suspension grout. We are now in
an era whereit is understood how to interpret the suitability of selected formulations
(amenability theory) and evaluate the evolution of the apparent permeability during the
actual grouting operation. It is possible to significantly reduce the cost of any grouting
operation through increased effectiveness by changing and adjusting the mix design as
the grouting operation unfolds by minimizing the cohesion and maximizing the
penetrability (and yet preventing run-away operations) of the grout via proper
application of additives and admixtures. This paper provides an overview of the
rheological and set characteristics of cement based suspension grouts. Some general
guidelines in formulating balanced, stable cement based grout formulation are also
presented along with a description of evaluation techniques (apparent Lugeon theory)
which are valuable to perform meaningful site engineering and grouting.
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1 INTRODUCTION

1.1 Grouting Philosophy for Rock Grouting

The starter mix should be "in the box" (with refece to Figure 1. "The box" is
comparable to the strike zone in baseball: thpesusion grout should have a cohesion
less than 8 Pascal and a Kpf less than 50%mier*? for optimum penetrability.
The three ground rules for professional rockugry are:

* The grout must be "in the box"

* The grout mixes have to be amenable to the formatio

* The grout mixes must be adjusted during the grgutiperation based on the

evolution of the apparent permeability

If these three rules are followed, a highly effeetrock grouting operation will be
executed. For the definition of amenability cogéint please refer to section 2.2 of this
paper.
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Figure 1. Cohesion vs resistance to pressure filtration

The Grouting Intensity Number (G.1.N.) theory wadyoa first step towards an
engineered approach in rock grouting. This themly has merit if a grout formulation
is highly amenable to the formation, and the gaomés not washout.

The GIN theory now belongs in the archives of grayt In spite of numerous failures

attributable to GIN, its spiritual father Dr. Lombdadeserves credit for introducing this
engineering approach to grouting.
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The state-of-the-art in engineering and directimyatessional rock grouting is to change
the sequence of mixes as follows:

1. Utilize a stable balanced suspension grout asrgestaix. It should have an
apparent viscosity of less than 45 seconds (MamstelCand be "in the box".
Make the appropriate changes (use of finer suspemgobuts) to obtain adequate
amenability.

2. If the apparent Lugeon value does not decreasdugllg increase the solids of
the mix, keeping the formation "inside the strikee"

3. Circumstances permitting - gradually increase tiels content until at least a 10
MPa grout formulation is achieved. If the appafdaimgeon value only decreases
slowly at that point, slowly and systematicallyriease the viscosity of the grout
by increasing the dose of viscosity modifying adimigs.

4. Only when it becomes apparent that a very viscodslaixotropic grout is
needed, (i.e. the apparent Lugeon value only deesesiowly or not at all) should
one go outside the "strike zone" and increase dhesion of the grout to values
exceeding 8 Pascal. The maximum cohesion thatdhewsed is 80 Pascal, in
order to prevent plugging the grout lines.

2 CEMENT BASED SUSPENSION GROUTS

Neat cement grouts contain two products that atreenry compatible: water and cement.
Stokes' law governs the sedimentation of the pastithe finer they are, the slower the
process. Segregation causes bleed paths to foesaallow water/ cement ratio is used.
The resistance against pressure filtration of tigesats is poor, compared to balanced,
stable suspension grouts. In rock and structumltomg, this lack of grout stability
causes bleed water migration through the gellimgigr This creates pathways and bleed-
pockets in the upper part of the cracks and crevirtgvhich erosion and chemical attack
can take place. Especially when grouting in waggurated media, "laitance" (often
confused with bentonite slurry because of its appe=e) is formed which has no
strength and is erodible. In soil grouting, the a§unstable grouts results in poor
penetration and an unreliable end product.

To obtain durable suspension grouts, the calciudndxyde formed between the
chemically resistant, hard ettringite in the cucethent paste, needs to be tied up and
also turned into (secondary) ettringite. The abtiit modify viscosity, cohesion, bleed,
gel-time, resistance against pressure filtratio, strength of cement-based grouts is
essential to ensure a cost effective and high tyuatid product. These modifications
facilitate multiple grouting passes in soil grogtiapplications.

The "DNA" defining a modern day, balanced suspengiout should be the particle size

distribution, solids content, resistance againesgure filtration, bleed, initial and final
gel and set times, evolution of cohesion and sthemgt merely the water/powder ratio.
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2.1 Properties of Suspension Grouts
The properties of cement-based grouts can be fitassito two categories:

» Fluid characteristics: cohesion and its evolutiothwme, thixotropy, viscosity,
pressure filtration coefficient, bleed, and initad final gelation.

» Set characteristics: initial and final set-timecanfined compressive strength,
durability, resistance against chemical attack, @emneability coefficient.

Properties and characteristics of suspension goautde significantly altered by means
of additives and admixtures. Often compromisesinede made between conflicting
characteristics in the search for the ideal groutfparticular project. The fluid
characteristics of the grout must be evaluatedsess their suitability for the formation
to be grouted by applying the ‘amenability theqdefined below) to assess the ability of
the selected formulation to penetrate the sizgeftares and pore channels.

The grouting engineer must have a good understgradithe characteristics and the
function of each component in the grout to formeilatalanced, stable, suspension grout
with the desired rheology and set characteristits obvious that the filling of a karst
requires a different formulation than the fillinffme fissures in a rock formation or
structure. Grouts placed in flowing water musténhigher cohesion than grouts placed
in stagnant water or in dry circumstances.

2.2 Fluid Characteristics of Cement-Based Suspension Grouts

Viscosity, Cohesion and Thixotropy: For backgroumfdrmation on these matters, refer
to publications by Khayat and Yahia (1997), Skagtgkitsy, and Whitaker (1994),
Naudts (1994) and Lombardi (1985).

The cohesion, apparent viscosity and thixotropg gfout are related but impact
differently on the rheology of a fluidCohesion, is a measure indicating how far and how
easily the Binghamian fluid will flow through pochannels of a given size under the
given pressureThixotropy relates to the time in which a certain cohesidne/és

obtained and the impact of the shear rate in olotgithis increase in cohesioWiscosity

is strictly a measure of flowability, and can beasiered with a coaxial cylindrical
viscosity meter (such as the Fann viscometer memsplastic viscosity and cohesion) or
even with a Marsh cone (apparent viscosity). Hiket two properties are closely
related: the higher the cohesion, the higher tipaiggnt viscosity. Ideally, admixtures
only marginally impact on the cohesion or viscositynoderate to high shear rates, but
cause a major increase once the grout moves stmwdyat rest. Grouts containing these
type of admixtures are often referred to as “stabpension grouts with shear thinning
rheology”.
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It has been recognized that the behaviour of ssspegrouts can be characterized as a
Binghamian fluid, as opposed to a Newtonian fluilth. a Binghamian model,

interparticle forces between the solids result ymedd stress that must be exceeded in
order to initiate flow. The shear stres$represents the transition between fluid-like and
solid-like behaviour. The cohesion representgakestance to flow until a minimum

force is applied. The cohesion "C" - more so ttenviscosity - is the property that
prevents suspended particles from settling, oloatgrom sagging in wide apertures.

It is clear from equation (1) that cohesion, plastscosity, and shear rate influence
penetrability of a suspension grout. Therefore,higher the cohesion and viscosity the
higher the shear stress and hence the (groutiegspre that need to be applied to move
the grout through the pore spaces or fissures.

7= C+ 9g (dv/dx) or n (dv/dx)

Where:

7 = zhear stress;

iZ = yield value or cohesion,
ng = plastic viscosity,
chvidy = shear rate;

n'= apparent viscosity

The ease of placement and susceptibility to wasleba grout are directly related to its
thixotropic properties. Thixotropic agents impamnique property to the cement-based
suspension grout — as the shear rate applied wrtue falls there is a rapid increase in
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cohesion and viscosity (Figures 2 and 32). Agtleait is being placed, the velocity
hence the shear rate drops at the fringes of th& gylinder, and the cohesion and
viscosity rise substantially. This in turn increashe resistance to washout but reduces
the ability to flow. Even at very low concentmats (0.05% by weight of cement or less)
pre-hydrated biopolymers used in the base mix dgsigvide a significant thixotropic
effect as shown in Figure 1. When these admixtareproperly prehydrated and
neutralized, they are very potent to produce suspargrouts with shear thinning
rheology.

Apparent
Viscosity

Shear rate

Regular cemeni-hased growt withowt
thixiropic agenis

Regulat cemeni-hased growt with thixeiropic agent
(hiop olymer)

Figure 3. Thixotropy

The penetrability of a grout into a formation igetenined by the pressure applied, its
particle size distribution, and the cohesion ofgheut (Hakansson. et al., 1992). For a
cylindrical flow channel of radius (r) it has beg@monstrated that the distance “L” that a
grout will penetrate through a flow channel witlamieter 2r, is governed by the applied
pressure (p) and cohesion of the grout (C) (Lombaass).

L=pxr

2C
“Where:
L =length of the cylindrical flow channel,
= applied pressure;
2= cohesion of the grout;

r=radius of cylindrical flow channel {or half the thickness of a seam or fissure).
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The penetrability of grout is directly related te® cohesion. In general, the higher the
cohesion the higher is the resistance to presstregibn as described below and shown
in Figure 1.

Resistance against pressure filtrationlf circumstances permit grouting with high
pressures the grout’s penetration can be enhahtieel grout has good resistance to
pressure filtration. If an unstable grout is ugld,grout will pressure filtrate (dry pack)
causing a considerable reduction in penetration.

The pressure filtration coefficient is defined las volume of water lost in the pressure

filtration test divided by the initial volume ofa@ut in the cylinder of the apparatus,
divided by the square root of the filtration tinmerinutes.

Kpf= volume of water ejected

Initial volume of grout x (filtration time (min))"2

Neat cement grout mixes and unstable mixes hawepasr resistance to pressure
filtration. During grouting, unstable mixes wilklsubjected to substantial and almost
immediate water loss where flow channels are narrdlae remaining grout forms a
filter cake in the pores or fissures and refusat&ched quickly.

A balanced suspension grout refers to a groutithgsia good resistance (low Kpf) to
pressure filtration and a low to moderate cohesldr. relationship between pressure
filtration and cohesion, based on recent in-hoaseryg, is illustrated in Figure 2.
Regular stable cement-based grouts have a low #ighigh cohesion will limit their
grout spread. By introducing high range water cedlsithe cohesion of the grout can be
reduced without adding water, thus maintaining higgistance to pressure filtration.

3 THE AMENABILITY COEFFICIENT

The amenability coefficient (Ac) is determined byiding the apparent Lugeon value of
the formation (Ly) determined by using grout as the test fluid; H®yihitial Lugeon
value of the formation determined during wateritgs{Lu,,). For field applications in
rock grouting, the following equation is used técatate the apparent Lugeon value:

with Vo, o efflux time for 1 litre of grout, via the Marsh Cone.

Lu, = flow (litres/min) x 1m x 143 psi X Vi, g, o (8€C)

1litre/minx L, () X P (psi) x 28 sec

With Vi o ¢ efflux time for 1 litre of grout, via the Marsh Cone.
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Amenability is a measure of the suitability forigem suspension grout to permeate
fissures and apertures, accessible to water, igrih@-zone. Since Ly is directly

related to the aperture size of the fissures amet @ores intersected by a borehole, it is
clear that not all of these apertures are accestita selected grout. Only the fissures or
pore channels that are wide enough will accepgtbat. Hence the permeability
coefficient established with grout is directly iteld to the aperture width of the fissures
intersected by the borehole that can accept gutdividing Luyrout bY Luwa the
percentage of open apertures intersected by a dlerabcessible to grout is given.
Hence, Ac = Ly/Luwa

The amenability coefficient (Ac) will immediatelyggal if the selected formulation is
suitable, somewhat suitable or not suitable atBfle amenability coefficient indicates
where, or if, regular cement-based grout is nodorsgitable and one has to resort to a
formulation with finer particles. Expensive ancetless grouting operations can be
avoided if the amenability of the formation is rgonzed to be too low.

The amenability coefficient is calculated earlyhe operation. The apparent Lugeon
value, however, is calculated on a continuous lesibe grouting operation progresses.
The apparent Lugeon value combines flow and pressiue main grouting data. In a
properly executed grouting operation, the apparageon value will gradually decrease
with time. If the apparent Lugeon value remaingstant or increases, it means that
gouge or drill cuttings are being displaced or thatgrout is sagging or is being washed
out.

If on the other hand, the apparent Lugeon valaegseasing quickly, it means that
“particle pick-up” is taking place or that the stdicontent is too high or that a grout with
a lower pressure filtration coefficient is needddhe role of additives and admixtures is
to optimize the effectiveness of formulations itaten to the hydrogeological conditions
encountered in the formation.

4.  SET CHARACTERISTICS OF CEMENT-BASED
SUSPENSION GROUTS

Gel-time and set-time: The gel and set time of grout are affected by nooefactors
including: the use of fillers, particle size distrtion of the grout, ambient grout
temperature, the use of retarders and accelerétersplids content of the formulation
and the medium being injecte@he use of some retarders and accelerators alsasff
the durability and strength of the grout.

Bleed: The residual permeability of a rock formation ingetwith grout can be
estimated by using the amenability coefficient esvjusly described, but also the bleed
of the grout has to be taken into account sincedfockets will be formed.

In order for a grout to be considered ‘stable’thy classic school of grouters, the bleed
should be less than 5%. Ideally, bleed shouldebg than 2%. The use of
superplasticizers masks the ultimate bleed in penson grout by slowing down the
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settlement of the cement particles. For this neasleed should also be determined from
samples (kept covered to prevent evaporation)iaat reached final set.

Unconfined compressive strength:The strength of grout is affected by numerous
factors including: solids content, type and peragatof fillers, cement content, grain size
distribution, water content, as well as the preseasfaertain retarders, accelerators, and
viscosity modifiers.

The resistance against pressure filtratiorand the execution of the grouting operation
have a major impact on the ultimate strength ofgiteeited medium. During an
extensive laboratory testing program using theitinSoil Injection System (ISIS) in
2000 (Landry, et al., 2000) using slag and non-bksged microfine cements, the authors
discovered that sands grouted with only one pagdsbasiderably lower strength than
the same sands grouted in several passes allowasgupe filtration to take place. The
difference could amount to a factor six!

Durability and resistance to chemical attack: Although related to strength properties
the durability of a grout can be considerably emedrthrough the use of various
admixtures that will react with excess calcium loydde to form secondary ettringite.
Through the use of accelerated aging tests, whesatmples of cured grout are exposed
to an environment that is harsher (at a higher &xatpre, exposed to dynamic attack by
placing the samples in a shaker bath) than thecteg@dield conditions. Furthermore, the
ability of the grout to withstand chemical attasleotime can be evaluated.

Matrix Porosity and Permeability: The matrix porosity and permeability of a set grout
can be an important factor. A more pervious grsduibject to faster deterioration that
could, in turn, be accelerated if the environmexg & low pH. Calcium hydroxide can be
more readily leached out from the grout, if thenpeability coefficient is high.

Alternately, if a pervious grout is required inusitions where strength is required but
drainage is necessary, specially formulated ceffoamts can be used that have very high
permeability and good strength characteristics.

5. COMMON ADDITIVES AND ADMIXTURES USED IN
SUSPENSION GROUTS

The characteristics that are desirable in a suspegsout have been outlined above.
How are additives and admixtures best used to pmdistable, balanced suspension
grout? There is a myriad of additives and admeduavailable on the market. Many
products are sold under brand names. Manufactanetslistributors do not like to
reveal details of the actual chemical compositidhe application of a few additives and
admixtures are detailed below as a guide for tadee

Additives

Slag: Slag is a non-metallic by-product created durlmgdmelting process of iron ore.
In the smelter, layers of dolomite are placed betwie ore. Slag is generally composed
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of silicates, aluminosilicates, calcium oxides atiter base components. Slag is
commonly used as an active component in the grbtidkes part in the hydraulic
reaction between water and cement. It also reettsother additives to create
ettrengite. On its own, slag will cure very slovayd must be used in conjunction with
cement.

The low hydraulic reactivity of slag is ideal tol@ginitial set. This is particularly useful
to control the set time of ultrafine cements. Mastnds contain large amounts of slag
and are blended with cement and other additivesadnuxtures before they are ground
down to an ultra fine powder. Because of the laqecific surface (Blaine fineness in
excess of 8000 cfty) and low matrix permeability and better chematability of

ultrafine cement particles, the reactivity of thegPortland cements is too high. Slag is
commonly added to extend the set time of microfi@ment-based grouts and to create a
reaction with the calcium hydroxide. This redutfesmatrix porosity and enhances the
chemical resistance.

Fly-ash: Fly-ash (Type F) is a rather inexpensive fillertwitozzolanic characteristics.
This product reacts with calcium hydroxide (freadj that is generated by the hydraulic
reaction between the cement and water to form skrgrettringite. This creates a more
durable grout, especially in environments wherefttbe lime could be easily leached out.
Fly-ash also slightly reduces segregation and esésatine water repellant characteristics
of the grout, as well as, its resistance agairetqure filtration.

Fly-ash slows down the hydraulic reaction and gfttedevelopment. Fly-ash also reacts
with lime to form a low strength grout. Grouts ta@ining high concentrations of type F
fly ash (70 — 90 % of the total solids contenthia mix) cure very slowly and can be used
for backfill grouting operations, in compensatianwing applications and flowable fill.

Fly-ash is a valuable component used to make il&afement by either wet milling for
immediate use in microfine cement-based grouts di¢aand Yates, 2000). It is blended
with Portland cement and plays the same role astalareaches a lower unconfined
compressive strength (at the same concentratichen@ing ratios).

There are two common types of fly-ash availablpet¢€ and type F. The difference lies
in their chemical composition due to the varioysety of coal used in the combustion
chamber. If the concentration of type C fly ashe®ds 15% by weight of cement, it
could lead to rapid deterioration of the grout.

Natural Pozzolan: Natural pozzolan can be found in a natural statdifferent rock
formations or they can be made from clay or scHistst into cinder. Commonly known
natural pozzolan such as pumice and trass havedffsetively used to chemically react
with the calcium hydroxide created during the hyidraof cement to form secondary
ettringite. By tying up the free calcium hydroxj@emore durable and competent end-
product is achieved. The strength gain in thengugrout is slower and the exothermic
reaction is less pronounced, which is beneficiaémvgrout is placed in large quantities.

Trass: clay-phyllosilicate (1-1 structures)This natural pozzolan has been used for over
2,000 years. Trass-enhanced mortars have stofat @p centuries in marine
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environments. Trass is a powderised tuff stonesthin Andernach (Am Rhein) in
Germany. Trass is extensively used in grouts fouting sewers because it enhances the
chemical resistance of the end product. Becaugs ability to react with the free lime,
the bond to concrete of grouts containing natusakzplans is considerably better
compared to those that lack it.

Silica fume: Silica fume is a by-product of the production ititen or alloys

containing at least 75% silicon. The silica funaetigles collected are spherical in shape
with an average diameter of approximately 0.1 nmcrdhe small particle size makes it
act as small ball bearings, keeping the larger c¢iparticles into position in the mix,
enhancing the penetrability of the grout.

Silica fume is also useful to reduce the permeghili the cured grout and as a result
enhance its durability. The stability and resistaagainst pressure filtration
characteristics of a grout can be enhanced witlntineduction of silica fume. Silica
fume is also known to provide water-repellant chemastics to the grout.

Hooton (1990) researched and documented the epsadifisilica fume enhanced grouts.
During the last 15 years the authors have testddised silica fume in numerous
grouting applications. Especially for the groutofgstructures, silica fume enhanced
grouts are very suitable.

Typical concentrations of silica fume in cementdthgrouts vary between 4 and 10%
b.w.o.c. Because of its fineness, it is a mostalalel additive to ultrafine cement-based
grouts. It also enhances the wet milling of centsged suspension grouts.

Bentonite: Bentonite is one of the most common additives useg@ment-based
suspension grouts. It enhances resistance toypesfisration, reduces bleed, enhances
stability and penetrability, and increases the s@reand viscosity of the grout. The
barrel yield value of the bentonite is indicativfelge stabilizing effect of the bentonite.
A barrel yield of 110 or more is recommended fanuging applications.

Bentonite is a clay phylosilicate (2-1 structurka@acterized by its great affinity for
water. For grouting applications, a high yield isod montmorillonite is recommended.
They are composed of two layers of silica and dredwoninum. The weak Van der Waal
link between the layers of silica makes it possiblebentonite particles to
electrostatically attract other molecules of thpagite polarity. This phenomenon is
particularly useful in grouting applications to t@irthe segregation (i.e. minimize the
bleed and reduce the pressure filtration coeffi¢iBncement-based suspension grouts.

Bentonite should be used as a pre-hydrated sldre author found out that if the
bentonite is not pre-hydrated first, it will leawlthe cracking of the cured grout. Even if
bentonite is introduced as a slurry, it should gvae entered first in the mix. The
mixing order has an impact on the rheology and e¢lerstrength of the cured grout.
When bentonite is introduced as thst component, its stabilizing effects are vastly
reduced.
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Locally available fillers: The formulator should be familiar with the chenhica
composition of the locally available fillers suchwaaste products from many tailings,
'soils' and minerals, and consider incorporatirggptlinto the mix to produce inexpensive
yet durable grouts. Initially, only the fluid dla&teristics of the mix can be assessed.
The set characteristics and durability of the erwdipct are typically not known and must
be carefully considered, unless the grouting opmEras only of a temporary nature.

Admixtures

Dispersants, high range water reducers and superpdticizers: These admixtures are
used to reduce the viscosity of the grout anddoce the speed of segregation of a given
grout and consequentially, enhance its stability.

Deflocculators enrobe the cement particles withna &f the same negative charge.
Consequentially, the particles reject each othdrtha formation of macro-flocs is
prevented. Typically defloculators used in grares naphthalene sulphonate or
melamine based.

One important reason water reducers, dispersamdssgperplasticizers are used is to
improve the mixing of all ingredients. Consequalhtj these admixtures should be
introduced at the beginning of the mixing cycle aotlat the end. In the case of mixes
characterized by low viscosity, it is appropriaieritroduce dispersants at the end of the
mixing cycle. The latter saves money as the lat®duction of dispersants requires
smaller amounts.

Viscosity modifiers: Viscosity modifiers can be used to provide a wiaglege of flow
properties. Viscosity modifiers with high moleauweeight which are highly cross

linked, when used in a fully neutralized solutiarcolloidal suspension, will provide a
very “short flow" rheology. Short flow rheology cée characterized by gelled, highly
water repellant consistency similar to mayonnai®e.the other hand, viscosity

modifiers with a low molecular weight, more lighttyoss-linked, will produce
suspension grouts with “long flow” rheology, moesembling a “syrup”. One of the key
attributes of viscosity modifiers is that they impgahear thinning”. This means that
when pressure is applied to the grout, it will flowhen the driving pressure is removed,
the grout will quickly “thicken up”.

Minute quantities of bio-polymers such as natutahg and starches, cellulose ester
derivatives and hydrophobically modified polyardgl@olymers, polyethylene oxide or
polyvinyl alcohol, make it possible to change thealogy of a suspension grout
dramatically. In order to maximize the qualitiégleese products, they should be
properly pre-hydrated and chemically neutralized.

Based on our research, viscosity modifiers caress® the resistance against pressure
filtration by a factor 2 to 10, depending on thewgrformulation.

Retarders, grout stabilizers: In the past, lignosulphonate - based superplastiEiwere
used to slow down the curing of cement-based ssspegrouts. This was done to
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facilitate multiple grouting passes for soil grawgtior to prevent the loss of access to a
given grout zone. The effect of a commercially aire retarder on the gel and set times
of microfine cement-based grout is shown in Fidure

80
_A
60 = Control
0 A 0.5 % Retarder (b.w.
£ 40

20 4////"/ = . 1.5 % Retarder (b.w.

Initial Gel Final Gel Initial Set Final Set

Figure 5. Gel and set time modification using a tarder

Citric acid has been used for the same purposmajar loss in strength was noticed, in
spite of citric acid’s minimal impact on initial driinal gelation times.

Schwarz (2000) performed very valuable work onube of superplasticizers in
conjunction with isopropyl alcohol to delay the eimn of the cohesion and extend the
initial gel time. Isopropyl alcohol is an effective retarder thatewlused in small
guantities, will not affect the final strength bktgrout. The isopropyl alcohol acts as a
‘super’ superplasticizer, which prevents the ihisietting stages of the reaction from
occurring. During or following the final stage gfouting, sodium silicate can be injected
which reverses the retardation process and cabsagdut to set quickly.

6. CONCLUSIONS

Having an in depth knowledge of the rheology artdcbaracteristics of cement bases
suspension grouts and knowing the effects of eaalable additives is the corner stone
of being able to formulate balanced stable cemasédth suspension grouts. Once this
task has been mastered, one can easily adjustabefgrmulation to suite project
specific requirements, while lowering the overabjpct grouting cost by improving on
the penetrability of the grout mix design. Eveaubh, a well designed grout formulation
is injected does not necessarily imply that thenidation will be injectable in a

particular formation. The amenability of the fotina may dictate that the physical
characteristics (i.e. grain size and rheologyhefthase materials of the grout may not be
suitable for the apertures of the formation. Bmdacting a thorough evaluation in the
initial phase of the each injection, the experiehgeuter should be able to easily
determine the effectiveness of the injection amayigle the necessary adjustments to
remedy the situation.
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