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Background

Clearly, grouting of rock is not a completely s@enit is also an Art, formed by a complex
interacting system which is not easily mathemaijaalodeled.

The resistance to flow of a grout through thinmacfures is however obvious, normal solved by
increasing grouting pressure to attain the refostdria set i.e grouting until no more grout are
taken.

This approach however does not take into accoenintiportant roles of additives and
admixtures that enhance the rheological aspects.

The purpose of using additives in cement-basedtgisdo improve the stability (bleeding) and
rheological properties (viscosity, cohesion andrnmal friction or bond) of the grout in order to
enhance the penetrability and flow characteristics.

In order to select and determine critical desigt f@asibility parameters it is advantageous to
perform tests to simulated rocks and assess thatipe

At present, there are no truly reliable small scal&boratory methods which will accurately
determine the injectability limits of rocks.

Injectability tests currently being conducted dalascale are usually fundamentally flawed.
This as these tests does not allow for grout mixinmjection to be performed in the same
manner as is done in the field.

However, these tests may be useful for comparing@ws grout mix designs against the same
criteria but do not accurately determine injeciblimits or injectability into site specific rock
conditions such as:

the hole spacing

the grout type and formulation required

the performance criteria that are economical osaeably achievable

the refusal criteria required to achieve the penfonce criteria

The art of grouting rock are to fully control sowfethe factors pertain to the in-situ rocks to be
grouted while others pertain to the specific pan@nseof the grout to be injected.
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Therock characteristics
that affects the penetrability of a specific groubd that rock medium:

e "Particle pick-up" In most cases, the influence of "particle pick-apg ignored.

The presence of contaminants(silt/particles) caoime dislodged from
the rock matrix and part of the suspension grous thcreasing apparent
viscosity, suspended solids content and reducingtp&tion.

The same applies for the chemistry of the contantghand the rock that
can affect grout rheology or affect gel and seesm

» Fissuresize and distribution: contribute to permeability coefficient, pore
size and spacing

* Water content: dry rocks will absorb some of the water from theug
mix and increase the apparent viscosity

very wet conditions may cause dilution of the grespecially if unstable
grout mixes are used,

» Homogeneity: thinner rock layers require more injection presso
obtain a desired grout spread, and therefore "chéfkenore easily,

Non-injectable strata may block off layers that amenable to permeation
grouting.

Density will affect the hydraulic conductivity dfi¢ rock
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The grout characteristics
that affect the penetrability of that grout ints@ecific rock medium:

The particle size and particle size distribution

Viscosity : at lower level will reduce the internal frictiondenhance
penetration

A balanced stable cement grouts can be formulatgdavide an apparent viscosity ,
compared to conventional neat cement grouts. Atjidiigher viscosity will be obtained
with the additives.

* Internal cohesion : affects the travel distance of the grout.

The cohesion of the balanced stable grouts is |okaer the neat cement grouts due to the
deflocculating effect of the superplastizer.

The slightly higher viscosity values result in @lstly lower injection rate. However, the
lower cohesion value theoretically provides a greeddius of grout penetration with the
balanced stable grouts for a given fracture apertur

Evolutive grouts are characterized by a graduakisme in gel strength and
increase in viscosity prior to reaching initial agn (C= 100 pa) which
adversely affects its injectability.

A properly formulated suspension grout virtuallpsid have non-evolutive
gelation characteristics: low viscosity is main&rfor at least 50% of its
final gelation time to achieve the desired groutad,

» Thixotropy : of a grout is characterized by low viscosity uncherderate to
high shear conditions and high viscosity under $éhsar

As the thixotropic grout travels farther away fréme injection point, shear is
reduced and its viscosity will increase resultingigradual refusal

The additives in the balanced stable grouts sl@hgdration process and thus result in a
slower set time. This provide a longer working tiarel reduce possible costs by discarding
grouting materials.

This also suggest that the neat cement grouts tiidar2 hours should be discarded as
significant chemical bond or internal friction dreginning to form.

« Stability/ Bleed: A difference in stability or bleed between theottypes of grout can be
very significant.
Bleed water accumulation that occurs in the gréter aefusal has been obtained will result
in incomplete filling of the fractures.

This incomplete filling results in the likelihood significant secondary permeation after
grouting and a subsequent reduction in durability th the network of flowpaths provided
by the bleed channels.
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Once the grout cures in the rocks, bleed waterraggafrom the solids, causing anisotropic
characteristics in grouted rocks (high residuaipability in the horizontal direction and
low residual permeability in the vertical directjon

Unstable grout mixes will easily pressure filtrateform flocs and hereby increase the
effective particle size if the blockage gets digied.

Pressurefiltration: is the occurrence of mix water within the fluicbgt separating from the
cement, particularly during a pressure groutingragpen.

The coefficient of pressure filtration is deterndrigased on the API filter press test.

The pressure filtration characteristics of balahatable mixes are clearly superior to the
conventional neat cement grouts i.e the neat wat@ent grouts blows air after only 0,5 to 1
minutes, which indicates that most of the waterlieen squeezed out.

Several negative impacts are clearly indicated bigh-pressure filtration value and
bleeding.

If a grout mix is susceptible to pressure filtratid.e. water is 'squeezed' from the grout) a
rapid increase in viscosity occurs under pressnderaduces penetrability into smaller pores
(as pore channels are smaller, particles tendriopack" and block further flow of grout),

The rheology of the neat cement grouts is not stdbfing the pressure injection process and
results in self- thickening (sedimentation).

An other negative impact are also that a signitieanounts of water are being injected into
the formation being attributed to "grout take".

The balanced stable grouts sustain a longer pungpgtgnce with no sedimentation or dry
packing occurring.
The mixing sequence: the process by which the grout are produced:

Some additives need to be incorporated in the groxiat a specific stage in order to
provide the desired impact on the fluid charactiesof the grout.

It is imperative that a high shear mixer is usedrtsure complete mixing and that
each patrticle is individually wetted to obtain grtimum stabile suspension.

Compressive strength:

A balanced stable grout has a lower compressieagtn than the neat cement grouts.
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Crouting theory - balanced, stable grouts

Eefiisal penetraton controlled
by pressure and cohesion ‘\

Minor densification M inirmal wr ater loss theough
pressure filtration

Hezlizgihle bleed
charmels

Srouting theory - neat cement grouts

Fefusal penetration controlled by pressare,
fcnhesinn, clumping, and bridzing

D n=ification Substantial wate rloss thaogh
pressure filtration
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