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Industry in general uses an enormous variety of rotating machinery,
the greater number of which are mounted on some type of concrete
foundation, or plinth. Frequently, the amount of time and effort spent
on the design and construction of the foundations, and on the all
important interface area between machine and foundation, does not
seem to be commensurate with the value of the installation as a whole.

Many problems directly attributable to the foundation size and shape,
or to inherent weaknesses in the concrete material, have been noted
over the years. Mechanical problems have arisen from the inability of
the foundation to operate as a good vibration damper. Problems relat
ed to the the use of unsuitable grouting materials are also frequently
seen.

This paper attempts to examine some of the main problems affecting
machinery foundations, and to point out some repair procedures that
have worked well. It also points out the importance of properly de
signed and constructed foundations, and the desirability of using poly
mer based machinery grouts.

Polymer Solutions to Industrial Problems

ALPHATEC ENGINEERING (5) PTE LTD
196 Pandan Loop #04-14 Pantech Industrial Complex

Singapore 128384.
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1. INTRODUCTION

In the last 10 years Alpha Kogyo has carried
out over 1,000 projects, involving more than
2,200 units of rotating machinery (See Figure
1). Many of these have been foundation re
pairs, and/or regrouts of the machine base.
We hope that some of the following comments
will be helpful in giving a new perspective on,
and in solving, vibration or alignment prob
lems.
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2. MACHINERY FOUNDATIONS

Before looking at foundation problems, the
purpose of rotating machinery foundations
should be re-examined. There are two basic
reasons for building a foundation:

Stable platform: Many machines operate in
a train or system which relies on mechanical
links. Shaft couplings have certain limits to
the degree of misalignment that they can
handle, and piping, particularly high-pressure
piping, imposes its own limitations. Operators
and maintenance personnel must have access
to the machinery, and installers must have a
solid base to work on. All these factors as
sume that the machine will be placed on a
base which is dimensionally acccurate, stable,
and has high integrity.

I FOUNDATIONS & GROUT

Vibration damping: Almost all ma-
chines currently manufactured generate
some degree of vibration. This vibration can
interfere with the accurate operation of the
machine itself, cause wear and tear on mov
ing parts, and affect the surroundings, so it
must be dispersed in some way. Vibration
can be dispersed by resilient damping 
mounting the unit on rubber mounts, springs,
or viscous damping systems, - or by massive
damping. Massive damping is the damping of
vibrations by directing them into a large mass
of some attenuating substance (of which con
crete is an excellent example, as shown in
Figure 2), and utilising an enormous number
of molecular transfers of energy to achieve
the damping.
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SIGNAL ATTENUATION IN CAST STEEL

SIGNAL ATTENUATION IN CONCRETE

S h ri n k age: This problem results
from the heat of hydration during
the curing process. The heat is ne
cessary to help the chemical com
pounds and fillers making up the
raw mixture to bond together into
the solid material which we call
"concrete". But as the mixture so
lidifies and cools, it shrinks, result
ing in a partial destruction of some
of the bonds which have just been
forged.

Adhesion: This
problem is relat
ed to the two
above, since we
have established
that concrete
does not bond
very well to it
self. If the con
crete is poured
continuously,

and hydrates as one complete mass, it does
develop the small amount of internal cohesion
normally seen, but breaks in the concrete
placement of as little as 15 minutes can re
suit in effective cold joint separations.

If shrinkage cracks, stress cracks, or cold
joint separations occur in the concrete foun
dation, the ability to damp out vibrations is
greatly reduced, and thus one of the main
reasons for having a foundation in the first
place is negated.

Tensile strength: Concrete has
very low tensile strength, due to the
low molecular bond strengths of the
component materials - cement is
just not very "sticky"! The lack of
tensile strength is compensated for

in concrete structures by the use of steel re
inforcing bars, but their placement is selec
tive, and restricted. Often the reinforcing

pattern does not
fully reflect the
stresses which
will be imposed
upon the foun
dation by the op
eration of the
machine it will
support.

FIGURE 2.

Concrete has proved to be an excellent, and
very economical, material for making machin
ery foundations, as long as its limitations are
well understood, and allowed for. These limi
tations can mainly be summarized as follows:

FIGURE 3.
Most process
machinery such
as pumps, blowers, generators, compressors,

mixers, and so on, have developed over the
years into highly specialized, high-production
machines that, if built with the idea of being
self damping, would be so large and heavy
that the cost of manufacture and transporta
tion would be prohibitive. Modern machines
are therefore designed to do their particular
job best, and the foundation takes care of vi
bration damping.

Massive cast iron and steel structures can
also attenuate vibrations to a limited degree
(See Figure 3). Some machines (such as
many types of
machine tool) are
designed with a
built-in founda
tion. Their struc
ture is so mas
sive, and stiff,
that any operat
ing vibrations can
be fully damped
out by the mass
of the base itself.

However, this
attenuation is not
nearly so effec
tive in iron or
steel as it is in
concrete.
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COLD JOINTS IN CONCRETE WEIRPHOTO 1.

Photo 1 shows a small dam, or weir, on a mi
nor river in Northern Japan. The construction
joints are very obviously no longer bonded,
since water seepage is widely apparent. The
force of the water is not great, and compared
with those in machinery foundations is basi-

cally a static force, yet the
cold joints have cracked virtu
ally right across each lift.
Pressure injection of an epoxy
adhesive to repair these
cracks would be fairly
straight-forward, but this is
not actually one of our case
histories.

We have worked in many of
the major cement plants in
Asia, and convinced one of the
Japanese manufacturers to
conduct some tests on our
recommended bonding epoxy.
This entailed the use of con
trol samples as well, so the
picture of full strength con
crete, new concrete poured
over old, and new concrete
bonded to old using an adhe-
sive, is fairly complete. The
tests were done in flexion,

which gives the best repeatability, and the
epoxy bonded samples gave results which
were close to the originally tested strength of
the concrete (See Figure 4).

TEST SPECIMENS
I mm

100 x 100 x 400

CURED 28 DAYS
/" ---// CONCRETE STRENGTH 329 kg/em"

I....c:::::;;.--___

COMPRESSIVE ( TESTED AVERAGE)
/// -- ~

I )k_ :..~/"

RETESTED AFTER 28 DAYS CURE

NO EPOXY WITH EPOXY

I ORIGINAL I ~ ~
FLEXURAL STRENGTH FLEXURAL STRENGTH FLEXURAL STRENGTH

48.6 kg / em" 42.6 kg / em.
CUSTQMU: lOCATION

48.9 kg/ em" 46.5 kg / em. OIA-.G LEXURAL STRENGTH TEST: JIS A -1106
m~

44.7 kg / em" 2.3 kg I em" OIA-.G ,,~

kg / em" kg / em"
NO. Iff.

47.1 2.5 M_
l~~l QUOT! I ~ ISCAll NO.

OI"WN OAT! DEC. 1984IT

THIRD ANelLE PR<hJECTION.
ALL DIMENSIONS IN MILLIMETERS

!AAlPHA~

FIGURE 4. BONDING NEW CONCRETE TO OLD
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The laboratory prepared concrete-to
concrete samples, on the other hand, showed
bond strengths so low as to be of considera
ble concern to a machinery foundation de
signer.

mIssIon time of rQughly 80 milliseconds is
common(Photo 2). Where a cold joint exists,
there is no signal reception, or a very long
delayed reception as the signal travels
through the rebar, indicated by the small red
lamp on the left of the instrument panel (Pho
to 3).

A pressure injection repair was
proposed (see Figure 5 for the
general arrangement), accepted,
and carried out in November
1979 to rebond the cold joint
separation. Vibration levels
were further reduced by ap
proximately 30% (See Figure
6).

In 1979 the plant owners decid
ed that further work was neces
sary, and awarded a regrout
contract to Alpha. This second
regrouting was carried out in
September using epoxy grout,
and vibration levels were re
duced substantially. They were,
however, somewhat higher than
we had hoped for.

A diesel engine generator was
installed on a concrete founda
tion in 1970. Due to cold joint
separations, and a complicated
foundation shape, combined with
the use of cement grout, the
foundation was not effective as
a vibration damper. Engine vi
bration levels increased rapidly
until in 1974 the manufacturer
recommended that drastic re
pair work be carried out.

The ways in which these cold
joint problems affect rotating
machinery, and some steps tak
en to counteract them are the
subject of the follOWing pages.

Since Alpha Kogyo was not yet
in operation, the engine founda
tion was completely chipped out,
and rebuilt in about 6 weeks.
The engine was then regrouted

with cement grout. The rebuilt foundation was
considerably enlarged, and reinforcing steel
was added with an enthusiasm bordering on
abandon. However, although the quality of the
concrete was excellent, and overall construc
tion methods very good, the new concrete was
not bonded to the old, and vibration levels
started rising rapidly once more.

ULTRASONIC TEST IN SOUND CONCRETEPHOTO 2.

Discontinuities in the concrete do not permit
the transfer of vibrations, or any other wave
form. This fact is easily demonstrated with
ultrasonic test equipment which generates a
vibration in the concrete at one transducer,
and attempts to read the time taken for the
pulse to travel to the receiving transducer. In
good sound concrete, with the transducers
placed approximately 200 mm apart, a trans-

PHOTO 3. NO SIGNAL RECEPTION
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FIGURE 7. REPAIR PROCEDURE FOR TURBO-BLOWER FOUNDATION

The repair of cold joints, and foundation
cracks, is important to ensure the proper per
formance of the foundation for any type of
rotating machine, not only reciprocating units.

Figure 7 shows the foundation drawing for an
11.5MW turbo-blower, from
which the presumed cold joints
were identified.

The repair procedure involved
drilling 4.5m holes vertically
down through each foundation
pillar (Photo 4).

PHOTO 4. DRILLING MAIN INJECTION HOLES
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High tensile strength rebar
was set in place (Photo 5
shows the copper tubing which
gives access to the annular
space around the rebar), and
epoxy adhesive pumped
around the bar and into the
cold joints.

PHOTO 5. REINFORCING BARS & TUBING SET

PHOTO 6. EPOXY FLOW-OUT FROM COLD JOINTS

Epoxy flow-out from the upper
cold joints is visible in Photo 6.

Photo 7 shows epoxy adhesive
being pumped into the LP cyl
inder footing on the foundation
top.

PHOTO 7. EPOXY INJECTION INTO FOOTING
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FIGURE 8. VIBRATION READINGS BEFORE & AFTER REPAIR

Figure 8 is a graphic representation of the vi
bration readings taken before and after the
foundation repair job. While the pre-existing
vibration levels were low compared with those
we are accustomed to seeing in reciprocating
machinery, they were high enough to set off
the auto-trip mechanisms. The vibration lev
els were satisfactorily reduced, and smooth
ed out. An interesting aspect of graphing this
data was that the effects of torque became
quite clear - the "lifting" side
shows generally higher vibra
tion levels than the "pressing"
side.

Photo 8 shows a scale model
of a diesel engine generator
foundation which we made to
illustrate the cold joint prob
lem more clearly. The first
point that strikes the knowl
edgeable viewer is the small
size of the foundation com
pared with the size, and high
power output (5.4 MW) of the
engine. The second point is
that concrete for this type of
foundation is typically poured
in 3 distinct operations, due to

the shape of the foundation, and the necessity
for strong form work at each stage. Cold
joints obviously can occur between each dis
tinct pour.

PHOTO 8. DIESEL ENGINE FOUNDATION MODEL
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FLOW-OUT FROM MULTIPLE COLD JOINTS

crete, speeding up the air contact, which
speeds up the corrosion process, and so on.
Eventually the rebar matrix will corrode to the
extent that it cannot cover the stresses
transmitted to the foundation, and major
stress cracks will result.

The design of the repair, in accordance with
our modestly named "ALPHA METHOD",
aims to first repair these cold joints, and to
provide additional reinforcing with high ten
sile strength rebar in the stressed areas.
While the repair was under way, it became
clear that the cold joints were not confined to
the obvious locations (See Photo 9), but had
occurred at very close intervals. These sep-

PHOTO 9.

At the slow
above, most

rate of penetration mentioned
concrete foundations are as
sured of a life of 50 years or
more, but the speed of neu
tralization is greatly affected
by the acidity in the atmos
phere. Unfortunately, the at
mosphere in the immediate vi
cinity of most industrial ma
chinery is not the purest, and
neutralization rates of 10 mm
per year have been recorded.
At this rate, the life of the
foundation would be of consid
erable concern, and measures
to protect it should be taken.
The test for rate of neutrali
zation is made by chipping a
small depression in the side of
the foundation, and spraying it
with a phenolphthalein solu
tion. The initially colorless so
lution changes to red where
the pH is still high, allowing
the depth (and thus the rate of
penetration) to be measured
with a dial depth gauge.

arations are the result of the batching of the
concrete, and the time between placement
was probably only 15 to 30 minutes. Proper
consolidation with vibrators had not been car
ried out, and the cohesive bond was poor. The
pressure at which the epoxy adhesive is in-
jected (up to 300 kg/cm2 depending on the
condition of the concrete, and thus the back
pressure) is sufficient to break any of these
weakly bonded areas, but not high enough to
damage sound concrete.

Another common foundation problem is relat
ed to the amount of protection against corro
sion afforded to the rebar matrix.

When concrete is first placed, it is highly al
kaline, with a pH usually around 12. As the
carbon dioxide and water vapor in the air con
tact the cured concrete, the alkalinity of the
concrete is gradually neutralized. This pro
cess then progresses slowly into the concrete
structure as the migration of the C02 and
water vapor molecules progresses, usually at
a rate of around 1 mm per year. Once the
concrete surrounding the rebar is neutralized,
corrosion can begin. Corrosion produces
large expansive forces, which crack the con-

IFOUNDATIONS & GROUT

Protective measures consist of the applica
tion of a flexible epoxy coating, or a polysul
fide coating, as soon as possible after the
forms have been removed. In the case of ex
isting plants where a problem has identified,
scabbling or sand-blasting of the existing
surface will be necessary before applying the
coating.
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3. MACHINERY GROUT

"GROUT" is usually defined as a material
which can be placed in the gap between two
surfaces, joining them together to give a sol
id monolithic structure. Many grouting mate
ri~ls are now available, and the requirements
can often be met with relatively low perfor
mance products (the mortar used for filling
the space between individual bricks in a house
is one example of this type of low-tech
grout), but the requirements for a machinery
grout are not so easily met. The necessary
properties of machinery grouts are:

1. The ability to be placed in between the 2
surfaces to be grouted, and achieve satisfac
tory bearing area percentages (more than
95% contact under test conditions).

2. The ability to change from a plastic state
to a solid state, with negligible change in di
mension.

3. The ability to contact intimately the sur
face it will support ("wetting ability").

4. The ability to form an adhesive bond with
the contacted surface.

5. The ability to withstand considerable com
pressive loading in a dynamic form, and at
high temperatures.

6. The ability to withstand cyclic changes in
the loaded condition.

7. The ability to withstand vibration.

8. The ability to maintain its dimensions to
very close tolerances, at high temperatures,
over a long period of time.

9. The ability to withstand weathering over
long periods of time.

10. The ability to withstand temperature
changes of a cyclic nature, or of a sudden,
extreme nature.

11. The ability to withstand repeated immer
sions in hot oil, and other chemical contami
nants without allOWing any penetration, and
witho~t showing any consequential change in
physical properties.

12. The ability to transmit vibrations into the
foundation mass for damping.

Machinery grout has traditionally not re
ceived much attention from design engineers.
It tends to fall into the grey area between me-

IFOUNDATIONS & GROUT

chanical and civil engineering, and is benignly
ignored by both. This is unfortunate, since
the performance of the grout in accepting,
and properly transmitting, the various dynam
ic loads imposed upon it by the operation of
the machine, is critical to the life of that unit.

Grout must be able to accept the high com
pressive loads generated by the machine's
hold-down, or anchor, bolts. Many engineers
seem to be unaware that the anchor bolt fas
tening loads are frequently 5 to 10 times
higher than the deadweight of the machine it
self. For example, 200 kg.m torque used to
fasten a 50mm bolt results in a loading of ap
proXimately 20 tonnes per bolt. 10 to 12 an
chor bolts on a machine weighing 30 to 40
tonnes are not uncommon, so the total im
posed load can be 200 to 240 tonnes from
anchor bolt tightening alone.

Since the anchor bolts are fabricated from a
very slightly elastic material

J
this compres

sive load is not constant, but changes very
rapidly as the forces in the immediate area
change. The anchor bolts adjacent to the fir
ing cylinder of a diesel or gas engine may be
subject to instantaneous reaction loads in the
vicinity of 40 to 50 tonnes. To this must be
added the continuous torque loads, which are
common to all rotating machines, and the ef
fects of vibration, and variations in the oper
ating conditions.

This combination of forces can result in the
grout being in tension, rather th~n compre~

sion for very small segments of tIme. Obvl
ousl~, if the grout material cannot resist ten
sile stresses, it can fail. Due to thermal
changes in the operating machinery, the grout
is subjected to lateral and bending stresses.
The ability to resist these stresses, there
fore should be taken into account when de
signing a grout material, or a machine instal
lation. Cement based grouts do not exhibit
this resistance, and are unsuitable for grout
ing machinery.
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An unfortunate fact of life as far as recipro
cating machinery is concerned is the pres
ence of oil. Lubricating oil is forced out of the
crankcase by the internal pressures, and the
movements of the machined joints, and is
easily drawn into the crack between grout and
machine base by capillary attraction, as soon
as the initial weak bond fails. The oil has very
low viscosity, due to the heat and pressure,
and soaks into concrete very easily. If any
cracks exist in the concrete, (and they inevit
ably do) the rate of penetration is greatly ac
celerated. Similarly, if cement-based grout
has been used, oil penetration into the grout
itself will take place.

PHOTO 10. OIL-SOAKED GROUT

and underlying concrete were chipped out,
and the engine regrouted with epoxy grout,
solving the oil penetration problem.

The grout material must be able to transmit
the vibrations generated by the operation of
the equipment into the foundation. Concrete
has excellent attenuation characteristics, but
these can only be effective if the waveform
can be fully transmitted, and Widely dis
persed. This requires intimate contact be
tween machine base and grout, and between
grout and foundation, throughout the operat
ing cycle. Cement grouts have very little bond
to steel surfaces when initially cured, and it
gets worse, not better, as time goes on.

Cement grouts almost always
appear to have good free flow
characteristics, but in prac
tice, their flow properties are
not good, since they are sub
ject to the cement "false set"
phenomenon (Photo 11). The
grout in this illustration is one
of the iron particle types,
which continue to expand for
years after the initial place
ment.

This is particularly the case in
a climate that is humid and
fairly warm, as it is for much
of the year in Pacific Basin
countries. The layering of the
grout has resulted in a hori
zontal separation. In several
cases, we have seen this type
of grout virtually self
destruct after 2 or 3 years of

A' good illustration of the
breakdown of cement based
grout was provided by a power
station in Japan consisting of
8 sets of 5.8 MW diesel en
gine generators. The engine
shown in Photo 10 had been in
service for only a little over 5
years when the regrout was
carried out. The cement grout,
and the underlying concrete,
were so badly oil-soaked that
virtually no cohesive strength
remained. In the worst areas,
the degraded material could be
removed by hand. Deflections
of the crankshaft were con
stantly changing, requiring
shimming on a daily basis. Vi
bration levels had risen, and
operation at full load was im
possible. The cement grout

IFOUNDATIONS & GROUT

PHOTO 11. CEMENT GROUT PROBLEMS
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service. The design of the base itself is less
than ideal, since the projecting rib causes a
notch in the grout, tending to weaken it at the
point where the highest strength is required.

In this particular instance, the turbo
compressor in question was not immediately
regrouted. A temporary pressure injection re
pair was done, and the unit run for a further 2
years. The corrosion was arrested sufficient
ly to slow down the associated uplift, but at
the next major shutdown, level checks
showed that some movement was still taking
place, and a complete regrout was then car
ried out.

trical as a chemical phenomenon, the greater
the electrical conductivity, the faster corro
sion will take place. In this case, we could
clearly see that the corrosion rate where the
grout was in contact was higher than the bare
steel corrosion rate in air.

Photo 12 shows a baseplate from the alterna
tor of a stand-by diesel set in a nuclear pow
er station, removed for periodic inspection.
While there was a great deal of corrosion
visible on the baseplate itself, it was the
amount of scale left behind on the foundation
top that was most impressive (see Photo 13).

PHOTO 12. GENERATOR BASEPLATE

The corrosion problem,
though, is not confined to iron
particle filled grouts. A II ce
ment grouts tend to cause cor
rosion of the steel, surface
they are in contact with. This
is partly because they contain
water when placed, partly be
cause they allow transmission
of water vapor and oxygen
through the matrix after cur
ing, but mainly because the ce
ment grouts have low resis
tance to electric current flow.
When metallic particles, such
as iron or aluminium are in
cluded in the formulation, the
problem is compounded. Since
corrosion is as much an elec-

PHOTO 13. SCALE FROM GENERATOR BASEPLATE
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Anchor bolts are also at risk. Photo 14
shows hold-down bolts removed from a small
diesel engine generator set, when severe cor
rosion of the baseplates was discovered.
Note that two bolts have broken, due to the in
creased strain of being tightened occasional
ly, in an attempt to stop the unit vibrating, and
the reduced cross-sectional area. In this
case, a regrout of both engine and generator
was carried out, using a good epoxy grout.

PHOTO 14. GENERATOR ANCHOR BOLTS

A compressor base, which had been regrout
ed only 2 years previously because of corro
sion problems induced by one of the iron
particle filled cement grouts used at the time
of installation is shown in Photo 15. The own
ers of the plant rightly de
duced that the grout type was
at fault, but chose an alumin
ium powder filled material for
the first regrout, with the un
fortunate results seen here.

Here the resulting vertical dis
placement due to corrosion
was approximately 2 mm, and
although the alignment of the
shaft and wear and tear on the
bearings suffered considera
bly, we were in tim.e to avoid
the possible catastrophic me
chanical failure, such as a
broken crankshaft, which has
been recorded elsewhere.

Crankshafts, and turbine rotors, as we all
know, are not found on the local hardware
store shelf, and are not cheap. The lead time
for supply of a large shaft or rotor can be 6
to 18 months, and an invoice for several hun
dred thousand dollars will not be far behind.

If the unit is out of service, awaiting replace
ment parts, the loss of revenues can be sub
stantial, and can be considerably higher than

the down-time figures for the
machine itself, if the unit is
part of a much larger plant
that cannot operate without it.

These problems with corrosion
are now becoming recognized,
and many engineering compa
nies, and major plant opera
tors, will not permit the use of
metallic particle filled cement
based grouts for the installa
tion of rotating machinery.

We feel, however, that sand
cement grouts, and proprietary
cement based grouts which do
not contain metallic particles,
or powders, are still unsuitable
for use under rotating machin
ery, due to their lack of resis
tance to oil, vibration and dy-
namic stresses.
The use of epoxy grout for all
rotating machinery, over a

certain size, is highly recommended, and pays
good dividends.

PHOTO 15. COMPRESSOR BASE
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PHOTO 16. TURBO-BLOWER INSTALLATION

The effects of changing from a cement based
grout to an epoxy based grout are well illus
trated by the diesel engine generator set pre
viously mentioned. With no mechanical bal
ancing having been carried out, the regrout
resulted in vibration levels being reduced ap
proximately 60% from the levels recorded
before the work began (see Figure 6 again).

The short term effect of using epoxy grout is
dramatic, but the long term performance is
what makes it really valuable. The high vibra
tion levels shown in the chart had been
reached in less than 5 years after completely
rebuilding the foundation, and reinstalling the
unit, using a cement grout. When a good qual
ity epoxy grout is used, and properly in
stalled, the changes in vibration level over the
life of the machine are minimal.

A similar unit was regrouted,
and the foundation repaired, in
1976. 12 years later it is still
operating at the low level of vi
bration displacements that
were recorded by the manu
facturer immediately after
completion of the repair. It is
also of particular interest that
the crankshaft web deflections
are essentially unchanged. We
have long held the belief that a
properly installed reciprocat
ing machine can operate for
many years without change in
alignment, in contrast to the
widely held opinion of many
manufacturers that shimming
is inevitable, and for that rea
son alone fully bonded epoxy
grout installations are not ac
ceptable!

The first regrout of any rotat-
ing machine was done in Texas in 1957. Al
though the proverbial pinch of salt may be re
qUired, the story goes that this unit continues
in operation today, with no changes. As a
grout installer, we can see no reason why this
should not be so!

4. NEW INSTALLATIONS

Based on their experiences with epoxy
grouts, many major American plant operators
such as those in the oil refining and chemical
process industries started writing specifica
tions for machinery installation. The best re
searched and written specification that we
know of is Exxon Research & Engineering's
Basic Practice BP4-1 0-2. We would strongly
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recommend that it be used as a pattern for
any plant owner interested in drafting their
own specs, with a view to having machinery
installed properly. Alpha Kogyo has put to
gether its own recommended specification
based on the above material and information
from many other companies, and copies are
available. This specification focuses on the
need to build foundations of the "right" shape
and size (the truncated pyramid is closest to
the ideal shape for machinery foundations},
and also proposes some gUidelines for de
signing anchor bolts, which together with the
grout material make up the primary support
system for the equipment.

Alpha Kogyo also specializes in the supervi
sion of rotating machinery on epoxy grouts.
Photo 16 shows a turbo-blower being in-

stalled in a refinery, with the HASP system
used to support and align the unit prior to
grouting.
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PHOTO 17. TURBO-GENERATOR

Those who are already using epoxy grouts
may be silently congratulating themselves on
their perspicacity, in the certain knowledge
that they have avoided all the problems dis
cussed. However, not all epoxy grouts are
created equal! Some are supplied without any
filler system, or aggregate. The customer, or
a local dealer, supplies a locally available
sand, hopefully dry, at least, but otherwise
untested. The epoxy mortar resulting is not a
very stable beast, with the probability of high
air inclusions and unknown physical proper
ties. Alpha Kogyo has chipped out many cubic
meters of so-called epoxy grouts, or epoxy
chocking compounds, which had not per
formed as the salesman promised, or the in
stallation designer hoped. Many marine
oriented epoxy chock compounds are availa
ble in the market place, and they perform va
liantly when used on a steel foundation, or as
a chock between a soleplate and machine
base, or even on top of a full-length epoxy
grout pour. They do not perform well when
used directly on concrete, which is where a
highly-filled grout should be used.

Alpha Kogyo has a policy of using only proven
materials, manufactured by reputable compa
nies, who demonstrate the ability to under
stand the field that we are both involved in.
We know of only a handful of companies that
can demonstrate this ability, and are current
ly using mainly Ceilcote products for reasons
of availability, service, and performance.
While much of this discussion revolves
around the grout problems experienced with
reciprocating machinery, the arguments for
using epoxy grouts to install (and bUilding
good foundations for) turbo-machinery are
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equally persuasive. Photo 17
shows a typical high-value tur
bo generator unit which will
-definitely benefit from being
installed on epoxy grout. In
fact, many of these kinds of
equipment are still being in
stalled on cement based
grouts, which is good news for
Alpha Kogyo's repair contract
ing division. However, the pos
sibility of catastrophic failure
in turbo-machinery should dic
tate that only the best per
forming components and mate
rials be used throughout.

Unfortunately, the fact that
turbo-machinery is generally
so well-balanced and smooth
running tends to work against
this principle. The common
feeling seems to be that foun
dations are barely necessary,

let alone expensive grout! While oil degreda
tion is rarely a problem with a turbine instal
lation, corrosion of bases embedded in ce
ment grouts, and vibration problems due to
the inability of the foundation to properly
damp out vibrations are not uncommon.

In many cases, these problems can be re
paired using some of the pressure injection
techniques described previously, but the
problems can be avoided altogether if proper
ly designed foundations are constructed well,
and epoxy grouts used for the machine instal
lation.
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PHOTO 18. LNG HEAT EXCHANGER

Epoxy grout has many characteristics which
make it ideal for machinery grouting, but it
also has some rather surprising applications
in non-rotating equipment grouting. Photo 18
shows an aluminium heat exchanger in a gas
plant. The base of this vessel was epoxy
grouted to protect the concrete foundation
from the consequences of the severe thermal
shock which would occur in the
case of an LNG spill. Epoxy
grouts exhibit excel1ent resis
tance to thermal shock, and
are extensively used in Arctic
conditions for that reason.

Epoxy grouts also have much
more heat resistance than is
ordinarily imagined, as Photo
19 demonstrates. This rol1
table, like many others in steel
plants around the world, is sol
idly grouted with epoxy grout.

PHOTO 19. STEEL INGOT ROLL TABLE
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