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Machinery Foundations and
Grrouting*

What’s an Epoxy?

According to the Handbook of Epoxy Resins,' the term epoxy refers to
a chemical group consisting of an oxygen atom bonded with two carbon
atoms already united in some other way. The simplest epoxy is a three-
membered ring. There is no universal agreement on the nomenclature of
the three-membered ring. There is division even on the term epoxy itself—
the Europeans generally prefer the term epoxide, which is doubtless more
- correct than the American epoxy.

In addition to providing a history of the development of epoxy resins,
the handbook states that the resins are prepared commercially thus:

1. By dehydrohalogenation of the chlorohydrin prepared by the reac-
tion of epichlorohydrin with a suitable di- or polyhydroxyl material
or other active-hydrogen-containing molecule.

2. By the reaction of olefins with oxygen-containing compounds such
as peroxides or peracids.

3. By the dehydrohalogenation of chlorohydrins prepared by routes
other than by route 1.

Dozens of distinct types of resins are commercially available, and the
term epoxy resin is generic. It now applies to a wide family of materials.
Both solid and liquid resins are available.

- *E. M. Renfro, P. E. Adhesive Services Company, Houston, Texas.
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There are other liquid resins such as phenolics, polyesters, acrylics, etc.,
which cure in similar fashion, but the epoxy resins possess a rather unique
combination of properties. The liquid resins and their curing agents form
low-viscosity, easy-to-modify systems. They can cure at room tempera-
tures, without the addition of external heat and they cure without releas-
ing by-products. They have low shrinkage compared to other systems.
They have unusually high bond strengths, excellent chemical resistance,
high abrasion resistance, and good electrical insulation properties.
The basic properties can be modified by blending resin types, by selec-
tion of curing agents (hardeners), the addition of modifiers, and by adding
fillers. | ' »

Perhaps the most valuable single property of the epoxy resins is their
ability to cure, thus converting from liquids to tough, hard solids. This is
accomplished by the addition of a curing agent. Some agents promote
curing by catalytic action, while others participate directly in the reaction
and become part of the resin chain. Depending upon the particular agent,
curing may be accomplished at room temperature with heat produced by
exothermic reaction, or may require application of external heat. The
epoxies will react with over 50 different chemical groupings, but the basic
curing agents employed in the epoxy resin technology are Lewis bases,
inorganic bases, primary and secondary amines, and amides.

An entire spectrum of properties can be obtained in a cured epoxy resin
system by careful selection of resins, careful selection of curing agents,
varying the ratio of resin to curing agent and by including additives or
fillers. The resins and curing agents, themselves, may even be blends. As
an illustration of the spectrum of obtainable properties, a cured epoxy
system may be as soft as a rubber ball or so hard that it will shatter when
dropped. Epoxies can be formulated to be either sticky or tack free. They
can be formulated to either melt or char when heated; to release tremen-
dous amounts of heat when curing or they may require heat for curing; to
bond tenaciously to sandblasted steel, even under cryogenic conditions, or
have relatively little bond; or to be either tough or friable.

Epoxy Grouts

Grout is a broad term covering all of those materials used in a wide
variety of applications which include clinking for cracks, fissures, or cav-
ities; a mortar for tile and other masonry; a support for column footings;
a sealant for built-in vessels; or a mortar for setting heavy machinery. This
text, however, is concerned with those epoxy-based materials used in
setting heavy machinery and in repairing concrete foundations. Specifi-
- cations for Portland cement grouting and epoxy grouting of rotating equip-
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ment, as well as a checklist for baseplate grouting, can be found in the
appendices at the end of this chapter.

The need for a machinery grout is created by a combination of cir-
cumstances occurring in the construction of foundations. Many of these
circumstances are unfavorable to concrete, thereby complicating its use.
This condition is brought about primarily because it is impossible to pour
a concrete foundation to within the tolerances usually required for preci-
sion leveling and alignment of dynamic equipment. Even if such exact
placement were possible it would be further complicated by the fact that
concrete shrinks while curing.

Furthermore, the laitance or weak surface created when simple concrete
is cast or troweled would not provide sound support for machinery requir-
ing precision alignment. It has therefore become a standard practice in
construction of foundations to pour the concrete to a level slightly above
the desired grade, and after curing, chip away the surface to remove the
laitance. The machinery is then positioned on the foundation, leveled and
aligned to within proper tolerances with the aid of jack screws, wedges,
shims, etc., and the gap grouted in solidly to establish integrity between
the machine base and the concrete foundation below.

When improperly installed machinery breaks loose, the static forces to
which the foundation is subjected do not act alone. Vibratory forces of
high magnitude will also exist. Given enough time, this will usually cause
cracks in the foundation that allow lubricating oil to penetrate deep into
the foundation and proceed to degrade the concrete. It therefore becomes
necessary to repair the cracked foundation, remove or repair oil-soaked
concrete and regrout in order to re-establish the integrity of the system.
Epoxy grouting materials have long been used for these repairs.

The specific use for which grout is intended should be taken into
consideration when evaluating the properties of a prospective grout. It is
equally important to ascertain the conditions under which a manufacturer
obtained his test data.

Some properties contribute to the long service life or performance of a
grout while others facilitate the ease of installation or grout placement. In
evaluating a prospective grout, performance characteristics should take
preference over ease of placement characteristics. These properties are of
key importance:

¢ Nonfoaming—Without a doubt, the single most important charac-
teristic of a grout from a performance standpoint is its ability to sta-
bilize and disperse any air introduced with the aggregate or entrained
during normal, nonviolent mixing. Otherwise, a weak, foamy surface
would develop soon after pouring, and be unable to maintain align-
ment. Surface foam can always be eliminated by selecting the proper
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aggregate and maintaining viscosity of the mixed grout with proper
aggregate ratio. This ratio cannot be fixed for all temperature

- conditions because the viscosities of the liquid ingredients change

with temperature as do other hydrocarbons. The aggregate ratio will
increase as the temperature of the ingredients becomes higher. Incor-
porating air release agents and surface defoamers in the grout for-
mulations does improve the appearance of the exposed foundation

shoulders, but does not prevent entrapment of air bubbles under the

equipment base. Even with a time lapse between grout mixing and
grout placement, air cannot be properly released because of the
difference in rise rates of various size air bubbles, particularly in
“soupy”’ mixes. ,
Dimensional Stability—Three causes of dimensional change in
grouts are shrinkage while curing, thermal expansion or contraction
from temperature changes, and stress deformation or creep. Shrink-
age in epoxy grout systems can occur if the formulation contains non-
reactive volatile solvents that can, with time, gradually evaporate
from the grout. This material loss usually results in shrinkage or
cracking. Shrinkage is also theoretically possible in cases where
improper ratio of resin to curing agent exists as a result of dispens-
ing error or as a result of poor or incomplete mixing. Shrinkage is
virtually nonexistent in properly formulated and properly mixed
epoxy grout.
Grout Expansion—Thermal expansion coefficients of grouts should
be compared with the rate of thermal expansion of concrete and steel
since it will be sandwiched between the two materials. Concrete and
steel have about the same linear coefficient of thermal expansion.
Unfilled epoxy resin systems expand or contract at about ten times
the rate of concrete and steel. The high rate of expansion of unfilled
epoxy does not cause problems when the epoxy is of a nonbrittle for-
mulation and is present only in thin films, as in pressure grouting.
When aggregate is added to the liquid epoxy/curing agent mixture to
form a mortar, the linear coefficient of thermal expansion can be
reduced to the range of 1.2-1.4 x 107°in./in.°F, or about twice the
rate for concrete or steel. When reviewing properties of a grout,
compressive strengths should be considered along with the modulus
of elasticity (the slope of the stress-strain curve). Generally, the
more rigid the material, the steeper the slope and the higher the
modulus of elasticity. Rubber, for example, is elastic according to
the lay definition, but relatively nonelastic according to the technical
definition.
Strength—There are several methods of measuring strength of a
grout. It can be measured under compression, tension, impact, and
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under flexure. Bond strength, shear strength and cleavage are mea-
surements of adhesion rather than strength. Usually when strength of
a grout is mentioned, it is the ultimate compressive strength that is
implied. The term yield strength should be reserved for tensile tests
of metals which work-harden before reaching the ultimate strength.
Grouting materials do not work-harden, and there is but one peak in
the stress-strain curve. More important than the ultimate strength,
however, is the proportional limit, because beyond that level of stress,
the material is permanently distorted and will not return to its origi-
nal dimension after the load is removed. Data from compression tests
can be used for design calculations because static loads are usually
known and dynamic loads can be reasonably estimated. Grout is
seldom placed under tension, except at rail ends, etc., during start-
up. The tensile strength of the grout is important, because if it is
known at the operating temperature, the maximum distance between
expansion joints can be calculated. In addition to the tensile strength,
tensile modulus of elasticity, operating temperature range, and linear
coefficient of thermal expansion must be known.

This should illustrate that epoxy grouts are sophisticated products.
There are literally thousands of possible resin/curing agent combinations.
Developing, manufacturing, and marketing of epoxy grouts is not the busi-
ness for small time formulators with bath tub and boat paddle type equip-
ment. Prospective epoxy grout suppliers should be screened on the basis
of their technology and capabilities. If the reader retains nothing more than
this one fact, he will have learned within a short period what others have
learned through great anguish over a long period and at considerable
expense.

Prdper Grout Mixing Is Important?

Epoxy grouts must be properly mixed if adequate strength is to be main-
tained at operating temperatures. The strength of epoxy grouts is the result
-~ of dense cross-linkage between resin and hardener molecules. Dense
cross-linkage cannot occur in either resin-rich or resin-poor areas. Poorly
mixed grout, which may appear to be strong at room temperature, can
soften and creep under load at temperatures in the operating range.

Epoxy grouts are three-component products. They have an epoxy resin,
a hardener, and a graded aggregate. The resin and hardener serve as an
adhesive in the mortar while the aggregate serves as a filler to reduce costs.
The addition of an aggregate will lower the coefficient of thermal expan-
- sion of the mortar to more closely approach that of concrete and steel.
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Aggregates also serve as heat sinks to absorb the heat released by curmg,
and thereby, allow thicker pours.

Both resin and hardener molecules are surface-active, wh1ch means that

“either is capable of clinging to a surface. That is why it is so critical that
the resin and hardener be premixed for a minimum of three minutes before
adding aggregate. Use of a paint mixer for premixing these adhesive com-
ponents is preferred over the stick-and-bucket method because it provides
more thorough mixing and will not usually whip air into the mix.

The aggregate used in preparing an epoxy grout mortar is a key factor
in minimizing the loss of load bearing area caused by the rising of
entrapped air after grout placement. Aggregate quality is also a key in
minimizing the potential for run-away curing, edge lifting of the grout on
foundation corners, loss of bond to the machinery base and stress crack-
ing of the grout.

Most aggregates have about 25-30 percent voids regardless of particle
sizes or gradation. The liquid components of an epoxy grout have a density

- of about 91bs per gallon while the aggregate exhibits a bulk density of
about 14-161bs per gallon. The particle density is much higher. Because
of this difference in densities, the aggregate falls to the bottom of the mix
and is not immediately wetted. When the liquid and aggregate are blended
together, air that was present in the aggregate as well as air introduced
into the mortar during mixing has a tendency to rise. The rate at which air
bubbles rise is governed by both the size of the bubble as well as the vis-
cosity of the mortar. At any given viscosity, the rise rate increases as the
size of the bubble increases; therefore, it is important to keep the size of
the bubbles as small as possible. The size of the bubbles is determined by
the space between aggregate particles.

The linear coefficient of thermal expansion of unfilled epoxy grout is
about ten times greater than that of concrete or steel or 6-8 x 107 in./in.
°F. When aggregate is added to form a mortar, the linear coefficient of
thermal expansion is reduced, and the more aggregate added, the closer it
approaches the coefficient of concrete and steel. It is important that the
thermal expansion coefficient of epoxy mortar approach that of concrete
and steel in order to minimize edge lifting on foundation corners and to
minimize stress cracking of the grout when temperatures fall below the
curing temperature. The ratio of aggregate to epoxy adhesive in the mortar
should be as high as possible without exceeding the point at which the
mortar becomes permeable. As stated earlier, most commercial epoxy
grout mortars have a thermal expansion coefficient of about 1.2-14 x
10~ in./in. °F.

Most epoxy adhesives cure by exothermic reaction, i.e., they release
heat on curing. If an epoxy grout cures too fast, high curing temperatures
are reached and locked-in stresses may be created after heat dissipation.
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Aggregate serves as a heat sink. Consequently, it 1s usually desirable to
have as high an aggregate loading as possible. Because the hydroxide ion
accelerates the curing of epoxy resins and because water contains hydro-
xide ions, it is important that the aggregates used in preparing the mortar
be kiln dried. As little as one ounce of water per cubic foot of mortar will
dramatically increase curing rates. This small amount of moisture is not
detectable by sight or touch. Kiln drying is a common practice with
bagged aggregates. Even low cost blasting sands are kiln dried.

The viscosity of the mortar is determined by the viscosity of the liquid
. (which is determined by temperature), the shape and the amount of aggre-
= gate as well as the amount of surface area present in the aggregate. The
greater the surface area the greater the VISCOSIty of the mortar. While hlgh
viscosity in an epoxy mortar is helpful in reducing the rise rate of air
bubbles it also reduces the fluidity of the mortar. A powder aggregate
would certainly eliminate air rising problems, but unfortunately, a paste
consistency would be reached long before an adequate quantity of aggre-
gate is added to significantly reduce the linear coefficient of the mortar
expansion.

A high aggregate loading can be accomplished in mortar without elim-
inating its fluidity and without creating a permeable mortar by careful
grading of near-spherical aggregates. Theoretically, the selection of each
particle size should be the largest that will fit in the space between parti-
cles of the next larger size. The amount of each grade present should be
that which fills these spaces without significantly increasing total volume
of the aggregate. The variation in particle size should not be so great as
to cause classification of the aggregate in the mortar before curing;
otherwise, a gradient in coefficients of thermal expansion may be created
between the top and bottom of the grout. The diameter of the largest par-
ticles should be no more than /1o to '/is the thickness of the grout under
the load bearing surface of the machinery. The largest particle size in most
commercial epoxy grouts is about !/sin. Epoxy grout manufacturers
usually recommend a minimum grout thickness of 1'/in.

Because the adhesive components are organic materials, the viscosities
change with temperature. More aggregate is sometimes required when
preparing mortar in hot climates than is required when mixing at con-
ventional room temperatures. The proper consistency or viscosity of the
mortar is observed when the divot falls free and does not cling to a clean
mortar hoe when a gentle chop is made in the mix.

When utilizing a concrete mixer or a mortar mixer for preparing the
grout, it is important that mixing after aggregate addition be carried out
only long enough to coat all aggregate particles um'formly Otherwise, a
froth may be generated from air whipped into the mix. Ideal mixer speeds
are usually about 20 rpm.
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Job Planning

If the equipment is being installed in original construction, grouting
- should be scheduled for a time compatible with critical path sequences.
" If the equipment to be grouted is in service, it may be advantageous to
schedule regrouting during a normal downtime or during a turnaround
period. In either case, work planning should be carried out in detail well -
in advance of the actual time the work is to be done. Proper planning
reduces job site problems.

The equipment manufacturer should be informed well in advance in
order to alert his service personnel if their presence is required to super-
vise leveling and alignment prior to grouting. The grout manufacturer
should also be alerted if field supervision of grouting is expected. Early
communication with these parties will allow them to make necessary
arrangements with minimum inconvenience. Last minute notification
seldom accomplishes these objectives.

A clear understanding of what is expected from a contractor will min-
imize extra charges which usually arise after the work is complete. Con-
tract details should include provisions identifying parties responsible for
furnishing utilities, materials, etc. The extent of work should also be accu-
rately defined. For example, responsibility for disposal of waste, dressing
and painting the foundation, backing-off on the jack screws, and torquing
the anchor bolts should be considered.

It would also be prudent to prepare simple, itemized field checklists to

‘be used by personnel involved in equipment installation and grouting.
Typical sample checklists can be found in the appendices at the end of
this chapter.

Table 3-1 is a materials check hst for epoxy grouting. Orders for mate-
rials not available locally should be placed with lead time reserved for
order processing, packaging, shipping, etc. A good rule-of-thumb is to
place orders sufficiently in advance to allow three times the normal time
required for unencumbered transit, if 1t can be anticipated that materials
are available from stock.

All grouting materials should be stored indoors in a dry area and
preferably at room temperature. Containers stored outside may in the
summertime reach temperatures as high as 140°F, particularly if the
containers and bags are in direct sunlight. The speed of most chemical
reactions is doubled with each 10°C (18°F) rise in temperature. Conse-
quently, it is quite probable that epoxy grout that has been stored outside
in the summertime will have an excessively hot cure. When this occurs,
the grout cures in a thermally expanded state, and after cooling, creates
locked-in stresses. Excessive cracking will result as these stresses are
relieved.
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Most epoxy formulations do not cure well without accelerators at tem-
peratures below 60°F, and not at all at temperatures below 35°F. Conse-
quently, grouting materials stored at cold ambient temperatures require
several days to cure. When this occurs, it is possible that equipment align-
ment conditions will change before the mortar has set, resulting in a poor
installation. Furthermore, when the mortar is cold, it is viscous and very
difficult to place.

Conventional Grouting
Concrete Characteristics

Foundation design and machinery installation require more expertise
and precision than are usually practiced. Perhaps due to a shortage of
skilled manpower, the construction industry has given less attention to
technical details. Since there is generally some knowledge—*“Everybody
knows a little bit about concrete; and aren’t foundations just big blocks of
concrete?”’—grouting is often taken for granted. Consequently, a high per-
centage of compressors are installed improperly. Many foundations must
be renovated or the equipment regrouted long before the life of the equip-
ment is exhausted. Here are a few common problems that can be avoided
by putting a little effort into proper design and installation.

Communication links between the equipment manufacturer, grout
manufacturer, design engineers, and construction and maintenance
personnel are poor. Equipment manufacturers sometimes provide min-
imum foundation mass and unbalanced forces data but they do not design
foundations. Data provided by grout manufacturers are often misinter-
preted. Design engineers seldom are provided feedback data on perfor-
mance of their design once the project is completed. Maintenance
personnel rarely have the opportunity to provide input during the planning
stage.

The consequences of improper installation are severe. Machinery instal-
lation costs often exceed $1,000 per horsepower and the loss of revenue
due to idle machinery has advanced at a pace even higher than the rise in
fuel costs. Large reciprocating compressor crankshafts are prone to break
if the machine is poorly supported on its foundation. Crankshafts are not
“hardware store” items. With some equipment manufacturers now relying
on foreign sources for their larger crankshafts, logistics of spare parts
supply are getting more complex. All the more reason, then, to protect the
machinery by doing an adequate grouting job.

Concrete is the most widely used construction material in the world.
Because it is so common it is often taken for granted, and therefore it has



Materials Checklist for Epoxy Grouting

Table 3-1

Pressure-Injection

Pressure-Injection

Conventional  Regrouting by the Regrouting. S
Grouting & Shoulder Removal Thru-the-case Foundation
Item Regrouting Method Method - Repairs
Air compressor, manifold and hoses X X X X
Auxiliary lighting X X X
Bolt studs, couplings and dies (for X X - -
repairing broken anchor bolts)
Carpenter tools X X - X
Copper tubing, tubing cutters compression - X X
fittings, grease fittings, automatic
injection equipment & grease guns _
equipment and grease guns ‘ .
Exhaust blower or fan X X X X
Fire extinguishers X X X X
Flash lights (for gas atmospheres) X X X X
Gas detection equipment X X X X
Grouting materials (epoxy grout, X X X X
aggregate, accelerators & cleaning ‘
solvent) ‘
Housekeeping equipment (broom, mop, rags X X X X
pails, shovel & industrial vacuum
cleaner) -
Lumber for forms, plywood, Celotex X X - -
(for casting expansion joints,
drop-in anchors, chamfer strips,
nails, electricians putty (DuxSeal),
body putty & wax
Mechanics tools X X X X
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Mortar mixing equipment (mortar mixer,
wheel barrow, hoes & shovels)
No. 6 Rebar for pinning grout corners
No. 11 Rebar for pining block to mat
Paint mixer (for mixing resin & curing
-agent)
Pneumatic drill, bits, taps & tap
- wrench
Pneumatic right angle grinders, stones, &
paint (for dressing & painting
the foundation)
Pneumatic rivet busters, spare parts
and chisels
Pneumatic rock drill,extensions and bits
Post-tensioning assemblies, epoxy putty
anchors) ' :
Protective covering (equipment & floor)
Safety equipment (dust mask, face
shields, hard hats, safety glasses,
ear protection, rubber gloves
& first aid kit)
Sand blaster with dead man control,
blasting grit and ventilated hood
Shelter (for heating grouting area
‘ in cold weather or for containing
dust)
Silicone rubber (for expansion joints and
sealing the engine base)
Space heating equipment & fuel
Torque wrench and sockets
Tubular insulation for isolating anchor
bolts ‘
Urethane foam (for isolating oil pan)

>xX X

xX X
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also become one of the most abused materials. For good foundatlon
design, these factors must be considered:

Proper chemistry

Proper water/cement ratio

A quality aggregate

Low amount of entrained air

Proper placement

An acceptable temperature range for cunng
‘Moist curing conditions

A detailed analysis of each of these considerations would be beyond the
scope of this text; however, the listing serves to illustrate the fact that con-
crete is a complex material. For our purposes, a brief description of the
mechanism of concrete curing will suffice.

Concrete is composed of a graded aggregate, held together by a hard-
ened paste of hydraulic cement and water. The thoroughly mixed ingredi-
ents, when properly proportioned, make a plastic mass which can be cast
or molded to shape, and upon hydration of the cement, becomes rock-like
in strength and hardness and has utility for many purposes, including
machinery foundations. Fresh cement paste is a plastic network of cement
particles in water. Once the paste has set, its volume remains approxi-
mately constant. At any stage of hydration the hardening paste consists of
hydrates of the various ingredients in the cement which are referred to
collectively as the “gel.” It also contains crystals of calcium hydroxide,
unhydrated cement, impurities, and water-filled spaces called capillary

pores. The gel water is held firmly and cannot move into the capillaries,

so it is not available for hydration of any unhydrated cement. Hydration
can take place only in water within the capillaries. If the capillary pores
are mterconnected after the cement paste has cured, the concrete will be
permeable. The absence of interconnected capillaries is due to a combi-
nation of suitable water to cement ratio and suﬂimently long moist curing
time. At least seven uninterrupted days of moist curing time are required
for machinery foundations. Even test cylinders of concrete taken at the
jobsite from the pours are often allowed to cure under water for twenty-
eight days before testing.

Concrete which has not been allowed to cure properly, even though
ingredients are properly mixed in the correct ratio, may be weak and
friable or it may be only slightly under ultimate strength, depending
upon the humidity and ambient temperature present when curing. Im-
properly cured concrete will also be permeable and therefore less resis-
tant to degradation from lubricating oils or other materials that may be
present.
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An illustration of hairline cracks caused by shrinkage of concrete during
curing can be seen in Figure 3-1 and Figure 3-2. Figure 3-1 is a photo-
graph of the cambered surface of an airport runway which as been grooved
with a diamond saw to facilitate draining of rain water in an attempt to
reduce hydroplaning of aircraft in wet weather. In this photograph a 50
percent solution of epoxy grout liquid (without aggregate) in acetone was
poured on the surface of the runway. Note the degree of penetration into
the concrete between furrows as the solution drains away. In the photo-
graph of Figure 3-2 the highly volatile solvent has all but evaporated from
the surface, exposing the wetted crack openings like a fingerprint. Before
wetting with the solution, cracks were invisible to the naked eye. This con-
dition exists in most concrete machinery foundations and is caused by
water loss from the capillary pores in the concrete while curing. This water
loss causes shrinkage which would not be experienced if the concrete had
been immersed in water for 28 days like the samples from each pour that
are usually sent to the laboratory for testing. While such shrinkage cracks
do not constitute structural failure in machinery foundations, they do
provide a path for the penetration of lubricating oils into the foundation.
One interesting fact was that cored concrete samples from this runway
- typically had 6,000 psi compressive strength.

- It is good construction practice to seal the surface of a foundation with
a good quality epoxy paint as soon as the forms are removed. This sealing

Figure 3-1. A photograph of a cambered and grooved surface of an airport runway. Note
the degree of penetration between furrows as a low viscosity solution of epoxy adhesive in
acetone is poured on and drained away from the surface (courtesy of Adhesive Services
Company). , v : :
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Figure 3-2. Hairline curing cracks become visible as the solvent in Figure 3-1 evaporates
from the surface (courtesy of Adhesive Services Company).

of the foundation accomplishes two objectives. First, it seals in water and
encourages more complete curing of the concrete, and second, it prevents
penetration of lubricating oils into the foundation after start-up. This
sealing is particularly important in areas such as around the oil pan trough
which are usually flooded with oil. Paint will not usually stick to concrete
unless the surface has been sandblasted to remove the laitance or unless
a penetrating primer has been applied before painting. Some specialty
coating manufacturers provide special primers for epoxy coatings when
used on concrete. Most of these special primers contain either acetone or
ketone solvents which are low in viscosity and water soluble. When uti-
lizing these primers, care must be taken to prevent build-up of flammable
vapors and breathing or contact with eyes or skin. Read the warning labels
on the containers.

Methods of Installing Machinery’

The four common methods of installing compressors in the order of
increasing foundation load requirements are shown in Table 3-2. Static
load ranges shown in the first column are relatively low compared with
the strength of the supporting concrete. What complicates the situation is
the combination of additional anchor bolt load, dynamic load and dra-
matically lowered epoxy grout strength due to rising temperatures.
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' - Table 3-2
Typical Loadings for the Various Methods of
Installing Compressors

Typical static

Minimum
compressive
strength of
epoxy grout

load from at operating
equipment Typical total |temperature
"~ weight on load on necessary to
Type of load bearing load bearing prevent
installation surface! surfaces?® creep
m 5-— 10 psi 50 — 100 psi 300 psi
QQSQ‘D 'JQOO o D( .\
PO BLASITNR
Skid mounting
(equipment
not shown)
20 — 40 psi 200 — 400 psi 1200 psi
embedment
mounting
50 — 100 psi { 500 — 1000 psi 3000 psi
100 — 200 psi | 1000 — 2000 psi | 6000 psi
“Sole i)iate
mounting

I Data are calculated from wei

additional load

chor bolt load.

%)t ht of equipment and do not include
due to anchor bolts.
2 Total load estimate is the sum of static load + dynamic load + an-
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Skid mounting is an equipment packaging concept Whereby partial

- erection of the compressor and its related equipment are carried out under

shop conditions where quality control can be closely monitored. This
" concept is ideal for equipment destined for offshore or remote locations
where accessibility and accommodations are limited or where skilled man-
power is not available. Packaging works well on portable units in the lower
horsepower range.

- Job-site skid installation is progressively more difficult with increasing
compressor size because of the number of structural members required.
Most packagers do not provide access holes to permit grouting of inter-
- nal structural members. Those internal “I” beams anchored to the equip-
ment above are critical. Consequently, with typical factory design, grout
placement must be accomplished from the edges of the skid. Placement
of grout prepared to the proper consistency is difficult and often the criti-
cal members are left unsupported. When this occurs, a suspension bridge
effect is created, allowing excessive vibration to occur when the equip- .
ment is operating. The obvious solution to this grouting problem is to cut
access holes in the field. This should be done only with the manufacturer’s
approval, since otherwise the warranty may be voided. After grouting, all
access holes should be covered.

As mentioned earlier, most compressors leak oil. Because skids are fab-
ricated by strip welding rather than seal welding, oil gradually seeps into
the skid cavities. To reduce this fire hazard it is common to provide open-
ings between cavities for oil drainage. With the usual inconsistencies in
grout level, complete oil drainage is not possible. Oil degradation of
cement grouts and concrete has long been recognized. With this in mind,
skids which are to be permanently installed should be installed with epoxy
grout. Bond strength of epoxy grout helps to anchor internal structural
members that have no anchor bolts in the concrete.

The embedment method of installing machinery is by far the oldest
method. For short crankshaft gas engine compressors in the middle horse-
power range, this method is preferred because it provides a “key” to resist
laterial movement. On long crankshaft equipment in the higher horsepower
range, thermal expansion of the foundation can cause crankshaft distortion
problems. Foundation expansion is uneven due to heat losses around the
outer periphery of the foundation and results in center “humping.” The
effects of humping can be avoided by installing the equipment on rails or
sole plates. The air space between the foundation and equipment provides
room for thermal growth without distorting the equipment frame. The air
space also allows some heat dissipation through convection.

Exercise caution when installing equipment on sole plates—grout prop-
erties are taxed to the absolute maximum when sole plates are designed
for static loads in the 200psi range and then installed under equipment
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with high operating or oil sump temperatures. This is particularly true
during the first few hours of operation until the grout passes through its
- period of secondary curing. Refer to the typical physical properties of
epoxy grouts as shown in Table 3-3. Rails should be as short as possible
and all rails and sole plate corners should be rounded to a 2-in. radius to
minimize stress risers in the grout. »

In recent years there has been a concerted effort to replace steel chocks
with epoxy chocks. This involves the use of liquid epoxy grout which is
poured in place, and after curing, forms a nonmetallic chock. One of the
advantages of this method of installing machinery is that it is not neces-
sary to have a machined surface on the engine base in contact with the
chock. This method of engine installation has been utilized for many years

~ Table 3-3
Typical Physical Properties of Epoxy Grouts

Compressive strengths
After curing 7 days at 77° F. and
testingat 77°F.................... 8,000 — 10,000 psi.

After curing 7 days at 77° F., heating
for 8 hrs. at 160° F. and testmg at

160°F... ... .. i 1,000 — 3,000 psi.

After curing 7 days at 77° F., heating
for 7 days at 160° F. and testmg at

160°F.. .. ... 4,000 — 7,000 psi.

After curing 7 days at 77° F., heating
for 7 days at 160° F. coohng to 77°
F. and testing at 77° F......... ... 12,000 — 18,000 psi.

Tensile strengths
After curing at 77° F for 7 days...... 1,600 — 2,000 psi.

After curmg 7 days at 77° F., heating
to 160° F. for 7 days, coohng to 77°
F. and testing at 77°F......... ... 2,300 — 3,000 psi.

Linear coeflicient of thermal expansion
Unfilled grout cured for 7 days at
77°F. and tested at 77° F......... 6 —8x 105 in./in.°F

Filled grout cured for 7 days at
77° F. and tested at 77° F......... 1.2—2.0x 10~5%in./in. °F

Bond strength
Cured at 77° F. for 7 days at tested
at77°F.. ... 200 — 400 psi.

Modulus of elast1c1ty
Cured at 77° F. for 7 days and
testedat 77°F................... - 320,000 psi.
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- in the marine industry on diesel engines. The forces imparted by Diesel

- engines driving propulsion systems are quite different from the forces
imparted by integral gas engine compressors. For example, in the Diesel
~ engine propulsion system, the forces are primarily those involving torque
as imparted by the crankshaft at the output end of the engine. In integral
gas engine compressors, cyclic lateral forces, created primarily by the
compressor stages, are involved. On some compressors, the lateral forces
are so great that the engine base is fretted by steel chocks. It stands to
reason that epoxy chocks would be much less abrasion resistant than steel
chocks. ' : '

While there are numerous reports of “satisfactory installations” involv-
ing integral gas engine compressors on epoxy chocks, the fact is that this
technique has not been utilized long enough to ascertain life expectancy.
The authors are not aware of any installations where the anchor bolts have
been retorqued after several months of operation or where follow-up data
have been taken from bench marks or other datum points such as tooling
balls. In other words, the creep characteristics of epoxy chocks have not
at this time been evaluated to the satisfaction of the authors. Further, some
 manufacturers do not provide test temperatures for the physical properties
reported in their technical literature. Remember, the physical properties
of epoxy grouts, unlike cement-based grouts, are reduced drastically with
rising temperatures. Because of the lack of good data and experience, this
method of installation should be classed as experimental and utilized only
at the equipment owner’s risk.

Anchor Bolts: Overview

The stretching of an anchor bolt between the bottom of the sleeve and
the bottom of the nut (Figure 3-3) is desirable to create a spring effect that
will absorb impact without fatiguing when the bolt is tightened to proper
torque. Isolating the bolt from the epoxy grout prevents bonding that can
cause temporary stretching over a short section, resulting in loose bolts
soon after start-up as the bond fatigues. Isolating the bolts also prevents
short radius flexing of the bolt if lateral movement develops. Anchor bolts
are designed for hold-down purposes and not as pins to restrict lateral
movement®, |

Original Anchor Bolt Installations

It is a standard practice to install anchor bolts in a foundation at the
“same time the reinforcing steel cage is fabricated and installed. Typically,
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Figure 3-3. A typical anchor bolt installation which allows freedom for equipment growth
from thermal expansion.

the anchor bolts are located with the aid of a template created from engi-
neering drawings. It should be a common practice to isolate the upper
portion of the bolt with a sleeve. The purposes of the sleeve are twofold.
First, it allows stretch of the bolt during torque application. Second, it pro-
vides a degree of freedom for the anchor bolt, which compensates for
minor positioning errors. The proper terminology for these sleeves is
“anchor bolt sleeves.” These sleeves are often, but incorrectly, referred to
as “grout sleeves.”

As mentioned earlier, grout should never be placed in anchor bolt sleeves
because bonding to the anchor bolt by the grout, particularly epoxy grout,
prevents proper stretching and defeats the main purpose of the sleeves. The
stretching of an anchor bolt between the bottom of the sleeve and the
bottom of the nut is desirable to create a spring effect that will absorb
impact without fatiguing when the bolt is tightened to proper torque. Bolt
load should be calculated to prevent separation between the bottom surface
of the nut and the machine boss when the bolts are subjected to operating
forces, and in cases involving cyclic loading, to protect the bolt from
fatigue effects of alternating tensile and compressive stresses.

Figure 3-3 is a sketch illustrating proper anchor bolt installation.
Molded polyethylene sleeves are manufactured for the popular bolt sizes.
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They are de51gned so the ends of the sleeve fit tightly around the bolt in
order to center the sleeve, prevent concrete from entering the sleeve when
the concrete foundation is poured, and, at the same time, prevent water,
applied to the foundation for m01st concrete cunng, or rainwater from |
entering the sleeve.

After the concrete has cured, the surfaces to be in contact with grout
are chipped away to expose the coarse aggregate. Immediately before posi-
tioning the equipment on the foundation, the upper end of the sleeve is
cut off even with the top of the foundation and removed. Care must be
taken to assure that water will not enter the sleeves and be allowed to
freeze and crack the foundation, particularly on outdoor installations.
After the equipment has been positioned on the foundation, leveled, and
aligned, the grout sleeves are filled with a pliable material such as a
castable polysulfide-epoxy joint sealant or closed-cell polyurethane sleeve.

Filling the sleeve with a pliable material allows for movement and
stretch, and at the same time prevents accumulation of lubricating oil in
the sleeve after equipment startup. Lubricating oil, in time, will degrade
concrete.

Figure 3-4 is a photograph illustrating the cracking of a foundation at an
anchor bolt, with the plane of the crack perpendicular to the crankshatt.
This crack was caused by grout being placed in the anchor bolt sleeve
during original construction, thereby restricting movement of the bolt.

Figure 3-5 shows the foundation after regrouting. The exposed portion
of the anchor bolt was isolated with a tubular closed-cell polyurethane
sleeve prior to repouring the epoxy grout. An expansion joint was installed
to prevent new cracks from forming. After the grout has cured and the
forms have been removed, the expansion joints and the outer periphery of
the machine base where the grout contacts the boss are sealed with oil-
resistant silicone rubber. The silicone provides a barrier against infiltra-
tion of oil and other liquids into the foundation.

Anchor Bolt Replacement

When anchor bolt failure is such that complete replacement is neces-
sary, it can be accomplished using techniques consistent with the sketch
shown in Figure 3-6. This sketch is of a typical replacement anchor bolt
in an ideal installation. Complete replacement of an anchor bolt is possi-
ble without lifting or regrouting the machine. This is accomplished by
drilling large-diameter vertical holes, adjacent to the anchor bolt to be
replaced and tangent to the boss of the machine. Once the cores have been
removed, access is gained to concrete surrounding the anchor bolt. After
the surrounding concrete is chipped away, a two-piece and sleeved anchor
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Figure 3-4. A photograph showing foundation cracks at an anchdr bolt. This crack is in a
plane perpendicuiar to the crankshaft.

bolt is installed. After the replacement anchor bolt has been installed,
epoxy grout is poured to replace the concrete chipped from around the
original bolt and to replace the concrete removed by the coring.

This procedure utilizes an air-powered diamond coring machine, as
illustrated in Figure 3-7. Because the machine is air powered, it can be
used in hazardous environments without creating a danger from sparks of
open electric motors. Further, because a lot of power can be delivered by
small air motors, the size of the coring machine is relatively small. With
proper gear reduction, a hole as large as 16 inches in diameter can be
drilled with this machine. Figure 3-8 shows 12-inch-diameter cores that
have been removed with this machine. In the course of obtaining these
cores, it was necessary to core through a No. 11 (1.375”-diameter) rebar,
a cross section of which can be seen in this illustration.



82 ,Mdchinery Component Maintenance and Repair

Figure 3-5. Foundation after regrouting. Note the expansion joint at the anchor bolt and that
the outer periphery of the machine base has been sealed with a fillet of silicone rubber.
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Figure 3-6. Replacement anchor bolt.
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Figure 3-7. Air-powered diamond coring machine used in replacing anchor bolts without
regrouting the machinery.

Figure 3-8. Twelve-inch-diameter cores removed in the course of complete replacement of
an anchor bolt. Note the cross section of a No. 11 rebar in the core.

Figure 3-9 depicts a dual anchor bolt installation where both anchor
bolts have been replaced and grouting is in progress. This picture was
taken after the first pour of epoxy grout. Note that sleeving has not yet
been installed on the upper stud above the coupling nut. Before the second
pour was made, a split closed-cell polyurethane sleeve was installed to
‘isolate the upper stud and coupling.
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Figure 3-9. Replacement of dual anchor bolts after the first pour of epoxy grout. The
isolation sleeving has not yet been installed.
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Figure 3-10. Stresses at foundation corners caused by cyclic temperature.

Outdoor Installations

Because epoxy grout and concrete absorb and dissipate heat rather
slowly, cyclic temperatures cause uneven thermal expansion or contrac-
tion. This unequal expansion produces unequal stresses. The weak link is
the tensile strength of the concrete, and cracking occurs in the corners
where stress risers exist (Figure 3-10). In Condition A, the system is in
thermal equilibrium and no stresses exist. During the cooling cycle shown
in Condition B, the grout surface contracts first. This causes a thermal gra-
dient within the grout which produces stress that promotes edge lifting.
As the temperature conditions are reversed during the heating cycle, as
shown in Condition C, cracks have a tendency to close. As the cycle is
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repeated, cracking progresses until it reaches a point under the edge of the
equipment where compressive loading exists. Because tension is required
for cracking, cracking cannot continue into an area which is under com-
pression. Thicker grout increases the tendency for cracking until the cross-
sectional dimensions of grout and shoulder are about equal. After grout
thickness equals or exceeds the shoulder width, tendency for cracking is
greatly reduced due to the inflexibility of this configuration. While crack-
ing of this nature does not cause immediate operating problems, it does
provide a path for oil to penetrate into the foundation. Over an extended

.period of time support will be diminished as oil degradation of the con-

. crete proceeds. | |

. Cracks of this nature can be virtually eliminated by utilizing one of the
design techniques illustrated in Figure 3-11. Solution A is based on
the transfer of stress away from the corner. This technique also changes
the stress from tension to shear. Solution B transfers the stress away
from the corner to a shear area on the back side of the key. Solution
C changes the usual cross section dimensions of the shoulder, making a
relatively inflexible configuration. Other designs, such as feather edging
the grout, can be used, but all are based on eliminating stress risers at

-the foundation corners.

Expansion Joints

The small differences in thermal expansion rates between concrete or
steel and an aggregate-filled epoxy grout become increasingly important

Solution A : Solution B Solution C

Bolt with attached Keying the corners Changing dimensions
~ washer cemented in with epoxy grout of shoulder to
with unfilled epoxy to transfer stress x less than y
grout when x is ‘ to shear area

greater than y to transfer
stress away from corner

Figure 3-11. Designs to eliminate stress risers in foundation corners.
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as the length of the grouted equipment increases. Cracking can be
expected near regions of anchor bolts or at rail or sole plate ends, unless
care is taken in the design to eliminate stress risers. This is particularly
true during equipment startup or shutdown where a temperature gradient
might be created or when brittle grouting materials are employed. For
example, during startup of rail-mounted equipment, the rails begin to grow
first as a result of thermal expansion because they are in contact with the
equipment base and conduct heat well. In order to prevent rail growth,
opposing forces must be created equal to the compressive strength of the
steel in the rail. Such forces would be well over 50 times the tensile
strength of the grout. If the grout has enough elasticity to allow rail growth
without extensive cracking, it is probably too soft to maintain support
without creep. The grout should have adequate compressive strength to
maintain alignment without creep. |

The obvious solution is to install expansion joints. Expansion joints, as
shown in Figure 3-5, can be cast into the foundation when the epoxy grout
is poured. After the foundatlon has been dressed, the surface of the expan-
sion joint and the outer periphery of the machine base is sealed with sili-
cone rubber.

Postponement of Regrouting Is Risky

Real or perceived economic conditions in industry encourage post-
ponement of routine maintenance of operating equipment. As a result,
machinery foundations fail at an increasing rate during these periods. The
most serious type of failure is foundation cracking in a plane parallel to
the crankshaft. These cracks may be caused by inadequate design or by
operating conditions that exert excessive forces on the foundation. Unless
these foundation cracks are repaired at the time of regrouting, grout life
will be greatly reduced (usually to about 10 percent of its normal life).

Lateral dynamic forces are generated by compressor pistons and by
some power pistons. Theoretically, if a machine were perfectly balanced,
there would be no forces exerted on the foundation other than dead weight.
Under such a condition, there would be no need for anchor bolts. In reality,
a perfectly balanced reciprocating machine has never been built. No ex-
perienced engineer would ever consider operating remprocatmg equip-
ment without anchor bolts.

After establishing the fact that unbalanced forces do exist on well-
designed and -maintained equipment, consider what happens when main-
tenance is postponed. Take the ignition system, for example Everyone
knows what to expect from an automobile with the engine idling after one
or two spark plugs have been disconnected. Imagine the same circum-
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stances with a large industrial gas engine compressor running at 100
- percent capacity. Next, suppose there are lubricating oil leaks that puddle
on the foundation shoulder. If any movement exists between the machine
and grout, oil will penetrate voids caused by the movement, and hydrauli-
cally fracture any remaining bond between the machine base and grout.
As movement between the machine and grout increases, forces exerted on
the foundation increase at an exponential rate, because of change in direc-
tion and impact.

At 330rpm there are 475,200 cycles per day. Over 20 years the foun-
dation sees the stresses of 3.4 billion cycles. Most remprocatmg equlp-
= ment is expected to last more than 20 years.

- The tensile strength of concrete is only about 10 percent of its com-
~pressive strength. Because of this weakness in tension, reinforcing steel
is embedded in concrete to carry the tensile loads. The placement of rein-
forcing steel should be chosen with consideration as to the source and
direction of the external forces applied to the foundation. According to
this reasoning, the preponderance of reinforcing steel in a reciprocating
engine/compressor foundation should be placed in the upper portion
of the block in a direction perpendicular to the crankshaft. Weighting
the placement of steel in this location would reduce the tendency for
- cleavage-type failures that sometimes begin at the top of the foundation in
the notch below the oil pan and extend through the block to the mat below.

The notch provided in the top of a foundation for the oil pan creates a
perfect location for stress risers. A moment is created by lateral dynamic
forces multiplied by the distance between the machine base and the trans-
verse reinforcing steel in the foundation below. The possibility of a foun-
dation cracking at this location increases as the depth of the notch
increases. The further the distance between the horizontal forces and trans-
verse reinforcing steel, the greater the moment.

Figure 3-12 illustrates a method of repairing such cracks by drilling
horizontal holes spaced from one end of the foundation to the other end.
This series of holes is placed at an elevation of just below the oil pan
trough. A high-tensile alloy steel bolt is inserted into each hole and
anchored at the bottom of the hole. Next, a small-diameter copper injec-
tion tube is placed in the annular space around the bolt; the end of the
hole is then sealed and the nut tightened to an appropriate torque to draw
the two segments of the block back together. An unfilled or liquid epoxy
is injected into the annular space around the bolt. Air in the annular space
around the bolt is pressed into the porous concrete as pressure builds. After
the annular space has been filled, injection continues, and the crack is filled
and sealed from the inside out. :

This repair method places the concrete in compression, which would
otherwise be in tension. The compressive condition must be overcome
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Figure 3-12. Method of repairing compressor foundations that are cracked parallel to the
crankshaft. .

before a crack could possibly reoccur. As a result, the repaired foundation
is much stronger than the original foundation. This technique is often used
-when the concrete in the foundation is of poor quality.

Preparation of Concrete Surfaces Prior to Grouting

It has been estimated that 90 percent of the heavy equipment installed
“today on original installations was installed utilizing faulty grouting tech-
niques. Because vibration and alignment problems with heavy machinery
are solved (or should be solved) in the direction from the ground up, it is
logical that grouting errors should be discussed beginning with surface
preparation of the concrete.

Many early grout failures can be attributed to poor surface preparation
- of the concrete prior to grouting. Because the grouting problems associ-
ated with poor surface preparation are so widespread, it is obvious that
few understand the difference between good and poor surface preparation.

The only good method of preparing a concrete surface prior to grout-
ing is to chip away the surface with a chipping gun to expose coarse aggre-
gate. This means at least a minimum of '/,” to 1” of the surface must be
removed. Poor methods of surface preparation include raking the surface
of concrete prior to curing, intermittent pecking of the surface with a chip-
ping gun, sandblasting the surface after the concrete has cured, and rough-
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ening the surface with a bushing tool (a spiked potato masher). Distin-
- guishing between good and poor concrete surface preparation requires an
- understanding of bleeding of fresh concrete pours and mechanisms involv-
ing hydration of cement. Bleeding of freshly placed concrete is a form of
separation where water in the mix tends to rise to the surface. In the course
of bleeding, some of the solid mgredlents classify near the surface. Clas-
sifying of concrete 1ngredlents is a form of sedimentation.

If the bleeding rate is faster than the evaporation rate, the rising water
brings to the surface a considerable amount of the fine cement particles,
_along with any residual silt or clay that may have been present in the
- aggregate.

In the course of concrete mixing, some of the hard and adherent clay
and silt coatings will be ground loose from the surface of the aggregate.
These loosened particles migrate to the surface of the concrete while the
concrete is vibrated to gain proper compaction. The migration is enhanced
by bleeding. This process promotes the formation of heavy laitance at the
surface and results in a porous, weak, and nondurable concrete surface.

If the bleeding rate is slower than the evaporation rate, the water loss
at the surface prevents proper hydration of the cement near the surface.
Improper hydration of the cement at the surface also results in a weak and
nondurable concrete surface. Further, water loss while the cement paste
is in its plastic state causes a volume change commonly known as plastic
shrinkage. While 1 percent plastic shrinkage is considered normal, exces-
sive water loss through evaporation leads to surface cracking. Figure 3-13
illustrates proper chipping of a concrete surface prior to grouting. Note

Figure 3-13. Properly prepared concrete surface ready for grouting.
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~ the fact that coarse aggregate has been exposed. Also note that the coarse
~aggregate is fractured in the process of chipping. Fracturing of coarse
aggregate while chipping confirms the good bond of the cement to the
aggregate. This observation is a good indication of quality concrete.

~ In summary, regardless of the bleeding or the evaporation rate, the con-
~ crete surface will be weak. The internal tensile strength of concrete can
be estimated to be about 8 to 10 percent of its compressive strength. For
example, the tensile strength of 4,0001b concrete is usually 320 to 400 psi.
The tensile strength of concrete at the surface is only about 50 psi. Because
of this weakness, the surface of the concrete must be removed prior to
grouting if good bonding is expected.

Repairing Failures Between Block and Mat

Until recent years, foundation failures on reciprocating equipment
between the concrete block and concrete mat were a rare occurrence. At
present, this type of failure is becoming more common. This increase in
failures can be attributed to poorer construction practices and postpone-
ment of equipment maintenance. Before the concrete block is poured, the
mat must be chipped to expose course aggregate. This is the only good
method of removing the laitance from the surface of the mat and provid-
ing an anchor pattern between the block and mat. This requires chipping
away at least '/,” to 1” from the surface of the mat. Sandblasting, raking
the concrete surface prior to curing, or roughening the surface with a
bushing tool as a means of surface preparation is unacceptable. These
methods do not remove all the laitance, nor do they expose course aggre-
gate in the concrete.

Lateral dynamic forces are generated by most reciprocating equipment,
and in particular with gas-engine compressors. Consider what happens
when maintenance is postponed. One would certainly expect distress from
an automobile engine with each cylinder operating at a different pressure
because of blow-by from defective piston rings. Imagine the same cir-
- cumstances with a large industrial gas-engine compressor running at full
capacity. Next, suppose there are portions of defective grout on the foun-
dation shoulder. If any movement exists between the machine and grout,
ever-present spilled oil will penetrate voids caused by the movement, and
~ hydraulically fracture any remaining bond between the machine base and
grout. As movement between the machine and grout increases, forces
exerted on the foundation increase at an exponential rate; they change their
direction and impact billions of times over the life of the machine. Oper-
ating under these conditions ultimately results in foundation cracking,
separation between the block and mat, or both types of failure.
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Figure 3-14. Method of repairing compressor foundations where the block has separated
from the mat.

Figure 3-14 illustrates a method of repairing separation between the
block and mat. Vertical, or near-vertical, holes are drilled through the
foundation and into the mat. These holes are usually placed in the foun-
dation around the outer periphery of the equipment. Next, rebar is placed
in the holes along with an injection tube, and the entrance of the hole is
sealed with an epoxy material. After the seal cures, the annular space
around the rebar is pressure-filled with an epoxy liquid, and any cracks
that the holes cross are then pressure-grouted from the inside out as pres-
sure builds. The curing of the injected epoxy completes the foundation
repair.

Grouting Skid-Mounted Equipment

A skid is a steel structure, used as a shipping platform, that is subse-
quently installed on a concrete pad or foundation at the job site. This
installation concept, most often called “packaging,” allows the manufac-
turer to factory assemble a unit under shop conditions. Packages are fre-
quently complete with accessories, instruments and controls. The cost of
packaging is usually much less than would be required for field assembly,
particularly where the job site is in a remote part of the world.
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Figure 3-15. A typical skid-mounted integral gas engine compressor complete with acces-
sories, controls, and instrumentation.

When the installations are temporary, and relocation of the equipment
at a later date is anticipated, cement grouts are generally used. Because
cement grouts do not bond well to steel surfaces, lifting the skid at a later
date is relatively easy. On the other hand, when the installation is to be
permanent, epoxy grouts are generally utilized. The advantage of an epoxy
grout lies in the fact that it bonds extremely well to both concrete and
steel. Epoxy grouts also provide an oil barrier to protect the underlying
concrete foundation. Concrete exposed to lubricating oils over a long
period of time can become severely degraded and lose all its structural
properties.

A typical sk1d—mounted integral gas engine compressor is shown in
Figure 3-15. When proper techniques are carried out during the original
installation, the grout should contact the entire lower surfaces of all lon-
gitudinal and transverse “I”’ beams. Complete contact is necessary in order
to prevent vibration when the unit is placed in operation.

Figure 3-16 shows a foundation pad where a skid has been removed
leaving the cement grout intact. This photograph illustrates proper cement
grouting. Note the impression left in the grout by the lower flange of the
longitudinal and transverse “I”’ beams. Virtually 100 percent grout contact
was obtained on these load-bearing surfaces.

Figure 3-17 is an example of poor grout placement. Note the lack of
support in the center where most of the machinery weight is concentrated.
Long, unsupported spans are an invitation to resonant vibration problems
and to progressive sagging of the beams with age. Progressive sagging
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Figure 3-16. Proper skid grouting.

Figure 3-17. Poor grout placement on a similar installation.

eventually causes continual misalignment problems. Further, the anchor
bolts on the compressor side of the crankcase are attached to one of the
internal longitudinal beams. When the equipment is at rest, there may be
perfect alignment; however, when the equipment is running, the beam may
be flexing much the same as a suspension bridge. If this is true, fatigue
of the crankshaft and bearing damage may result.

The obvious solution to this defect is to grout-in the unsupported sec-
tions. Since cement grout will not bond well to itself or concrete, any
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| regroutmg should be carried out with an epoxy grout because of the inher-
ent bonding propertles of epox1es Some epoxies will even bond to oily
surfaces ,

Grouting of Oil-Dégraded Concrete

- In establishing guidelines for the use of epoxy materials on oil-
saturated concrete, the expected results should be compared with the
properties of good concrete because these were the criteria invoked when
the installation was originally designed.

The compress1ve strength of good concrete will vary from 2,500 to
7,000 psi depending upon its cement content, curing conditions, etc. The
internal tensile strength should be about 8 to 10 percent of the compres-
sive strength or 200 to 700psi. The tensile strength at the surface of
formed concrete may be as low as 75psi and the surface of a steel-
troweled floor may be as low as 50—100psi due to laitance on the surface.
Consequently, good surface preparation must be carried out before a sat-
isfactory bond of epoxy to concrete can be obtained.

Experience has definitely shown that the best method of preparing a
concrete surface for bonding is through mechanical scarification to
~ remove surface laitance. This scarification can be accomplished by chip-

ping away the surface, sandblasting or grinding in this order of preference.
At one time acid washing was widely respected as a means of surface
preparation, but this practice has not proved reliable. When contaminants,
such as oil or grease, are present, special consideration should be given
to surface preparation and epoxy thickness.

Although concrete can absorb oil, the process is, fortunately, relatively
slow. Once oil has been absorbed a gradual degradation in both tensile
and compressive strengths will follow and given enough time the com-
pressive strength of the concrete may be reduced to the point where it can
be crumbled between the fingers. Preventive measures, such as sealing the
concrete with an epoxy sealer to provide a barrier, can avoid this problem.
This is usually done at the time of original construction. Remedial mea-
sures can also be used once the problem has occurred. Most of these reme-
dial techniques involve surface preparation, patching, or transfer of
loading.

The importance of epoxy grout thickness is better understood when it
is recognized that in solid materials, forces resulting from compressive
loading are dispersed throughout the solid in a cone-shaped pattern with
the apex at the point of loading. In tensile point loading the force pattern
is such that, on failure, a hemispherically shaped crater remains. Conse-
quently, the weaker the concrete, the thicker the epoxy covering should be
in order that loading can be sufficiently distributed before force is trans-
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ferred to the concrete. For example, a severely oil degraded foundation
may be capped with a thick layer of epoxy grout in much the same manner
as a dentist caps a weak tooth. If you can contain a weak matenal you
can maintain its strength. :

There have been many repair jobs with epoxy grout on foundations of
reciprocating machinery where oil degradation was so severe that it was
impossible to remove all oil-soaked concrete before regrouting. In such
cases, regroutlng can sometimes be done with the equipment in place.
Such repairs are accomplished by chipping away the oil grout from the
foundation shoulder and as far as one-half of the load bearing area under
the equipment. It is important that enough grout remain to support the
equipment while repairs are being conducted. The advantage of removing
some of the old grout under the equipment is to provide a structurally
sound area after repairs, equivalent to that supporting area which would
be available had the equipment originally been installed on rails or sole
plates. Once this is done, the equipment can be pressure-grouted as dis-
cussed later in this chapter. Enough concrete is removed to round off the
" shoulders to a cross-sectional radius of 1!/ to 2 ft. Then vertical holes can
be drilled into the exposed concrete with a pneumatic rock drill. Usually
these holes are placed two ft (about 60 cm) apart and are drilled to a depth
to provide penetration through the remaining oil-soaked concrete and at
least two ft into the undamaged concrete below. In addition, holes can be
drilled in the remaining part of the foundation shoulders at such angles so
as to cross below the oil pan at an elevation of approximately two to three
ft below the pan or trough. Afterward, additional horizontal reinforcing
steel can be installed and wired to the vertical members which were earlier
cemented into the good concrete with an epoxy adhesive. The purpose of
the new reinforcing steel is to transfer as much load as possible to an area
where the concrete was unaffected by oil degradation.

Pressure-Injection Regrouting

Pressure-grouting is a repair process whereby equipment can be reaf-
fixed on the foundation without lifting the equipment, without completely
chipping away the old grout, and without repositioning and complete
regrouting. Pressure grouting should not, however, be considered a
panacea. Nevertheless, when properly used it can be a valuable tool.

Shoulder Removal Method

Pressure-injection regrouting techniques offer equipment operators
important advantages of reduced downtime, lower labor costs, and less
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Figure 3-18. lliustrating the damage done to a compressor foundation before making repairs
by pressure-injection regrouting, shoulder removal method (courtesy Adhesive Services
Company).

- revenue lost from idle equipment. These techniques make possible satis-
factory and long life regrouts with machine downtime at a minimum.
Figure 3-18 shows typical damage before making repairs. Figure 3-19
is the first step in conducting repairs where the old grout is chipped away
along with any damaged or oil soaked concrete. It is desirable to remove
enough old grout from beneath the machine so that a load bearing area
equivalent to a rail or sole plate mounting can be provided by the epoxy
grout once it has been poured. If the foundation itself is cracked, it should
be repaired before proceeding further. Otherwise, the effectiveness of the
regrout will not be maintained over a long period of time. ,

After the old grout has been chipped away, holes are drilled into the
remaining grout for the installation of injection tubes, and are usually
spaced 18 in., or approximately 45 cm, apart (see Figure 3-20). The copper
tubing installed in these holes should be sealed with epoxy putty or elec-
trician’s putty as illustrated in Figure 3-21.

Before installing forms, all anchor bolts should be isolated to provide
at least a '/4in. barrier. This minimizes the possibility of later stress crack-
ing of the grout shoulder and also allows stretching of the anchor bolt
from the bottom of the nut to the bottom of the anchor bolt sleeve when
torquing the anchor bolts. Forms should be designed to provide a grout
level of at least one in. above the machine base (see Figure 3-22). This
raised shoulder acts as an effective horizontal restraint for the machine
and thereby reduces lateral movement. Forms should be near liquid tight
to contain the epoxy grout mortar. Any holes in the forms can be plugged
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Figure 3-19. The first step of repair is to remove the shoulder and about 'z of the load-
bearing area using a pneumatic jumbo rivet buster (courtesy Adhesive Services Company).

Once the forms have been poured and the grout cured for approximately

with a quality paste wax before installation in order to facilitate easy
24 hours, pressure-injection regrouting is carried out to provide a liquid

Figure 3-20. Drilling of injection holes into the old grout using a pneumatic drill (courtesy
removal.

Adhesive Services Company).
- with electrician’s putty before pouring the mortar. Forms should be waxed
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Figure 3-21. Installing copper tubes for pressure-injection (courtesy Adhesive Services

Company).

Figure 3-22. Installing forms and repouring the shoulder with an epoxy grout (coUrtesy

- Adhesive Services Company).
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Figure 3-23. Removing forms and pressure-injecting an epoxy adhesive into the cracks and
- voids under the machine base. Excess epoxy is drained into the trough under the oil pan
(courtesy Adhesive Services Company).

shim of epoxy between the remaining old grout and the equipment base
as illustrated in Figure 3-23. Once this shim of grout has cured, the
forms are removed and the foundation dressed and painted according to
Figure 3-24. '

Through-the-Case Method

Occasionally, in spite of the best intentions, proper techniques are not
used and grout failure results. The cause might be air trapped under the
equipment when grouting, or foam under the equipment because of
improper grout preparation, or loss of adhesion caused by improper
surface preparation. Whatever the cause, there is movement that must be
stopped. If the grout and foundation are in good structural condition,
pressure-grouting through the case may be a practical solution to the
problem. Refer to Figure 3-25 for a good illustration of this grouting method.

With this procedure, the equipment is shut down and the oil removed
and cleaned from the crankcase. Holes are drilled through the case and
tapped to accommodate grease fittings. Usually, holes are drilled on about
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Figure 3-24. The foundation is dressed and painted, thereby completing the repairs (cour-
tesy Adhesive Services Company). ,

BEDPLATE DRILLED & TAPPED
TO TAKE GREASE FITTING

FOAM 77z
LAYER

Figure 3-25. Method of rectifying grout installation where surface foam was present®.

two-ft centers. Alignment is then checked and corrected as necessary. A
grease fitting is installed in one of the holes near the center and pressure
‘grouting is begun. Dial indicator gauges should be used to confirm that
pressure grouting is being accomplished without lifting the equipment.
Pressure grouting should proceed in both directions from the center. As
soon as clear epoxy escapes from the adjacent hole, a grease fitting
is installed and injection is begun at the next location. This step-wise
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procedure is continued until clear epoxy is forced from all sides of the
equipment. After curing, alignment is rechecked and the equipment
returned to service. '

Pressure Grouting Sole Plates®

Occasionally when installing sole plates, a contractor will fail to clean
them properly before grouting. Later this will cause loss of adhesion and
result in excessive movement. Pressure grouting of sole plates can be
accomplished with a relatively high degree of success if proper techniques
are used. Refer to Figure 3-26 for an illustration of this procedure.

A small pilot hole is drilled through the sole plate at a 45° angle begin-
ning about one-third of the distance from the end of the sole plate. The
hole is then counterbored. The pilot hole is reamed out and tapped to
accommodate /s in. pipe. Fittings are installed and epoxy can be injected
~ while the equipment is running until the epoxy begins to escape around

* the outer periphery of the sole plate as illustrated. Usually, oil is flushed
out from beneath the sole plate along with the epoxy. Flushing should be
continued until clear epoxy appears. It is not uncommon that flow will
channel to the extent that epoxy will escape from only 30 to 40 percent
of the sole plate circumference during the first injection. The epoxy will

ENGINE SOLE PLATE DRILLED

BASE COUNTERBORED &
TAPPED TO TAKE
GREASE FITTING

\

7/

/

’

Figure 3-26. Pressure grouting of sole plates®.
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begin to gel in about 15 minutes at the operating temperature of 160° to
180°F. A second injection is carried out after sufficient gelling has been
accomplished to restrict flow to ungrouted areas. Two or three injections
at about 15-minute intervals are usually required to effect 100 percent cov-
‘erage under the sole plate. Epoxy will bond through a thin lubricating oil
" film at about 150 to 200 psi. , , '
 One person should be assigned for every two to three sole plates that
are loose. To the extent possible, pressure grouting of all sole plates should
proceed at the same time. Once the grouting is complete, the equipment
should be shut down for at least 6 hours to allow the epoxy to cure. Align-
ment should be checked and chocks machined or shimmed, if necessary,
before the equipment is returned to service.

This technique has also been used without shutting the equipment
down. However, it is somewhat less reliable under these circumstances.
Nevertheless, if for some unknown reason a sole plate comes loose after
it has been grouted, the process can be repeated. It is a simple matter to
remove the fittings, rebore and retap the hole, and thereby use the same
injection site. - | | ' ,

Pressure grouting sole plates seldom changes alignment. We attribute
this to the fact that excess epoxy is squeezed from beneath the sole plate
by the weight of the equipment. For purposes of illustration, assume the
equipment is being aligned with the aid of jack screws having hexagonal
heads and ten threads per in. One revolution of the screw would raise or
lower the equipment **/i000; moving the screw one face would create a
change of '/s this amount or ‘/1000. However, one face change on a jack
screw is scarcely detectable when measuring web deflections. Neverthe-
less, the film thickness of epoxy under the sole plate should be far less
than '%i000. Thus, alignment should not be changed when equipment is
pressure-grouted.

Prefilled Equipment Baseplates: How to Get a Superior Equipment
Installation for Less Money*

Why Be Concerned

Proper field installation of rotating equipment has a tremendous impact
on the life-cycle cost of machinery. According to statistical reliability
analysis, as much as 65 percent of the life-cycle costs are determined
during the design, procurement, and installation phases of new machin-

* Contributed by Todd R. Monroe, PE., and Kermit L. Palmer, Stay-Tru® Services, Inc.,
Houston, Texas.



Machinery Foim_dations and Groitting 103

ery applications’. While design and procurement are important aspects for
any application, the installation of the equipment plays a very significant
role. A superb design, poorly installed, g1ves poor results. A moderate
design, properly installed, gives good results’.

A proper installation involves many facets, such as good foundation
design, no pipe strain, and proper alignment, just to name a few. All of
these issues revolve around the idea of reducing dynamic vibration in the
machinery system. Great design effort and cost are expended in the con-
struction of a machinery foundation, as can be seen in Figure 3-27. The
machinery foundation, and the relationship of F = ma, is extremely impor-
tant to the reliability of rotating equipment. Forces and mass have a direct
correlation on the magnitude of vibration in rotating equipment systems.
The forces acting on the system, such as off-design operating conditions,
unbalance, misalignment, and looseness, can be transient and hard to
quantify. An easier and more conservative way to minimize motion in the
system is to utilize a large foundational mass. Through years of empirical
evidence, the rule of thumb has been developed that the foundation mass
should be three to five times the mass of the centrifugal equipment system.

Figure 3-27. Construction of machinery foundation.
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How well the machinery system is joined to the foundation system is
the key link to a proper installation and to reduced vibration. The base-
plate, or skid, of the machinery system must become a monolithic member
of the foundation system. Machinery vibration should ideally be trans-
mitted through the baseplate to the foundation and down through the
subsoil. “Mother earth” can provide very effective damping; i.e., modifi- .
‘cation of vibration frequency and attenuation of its amplitude. Failure to
do so results in the machinery resonating on the baseplate, as shown in
Figure 3-28. Proper machinery installation results in significant increase
in mean time between failures (MTBF), longer life for mechanical seal
and bearings, and a reduction in life-cycle cost®. -

The issue is to determine the most cost-effective method for joining the
equipment baseplate to the foundation. Various grouting materials and
methods have been developed over the years, but the quest always boils
down to cost: life-cycle costs versus first cost. It’s the classic conflict
between the opposing goals of reliability professionals and project per-
sonnel. Machinery engineers want to use an expensive baseplate design
with epoxy grout; project engineers want to use a less expensive baseplate
design with cementitious grout.

A new grouting method, the Stay-Tru® Pregrouted Baseplate System,
and a new installation technique, the Stay-Tru® Field Installation System,

Figure 3-28. Machinery vibration.
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bridge the gap, and utilizing these two systems satlsﬁes the requirements
of both job functions.

Conventional Grouting Methods

The trad1t10na1 approach to joining the baseplate to the foundatlon has
been to build a liquid-tight wooden form around the perimeter of the foun-
dation, and fill the void between the baseplate and the foundation with
either a cementitious or epoxy grout. There are two methods used with
this approach the two-pour method, shown in Figure 3-29, and the one-
pour method, shown in Flgure 3-30.

The two-pour method is the most widely used, and can utilize either
cementitious or epoxy grout. The wooden grout forms for the two-pour
" method are easier to build because of the open top. The void between the
foundation and the bottom flange of the baseplate is filled with grout on
the first pour, and allowed to set. A second grout pour is performed to fill
the cavity of the baseplate, by using grout holes and vent holes provided
in the top of the baseplate.

The one-pour grouting method reduces labor cost, but requires a more
elaborate form-building technique. The wooden grout form now requires
a top plate that forms a liquid-tight seal against the bottom flange of the

TWO POUR GROUT FORM

§DR ?iﬁ%&? SASEP%TE

Figure 3-29. Two-pour gro(ﬂ method.
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Figure 3-30. One-pour grout method.

baseplate. The form must be vented along the top seal plate, and be sturdy
enough to withstand the hydraulic head produced by the grout. All of the
grout material is poured through the grout holes in the top of the base-
plate. This pour technique requires good flow characteristics from the
grout material, and is typically used for epoxy grout applications only.

Field Installation Problems Explained

Grouting a baseplate or skid to a foundation requires careful attention
to many details. A successful grout job provides a mounting surface for
the equipment that is flat, level, very rigid, and completely bonded to the
foundation system. Many times these attributes are not obtained during
the first attempt at grouting, and expensive field-correction techniques
have to be employed. The most prominent installation problems involve
voids and dlStOI'thl‘l of the mountmg surfaces.

Voids and Bonding Issues

As shown in Figure 3-31, the presence of voids at the interface between
the grout material and the bottom of the baseplate negates the very
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Figure 3-31. Grout void under baseplate.

purpose of grouting. Whether the void is one inch deep, or one-thousandth
of an inch deep, the desired monolithic support system has not been
achieved. Voids prevent resonance of the foundation system and preclude
‘the dampening of resonance and shaft-generated vibration.

- The creation of voids can be attributed to a number of possible causes:

e Insufficient vent holes in baseplate

Insufficient static head during grout pour
Nonoptimum grout material properties

Improper surface preparation of baseplate underside
Improper surface primer :

Insufficient vent holes or static head are execution issues that can be
addressed through proper installation techniques. Insufficient attention
usually leaves large voids. The most overlooked causes of voids are related
to bonding issues. These types of voids are difficult to repair because of
the small crevices to be filled. |

The first issue of bonding has to do with the material properties of the
grout. Cementitious grout systems have little or no bonding capabilities.
Epoxy grout systems have very good bonding properties, typically an
average of 2,000 psi tensile adherence to steel, but surface preparation and
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- primer selection greatly affect the bond strength The underside of the
~ baseplate must be cleaned, and the surface must be free of oil, grease,
moisture, - and other contaminants. All of these contaminants greatly
reduce the tensile bond strength of the epoxy grout system. |

The type of primer used on the underside of the baseplate also affects
the bond between the epoxy grout and the baseplate. Ideally, the best
bonding surface would be a sandblasted surface with no primer. Since this
is not feasible for conventional grouting methods, a primer must be used,
and the selection of the primer must be based on its tensile bond strength
to steel. The epoxy grout system bonds to the primer, but the primer must
‘bond to the steel baseplate to eliminate the formation of voids. The best
primers are epoxy based, and have minimum tensile bond strength of 1,000
psi. Other types of primers, such as inorganic zinc, have been used, but
the results vary greatly with how well the inorganic zinc has been applied.

Figure 3-32 shows the underside of a baseplate sprayed with inorganic
zinc primer. The primer has little or no strength, and can be easily removed
with the tip of a trowel. The inorganic zinc was applied too thickly, and
the top layer of the primer is little more than a powdery matrix. The ideal
dry film thickness for inorganic zinc is three mils, and is very hard to

Figure 3-32. Soft inorganic zinc primer.
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achieve in practice. The dry film thickness for this example 15 9 to 13 mils, -
as shown in Figure 3-33. '

The consequences of applylng epoxy grout to such a primer are shown
in Figure 3-34, a core sample taken from a baseplate that was free of voids
for the first few days. As time progressed, a void appeared, and over the
course of a week the epoxy grout became completely “disbonded” from
the baseplate. The core sample shows that the inorganic zinc primer
bonded to the steel baseplate, and the epoxy grout bonded to the inorganic
zinc primer, but the primer delaminated. It sheared apart because it
was applied too thickly and created a void across the entire top of the
baseplate.

Distortion of Mounting Surfaces

Another field installation problem with costly implications is distortion
of the baseplate’s machined surfaces. This distortion can be either induced
prior to grouting due to poor field leveling techmques or generated by the
grout itself.

Figure 3-33. Dry film thickness indicator.
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Figure 3-34. Baseplate core samplé with zinc primer.

Baseplate designs have become less rigid over time. Attention has been
focused on the pump end of the baseplate to provide enough structural
support to contend with nozzle load requirements. The motor end of the
baseplate is generally not as rigid, as shown in Figure 3-35. The process
of shipping, lifting, storing, and setting the baseplate can have a negative

‘impact on the motor mounting surfaces. Although these surfaces may have
initially been flat, there often is work to be done when the baseplate
reaches the field. ' '

Using the system of jack bolts and anchor bolts of Figure 3-36, the
mounting surfaces can be reshaped during the leveling process, but the
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Figure 3-35. Underside of American Petroleum Institute (API]) baseplate.

concepts of flatness and level have become confused. Flatness cannot be
measured with a precision level, and unfortunately this has become the
practice of the day. A precision level measures slope in inches per foot,
and flatness is not a slope, it is a displacement. In the field, flatness should
be measured with either a ground straightedge or bar and a feeler gauge,
as shown in Figure 3-37, not with a level. Once the mounting surfaces are
determined to be flat, then the baseplate can be properly leveled. This con-
fusion has caused many baseplates to be installed with the mounting sur-
faces out of tolerances for both flatness and level.

The other issue of mounting surface distortion comes from the grout
itself. All epoxy grout systems have a slight shrinkage factor. While this
shrinkage is very small, typically 0.0002"/in, the tolerances for flatness
~and level of the mounting surfaces are also very small. The chemical
reaction that occurs when an epoxy grout resin and hardener are
mixed together results in a volume change that is referred to as shrinkage.



Figure 3-37. Flatness and coplanar check.
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Figure 3-38. Grout cure and mounting surface distortion.

Chemical cross-linking and volume change occur as the material cools
after the exothermic reaction. Epoxy grout systems cure from the inside
out, as shown in Figure 3-38. The areas closest to the baseplate vs. grout
interface experience the highest volume change.

Baseplates with sturdy cross-braces are not affected by the slight
volume change of the grout. For less rigid designs, the bond strength of
the epoxy grout can be stronger than the baseplate itself. Referring back
to Figure 3-38, after the grout has cured the motor mounting surfaces
become distorted and are no longer coplanar. Tolerances for alignment and
motor soft foot become very difficult to achieve in this scenario. This
“pull-down” phenomenon has been proven by finite element analysis
(FEA) modeling and empirical lab tests jointly performed by a major grout
manufacturer and an industrial grout user.

Hidden Budget Busters

Correcting the problems of voids and mounting surface distortion in the
field is a very costly venture. Repairing voids takes a lot of time, patience,
and skill to avoid further damage to the baseplate system. Field machin-
ing the mounting surfaces of a baseplate also involves commodities that
are in short supply: time and money.

The real problem with correcting baseplate ﬁeld installation problems
is that the issues of “repair” are not accounted for in the construction



114  Machinery Componem‘ Maintenance and Repair

“budget. Every field correction is a step backward in both time and ,
‘money. For a fixed-cost project, the contractor must absorb the cost. Ina
“cost-plus project, the client is faced with the cost. Either way, the parties
will have a meetmg, Whlch 1s just another dram on available time and
money. - :

Pregrouted Baseplates

‘The best way to solve a problem is to concentrate on the cause, rather
than developing solutions addressing the effects. The answer for resolv-
ing field installation problems is not to develop better void repair proce-
dures or field machining techniques, it is to eliminate the causes of voids
and mounting surface distortion.

A new baseplate grouting system has been developed to address the
causes of field installation problems. The term pregrouted baseplate
sounds simple enough, but addressing the causes of installation problems
involves far more than flipping a baseplate over and filling it up with grout.
In that scenario, the issues of surface preparation, bonding, and mounting
surface distortion still have not been addressed. A proper pregrouted base-
plate provides complete bonding to the baseplate underside, contains zero
voids, and provides mounting surfaces that are flat, coplanar, and colin-
ear within the required tolerances. To assure that these requirements are
met, a good pregrout system will include the following.

Proper Surface Preparation

Baseplates that have been specified with an epoxy primer on the under-
side should be solvent washed, lightly sanded to remove the grossly finish,
and solvent washed again. For inorganic zinc and other primer systems,
the bond strength to the metal should be determined. There are several
methods for determining this, but as a rule of thumb, if the primer can be
removed with a putty knife, the primer should be removed. Sandblasting
to an SP-6 finish is the preferred method for primer removal. After sand-
blasting, the surface should be solvent washed, and grouted within 8 hours.

Void-free Grout Installation

By its very nature, pregrouting a baseplate greatly reduces the problems
of entrained air creating voids. However, because grout materials are
highly viscous, proper placement of the grout is still important to prevent
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developing air pockets. The baseplate must also be well supported to
prevent severe distortion of the mounting surfaces due to the Welght of
the grout.

A side benefit to using a pregrouted baseplate system is the ab111ty to
successfully use cementitious grouts as the fill material. With conventional
installation methods, cementitious grout is very difficult to place and has
no bond strength to the metal baseplate. With the pregrout system, an
epoxy-based concrete adhesive can be applied to the metal prior to the
placement of the grout, as shown in Figure 3-39. This technique provides
bond strength equal to the tensile strength of the cementitious grout, which
is around 700 psi.

For epoxy grout systems, flow ability is no longer an issue, and highly
loaded systems can now be employed. Adding pea gravel to the epoxy
grout system increases the yield, increases the strength and reduces the
shrinkage factor. Figure 3-40 shows an application using a h1gh—ﬁll epoxy
grout system.

Figure 3-39. Epoxy bond adhesive for cementitious grout.
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Figure 3-40. High-fill epoxy grrout'system.

Postcuring of the Grout

As mentioned earlier, epoxy grout systems undergo a slight volume
change during the curing process. For conventional installation methods,
this physical property creates distortion. While the effects are greatly
reduced with the pregrouted system, it is still necessary to allow the epoxy
grout to fully cure before any inspection or correction to the mounting
surfaces is performed. Figure 3-41 shows a time vs. cure chart that can be
used for epoxy grout systems.

For cementitious grout systems, the material should be kept wet and
covered for at least 3 days to help facilitate the curing process. While
cementitious grout systems are nonshrink and don’t induce distortion to
the mounting surfaces, the postcuring process helps to achieve full com-
pressive strength. To further enhance the curing process, after 24 hours
the grout surface can be sealed with an epoxy resin to prevent contami-
nation and water evaporation (Figure 3-42).
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Figuré 3-41. Epoxy grout cure time vs. temperature.

Mounting Surfaces

Once the pregrout baseplate has been fully cured, a complete inspec-
tion of the mounting surfaces should be performed. If surface grinding of

the mounting surfaces is necessary, then a postmachining inspection must
- also be performed. Careful inspection for flatness, coplanar, and relative
level (colinear) surfaces should be well documented for the construction
or equipment files. The methods and tolerances for inspection should
- conform to the following:

Flatness. A precision ground parallel bar is placed on each mounting
surface. The gap between the precision ground bar and the mounting
surface is measured with a feeler gauge. The critical areas for flatness are
within a 2” to 3” radius of the equipment hold down bolts. Inside of this
area, the measured gap must be less than 0.001”. Outside the critical area,
the measured gap must be less than 0.002”. If the baseplate flatness falls
- outside of these tolerances, the baseplate needs to be surface ground.

Coplanar. A precision ground parallel bar is used to span across the pump
and motor mounting pads in five different positions, three lateral and two
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Figure 3-42. Epoxy sealer for cementitious grout.

diagonal. At each location, the gap between the precision ground bar and
the mounting surfaces is measured with a feeler gage. If the gap at any
location along the ground bar is found to be more than 0.002”, the mount-
ing pads are deemed non-coplanar and the baseplate will need to be
surface ground.

Relative Level (Colinear). It is important to understand the difference
between relative level and absolute level. Absolute level is the relation-
ship of the machined surfaces to the earth. The procedure for absolute
level is done in the field, and is not a part of this inspection. Relative level
is an evaluation of the ability to achieve absolute level before the base-
plate gets to the field.

The procedure for this evaluation is based on a rough level condition.
A Starrett 98 or similar precision level is placed on each machine surface
and the rough level measurement, and direction recorded for each machine
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surface. The rough level measurements of each surface are then compared
to each other to determine the relative level. The difference between the
rough level measurements is the relative level. The tolerance for relative
level is 0.010”/ft. | |

" Field Installation Methods for Pregro‘uted Baseplates

The use of a proper pregrouted baseplate system eliminates the problem
areas associated with field installations. The baseplate has been filled with
grout that has properly bonded and is void free. All the mounting surfaces
- have been inspected, corrected, and documented to provide flat, coplanar,
and colinear surfaces. The next step is to join the prefilled baseplate to the
foundation system. This can be done using either conventional grouting
" methods or a new grouting method that is discussed later.

Field Leveling

- Knowing that the mounting surfaces already meet flatness and copla-
. nar tolerances makes field leveling of the baseplate very easy. Because the
prefilled baseplate is very rigid, it moves as a system during the leveling
process. The best method is to use a precision level for each mounting
surface. This gives you a clear picture of the position of the baseplate to
absolute level. The level must also fit completely inside the footprint of
the mounting surface to read properly. If the level is larger than the mount-
ing surface, use a smaller level or a ground parallel bar to ensure that the
ends of the level are in contact with the surface.

With the levels in position, adjust the jack bolt and anchor bolt system
to the desired height for the final grout pour, typically 1'/; to 2 inches for
conventional grout. With the grout height established, the final adjust-
ments for level can be made. The baseplate should be leveled in the lon-
gitudinal or axial direction first, as shown in Figure 3-43, and then in the
transverse direction, as shown in Figure 3-44.

Conventional Grouting Method

Using the conventional method for installing a pregrouted baseplate is

no different from the first pour of a two-pour grout procedure. After the
- concrete foundation has been chipped and cleaned, and the baseplate has
been leveled, grout forms must be constructed to hold the grout (Figure
3-45). To prevent trapping air under the prefilled baseplate, all the grout
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Figure 3-43. Field leveling in axial direction.

material must be poured from one side. As the grout moves under the base-
plate, it pushes the air out. Because of this, the grout material must have
good flow characteristics. To assist the ﬂow a head box should be con-
structed and kept full during the grouting process.

Hydraulic Lift of a Pregrouted Baseplate

It is important when using a head box that the pregrouted baseplate is
well secured in place. The jack bolt and anchor bolt system must be tight,
and the anchor bolt nut should be locked down to the equivalent of 30 to
45 ft-1bs.

The bottom of a pregrouted baseplate provides lots of flat surface area.
The specific gravity of most epoxy grout systems is in the range of 1.9 to
2.1. Large surface areas and very dense fluids create an ideal environment
for buoyancy. Table 3-1 shows the inches of grout head necessary to begin
lifting a pregrouted American National Standards Institute (ANSI) base-
plate. During the course of a conventional grouting procedure, it is very
common to exceed the inches of head necessary to lift a pre-filled base-
plate. For this reason, it is very important to assure that the baseplate in
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Figure 3-44. Field leveling in transverse direction.

locked down. As a point of interest, the whole range of American Petro-
leum Institute (API) baseplates listed in Appendix M of API 610 can be
lifted with 9 inches of grout head.

Baseplate Stress Versus Anchor Bolt Torque

With the necessity of using the jack bolt and anchor bolt system to lock
the pregrouted baseplate in position, it is important to determine if this
practice introduces stresses to the baseplate. It is also important to remem-
ber that any induced stresses are not permanent stresses, provided they
remain below the yield strength of the baseplate. The anchor bolts will be
loosened, and the jack bolts removed, after the grout has cured.



- 122 Machinery Component Maintenance and Repair

Figure 3-45. Pregrout installation using conventional method.

~ An FEA analysis was performed on a pregrouted ANSI baseplate and
a pregrouted API baseplate. The baseplates that were analyzed had six
anchor bolt and jack bolt locations, used 3/+” bolts, and was based on 45
ft-1bs and 100 ft-1bs of torque to the anchor bolts. The 100 ft-1bs of torque
was considered to be extremely excessive for leveling and locking down
a baseplate, but was analyzed as a worst-case scenario.

The peak local stress loads for 45 ft-Ibs was 14,000 psi, and 28,000 psi
for 100 ft-1bs. Most baseplates are fabricated from ASTM A36 steel, which
has a yield stress of 36,000 psi. As Figure 3-46 shows, the stresses are very
localized and decay very rapidly. The result of the FEA analysis shows
that the effect of locking down the pregrouted baseplate does not induce
any detrimental stresses.

New Field Grouting Method for Pregrouted Baseplates

Conventional grouting methods for nonfilled baseplates, by their very
nature, are labor and time intensive. Utilizing a pregrouted baseplate with
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von Mises

Figure 3-46. Stresses due to 45ft-Ibs anchor bolt preload.

conventional grouting methods helps to minimize some of the cost, but
the last pour still requires a full grout crew, skilled carpentry work, and
good logistics. To further minimize the costs associated with baseplate
installations, a new field grouting method has been developed for
pregrouted baseplates. This new method utilizes a low-viscosity, high-
strength epoxy grout system that greatly reduces foundation preparation,
grout form construction, crew size, and the amount of epoxy grout used
for the final pour. '

While there may be other low-viscosity, high-strength epoxy grout
systems available on the market, the discussion and techniques that follow
are based on the flow and pour characteristics of Escoweld® 7560. This
type of low viscosity grout system can be poured from '/” to 2” depths,
has the viscosity of thin pancake batter, and is packaged and mixed in a
liquid container. As shown in Figure 3-47, this material can be mixed and
poured with a two-man crew.

Concrete Foundation Preparation

One of the leading conflicts on epoxy grout installations is the issue of
surface preparation of the concrete foundation. Removing the cement
lattice on the surface of the concrete is very important for proper bonding,
but this issue can be carried to far (Figure 3-48). Traditional grouting
methods require plenty of room to properly place the grout, and this
requires chipping all the way to the shoulder of the foundation. Utilizing
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Figure 3-47. Mixing of low viscosity epoxy grout.

a low-viscosity epoxy grout system greatly reduces the amount of con-
crete chipping required to achieve a proper installation.

The new installation method allows for the chipped area to be limited
to the footprint of the baseplate (Figure 3-49). A bushing hammer can be
used to remove the concrete lattice, and the requlred depth of the final
grout pour is reduced to */4” to 17,

New Grout-forming Technique

With the smooth concrete shoulder of the foundation still intact, a very
simple “2 X 4” grout form can be used (Figure 3-50). One side of the
simple grout form is waxed, and the entire grout form is sealed and held
in place with caulk (refer back to Figure 3-49). While the caulk is setting
up, a simple head box can be constructed out of dux seal. Due to the flow
characteristics of the low-viscosity epoxy grout, this head box does not
need to be very large or very tall.

The low viscosity epoxy grout is mixed with a hand drill, and all the
grout is poured through the head box to prevent trapping an air pocket
under the baseplate.
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Figure 3-48. Chipping of concrete foundation.
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Figure 3-50. New grout-forming technique.

This new installation method has been used for both ANSI- and API-
style baseplates with great success. With this technique, field experience
has shown that a pregrouted baseplate can be routinely leveled, formed,
and poured with a two-man crew in 3 to 4 hours.

Field Installation Cost Comparison

The benefits of using a pregrouted baseplate with the new installation
method can be clearly seen when field installation costs are compared.
This comparison looks at realistic labor costs, and does not take any credit
for the elimination of repair costs associated with field installation prob-
lems, such as void repair and field machining. 7

Years of experience with grouting procedures and related systems point
to an average-size grout crew for conventional installations as eight men.
As of 2004, an actual man-hour labor cost of $45/hr can be easily defended
when benefits and overhead are included.

A cost comparison can be developed, based on the installation of a
typical API baseplate using epoxy grout, for the conventional two-pour
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Table 3-4
Lifting Forces for ANSI Baseplates

Grout Head Pressure Required to Lift a Pregrouted Baééplate

ANSI Type Baseplates
Epoxy
Base Grout Equalizing
Base Length Width Height Volume Weight Weight Pressure Grout

Size (in) (in) (in) (in®) (Ibs) (Ibs) - (psi) Head (in)
139 39 15 4.00 2,340 93 169 0.45 6.22
148 48 . 18 400 3,456 138 250 0.45 6.22 .
153 53 21 4.00 4,452 178 322 0.45 6.22
245 45 15 4.00 2,700 108 195 0.45 6.22
252 52 18 4.00 3,744 150 271 0.45 6.22
258 -58 21 4.00 4,872 195 352 0.45 6.22
264 64 22 4.00 5,632 225 407 0.45 6.22
268 68 26 4.25 7,514 283 544 0.47 6.47
280 80 26 4.25 8,840 332 639 0.47 6.47
368 68 26 4.25 7,514 283 544 0.47 6.47
380 80 26 4.25 8,340 332 639 0.47 6.47
398 98 26 4.25 10,829 407 783 0.47 6.47

Density of Grout 125 Ibs/ft’
Specific Gravity 2.00

procedure and a pregrouted baseplate using the new installation method.
The following conditions apply:

Baseplate dimensions: 72" x 36" x 6”

Foundation dimensions: 76" x 40” x 2” (grout depth)
Labor cost: $45/hr

Epoxy grout cost: $111/cubic ft

A baseplate with the listed dimensions can be pregrouted for $2,969.
This cost would include surface preparation, epoxy grout, surface grind-
ing, and a guaranteed inspection.

Table 3-2 shows a realistic accounting of time and labor for the instal-
lation of a typical API baseplate. The total installed cost for a conventional
two-pour installation is $6,259. The total installed cost for a pregrouted
baseplate, installed with the new installation method, is $4,194. That’s a
cost savings of almost 50 percent. More importantly, the installation is
void-free and the mounting surfaces are in tolerance.
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Table 3-5 - :

Cost Comparison for Two-Pour vs. New Method

Installation Labor Cost for Two-Pour - Installation Labor Cost for Stay-Tru
Procedure e . System
Leveling of Baseplate Leveling of Base Plate
Millwright: 2 men X 4hr X 520  Millwright: 2 men X 1hr X 130

$65/h $65/hr
Forming of Baseplate , Forming of Base Plate
4 men X 4hr X $hr = A 720 2 men X 2hr X $hr = 180
First Pour
Grout Setup Time ' Grout Setup Time
8 men X 1.0hr X $hr = 360 2 men x 1.0hr X $hr = 90
Grout Placement Grout Placement
8 men X 2.0hr x $hr = 720 2 men X 2.0hr X $hr = 180
Grout Clean-up : Grout Cleanup
8 men X 1.0hr X $hr = 360 2 men x 1.0hr X $hr = 90
Additional Cost Additional Cost
Forklift & driver; 1hr X $45 = 45  Wood Forming Materials = 50
Supervisor: 4.0hr x $hr = 180
Mortar Mixer = 100
Wood Forming Materials = 100

Second Pour
Grout Setup Time

8 men X 1.0hr X $hr = 360

Grout Placement

8 men X 2.0hr X $hr = 720

Grout Cleanup

8 men X 1.0hr x $hr = 360

Additional Cost -

Forklift & driver; 1hr x $45 = 45

Supervisor: 4.0hr x $hr = 180

Mortar Mixer = : ‘ 100

LABOR COST , 4,570 LABOR COST 670

ADDITIONAL COST 300 ADDITIONAL COST 50

GROUT COST : 1,389.56 STAY-TRU COST 2,969
- GROUT COST (7560) 505.3

TOTAL PER BASE $6,259.56  TOTAL PER BASE - $4,194.30

Consider Prefilled Baseplates

It is possible to satisfy the concerns of both the project engineer and
the machinery engineer regarding rotating equipment installation. The
issues of first costs versus life-cycle costs can be reconciled with this new
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approach to machinery field installations. As an added bonus, the term
repair can be eliminated from the grouting experience.
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Appendix 3-A
Detailed Ghecklist for Rotating

'Equipment: Horizontal Pump
Basepla'te Checklist

1. CONCRETE FOUNDATION ROUGHED UP TO PROVIDE BOND
FOR GROUT.

DATE/BY

2. CONCRETE FOUNDATION CLEAN AND FREE OF OIL., DUST
AND MOISTURE. BLOWN WITH OIL FREE COMPRESSED AIR.,

3. FOUNDATION BOLT THREADS UNDAMAGED.

4, FOUNDATION BOLT THREADS WAXED OR COVERED WITH
DUCT SEAL.

5. BASEPLATE UNDERSIDE CLEAN AND FREE OF OIL,
SCALE, AND DIRT.

6. EIGHT POSITIONING SCREWS., TWO PER DRIVER PAD.
7. BASEPLATE WELDS CONTINUOUS AND FREE OF CRACKS.

8. MOUNTING PADS EXTEND 1 INCH BEYOND EQUIPMENT
FEET EACH DIRECTION, :

9. MOUNTING PADS MACHINED PARALLEL WITHIN 0.002 INCH,

10. SHIM PACKS OR WEDGES ON TwWQ SIDES OF EACH
FOUNDATION BOLT. - SHIMS ARE STAINLESS STEEL.

11. BASEPLATE RAISED TO PROPER HEIGHT PER DRAWING,

12, PAD HEIGHTS PERMIT 1/8” MINIMUM SHIM UNDER
DRIVER FEET.

13. ALL LEVELING DEVICES MAKE SOLID CONTACT WITH
CONCRETE AND BASEPLATE.

14, ALL MACHINED SURFACES ON BASE LEVEL WITH 0.0005
IN./FOOT IN TWO DIRECTIONS 90° OPPOSED USING "“MASTER
LEVEL” (0.0005 IN./DIVISION) WITH ANCHOR BOLT NUTS
SNUGGED DOWN.

15, FOUNDATION AND BASEPLATE PROTECTED FROM DIRT AND
MOISTURE CONTAMINATION.

WHEN ALL OF ABOVE ACCEPTED, BASEPLATE LEVELING IS ACCEPTED AND
BASEPLATE CAN BE GROUTED.
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