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Refractory Shotcrete—
Gurrent State-of-the-Art

by I. Leon Glassgold

The paper includes a brief history
of refractory shotcrete making certain
comparisons with portland cement
shotcrete. Important characteristics
and properties unique to refractory
shoterete are presented with special
attention to corrosive and erosive en-
vironmental influences. Constituent
ingredients such as binders, aggre-
gates, and admixtures are discussed
as are the relative merits of “field
mixes” and “castables.” The two shot-
crete processes, dry-mix and wet-mix
are explained in depth and their ad-
vantages and drawbacks assessed.
The equipment required for shotcrete
applications, such as guns, com-
pressors, mixers, elevators, and noz-
zles is Introduced as are “hot gun-
ning” and gun casting devices. The
importance of an experienced crew,
well maintained equipment, and ap-
propriate Installation techniques are
explained. Emphasis is placed on the
need for the proper curing, drying,
and firing of refractory shotcrete to
ensure a successful result. Various
construction details, anchorage, steel
fibers, and multicomponent linings are
described together with current prac-
tices for the shotcrete repair and
maintenance of refractory linings.

Keywords: curing; linings; mixing; mix
proportioning; nozzles; refractory con-
cretes; shotcrete.

Introduction

The term shotcrete was in-
troduced by the American
Railway Engineering Association
in the early 1930’s, and was
adopted by the American Con-
crete Institute in February of
1951 to replace the term “pneu-
matically applied mortar” (PAM).

Shotcrete is defined by the Amer-
ican Concrete Institute as “mortar
or concrete projected at high ve-
locity onto a surface.” It is usually
classified as fine or coarse aggre-
gate shotcrete, depending on the
aggregate gradation. If mixing
water is added at the nozzle, it is
known as the dry-mix process; if
added at the mixer, the wet-mix
process.

The dry-mix method was in-
troduced almost 70 years ago un-
der the proprietary name “Gun-
ite”, which was defined as the
sand-cement product of the ce-
ment gun. Until the development
of the “wet” gun and other dry
process equipment after World
War II, the original cement gun
was the primary device for pneu-
matic placement of mortar and
concrete. It was readily apparent
that the equipment and tech-
niques would not be limited to a
combination of portland cement,
sand, and water. Almost any type
of aggregate, binder, and liquid,
within certain physical limitations,
could be handled with appropriate
shoterete equipment. Over the
years, shotcrete procedures were
applied to the installation of
chemical-resistant  preparations,
quick sets, waterproofing prod-
ucts, refractory materials, and
other proprietary mixes.

Of the specialties mentioned, the
gunning of refractories, or in our
terminology, refractory shotcrete,
has probably had the widest appli-

cation. Refractory shotcrete
(which is refractory concrete) is
defined as, “concrete which is
suitable for use at high temper-
atures and contains hydraulic ce-
ment as the binding agent.” Re-
fractory shotcrete utilizes
aggregates and binders which are
suitable for use to 3400 F (1870 C)
temperatures.

Figure 1: Double chamber gun
(Allentown).
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History

Refractory concrete technology
parallels that of portland cement,
but arrived on the scene about
100 years later. In each case, the
discovery and production of a
high strength hydraulic cement
provided the impetus for the ad-
vance of the respective concrete
technology. The discovery in 1824
of a calcium silicate binder, port-
land cement, initiated the start of
the concrete industry. The com-
mercial development of a calcium
aluminate binder, Fondu in 1913
and Lumnite in 1924, precipitated
the beginning of a refractory con-
crete technology. During the
1920’s, mixtures of calcium alumi-
nate cement and refractory aggre-
gate were tested and used as
patch materials for furnaces.
Eventually, after many field trials
and much experimentation, these
materials were developed suffi-
ciently for use as new or replace-
ment refractory linings. As early
as 1923, the literature refers to
the use of shotcrete equipment
(Allentown Cement Gun) for gun-
ning refractory mixtures. From
that time on, refractory shotcrete
became an accepted process for
installing all types of refractories
in a variety of applications.

Major advances have occurred
in the past 20 years with the in-
troduction of new and improved
refractory materials. Shotcrete
equipment and placement tech-
niques have also become more so-
phisticated and, as a result, have
spawned alternate methods of in-
stallation such as “gun casting.”
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The great upsurge in the use of
refractory shotcrete for pyropro-
cessing and heat containment ap-
plications is sufficient evidence of
its utility and effectiveness and
its acceptance by all segments of
the industry as an important
method for the placement of re-
fractory concrete.

Characteristics

Refractory shotcrete differs
from ordinary shotcrete in many
ways. The primary difference is
that some refractory shotcretes
have a service termperature that
can range to 3400 F (1870 C).

The physical properties, such as
crushing strength, modulus of
rupture, thermal conductivity,
linear change, and density vary
with temperature. In addition, re-
fractory shotcrete, like all re-
fractory concretes exhibits wvari-
able properties throughout its
thickness after firing due to a
temperature gradient from the
hot to cold surface. This charac-
teristic must be considered in the
design of a refractory shotcrete
lining, and requires that its instal-
lation be exacting and meticulous.

The design must also take into
consideration such factors as ther-
mal cycling, thermal shock, chem-
ical attack, abrasion, and erosion.
Refractory shotcrete, therefore,
uses a wide range of materials to
counteract the variety of in-
fluences that can affect the ulti-
mate service life of a particular
installation. Another character-
istic of refractory shotcrete is
that its 24 hr strengths are sim-

Figure 2: Rotary gun (feedbowl design—Reed & Cyclone).
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ilar to the 28-day strengths of
portland cement shotcrete.

The rapid setting of most re-
fractory shotcrete dictates the
need for special gunning and fin-
ishing procedures; however, this
is more than compensated by the
fact that the installation can be
utilized more quickly.

Sources

Refractory shotcrete is applied
at the job site from field-mixed
materials or commercially pack-
aged ‘“refractory castables.”

Field mixes are what the name
implies. The separate ingredients
as binder and aggregate are deliv-
ered to the job site in bulk. They
are proportioned, mixed, and in-
stalled as needed. Field mixes are
usually of lower unit cost than the
packaged castables, but it is im-
portant to insure uniformity of ag-
gregate size, shape, and grada-
tion, and to properly proportion
the binder and aggregate. In addi-
tion, some of the more sophis-
ticated aggregates and binders
are not available either com-
mercially or conveniently in small
quantities. Undetected con-
taminants can also be present to
affect product quality.

The commercially-packaged
castables are factory blended, and
bagged in convenient sizes for
shipping and handling. They only
require the addition of water to
produce a refractory concrete or
mortar. Admixtures may also be
present to obtain enhanced prop-
erties. The factory-manufactured
castables provide a wider range of
products, and are usually sub-
jected to exhaustive quality con-
trol.

It is important to understand
that field mixes, properly formu-
lated and applied, can produce an
economical refractory shotcrete;
however, commercial castables
are usually superior because of
the wider variety available and
better control over the final prod-
uct. The cost of materials usually
increases with service temper-
ature; therefore, it is unecono-
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mical to use a 3400 F' product for
a 2000 F maximum application,
everything else being equal.

Ingredients

As indicated previously, the hy-
draulic binders in refractory shot-
crete are calcium aluminate ce-
ments, which are manufactured
throughout the industrial world.
They are available in three types:
low purity, intermediate purity,
and high purity. The higher the
purity, the higher the aluminum
oxide content and the lower the
iron oxide content; the higher the
maximum service temperature,
the higher the aluminum oxide
content.

Among the aggregates used in
increasing order of service tem-
peratures are: slag, limestone,
trap rock, expanded shale, ver-
miculite, perlite, calcined fireclay,
clacined bauxite, kaolin, and tabu-
lar or fused alumina. Admixtures
should not be used with re-
fractory castables unless the man-
ufacturer is consulted prior to
use. Water for use in refractory
shotcrete should be potable, and
free of acids, alkalies, or other
contaminants. Portland cement
and calcium aluminate cement
combined in a mix will accelerate
the hardening process in the shot-
crete.

Installation

Shotcreting is one of several
methods for placing refractory
materials. It is one of the most ef-
fective methods and is particu-
larly effective where forms are
impractical, access is difficult, thin
layers and/or variable thicknesses
are required, normal casting tech-
niques cannot be employed, or
economy dictates.

As indicated earlier, there are
two shotcrete processes; dry-mix
and wet-mix. In the dry-mix
method, the castable (aggregate
plus binder) is predampened and
premixed prior to being placed in
the cement gun. This will reduce
rebound, minimize loss of binder
and other fines, and eliminate any
segregation that might have oc-
cured in the bagged material. To

avoid prehydration and caking be-
fore use, mix only enough mate-
rial for immediate use. A screw-
type elevator-mixer is ideal for
this purpose. The essentially dry
mix is transported to the nozzle,
where sufficient water is added
for proper placement and hydra-
tion.

The wet-mix process mixes the
castable and water, and conveys
it to the nozzle in a wet state,
where compressed air is added to
increase the exit velocity.

Generally, the dry method has
become the primary procedure for
applying refractory shotcrete.
Even though it gives greater re-
bound, it provides greater flex-
ibility, fewer application restric-
tions, less nozzleman fatigue,
lower water requirements, and
usually higher strengths than the
wet-mix method. However, where
patching at high temperatures is
required, the wet-mix method is
recommended for this hot shot-
crete application. Material for hot
gunning is usually a special mix
which contains only a relatively
small amount of calcium aluminate
cement. Technically, it is not con-
sidered a refractory concrete.

Equipment

The equipment used in re-
fractory shotcrete is essentially
the same as used in ordinary shot-
érete with some changes required
for specified applications. A stan-
dard complement of shotcrete
equipment consists of a com-
pressor, mixer, cement gun, noz-
zles, miscellaneous hoses, and on
occasion, a pressure pump. The
gun is the delivery equipment
which introduces the material into
the shotcrete hose at high veloc-
ity. The size and type of equip-
ment required for a particular
project is dictated by the process
used and the job at hand.

The key to the shotcrete pro-
cess, whether dry-mix or wet-mix,
is the gun, which consists of two
basic types: the continuous feed,
and the batch or single-charge
gun.

In the dry process, there are
two basic types of continuous flow

guns, the double chamber and the
rotary (Fig. 1,2,3,). The batch or
single-charge gun is a single-
chamber gun which is loaded with
castable and kept on standby for
quick emergency patching of
small hot spots in a Kkiln, hearth,
or furnace (Fig. 4). The double-
chamber gun uses the upper
chamber for intermittent loading
with the lower chamber providing
continuous flow. The rotary gun
has a single chamber which is
loaded continuously and, by
means of a special metering de-
vice, maintains continuous flow.
The choice of gun usually depends
on job conditions, but more often
than not, depends on the in-
staller’s preference and expe-
rience.

The wet-mix process utilizes ei-
ther a positive displacement, per-
istaltic, or dual chamber pneu-
matic feed-type gun for
continuous flow. All are essen-
tially concrete pumps with the
first two having continuous load-
ing characteristics, and the last,
intermittent loading. A single-
chamber pneumatic-feed gun may
be used for single batching, but
does not have the utility of the
dry single-batcher.

Mixers of almost any type can
be used, depending on job size
and type, site layout, and produc-
tion required. The most conve-
nient is the elevator mixer of
which there are two types: (1)
proportioning, mixing, and pre-
dampening used for both field
mixes and castables (Fiig. 5); and
(2) mixing and predampening used
primarily for castables (Fig. 6,7).
These are high-production units
which can handle large volumes of
material. For low-volume jobs, a
paddle-type mortar mixer can do
a satisfactory job (Fig. 8). As pre-
viously mentioned, adequate pre-
dampening of dry-mix ingredients
is required not only for the rea-
sons stated, but also because
many lightweight castables have
highly absorptive aggregates. Ad-
ditional predampening water may
be needed to assure adequate wa-

Shotcrete « Summer 2002



OUCHEICRSI ASSIES

Figure 3: Rotary gun (rotor design—Allentown & Jetcretor).

ter availability for proper hydra-
tion of the shotcrete.
Compressors should be sized to
provide sufficient volume of air at
the pressure required to ensure
quality in-place shotcrete. In-
adequate air results in lowered
exit velocities and can reduce the
physical properties of the shot-
crete. In the dry method, it is also
important that sufficient water at
high pressure is available at the
nozzle to handle fluctuations in
flow to improve gunning charac-
teristics, and to maintain the de-
sign properties of the shotcrete.
Many of the nozzles used in or-
dinary shotcreting are also appli-
cable to refractory work. They in-
clude the straight taper, hamm
(Fig. 9), double bubble (Fig. 10),
venturi, spirolet, and 90 deg
nozzle. There is some difference
of opinion as to which nozzle type
is best for refractory shotcrete.
Since there is little data available

to prove that one is better than
another, it must be concluded that
they all do an adequate job in
most cases, and the nozzleman
should use that nozzle with which
he is most comfortable.

A relatively new innovation is
the hydro-nozzle of which there
are many varieties. One type used
in dry-mix shotcrete consists of
two nozzle bodies spaced a vari-
able distance apart. Initial damp-
ening of the shotcrete occurs at
the first nozzle body with final
wetting near the exit. This allows
for premixing the materials be-
fore final wetting, which purport-
edly reduces dusting and re-
bound and provides a more plastic
and better hydrated shotcrete.
Another type, which provides a
similar effect, has a short piece of
hose inserted between the nozzle
body and nozzle tip (Fig. 11). Suc-
cess in applying dry-mix re-

Figure 4: Sngle chamber guns
(Allentown).

fractory shotcrete is dependent on
proper predampening and in-hose
prewetting procedures.

Water pumps are an important
requirement for refractory shot-
creting where adequate pressures
are not available. Emphasis must
be placed on the fact that re-
fractory shotcrete be properly hy-
drated. Job planning should in-
clude a thorough check of

Figure 6: Mixing, predampening mixer with double
chamber gun.

Figure 5: Proportioning, mixing, predampening mixer.
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available water volumes and pres-
sures to determine if a pump is
necessary.

Special techniques

Hot gunning or shotcreting hot
spots at high temperature re-
quires special nozzles or “lances,”
which are manipulated from out-
side the furnace (Fig. 12,12a). The
design of the lance depends on
furnace configuration, temper-
ature, and application require-
ments. Some nozzles merely con-
sist of a steel pipe with nozzle and
standard nozzle body. Others use
the dual nozzle-body concept,
some the hydro-nozzle, and still
others a concentric pipe mecha-
nism with the outer shell contain-
ing cooling water. As indicated
earlier, the wet-mix process has
certain advantages in hot gunning
procedures.

The gun-casting technique is an
outgrowth of the shotcrete pro-
cess. It uses the same equipment,
except that the nozzle is replaced
by a casting head (Fig. 13). Cast-
ing heads exist in several shapes
and forms, and are essentially
energy or velocity-reducing de-
vices (Fig. 14). They permit small
or large aggregate castables to be
placed at low velocity in a manner
similar to pumped or extruded re-
fractory concrete (Fig. 15). Their
use practically eliminates re-
bound, and allows for efficient and
economical placement of large or
small volumes of material to dis-
tant and inaccessible locations. It
is a technique which should de-
velop into an important placement
procedure.

= -d—:ﬂl——i——d——F'--i:' '1‘

I e e T

10

¥

Figure 7: Mixing, predampening mixer with rotary gun.

Quality control

The actual installation of re-
fractory shotcrete is similar, in
most respects, to conventional
shotcrete. Good quality requires
well-maintained equipment, a
more than sufficient volume of
air, water at required pressure
and volume, and an experienced
foreman, nozzleman, and crew.
The foreman and nozzleman, indi-
vidually, must be experienced in
surface preparation, anchor place-
ment, equipment setup, gun oper-
ation, placement technique, finish-
ing, and curing. He must know
the proper angle nozzle technique
for thin layers to 6 in. (152 mm}
(Fig. 16), and the bench “gunning”
or 45 deg angle method for thick
layers above 6 in. (Fig. 17). It is
imperative that the refractory
materials, gun, hoses, compressor,
and mixer be properly balanced
and coordinated in order to
achieve the best result. It should
be noted, however, that not all
conventional shotcrete installation
techniques apply to refractory
shotcrete, and a careful evaluation
of the gunning procedures must
be made prior to placement.

Whatever the technique, the ul-
timate goal is to apply full-thick-
ness linings in one pass, at a mea-
sured, steady, nonpulsating rate
of flow. This will limit lamina-
tions, and minimize rebound, sand
pockets, and rolling or curling. If
the shotcrete is placed uniformly,
there is little need for finishing.
The refractory should be left in
its in-place state. Should finishing
be required, an absolute minimum

should be done, and only in a
manner that avoids surface pulls,
hair cracks, and breaking of the
bond (Fig. 18). A trowel finish can
also prevent excess water from
escaping. This can cause internal
cracking and surface spalling dur-
ing heat-up. Shotcreting re-
fractory castables, especially the
lightweight variety, usually in-
creases the in-place density and k-
factor of the lining. This must be
taken into account when deter-
mining the thickness required for
an insulating shotcrete installa-
tion. It is also important that sur-
faces be thoroughly wetted prior
to shotcreting to avoid the loss of
hydration water from the mix.

Curing, drying, firing

Refractory shotcrete achieves
its ultimate strength in 24 hr.
Therefore, it is important that
proper curing procedures be in-
stituted immediately after instal-
lation and be continued for 24 hr
in order to achieve complete
hydration and to control drying
shrinkage. The usual methods are
effective: wet burlap cover, fine
spraying, or a resin-type curing
membrane.

After curing and before placing
the refractory shotcrete in ser-
vice, it is essential that the lining
be dried to eliminate both free
and combined water. Thorough

drying minimizes the chance for
explosive spalling resulting from
the internal formation of steam.
Effective drying can be achieved
by establishing a controlled pro-
gressive heat-up schedule during
initial firing. A well executed

Figure 8: Mortar mixer with predampening assembly.
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Figure 10: Nozzes used in refractory shotcrete.
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Figure 11: Hydro-mix nozze assembly.

heat-up procedure will assure the
integrity of a lining, thereby pro-
viding a longer service life.

Construetion details

There are many miscellaneous
construction details which are
unique to refractory construction.
Shotcrete installations vary from
a few inches to several feet in
thickness, and forming procedures
are similar to those of con-
ventional concrete technology.
However, when the form is the
backup or support structure, usu-
ally steel plate, it is essential that
the joints be sound and tight.
Warpage of the shell can result
in a localized reduction in the de-
sign thickness. This increases the
possibility of hotspots and future
failure of the refractory, particu-
larly in these sections.

Special anchorage is used in re-
fractory shotcrete to minimize
and counter the effects of thermal
and mechanical stress, vibratory
forces, dead loads, and operational
malfunctions. Anchors are not
used as reinforcement but as a
method for maintaining the integ-
rity and continuity of the mon-
olithic refractory lining.

For temperatures to 800 F
{427 C) 2 to 4 in. (51 to 102 mm)
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thin layer shotcrete may utilize
welded-wire fabric or chain-link
fencing of carbon steel. Hex steel
has also found wide application,
particularly in the petroleum in-
dustry where it is utilized in the
wear surfaces of a lining. These
materials may be available in al-
loy form. However, when a choice
is made, attention must be paid to
all operational and corrosive in-
fluences.

For higher temperatures, the
most commonly used anchors are
stainless alloy V-clips or “bull
horns,” as they are known in the
industry (Fig. 19). Cast metal al-
loy castings may be substituted
for V-clips when they cannot
properly support the lining
weight. V-clips in design are
either bolted or welded to the
support shell. Current practice
uses an anchor having unequal
legs and a length about %; the
thickness of the refractory shot-
crete. Generally, anchor spacing,
arrangement, size, material, and
type are dependent on lining
thickness, maximum temperature,
service conditions, and the attri-
tion rate of the lining.

Alloy anchors usually have a
design limit of 2000 F (1093 C),

Figure 12: Hot gunning with special
nozze (lance).

possibly somewhat higher where
conditions are suitable. Where
higher service temperatures pre-
vail, prefired ceramic refractory
anchors are utilized to about 3200
F (1760 C) (Fig. 20). Where shot-
crete thicknesses are greater than
9 in. (229 mm), they may be used
in place of metallic anchors, and
extend to the hot face of the shot-
crete. Ceramic anchors are usu-
ally attached to a hook bolt which
is bolted or welded to the shell.
Multicomponent linings, usually
consisting of an insulating back up
of lightweight refractory and a
wear surface of normal weight re-
fractory, are employed for many
applications. Single anchors ex-
tending through both components
must be protected from splatter
and rebound, or cleaned after the
back up material is installed. An
alternate procedure is to use two-
component anchors of various
types, which are installed prior to
the application of each component.
There are also single split anchors
available which can be opened to
provide a V-clip in the second
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component. In some multi-
component linings with relatively
low service temperature, hex
steel or chain-link fencing can be
used as the anchor in the wear
surface of lining (Fig. 21). This
type of anchorage requires a spe-
cial support or spacer which ex-
tends through the back up lining.
Under certain service conditions,
problems can arise that can cause
a failure in this type of lining. The
use of fibers and the development
of special castables having im-
proved insulating and erosion-re-
sistant qualities have reduced de-
pendency on this type of
anchoring system.

As noted earlier, anchors are
not used as a substitute for re-
inforcement. Deformed steel re-
inforcing bars should also be
avoided in refractory application.
Metal in the form of pipes, over-
flow boxes, and steel bolts should
not be imbedded in refractory
shotcrete because they can be a
source of lining failure. However,
the use of dispersed steel fibers,
either carbon or stainless, to im-
prove the properties of refractory
shoterete is rapidly gaining favor.
It is claimed that fibers improve
flexural strength, reduce the ef-
fect of thermal and mechanical
stress, and increase thermal shock
and spall resistance. Fibers can be
introduced into the castable in the
mixer at the field site. However,
more consistent quality control
could be achieved when they are
plant-mixed in the prepackaged
castable. Before using a particular

-
i .,

Figure 15: Gun casting (note completed section at

upper right).

fiber in refractory shotcrete, it is
important to check its com-
patibility with the application and
its environment. Steel fiber use in
refractory shotcrete should not be
considered a replacement for stan-
dard anchorage.

Since most refractory castables
expand only at high temper-
atures, the use of expansion joints
in refractory shotcrete is prob-
lematical, and is probably depen-
dent on the application, service
temperature, and need to contain
liquids and gases. Where expe-
rience or design criteria indicate,
provision should be made for the
installation of expansion materials
such as wood, cardboard, or ex-
panded polystyrene. They may be
installed before or during shot-
creting, and left in place to burn
out when firing the unit.

If the joint must be tight, ex-
pansion-compensating  materials
such as special ceramic fibers are
packed into the joint after shot-
creting. Construction joints occur
when shotcrete is not applied
monolithically or continually.
They should be squared off per-
pendicular to the shell surface,
leaving a clean and sharp surface
to bond with the next application.
Expansion materials are not
placed in a construction joint.
Construction joints in multi-
component linings should be stag-
gered to avoid occurence at the
same location. As a rule, any type
of joint in refractory shotcrete
may be a future source of trouble,

A

Figure 13: Casting head used in
gun-casting.

k

Figure 14: Casting head
(A. P. Green).

and should be avoided if at all
possible.

Repair

Premature failure in refractory
shotcrete and concrete occur be-
cause of thermal stress and shock,
excessive temperature, mechani-
cal loading, erosion, corrosion, an-
chorage failure, and operational
upsets. When there is a loss of
lining section due to one or more
of these influences or effects, re-
pairs must be made at some point
in the deterioration process. If re-
pairs are required during a cam-

Figure 16: Right angle nozz e technique.
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Fig. 17: Bench gunning or 45 deg angle nozze technique.

Fig. 20: Ceramic anchors
inter spersed with corrugated V-Clips.

paign or operating run, the only
method available without shutting
down is the hot-gunning shotcrete
process (Fig. 12,22,23). This pro-
cedure is only possible if ready ac-
cess to the repair area can be
made through openings or ports
utilizing the special “lances” de-
scribed previously. In addition, to
ensure satisfactory impact, sur-
face retention, and compaction,
material delivery should be uni-
form with minimal pulsations. Wa-
ter volume and pressure should
be sufficient to thoroughly wet

Shotcrete « Summer 2002

the mix to avoid drying prior to
impact. The end of the lance
should be held as close as possible
to the repair area, with thin lay-
ers being applied successively to
minimize entrapment of steam
and subsequent spalling. Above
all, competent and knowledgeable
personnel are required to assure
an efficient and successful repair.
Since different plants have dis-
similar designs, needs, and re-
quirements, each organization
must experimentally develop its
own hot-gunning techniques so as
to guarantee continuity of oper-
ation in an expeditious manner.
Generally, hot-gunned repairs do
not have the service life or prop-
erties of the original lining.

The majority of refractory re-
pairs are “cold repairs” made dur-
ing normal shutdown, under
somewhat controlled -conditions.
In some quarters, repair is
equated with replacement of en-
tire linings, but this should only
be done when the size of repair
and degree of deterioration make
it impractical to do otherwise. Lo-
calized repair is usually a viable,
practical, and economical pro-
cedure for prolonging the service
life of a lining. However, it is im-
perative to follow well established
repair methods to insure a satis-
factory result.

Normally, refractory linings
should be repaired with a mate-
rial similar or compatible with the
original installation. Refractory
shotcrete would, therefore, only
be used for linings constructed
with refractory concrete or shot-
crete. However, under -certain
conditions, it can be used to re-

Fig. 18: Removing high spots
after gunning.

pair brick and plastic firebrick.
These conditions have as much to
do with the logistics and econom-
ics based on availability of mate-
rials, skilled labor, and equip-
ment, as with the technical
aspects of the repair. On the
other hand, it is sometimes conve-
nient and expeditious to repair re-
fractory concrete and shotcrete
linings with a hand-placed cast-
able or rammed plastic firebrick.
This is usually feasible when the
areas to be repaired are small and
do not justify the expense of
mobilizing the shotcrete equip-
ment.

Quality surface preparation is
very important to the success of a
repair, and should not be by-
passed except for emergency situ-
ations. It is important to max-
imize mechanical bond, since
chemical bond at the repair inter-
face is very weak and almost non-
existent. This requires that all
loose, spalled, and deteriorated
materials be removed, and the
newly exposed surface be rough-
ened to promote bond. Areas not
requiring chipping, including
those immediately adjacent to the
repair area, should be sandblasted
to remove all deleterious sub-
stances that could interfere with
proper bond. The area to be shot-
creted must be sound, clean, and
textured for best results.

Exposed anchors should be

tight, and cleaned of all extra-

neous material. If sufficient an-
chors are not exposed, it may be
necessary to install additional an-
chors which penetrate the lining
and are attached to the shell. If
the thickness of remaining lining
or other conditions makes this
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procedure impractical, special con-
crete anchors should be installed
in the older refractory.

When installing anchors is not
feasible, cutting keyways and
scarifying the surface may be an
effective substitute. The use of fi-
bers in shotcrete is becoming
more common, and may help re-
tain the integrity of the repair
and slow its eventual breakdown.

Prior to shotcreting, the repair
area should be wetted down suffi-
ciently to prevent the absorption
of moisture from the shotcrete.
This is particularly important
when repairing or shotcreting
lightweight castables, which nor-
mally have high porosity. This is
accomplished with an air-water
blast from the nozzle normally
used to clean the surface prior to
gunning. Installation, curing,
drying, and firing procedures are
similar to those used for installing
the full or new linings described
earlier. It is important in this
type of repair not to finish the
shoterete, but to leave it with a
natural or gun finish. Trimming
and finishing can break the bond
and open hair cracks, especially in
thin layer repairs.

Figure 23: Hot gunning a ladle,
lower area about 1500 to 1700° F
(816 to 927° C).

The purpose of this paper was
to briefly outline, delineate, and
summarize the state of the art of
refractory shotcrete. Much of the
material is consensus oriented,
but some does represent the prac-
tice and prejudice of the author.
The multiplicity of factors and pa-
rameters in the equation that is
refractory shotcrete does not eas-
ily lend itself to a solution accept-
able to all segments of the in-
dustry. Whether manufacturer,
installer, or ultimate user, each
must alter the variables involved
and find a solution that most
nearly fits his individual needs.
This evaluation process has been
going on from the very beginning
and has increased our knowledge
of refractory behavior resulting in
improved refractory quality and
the development of new and ver-
satile materials which permit
higher service temperatures and
more sophisticated application
techniques.

With continued effort in this di-
rection, we can look forward to
the expansion of the shotcrete
process into areas now dominated
by other materials and tech-
niques.
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