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ost architects, design engineers and
design-build contractors are familiar
with preparing and producing specifica-
tions for various types of concrete construction.
There are projects where the use of shotcrete,
rather than cast concrete, may be moretechnically
and economically advantageous, but the designer
isreluctant to specify shotcrete because of alack
of familiarity in preparing shotcrete specifications.
This article provides owners and designers con-
sidering the use of shotcrete with information on
guidelines and specifications for shotcrete in a
variety of different applications. Thisinformation
should assist designers in preparing project-
specific specifications.

Guides and Standard Specifications

In the Premier Issue of the American Shotcrete
Association (ASA) Magazine in February of
1999, a Shotcrete Bibliography was published by
the author that included a listing of Shotcrete
Guides and Standards. The shotcrete industry is
proving to be dynamic and growing, and since that
time, additional guides and standards have been
published by various agencies around the world.
An updated “ Shotcrete Bibliography of Selected
Guides and Standards’ is provided at the end of
thisarticle.

Various national, federal, and state agencies,
such as the U.S. Army Corps of Engineers, the
U.S. Bureau of Reclamation, many State Depart-
ments of Transportation, the American Institute
of Architects (Masterspec: Section 03361—
Shotcrete), and other agencies have also published
their own shotcrete specifications. Itis, however,
this author’s experience that these documents
should be read with a critical eye, as shotcrete
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technology isadvancing at arapid rate and some
of the documents do not reflect the current state
of the art. They should thus be used with caution
if oneis contemplating using them as templates
for preparation of new shotcrete specifications.

American Concrete Institute
Perhaps the most widely used specification for
shotcretein North America (and many other parts
of theworld) is ACI 506.2-95, “ Specification for
Shotcrete.” Thisdocument, written by ACI Com-
mittee 506, Shotcreting, isupdated about every 5
years, and as such represents reasonably current
technology. Thelast edition was publishedin 1995,
and a new edition is currently being balloted by
the committee. The Specificationiswritteninthe
three-part section format of the Construction
Specifications Institute, adopted by ACI, and the
language is generally imperative and terse. The
Specification contains achecklist to assist the de-
signer in properly choosing and specifying nec-
essary requirementsfor the project specification.
ACI 506.2-95 isageneral document. Assuch,
it provides a useful basis for the preparation of
detailed specifications for a variety of different
shotcrete constructions, varying from new con-
struction, to infrastructure rehabilitation, to ground
support. Being so terse, however, it providesonly
limited guidance to designers wanting to write
detailed project specifications. More detailed guid-
ance is provided in ACI 506R-90, “Guide to
Shotcrete.” One should be cautioned, however,
that this document is now 10 years old and thus,
not current. A new version of this document,
which contains substantial changes, is currently
being balloted by ACI Committee 506, and should
be published soon.

Nozzieman Certification
One of the most controversial areas in the shot-
creteindustry has been theissue of “ certification
of shotcrete nozzleman.” Some designers have
erroneously written into their specifications a
statement that, “Only ACI Certified Shotcrete
Nozzleman shall be allowed to apply shotcrete.”
The problem is that while there is a publication,
ACI 506.3R-91, “Guideto Certification of Shot-
crete Nozzlemen,” ACI has not had a Shotcrete
Nozzleman Certification programin place. Vari-
ous privatetesting laboratories, and morerecently,
the American Shotcrete Association? have certi-
fied Shotcrete Nozzlemen, using ACI 506.3-91 as
the basisfor the certification, but these nozzlemen
arenot “ACI Certified Shotcrete Nozzlemen.”
Fortunately, thisisabout to change. AClI Com-
mittee C 660, Shotcrete Nozzleman Certification,

Shotcrete Magazine « Fall 2000



Figure 2. Shotcrete nozzleman shooting a test pan
Certification Program.
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isinthefinal stagesof preparation of a Shotcrete
Nozzleman Certification program. Thisprogram
will hopefully beavailableby 2001. The ASA in-
tends to act as a Sponsoring Group for the ACI
Shotcrete Nozzleman Certification program, of-
fering Public Certifications on aregular basis at
venues such as the World of Concrete and else-
where, aswell as Private Certificationsto organi-
zations requesting that their nozzlemen be certi-
fied. 1t will then be possiblefor designerstowrite
into their specifications a statement that only ACI
Certified Shotcrete Nozzlemen will be allowed to
apply shotcrete on the job.

ACI hasjust published ACI CCS-4, “ Shotcrete
for the Craftsman.” This publication will form
thebasisfor examination of nozzlemeninthe ACI
C 660 Shotcrete Nozzlemen Certification program.
It is also the basic text used in Shotcrete
Nozzleman Training Schools being offered by the
ASA for nozzlemen planning on taking the ACI
Shotcrete Nozzleman Certification examination,
or for architects, engineers, designers, inspectors,
contractors, or others wanting to become more
knowledgeabl e about shotcrete technology.

AASHTO-AGC-ARTBA

The American Association of State Highway and
Transportation Officials (AASHTO), in conjunc-
tion with the Association of General Contractors
of America(AGC) and American Road and Trans-
portation Builders Association (ARTBA), formed
atask force to look into the use of shotcrete for
repair of highway bridges. They concluded that
while ACI 506.2 was a useful general specifica-
tion document, it was not sufficiently targeted to-
wards their specific needs. Thus, they reviewed
various specifications for infrastructure repair
available elsewhereintheworld. They elected to
use a document prepared for the Transportation
Association of Canada, entitled “ Recommended
Practice for Shotcrete Repair of Highway
Bridges,” under the auspices of the Canadian Stra-

Shotcrete Magazine « Fall 2000

tegic Highway Research Program (C-SHRP) as
thebasisfor anew guide specification. Thisdocu-
ment is now available as the AASHTO-AGC-
ARTBA Task Force 37 Report, “ Guide Specifica-
tion for Shotcrete Repair of Highway Bridges.”

Thisdocument iswritten in atwo-part format
for each of the wet-mix and dry-mix shotcrete pro-
cesses: aguide specification, followed by acom-
mentary section, designed to aid the specifier in
making selections and choices in preparing a
project-specific document. This Task Force 37
Report now forms the basis for preparation of
shotcrete bridge repair specifications for many
U.S. State Departments of Transportation. Itisalso
readily adaptable to shotcrete repair of other in-
frastructure.

Task Force 37 recognized that having a good
shotcrete specification wasinitself not sufficient
toinsureasuccessful bridgerepair. A vital part of
the process is the monitoring of the repair pro-
cess and enforcement of the specification by
knowledgeableinspectors. They consequently de-
veloped an “Inspector’s Guide for Shotcrete Re-
pair of Bridges.” Thisdocument, publishedin De-
cember 1999, provides useful guidanceto all par-
ties involved in the shotcrete repair process.
(See “ Shotcrete Corner” in this issue for more
information, p. 4).

EFNARC

In 1993 the European Federation of Producersand
Applicators of Specialist Productsfor Structures
(EFNARC) published a“European Specification
for Sprayed Concrete.” This document is a gen-
eral specification-type document, intended prima-
rily for usein shotcreterepairs, but a so with some
provisionsfor the use of shotcretein underground
support. It also contains test methods for param-
eters such asflexural strength, residual strength,
and energy absorption of fiber-reinforced
shotcretes, as well as other tests where suitable
European standards were not available.
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Figure 3. Repair of a higﬁway bridge with dry-mix shotcrete.

Whilethe EFNARC “ Specification for Sprayed
Concrete” isuseful, and has rapidly found wide-
spread adoption in Europe and elsewhere, it was
found that it was somewhat lacking in providing
in-depth guidanceto personswriting project speci-
fications. As a consequence, in 1999, EFNARC
published “ European Specifications for Sprayed
Concrete: Guidelinesfor Specifiersand Contrac-
tors.” This more detailed document provides a
Commentary on the original 1996 Specification,
and provides useful guidance to persons writing
shotcrete specificationsand contractors using shot-
crete for new construction, repairs, and under-
ground support.

The EFNARC 1996 Specification document
and 1999 Guide document mainly reference Eu-
ropean standards and test methods. Assuch, these
documents are not used much in North America,
wherethe equivalent ACl documents mainly ref-
erence ASTM standards and test methods.

Shotcrete for Underground Support
Thereare currently no ACI specificationsor guides
specifically directed towards the use of shotcrete
for underground support. ACI Committee 506 has
recognized this deficiency and a Shotcrete for
Underground Support subcommittee has been
working for about 5 years on producing a“ Guide
Specification with Commentary on Shotcrete for
Underground Support.” This document is near-
ing completion and will hopefully be available
within 1to 2 years.

In 1993, the International Tunneling Associa-
tion published the document, “ Shotcrete for Rock
Support, Guidelines and Recommendations— A
Compilation.” While useful, thisdocument isno
longer up to date, given therapid advancesin shot-
cretefor underground support that have taken place
in the past decade. The most current, and per-
haps most comprehensive, national document on
shotcrete for underground support isthe* Austrian
Concrete Society Sprayed Concrete Guideline:
Application and Testing,” published in March
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1999. This document is specifically directed to
the use of shotcrete for underground support and
contains considerable detail regarding items of
interest with respect to the underground shotcrete
construction process, such asenvironmental con-
siderations, use of accelerators, early age com-
pressive strength devel opment, structural require-
ments, including use of mesh and/or fiber-rein-
forced shotcretes, testing of fiber-reinforced shot-
crete, and construction methods.

The document references Austrian, DIN, and
ASTM standard test methods. (For more details
regarding this document, see the article by
Wolfgang Kusterle® on page 22 of thisissue.)

Fiber-Reinforced Shotcrete
Another somewhat controversial areain shotcrete
technology isin the specification and testing of
steel and/or synthetic fiber-reinforced shotcrete
(FRS). FRSisused mainly for ground support
(for example, slope stabilization and underground
support in tunnels and mines) but is also used in
new construction (for example, creek
channelization, erosion control, containment
beams, etc.) and infrastructure rehabilitation (for
example, dam and bridge repair, seismic retrofit,
etc.).t

In North America, ASTM C 1018, “ Standard
Test Method for Flexural Toughness and First-
Crack Strength of Fiber-Reinforced Concrete (Us-
ing Beam with Third Point Loading),” has been
the most widely specified and used test method.
The method has its limitations, however, as dis-
cussed by Morgan, Chen, and Beaupré,® Bernard,®
and others. In particular, concern has been raised
about the suitability of specifying and using the
ToughnessIndex (I, I, I, €tc.) method givenin
the standard. The standard is currently under re-
view inthe ASTM committee and thereisapro-
posal to dispense with the Toughness Index ap-
proach to calculating and specifying flexural
toughness requirements, and instead simply
specify residual (postcrack) flexural strengths at
predetermined deflections sel ected by the design
engineer. Thisisin essencethe approachtakenin
the EFNARC standard and in the Toughness Per-
formanceLevel (TPL) method developed by Mor-
gan, Chen, and Beaupré.® The TPL method of
specifying and interpreting the data is now used
in Canada and other parts of the Americas, and
has al so been incorporated into the new Austrian
Sprayed Concrete Guideline.®

Bernard® has pointed out the limitations of test-
ing fiber shotcrete in beams, as opposed to pan-
els, including the considerably higher coefficient
of variation inherent in beam testing, compared
to panel testing. He conducted comparative evalu-
ations of awide range of different beam and panel
tests for FRS.” He carried out a comprehensive
evaluation of therectangular, fully edge-supported
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Figure 4. Application of wet-mix shotcretein a
tunnel using a remote-control application boom
(provided by MBT Shotcrete and Underground
Group).

EFNARC 600 x 600 x 100 mm rectangular panel
and the new 800 mm dia. x 100 mm round deter-
minate panel, with three-point bearing, devel oped
by him. He concluded that of all thetest methods
evaluated, the latter round determinate panel test
provided the lowest coefficient of variation, mak-
ing it the most suitable for use in quality control
in project specifications. Also, the test isrela-
tively ssmply and economical to conduct, com-
pared tothe ASTM C 1018 beam test, which now
requires the use of avery expensive closed-loop
servo-controlled testing machine (few of which
areavailable at commercial testing laboratories).

The ASTM C.09.42 Fiber Concrete Commit-
tee has recognized these concerns, and a new
“ Standard Test Method for Flexural Toughness of
Fiber Reinforced Concrete (using Centrally
Loaded Round Determinate Panel)” is currently
under development by the ASTM Committee.
Certain organizations are already using thisdraft
test method and performance datafor FRS made
with varioustypes of steel or synthetic fibers can
be found in publications by Morgan et al.® and
Bernard.”

SUMMARY

In summary, the state of the art of shotcrete tech-
nology isadvancing rapidly. Potential designers,
specifiersand constructors of shotcrete structures
need to have objective and current design guides,
specifications, and standards to enable them to
keep pace with thisgrowing technology. The shot-
crete industry has recognized these challenges and
isresponding with active participation in organi-
zationssuchasACI, ASTM, AASHTO, EFNARC,
and other associations who prepare such docu-
ments. In addition, the efforts of organizations
such asthe ASA, and the International Center of
Geotechnics and Underground Construction in
Switzerland are providing shotcrete training and
certification programs to produce the skilled
craftsmenwho aresuch avital part of the shotcrete
construction process. Thejoint effortsof all these
individuals and organizations are providing the
information needed by owners, architects, and
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Figure 5. Shooting of a round panel with fiber-
reinforced shotcrete for testing using the
proposed new ASTM centrally loaded round

determinate panel test.

engineers to design and build confidently with
shotcrete. Thisaugurswell for the future of this
dynamicindustry.

REFERENCES

1. Morgan, D. R., “ Shotcrete Bibliography,”
Shotcrete Magazine, V. 1, No. 1, Feb.
1999, pp. 16-17.

2. American Shotcrete Association, “ASA
HoldsInitial Nozzleman Certification,”
Shotcrete Magazine, V. 1, No. 4, Nov.
1999, pp. 4-7.

3. Kusterle, W., “Application and Testing of
Shotcrete According to the Austrian
Guideline on Sprayed Concrete,” Shot-
creteMagazine, V. 2, No. 4, Fall 2000,
pp. 22-26.

4. Morgan, D. R., and Heere, R., “Evolution
of Fiber Reinforced Shotcrete,” Shotcrete
Magazine, V. 2, No. 2, May 2000, pp. 8-11.

5. Morgan, D. R.; Chen, L.; and Beaupré, D.,
“Toughness of Fibre Reinforced Shot-
crete,” ASCE Shotcrete for Underground
Support V11, Telfs, Austria, June 1995,
pp. 66-87.

6. Bernard, E. S., “Round Determinate Panel
Testingin Australia,” Shotcrete Magazine,
V. 2, No. 2, May 2000, pp. 12-15.

7.Bernard, E. S., “Correlationsin the
Performance of Fiber-Reinforced Con-
crete Beams and Panels: Part 2,” Civil
Engineering Report CE15, School of
Civic Engineering and Environment,
University of Western Sydney, Nepean,
June 2000, 135 pp.

8. Morgan, D. R.; Heere, R.; McAskill, N.;
and Chan, C., “ Comparative Evaluation of
System Ductility of Mesh and Fibre
Reinforced Shotcretes,” Shotcrete for
Underground Support VI, Campos do
Jordéo, Brazil, Apr. 11-15, 1999, 23 pp.



