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This document provides information on the evaluation of both
dry-mix and wet-mix shotcrete. It is assumed throughout the docu-
ment that shotcrete is a method of placing concrete. However, for
the sake of readability, the word “shotcrete” is often used either
to identify the shotcrete process (method) or the shotcrete mixture
(product) in the present document.

Evaluation of in-place shotcrete requires experience, education,
and engineering judgment. This document serves as a guide for
engineers, inspectors, contractors, and others involved in accepting,
rejecting, or evaluating in-place dry- or wet-mix shotcrete.
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of individuals who are competent to evaluate the significance
and limitations of its content and recommendations and who
will accept responsibility for the application of the material it
contains. The American Concrete Institute disclaims any and
all responsibility for the stated principles. The Institute shall
not be liable for any loss or damage arising therefrom.

Reference to this document shall not be made in contract
documents. If items found in this document are desired by
the Architect/Engineer to be a part of the contract documents,
they shall be restated in mandatory language for incorporation
by the Architect/Engineer.
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

The purpose of this guide is to present procedures that can
be used to evaluate the quality and properties of the shotcrete
mixture and in-place shotcrete. Considerable literature is
available on procedures for testing fresh concrete, concrete
specimens, and in-place concrete. Many procedures for the
production and testing of concrete are covered in various
ACI documents and ASTM standards. Many of these docu-
ments and procedures can be directly applied to shotcrete.

1.2—Scope

The scope of this guide is to present the most relevant test
methods applicable to shotcrete along with recommenda-
tions for selecting the most appropriate methods and inter-
preting tests results.

This guide is divided into 12 chapters, ranging in content
from the determination of mixture proportions to the evalu-
ation of hardened shotcrete through compressive strength
tests or nondestructive tests methods. Each section can be
read independently, making this guide suitable for learning
about a specific topic. Efforts have been made not only to
present the testing methods available, but also to guide
the reader on the relevance of each method for a testing
program. The document has been written to flow sequen-
tially; following some discussion regarding the planning of
a testing program (Chapter 3), the reader will learn about
testing for mixture proportions and freshly mixed shotcrete
(Chapter 4). Chapters 5 through 9 are devoted to the testing
of hardened shotcrete, while Chapter 10 offers insight into
acceptance criteria for shotcrete. Chapters 11 and 12, respec-
tively, offer brief introductions to preconstruction trials and
the evaluation of in-place shotcrete. Pertinent references are
compiled in Chapter 13.

CHAPTER 2—DEFINITIONS
Please refer to the latest version of ACI Concrete Termi-
nology for a comprehensive list of definitions.

CHAPTER 3—PLANNING TESTING PROGRAM

3.1—General
To make effective use of testing, all parties involved

should have a clear understanding of the putgﬁments
results, and final acceptance critoria. < ‘tinbsagmgm@ﬂ aring Hub
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be expensive, so planning to make them efficient, represen-
tative, and cost-effective is recommended.

There are two general purposes in conducting a testing
program for a shotcreted structure: to assess the condition
of the completed structure or to confirm compliance of the
structure during construction with contract requirements.
The following are suggested items that should be included in
planning for the program. They may vary with the purposes
but are generally applicable to all testing programs.

3.2—Standards

Guidance on the procedures for visual examination and
sampling of hardened concrete in construction are found in
ASTM (C823/C823M and ACI 364.1R. Further support on
various levels of evaluation are found in the Quality Assur-
ance Flowchart in Appendix A of this guide, which describes
standards for the specific tests to be conducted, as well as a
description of the applicability of test procedures.

3.3—Planning

Define objective(s) of the program and then outline the
proposed approach. This often results in a testing program
protocol, which is particularly helpful if dispute resolution
is an objective.

Outline the program in writing and then convene a pretest
meeting with the parties involved for a consensus on the
approach. Items to include in the protocol that evolves from
the meeting can include:

a) Responsibilities and involvement of the parties who

performs or observes the sampling, testing, or both.

b) Name(s) of who pays for the contracted services, or if

there is an agreement on cost-sharing.

¢) Selecting a testing agency (if an agency is preselected,

it should participate in the meeting).

d) Defining the elements to be assessed and the number

of samples, test locations from each, and samples’ storage

conditions; for compressive strength, the number of cores
or cubes, and storage conditions required are typically
defined in the contract documents for the project.

e) Outlining the proposed testing details, including the

reference standards. This is typically completed by the

testing agency.

f) All parties involved, including owner, architect/engi-

neer (A/E), shotcrete contractor, general contractor, and

concrete supplier, should receive results within 7 days
after testing or inspections are performed.

g) Testing agency will inspect, sample, and test materials

and concrete production as required by contract docu-

ments. The testing agency will promptly report tests
results to A/E, owner, contractor, and concrete supplier.

h) When needed, owner’s testing agency will perform

tests on hardened concrete. Owner will pay costs if tests

are at the owner’s request and not required by the contract
document.

i) Testing should be at contractor’s expense when supple-

mental testing is required due to failure of strength test

specimens to meet acceptance criteria.

American Concrete Institute — Copyrighted © Material — www.concrete.org
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j) If this is a dispute resolution, define the acceptance
criteria and procedure for each individual test. This may
include average values of the tests and a minimum value
below which no test should fall. It is critical that the
criteria be determined before the test results are available.
Otherwise, further disputes may arise.

It may be desirable to schedule a post-testing meeting at
which the results would be presented and discussed. In some
cases, it may be appropriate to plan a phased test program
where the subsequent test scope is dictated by the initial results.

CHAPTER 4—EVALUATION OF FRESHLY MIXED
SHOTCRETE

4.1—General
As with all concrete construction, tests performed on the
freshly mixed material can be used to monitor quality.

4.2—Shotcrete mixture proportions

There are two forms of specification currently in use: the
prescriptive and the performance-based specifications. Shot-
crete can be supplied under either form. The owner or archi-
tect/engineer (A/E) should select the form appropriate for
their specific project. The contractor’s submittal is reviewed
by the A/E with respect to its compliance with the project
specifications.

4.3—Tests applicable for wet-mix shotcrete
The following procedures can be used to determine the
properties of wet-mix shotcrete.
a) Time of setting—ASTM C1117
b) Workability (before pumping)—ASTM C143/C143M
c) Air content—ASTM C231/C231M (air content of
wet-mix shotcrete is measured before pumping; the A/E
can request air content to be tested as shot)
d) Sampling—ASTM C172/C172M
e) Test specimen fabrication—ASTM C1140/C1140M

4.4—Tests applicable for dry-mix shotcrete

Because dry-mix shotcrete is a nonplastic mixture until
hydrated at the nozzle, many standard test methods and
practices for freshly mixed concrete are not applicable until
dry-mix shotcrete has been shot from the nozzle. Various
researchers have used the following standards:

a) Time of setting—ASTM C1117

b) Air content—ASTM C231/C231M (air content of

dry-mix shotcrete can be measured at the nozzle)

¢) Test specimen fabrication—ASTM C1140/C1140M

4.5—Frequency and relevance

4.5.1 Workability and air content

4.5.1.1 Wet-mix shotcrete—To maintain quality control of
the concrete delivered, on-site workability and air content
tests should be performed at the discharge into the pump. For
the purpose of quality control, these tests should be performed
at the beginning of the work shift and every 50 yd* (40 m?)

of concrete placed. At the begiﬂninngO@ummtls

quality control frequency ‘5 1o allybl&g'h?ﬁé’w{lsthgmg Hub
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may reduce the frequency based on test results consistently
meeting or exceeding the acceptance criteria. The pump-
ability and shootability of wet-mix shotcrete are highly
dependent on the workability and air content of the concrete
prior to pumping.

However, a clear distinction between the air content in
the concrete as delivered (in the truck or mixed on-site)
and the air content of the in-place shotcrete (after pumping
and shooting) should be made. While the air content of the
concrete as delivered is important for pumping and quality
control, specifications usually should only require minimum
air content in the in-place shotcrete for durability purposes.
For quality control purposes, air content is usually tested
before pumping using ASTM C231/C231M. The in-place air
content of fresh shotcrete can be evaluated using a modified
ASTM C231/C231M. Shotcrete can be shot directly into the
air pressure meter base and the air content determined. Alter-
natively, the shotcrete can be shot onto a wall or test panel
and then scraped out and reconsolidated into the air pres-
sure meter base. The air content is determined in the same
way as for form-and-pour concrete. An alternate method is
to extract a sample from the hardened shotcrete and analyze
it according to ASTM C457/C457M. This method cannot be
used as a quality control method on a daily basis because it
requires more time to obtain results.

4.5.1.2 Dry-mix shotcrete—Because most of the water
is added at the nozzle, there is typically no requirement for
dry-mix shotcrete workability. Therefore, it is not practical
to evaluate on the job site. When required, monitoring air
content of the concrete is important for quality control;
specifications usually should only require minimum air
content in the in-place shotcrete for durability purposes.
Experience has shown that it is difficult to precisely evaluate
the air content of fresh dry-mix shotcrete. Some have been
successful at evaluating the in-place air content of fresh
shotcrete using a modified ASTM C231/C231M. Shotcrete
can be shot directly into the air pressure meter base and the
air content determined. Alternatively, some have been also
successful at shooting shotcrete onto a wall or test panel,
and then scraped out and reconsolidated into the air pres-
sure meter base. The air content is determined in the same
way as for form-and-pour concrete. For the purpose of
quality control, these tests should be performed at the begin-
ning of the work shift and every 50 yd® (40 m®) of concrete
placed. At the beginning of a typical project, quality-control
frequency is normally higher and may be reduced based
on consistency of test results. The most precise method for
evaluating the air content of dry-mix shotcrete is shooting
a standard test panel, extracting hardened specimens, and
having it analyzed following ASTM C457/C457M. This
method cannot be used as a quality control method on a daily
basis because it requires more time to obtain results.

4.5.2 Time of setting—The test may be performed daily at
the beginning of the shooting operations. The setting time
of shotcrete varies depending on the temperature. Time of
setting is usually not measured; it is a parameter that can be
measured in cases such as where:

a) Set accelerators are used

(acis
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b) Extreme temperature (air, material, substrate, or all of

these) is encountered

¢) On-site quality control of mixture performance is

required per specification

Even for those special cases, time of setting is often
measured only during the preconstruction trials. It should be
measured on the job site only if contract documents require it.

Shotcrete can be applied either in-place or in a test panel.
The time to initial and final set is determined using the
ASTM C1117 penetration resistance method. In accelerated
shotcrete mixtures, the time to initial set can vary from a
few minutes to tens of minutes, depending on many factors
such as accelerator type, addition rate, shotcrete material, or
ambient temperatures. Final set of mixtures with accelerator
typically occurs typically 10 to 45 minutes after initial set.

CHAPTER 5—TEST PANEL PRODUCTION AND
TEST SPECIMEN SAMPLING

5.1—General

This chapter covers suggested standard practices for
preparing test panels of dry-mix or wet-mix shotcrete and
evaluating hardened properties of the cored or sawed speci-
mens from the panels in accordance with ASTM C1140/
C1140M. These specimens may be used for preconstruction
and quality control testing of shotcrete hardened proper-
ties. This chapter only covers obtaining test specimens; the
following chapters will guide the reader on the relevance
and interpretation of the test itself. Refer to Chapter 11 in
the cases of preconstruction test panel preparation to qualify
nozzleman, equipment, and application techniques for a
specific project.

5.2—Test panels

Shotcrete test panel forms should be of wood, hardware
cloth, or steel construction and sufficiently rigid to prevent
dislodging of the shotcrete through vibration or deforma-
tion. The form should have a minimum width and length of
16 in. (400 mm) and a minimum depth of 5 in. (125 mm) with
either square or angled sides. These dimensions are only a
minimum requirement for testing; larger or thicker panels
may be required depending on the contract documents.

5.2.1 Wood forms—Wood forms generally have a back
made from plywood at least 3/4 in. (19 mm) thick. Side
pieces are generally made of lumber with a minimum thick-
ness of 1-1/2 in. (38 mm).

5.2.2 Steel forms—Steel forms are generally made using
material having a minimum thickness of 3/16 in. (5 mm).

5.2.3 Hardware cloth—Hardware cloth generally has a
minimum opening size of 1/2 in. (13 mm) and, in general, is
securely attached to a surface sufficiently rigid and hard to
receive shotcrete.

For fiber-reinforced shotcrete, where 4 x 4 x 14 in. (100
x 100 x 350 mm) beams are required to be cut for flexural
strength and flexural parameter testing (ASTM C78/C78M;
ASTM C1399/C1399M; ASTM C1609/C1609M), test

panels should be shot at least 5 in. (125 maﬂlﬁ)unﬂents
saw-cut beams with suitable dim< nsi ns ﬂ’anlﬁsgﬂm@ﬁ@‘Sharin g Hub
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Test panels for determining toughness should be shot
in accordance with ASTM C1550. For fiber-reinforced
shotcrete, where 32 in. (800 mm) diameter round panels
are required, test panels should be shot to a thickness of
3 —0.20/40.60 in. (75 —5/+15 mm). Standard deviation
between 10 measures of panel thickness should be less than
0.12 in. (3 mm). The limitations on panel thickness and flat-
ness should be strictly followed to ensure usable specimens.

5.3—NMaterials

Samples provided for dry-mix shotcrete mixture, either
packaged, preblended, dry, combined materials or site-
proportioned, should be of the same materials and proportions
proposed for the project. Wet-mix process shotcrete should be
of the same mixture design proposed for the project.

5.4—Procedure

Shotcrete for test panels should be applied by the same
operating personnel—nozzlemen and gun or pump oper-
ator—and with the same type of equipment, water pressure
(for dry-mix shotcrete), and air volume and pressure used for
the project. Test panels should be dampened and excess water
blown out just prior to placement of the shotcrete material.
Panels should not be moved within the first 24 hours after
shooting unless otherwise specified by the owner. This last
criterion may be modified for particular field conditions. For
example, it could be extended to 48 hours for slow-setting
shotcrete (low temperature, blended cements, and setting
retarder), and conversely, it could be shorter for panels made
with accelerated shotcrete.

A separate panel should be shot for each proposed mixture
design and each nozzleman working on site. For the purpose
of quality control, one panel should be shot for every 50 yd?
(40 m®) of shotcrete, and minimum one panel should be shot
per day.

5.5—Curing

To prevent water evaporation from the shotcreted surface,
test panels should be covered and tightly wrapped with a
sheet of material meeting ASTM C171 requirements or
stored in a moist room according to ASTM C511. Subse-
quent conditioning shall be as specified in ASTM C1140/
C1140M. When moisture curing the extracted cores is
specified, it should be in accordance with the provisions of
ASTM C1604/C1604M unless otherwise specified by the
owner. Field-cured panels should be cored or sawed on site
or moved to the laboratory just prior to testing.

5.6—Obtaining specimens from panels

Specimens should be obtained from panels by drilling
cores or by saw cutting beams in accordance with ASTM
C1604/C1604M (cores) or ASTM C42/42M (beams). Cores
and beams should be free from corrugations and striations
caused by uneven sawing or coring. All beam surfaces
should be sawed to ensure parallel and smooth surfaces.
Cores should be drilled and tested for compressive strength
perpendicular to the surface of the panel. Sawed beams
should also be loaded with the same orientation as the panel

American Concrete Institute — Copyrighted © Material — www.concrete.org
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was shot. For both cores and sawed beams, the direction of
testing can influence the test results.

Proper care and handling of specimens is particularly
important and requires special handling to protect from
damage due to extremes of temperature, vibrating move-
ments, shaking, or shock during the hydration process.
Improper handling can cause damage to the shotcrete panels
and may compromise test results.

During transport (which normally takes place after 24
hours), test panels should be placed on a rubber matt and
secured to minimize the vibration and shock. Although not
usually recommended, early retrieval, before 24 hours, of
specimens from the panel requires extreme care and precau-
tions. Refer to Chapter 6 for more information.

5.7—Reporting test panel data

The report of the test panels should consist of the following
data pertinent to the project, the variables, or both, as well as
combinations of variables studied in the tests:

a) Mixture design number, mixture proportions, and

process (dry-mix or wet-mix)

b) Temperatures: material, surface, and air

c¢) Weather conditions

d) Slump/air (if applicable)

¢) Nozzleman/gun or pump operator/equipment

f) Position of panel as shot

g) Date and time the panel was shot

h) Date and time panel moved

i) Notes of any problems during transportation of the panels

j) Dimensions of sample (diameter and length) for core,

height, width, and length for beam

k) Date and time core or sawed beam taken

CHAPTER 6—EVALUATION OF EARLY-AGE
STRENGTH

6.1—General

Monitoring the rate of early-age strength development,
particularly for accelerated shotcrete mixtures, is impor-
tant in tunneling, mining, and other applications such as the
underpinning of structures where the shotcrete may need
to have a measurable compressive strength as soon as 15
minutes after its application. During the first 24 hours after
shotcrete has been placed, its compressive strength is typi-
cally too low to measure using standard core-extraction and
testing procedures. Extracting core specimens from shotcrete
test panels before the shotcrete has reached a compressive
strength of approximately 1150 to1450 psi (8 to 10 MPa) is
not recommended, as cores tend to ravel, resulting in unreli-
able strength-test data.

A variety of test methods are currently used in the shot-
crete industry in an attempt to determine the rate of early-age
strength development in the range of 70 to 2175 psi (0.5 to
15 MPa). The following is a list of examples when these test
methods are recommended to evaluate early-age strength of
shotcrete:

a) Performance of various-types of Bﬂ@lummlts

tors need to be characterized Lot qn%%fﬁﬂ%t Sharing Hub

(aci®


http://avadocuments2026.com/doc/aci-506-4r-19
http://avadocuments2026.com/doc/aci-506-4r-19

