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R1.1—ACI 355.2 prescribes the testing programs required
to qualify post-installed mechanical anchors for use with the
design method of ACI 318. ACT 318 differentiates between
cracked and uncracked concrete. In ACT 318, it is assumed
that anchors for anchoring to concrete have been tested either
for use in uncracked concrete or for use in cracked and un-
cracked concrete. Today, many different post-installed me-
chanical anchors are available for use in concrete. These
anchors exhibit a range of working principles, proprietary
designs, and performance characteristics. ACI 318 addresses
this situation by basing capacity reduction factors for an-
chors on anchor performance categories. ACI 355.2 is in-
tended to develop the data required by ACI 318 to confirm
an anchor’s reliability and place it in the appropriate anchor
category.

ACI Committee Reports, Guides, Standard Practices,
and Commentaries are intended for guidance in planning,
designing, executing, and inspecting construction. This
document is intended for the use of individuals who are
competent to evaluate the significance and limitations of
its content and recommendations and who will accept re-
sponsibility for the application of the material it contains.
The American Concrete Institute disclaims any and all re-
sponsibility 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 con-
tract documents. If items found in this document are de-
sired 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.

R1.4—While ACI 3552 gives no limitations on
maximum anchor diameter or embedment, the design
method deemed to satisfy the anchor design requirements of
ACI 318 Appendix D is based on an analysis of a database of
anchors with a maximum diameter of 2 in. (51 mm) and an
embedment not greater than 25 in. (0.64 m). ACI 355.2 can
be used for anchors with those maximum dimensions. For
anchors beyond these dimensions, the testing authority
should decide if the tests described here are applicable or if
alternative tests and analyses are more appropriate. The
minimum diameter of 1/4 in. (6.4 mm) is based on practical
considerations regarding the limit of structural anchor
applications.

R2.1.5—Concrete breakout failure includes concrete cone
breakout under tension load, edge breakout from tension or
shear, or combinations of these, as shown in Fig. 6.3 and 6.4.

R2.1.8—Pullout failure occurs when the anchor does not
sufficiently engage the concrete to produce a steel or con-
crete cone failure. The entire anchor slips out of the drilled
hole at a load lower than that corresponding to concrete cone
breakout. While a concrete cone may occur as part of the
pullout failure, it will be at a shallower embedment than for
a full concrete cone failure.

R2.1.9—Pull-through failure occurs when the anchor
shank pulls through the expansion mechanism, which re-
mains in the drilled hole. The anchor shank slips out of the
drilled hole at a load lower than that corresponding to con-
crete cone breakout.
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R2.1.12—The statistical equivalence determination uses a
one-sided #-test because the mean of a test series is compared
to the mean of another reference test series. The hypothesis
is that the mean of the reference test is greater than (or less
than) the mean of the second series of anchor tests.

R2.1.16—Under ACI 355.2, anchors for use in uncracked
concrete are tested in concrete that is uncracked and expected
to remain so, unless the anchor causes cracking as part of the
failure mode.

R2.2—Notation

A,, = The characteristic tensile steel capacity can be

taken as the minimum specified steel strength or
can be calculated from tests. For expansion an-
chors with reduced cross-sectional area for the
expansion mechanism, the effective cross-sec-
tional area of the anchor should be provided by
the manufacturer. For threaded bolts, ANSI/
ASME B1.1 defines 4, as:

4 r_c(d 70.9743)2
Se 4 ] n[

where #, is the number of threads per inch.

R3.1—Experience shows that plastic hinge regions in re-
inforced concrete structures subjected to earthquake loading
typically develop crack widths well in excess of the crack
widths anticipated by ACI 355.2.

R5.1—ACI 355.2 follows a four-step procedure (cover-
ing four types of tests) to check the suitability of the anchor
for structural purposes (within the use limits established by
ACI 318) and to establish a performance category for the an-
chor that can be used with the design approach established by
ACI 318. The four test types are identification, reference, re-
liability, and service-condition tests. Flow charts giving the
testing sequences are presented in Fig. R1 through R6.

Identification tests are required to determine if the anchor
complies with fabrication requirements and to establish a
baseline for quality assurance.

Reference tests serve two functions. They establish the
characteristic resistance to be used in the design of single
anchors with large edge distances and spacings. They are
also intended to be compared with results of the reliability
tests. For the reference tests, anchors should be installed
according to manufacturer’s instructions.

Reliability tests serve two functions: the first is to establish
the anchor categories used in ACI 318; and the second is to
check the reliability of the anchor under sustained loads and
variable loads. The anchor should be capable of safe and
effective behavior under normal and adverse conditions,
both during installation and in service. Factors included are
sensitivity to variations of:

* Installation conditions in concrete;

e Dirill bit diameter;

¢ Sustained and variable loads on the anchor;

e Crack width (for anchors for use in cracked and
uncracked concrete only); and

o Crack width associated with long-term and variable
loading of the structure (for anchors for use in cracked
and uncracked concrete only).

To reduce the scope of the required test program, the ef-
fects of these factors on anchor performance are combined in
the required tests.
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The procedures prescribed for checking the reliability of
an anchor and assigning an anchor category to it consider
possible on-site deviations from the manufacturer’s speci-
fied installation procedure. ACI 355.2, however, does not
cover gross installation errors, which are assumed to be pre-
vented by appropriate training and site inspection. Such
gross errors include but are not limited to: drill bits of the
wrong diameter; inappropriate drilling methods; improper
setting tools; inappropriate setting methods; and failure to
clean, dry, or otherwise prepare the drilled hole as required
by the manufacturer.

Testing Program For Post-Installed
Mechanical Anchors In Concrete

4

Perform
Identification Tests
Verify critical characteristics

y
Perform
Reference Tests
Table 5.1, tests 1,2
Table 5.2, tests 1-4

y

Establish & report
failure mode(s), k-value

v

Perform
Reliability Tests
Table 5.1, tests 3-6
Table 5.2, tests 5-8

y

Calculate and compare ratio
of characteristic capacities
to Reference Tests (Table 9.2)

y

Establish & report
category for each diameter

y
Perform
Service Condition Tests
Table 5.1, tests 7-9
Table 5.2, tests 9-13

y
Check conformance to
ACI 318 design model

Fig. RI—Flow chart for overal. ie.ing prograni,
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To represent normal conditions, the repeated load test (Ta-
ble 5.1, Test 6) and the test in which the crack width is cycled
(Table 5.2, Test 8) are performed with a drill bit of diameter d,,,.

Perform
Reference Tests
Tension: low-
strength concrete
Tension: high-
strength concrete

Try to obtain concrete failure Try to obtain concrete failure

Decrease
embedment
or
increase steel
strength

Failure Increase

mode?

Concrete
failure

characteristic
tensile
capacity
on test data.
Calculate
according to
ppendix A2

Increase
sample size
to 10

Calculate k value
from test results
using Eq. 7.1

Compare
with k values in
Table 10

Use
maximum
k value from
Table 6.6

Determine
characteristic
tension resistance

in accordance
with Section 7.3

Use calculated
k value

Fig. R2—Flow chart for reference tests.

Sensitivity to
reduced installation
effort
Table 5.1, test 3
and
Table 5.2, test 5

Torque-

Displacement-
controlled

Expansion
anchors

install and test

in low-strength
concrete with

drill bit d,,.

Displacement-
controlled

Install and test
in low- and
high-strength
concrete

Torque-
controlied

Install and test
in low-strength
concrete

Install and test in
high-strength
concrete
with setting torque
T=05T,qand
drill bit d,,.

CV. <20%

No: failed

Fig. R3—Flow chart for tests with reduced installation

effort.
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The selected combination of conditions is intended to min-
imize the test program while maintaining an acceptable level
of safety of the entire connection. The observed anchor ca-
pacities from the reliability tests can be lower than from the
reference tests, provided that the reduction is limited and
well defined. The low probability of observed anchor capac-
ity occurrence associated with the reference test conditions
is assumed to compensate for the reduced capacity, in effect
maintaining a relatively constant probability of failure. Based
on the magnitude of the reduction, the anchor category is
established.

RS.2—Prototypes can be used for testing if the anchor
samples are prepared in the same manner as expected for
production. Identification and reference tests are performed
on the production samples and their performance is com-
pared statistically to the results of the tested prototypes to de-
termine if additional tests need to be performed.

R5.2.2—1If different materials, such as carbon steel rather
than stainless steel, or different production methods, such as
cold-forming rather than machining, are used for a given an-
chor diameter, reference tests should be performed for each
type and compared statistically. If they are statistically
equivalent, then only one set of reliability and service-condi-
tion tests needs to be performed for the anchors.

R6.1—The purpose of the requirements governing the con-
crete used in test specimens is to reduce the variables that
might affect anchor performance, thereby making the test re-
sults more reproducible. Various cementitious materials and
concrete admixtures can affect anchor performance, increas-
ing the scatter of test data. The influence of different concrete

Reliability in high-strength
concrete with small drill bit
Table 5.1, test &
Table 5.2, test 7

Reliability in low-strength
concrete with large drill bit
Table 5.1, test 4
Table 5.2, test 6

Install in high-
strength concrete
with drill bit, d,;,

Install in low-
strength concrete
with drill bit, d,,,,

Perform test
under concentric
tension loading,

Perform test
under concentric
tension loading

Displacement-

controlled

expansion
anchor

Undercut and

orque-controlled

expansion
anchor

No:
) failed
A

Undercut and
torque-controlled
expansion
anchor

&

Displacement-
controlled
expansion
anchor

<

No:
failed

Fig. R4—Flow chart for reliability tosts que%%m%nts

large and small holes.
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mixtures on anchor performance is part of the consideration
in establishing the capacity reduction factors in the design
method of ACI 318.

R6.1.2—Testing is performed in plain concrete with no
cementitious replacements or concrete admixtures added to
the concrete. With such concrete, the anchors are approved
for use with mixtures that contain these materials. If the tests
are performed with concrete mixtures that contain cementi-
tious replacements or admixtures, then the anchors are ap-
proved only for that mixture proportion.

Reliability with
repeated load
Table 5.1, test 6

Test anchor to pulsating
tensile load as described
in Section 8.5.2,
General test conditions

l

Measure displacements as
described in Section 8.5.2,
General test conditions

Displacements
show a o
stabilization of No: failed
movement?

section
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R6.1.3—Experience indicates that the performance of
some expansion anchor types may be adversely affected in
high-strength concrete. ACI 318 establishes an upper limit of
8,000 1b/in.> (55 MPa) on the specified concrete compressive
strength for which the design method is applicable. Else-
where in the Code, a lower limit on specified compressive
strength of 2,500 Ib/in.? (17 MPa) is established. Actual in-
place concrete strength can be 15 to 20% higher than specified.

R6.2.2—The tests in this program are based on the as-
sumption that the holes are drilled by carbide-tipped, rotary-
hammer drill bits. If the anchors are installed into holes
drilled by another standard method, such as with diamond-
core bits, the manufacturer should prescribe the drill bits, as-
sociated tolerances, and drilling procedures. The bit toler-

Continued
from
previous

section

At the end of the cyclic
loading, test the anchor
in concentric
tension to failure

Mean
residual
capacity > 80% of mean
apacity in corresponding
reference
test?

No: failed

Undercut and
torque-controlled
expansion
anchor

Displacement-
controlled
expansion

anchor

No: failed
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Fig. R5—Flow chart for reliability tests with repeated loads. Document Sharing Hub
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