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This standard has been approved for use by agencies of the Department of Defense.

1. Scope Building Constructions, Elements, Connections, and As-

1.1 These test methods cover procedures for determining semblie$
the static, seismic, fatigue and shock, tensile and she%r
strengths of post-installed and cast-in-place anchorage systems o i )
in structural members made of concrete or structural members 3-1 Definitions of Terms Specific to This Standard:
made of masonry. Only those tests required by the specifyin 3.1.1_adhe5|ve anchera post-lns_talled anchor that derives
authority need to be performed. its holding strength from the chemical compound bet_ween the

1.2 These test methods are intended for use with sucW@ll of the hole and the anchor rods. The materials used

anchorage devices designed to be installed perpendicular tolréclude epoxy, cementitious material, polyester resin, and other

plane surface of the structural member. similar types. _ .
1.3 Whereas combined tension and shear as well as torsion3-1.2 anchor spacing-the distance between anchors mea-

tests are performed under special conditions, such tests are rytred centerline to centerline, in mm (in.); also, the minimum
covered in the methods described herein. distance between reaction points of the test frame.

1.4 While individual procedures are given for static, seis- 3-1-3 cast-in-place ancher-an anchor that is installed prior
mic, fatigue and shock testing, nothing herein shall precludd® the placement of concrete and derives its holding strength
the use of combined testing conditions which incorporate twdf®m plates, lugs, or other protrusions that are cast into the

or more of these types of tests, (such as seismic, fatigue arfPncrete. _
shock tests in series), since the same equipment is used for3-1-4 displacemert-movement of an anchor relative to the
each of these tests. structural member. For tension tests, displacement is measured

1.5 This standard does not purport to address all of the@long the axis of the anchor, and for shear tests, displacement
safety concerns, if any, associated with its use. It is théS measured perpendicular to the axis of the anchor, in mm

responsibility of the user of this standard to establish appro—('”-)-

priate safety and health practices and determine the applica- 3-1-5 €dge distance-side cover distance or the distance
bility of regulatory limitations prior to use. from the centerline of an anchor to the nearest edge of a

structural member, in mm (in.); also, minimum distance from
2. Referenced Documents the centerline to the test frame.
2.1 ASTM Standards: 3.1.6 embedment depthdistance from the test member

E 4 Practices for Force Verification of Testing Machfes Surface to the installed end of the anchor, in mm (in.), prior to
E 171 Specification for Standard Atmospheres for Condithe setting of the anchor.

Terminology

tioning and Testing Flexible Barrier Materidls 317 expansion anchera post-installed an.chor that de-
E 468 Practice for Presentation of Constant Amplitude Falives its holding strength through a mechanically expanded
tigue Test Results for Metallic Materi&ls system which exerts forces against the sides of the drilled hole.

E 575 Practice for Reporting Data from Structural Tests of 3-1.8 fatigue test-a laboratory test that applies repeated
load cycles to an anchorage system for the purpose of

determining the fatigue life or fatigue strength of that system.
S 3.1.9 LVDT—a linear variable differential transformer used
I These test methods are under the jurisdiction of ASTM Committee E06 orfOr measuring the displacement or movement of an anchor or
Performance of Buildings and are the direct responsibility of Subcommittee E06.13Znchor system.
on Structural Performance of Connections in Building Construction .
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3.1.10 post-installed anche+an anchor that is installed Ng
after the placement and hardening of concrete.
3.1.11 run-out—a condition where failure did not occur ata Ny
specified number of load cycles in a fatigue test.
3.1.12 safe working loads-the allowable or design load Ns
obtained by applying factors of safety to the ultimate load of
the anchorage device, kN (Ibf). Apr
3.1.13 seismic test-a laboratory test that applies load
cycles of varying magnitude and frequency to an anchorage~rs
system for the purpose of simulating a seismic event (earth-
quake). Ay, andBy,
3.1.14 shear test-a test in which an anchor is loaded
perpendicular to the axis of the anchor and parallel to the
surface of the structural member. A
3.1.15 shock test-a laboratory test that simulates shock ~ 7'
loads on an anchorage system by the application of a shorg—FS
duration external load.

. and B

total number of load cycles in shear fatigue
test.

average number of load cycles in tension
fatigue test.

average number of load cycles in shear
fatigue test.

displacement of anchor occurring at maxi-
mum load for tension fatigue test mm (in.).
displacement of anchor occurring at maxi-
mum load for shear fatigue test mm (in.).
maximum displacement instrument read-
ings for fatigue tests mm (in.).

initial displacement instrument readings for
fatigue tests mm (in.).

average maximum displacement for tension
fatigue tests mm (in.).

average maximum displacement for shear

3.1.16 static test—a test in which a load is slowly applied to
an anchor according to a specified rate such that the anchar Significance and Use
receives one loading cycle.

~ 3.1.17 structural membesthe material in which the anchor \yhich applicable design data and specifications are derivable
is installed and which resists forces from the anchor.

3.1.18tensile test-a test in which an anchor is loaded concrete, masonry and related products and for qualifying
axially in tension.

3.1.19 undercut anchefa post-installed anchor that de-
rives its holding strength from an expansion of an embeddegbility of the test data.

portion of the anchor into a portion of the hole that is larger in

fatigue tests mm (in.).

4.1 These test methods are intended to provide data from
for a given anchorage device used in a structural member of

anchors or anchorage systems.
4.2 The test methods shall be followed to ensure reproduc-

diameter than the portion of the hole between the enlargell. Apparatus
section and the surface of the structural member. The enlargeds 1 Equipment

diameter section of the hole is predrilled or enlarged by an 51 1 Laboratory—Suitable equipment shall be used to
expansion process during setting of the anchor.

perform tests to generate data required to publish load tables or
to obtain listings from approval agencies, building officials,
etc. Calibrated electronic load and displacement measuring
devices which meet the sampling rate of loading specified
herein shall be used. The equipment shall be capable of
measuring the forces to an accuracy within 1 % of the
anticipated ultimate load, when calibrated in accordance with
Practices E 4. The load and displacement measuring devices
shall be capable of providing data points at least once per
second in order to produce continuous load versus displace-
ment curves. A minimum of 120 data points per instrument
shall be obtained and recorded for each individual test. The
readings shall be obtained prior to reaching peak load. The
instruments shall be positioned to measure the vertical move-

uncorrected displacement for tension tests ment of the anchor with respect to points on the structural

member in such a way that the instrument is not influenced

uncorrected displacement for shear tests induring the test by deflection or failure of the anchor or

3.2 Symbols

het = effective depth of embedment of an anchor
in mm (in.).

Fe = safe working load in kN (Ibf).

h = thickness of the structural member in mm
(in.).

h, = anchor embedment depth in mm (in.).

S = anchor spacing in mm (in.) measured cen-
terline to centerline.

C = edge distance in mm (in.) measured from
centerline of anchor to edge.

d = nominal anchor diameter in mm (in.).

A =
in mm (in.).

Ag =
mm (in.).

AyandBy = instrument readings at a given load in mm
(in.).

A, andB, = initial instrument readings in mm (in.).

T = average displacement at maximum load for

tension tests in mm (in.).

Ag = average displacement at maximum load for
shear tests in mm (in.).

n = number of test samples.

[\ = total number of load cycles in tension

fatigue test.

structural member. The testing device shall be of sufficient
capacity to prevent yielding of its various components and
shall ensure that the applied tension loads remain parallel to the
axes of the anchors and that the applied shear loads remain
parallel to the surface of the structural member during testing.
5.1.2 Field Tests—Suitable equipment shall be used to

perform tests required to verify correct installation or provide
proof loads on anchors installed at a specific job site. Cali-
brated load cells which meet the specified rate of loading given
herein shall be used. The equipment shall be capable of
measuring the forces to an accuracy within 2 % of the



Ay E 488 - 96 (2003)

applied load, when calibrated in accordance with Practices E 4. e

For field tests which require displacement measurements, use

either manually read dial gages or electronic load and displace- ™ | Reaction Frame
ment measuring devices, provided they are capable of gener- e z

ating a minimum of 50 data points prior to reaching peak load. o

For field tests requiring displacement measurements, the in- ...
strument(s) shall be positioned to measure the vertical move- A<«
ment of the anchor with respect to points on the structural

member in such a way that the instrument is not influenced

during the test by deflection or failure of the anchor or _goud Cet
structural member. The testing device shall be of sufficient
capacity to prevent yielding of its various components and’
shall ensure that the applied tension loads remain parallel to the oiseiacement —_
axes of the anchors and that the applied shear loads remain ~— :
parallel to the surface of the structural member during testing. /J: ;

[a—

ulling Fixture \ \

— M [y - Test Anchor

L Tie-Downs

Structural Membe,

5.2 Tension Test-Examples of suitable systems for apply- L
ing tension pull-out forces are shown in Figs. 1 and 2 in which
a single anchor specimen is shown. The test system support
shall be of sufficient size to prevent failure of the surrounding
structural member. The loading rod shall be of such size to
develop the ultimate strength of the anchorage hardware with FIG. 2 Typical Seismic Tension Test Arrangement
minimal elastic elongation and shall be attached to the anchor-
age system by means of a connector that will minimize themaintained throughout all tests. Worn or deformed holes shall
direct transfer of bending stress through the connection. be repaired. Insert sleeves of the required diameter shall be
5.3 Shear Test-Examples of suitable systems for applying periodically installed in the loading plate to meet these
shear forces are shown in Figs. 3 and 4 in which a singleequirements.
anchor specimen is shown. The components of the test fixture 5.4.2 For shear testing, the contact area between the loading
shall be of sufficient size and strength to prevent their yieldingplate through which the anchor is installed and the structural
during ultimate capacity tests on the anchorage system. member shall be as given in Table 1, unless otherwise
5.4 Loading Plate—The thickness of the loading plate in the specified. The edges of the shear loading fixture shall be
immediate vicinity of the test anchor shall be equal to thechamfered or have a radius to prevent digging in of the loading
nominal bolt diameter to be tested; 1.5 mm & ¥is in.), plate.
representative of a specific application. 5.5 Anchor Displacement MeasurementFor anchor tests
5.4.1 The hole in the loading plate shall have a diameter 1.5hat require displacement measurements, the displacement
mm = 0.75 mm (0.06 mm= 0.03 in.) greater than the test measurements shall be made using LVDT device(s) or equiva-
anchor. The initial shape of the hole in the loading plate shallent which provide continuous readings with an accuracy of at
correspond to that of the anchor cross section and shall deast 0.025 mm (0.001 in.). Dial gages having an accuracy of
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FIG. 1 Typical Static Tension Test Arrangement
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FIG. 4 Typical Seismic Shear Test Arrangement—Indirect Loading Method

TABLE 1 Shear Loading Plate Bearing Area as a Function of simultaneously except that only one set of instruments needs to
Anchor Diameter be used for a group of anchors tested as a closely spaced
A”Ch;:nD('i”)‘ew“ Shear Load"l?nz'?;ezfomadA’ea' cluster. Displacement measurements as described in 5.5 in-

n. n.

clude components of deformation not directly associated with

<10 (<%s) 50-80 (8.00-12.40) . .
10-<16 (%6 <5 80.01-120 (12.41-18.60) displacement of the anchor relative to the structural member.
) Include components of deformation such as elastic elongation
)16—<22 (%6 —<% 120.01-160 (18.61-24.80) of the loading rod anchor stem, deformation of the loading
22-<51 (7 —<2) 160.01-260 (24.81-40.30) plate, sleeves, shims, attachment hardware, and local structural
>51 (>2) 260.1-400 (40.31-62.00) member material. Deduct all of the elongations from these

sources from the total displacement measurements by using

0.025 mm (0.001 in.) are permitted in field testing or forsupplementary measuring d_ewc_eg or call_bratlon test _data for
. . the installed test set-up with rigid specimen replacing the

general tests where precise displacement measurements are ho .

required. anchor to be tested. The displacement to be used for the

; evaluation of the findings is the average displacement indicated
5.5.1 Tension Test by both | d icall idi f
5.5.1.1 Single AnchoeThe displacement measuring de- PY Poth instruments mounted symmetrically equidistant from

vice(s) shall be positioned to measure the vertical movement ¢f€ centroid of the cluster as shown in Fig. 5.

the anchors with respect to points on the structural member in 5.5.2 Shear Test-The displacement measuring device(s)

such a way that the device is not influenced during the test bghall be positioned to measure displacement in the direction of

deflection or failure of the anchor or structural member. the applied load. The device shall be placed on the structural
5.5.1.2 Group of Anchors-Displacement measurements member to allow the sensing element to bear perpendicularly

shall be made on all anchors or group of anchors testedn the anchor or on a contact plate located on the loading plate
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Anchor Ciusier with concrete or masonry members shall be evaluated. The overall
size of the test specimen shall not be reduced unless the
requirements in 6.4.1-6.4.3.1 are met.

6.4.1 The depth of the structural member shall be equal to
the minimum member depth specified by the manufacturer.
The structural member shall be at least k.5in thickness so
long as the depth is suitable for normal installation of the
anchor and does not result in premature failure of either the
structural member or anchor, unless the specific test application
requires a lesser thickness. The structural member will act as a
beam if the spacing between reaction supports is greater than
the thickness of the member. A structural member with a
thickness of at least 1.6, will minimize bending during the
application of the tensile load to the test anchor. In general, the
thickness of the test member shall be equal to the minimum

Uniaxigl Tension
Louding Rod

/

Gty —————————— 7
Dial Gage
s \ Loading Plate

(See Section 6.3) /—— Structural Member

FIG. 5 Typical Method of Applying a Test Load to a Cluster of .
Anchors in the Test Area of a Structural Member member depth specified by the manufacturer.

6.4.2 The length and width of the structural member shall

- . ensure that no shear or tension failure spall intersects either the
as shown in Fig. 3 or other method which prevents extraneou

deflecti For test lust ¢ h the inst Sutside edges of the structural member or the bearing contact
eflections. FFor tests on clusters of anchors, the INStrumentiniq of the test frame. The overall size of the test specimen

shall lie on a plane through the axis of the shear loading rod O%hall only be reduced when the minimum requirements in 6.4.1
plate. An extension of the axis of the shear loading rod or pIatcz;;\re met
shall pass through the centric axis of the cluster of anchors. 6.4.3 éurface Finish—The surface of the structural member
6. Test Specimens where the loading fixture or loading plate bears on the member
' shall be a form-work or steel-trowel finish unless otherwise
6.1 Anchorage SystemThe anchorage system shall be specified.
representative of the type and lot to be used in field construc-"¢ 4 3 1 For static shear tests, a sheet of tetrafluoroethylene
tion and shall mqlude all accessory hardware normally reqwregTFE), polytetrafiuoroethylene (PTFE), fluorinated ethylene
for its use, that is, all attachment hardware. . propylene (FEP), or perfluoroalkoxy (PFA) of 0250.1 mm
6.2 Anchor Installatior—Install the anchorage device in io_oz()i 0.004 in.) thickness and corresponding to the area

accordance with the manufacturer's procedures and tools, oy ired according to Table 1 shall be placed between the shear
where specific deviation is justified, in accordance with good,|ate and the surface of the structural member.

field methods.

6.3 Anchor PlacemenrtIndividually test all anchors as 7. Conditioning
specified in the test program. The anchors shall be tested at; 1 Specimen Conditioning and CurirgWhen aging, sea-
distances equal to or greater than those given in Table 2. The,ning, or curing conditions affect the performance and capac-
distances in Table 2 are not intended for design of attachmentﬁy of the installed anchor, take appropriate measures to age
Table 2 test support requirements are not prohibited from beingeason, or cure the installed anchoring system in accordance
reduced for bonded anchors with embedments equal 10 Qfjth appropriate procedures prior to testing. Describe such
greater than 20 anchor diameters. For anchors intended to_l%%nditions in detail. Cast-in-place concrete, grout-set, and

field-installed at spacings less tha_n specified in. Table 2 IRpoxy-set anchors are some examples of anchorage systems
groups of two or more, test at the intended spacings or edgg at require provisions for aging or curing.

distances per the requirements of 8.3 at the selected spacing; » Specimen Moisture and Temperatuf@/hen moisture
and edge distance intervals to assign reduction factors.  anq temperature conditions affect the performance of the
6.4 Struct_ural MemberThe structural member in _Whlch anchorage system, they shall be kept constant during the
the anchor is to be embedded shall be representative of thgsting of the anchorage system. The choice of the controlled
materials and configuration intended for field use. The struczgonditions shall simulate the conditions under which the
tural member is not prohibited from being steel-reinforced. Theynchors will be used. Simulate field moisture and temperature
location and orientation of any reinforcement embedded ingnditions or use standard conditions of 23°C (73°F) and 50 %
relative humidity, as provided in Specification E 171. Testing

TABLE 2 Minimum Clearance Requirements for Test Equipment shall begin only after the test specimens have reached at least
Supports an appropriate stable condition with regard to temperature and
Adhesive Anchors All Other Anchors moisture content.
Spacing between Mtinir';l;m Dis_trance Spacing between Miniméjm Distance .
Test Supports 0 F?in?«; est Test Supports o EF?;T?;TESt 8. Static Tests
Tension Loads 8.1 Equipment—Use any suitable testing or loading system

2.0he 1.0he N 4.0he, 2.0hg specified in the Apparatus section.
20h, 200, 200, 200, 8.2 Number of Test Specimens$or determining the aver-

age tension or shear resistance, a minimum of five anchors per
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size shall be tested and the five test results averaged. Whelaad application method is required. The first method requires
steel failures occur, only a minimum of three anchors per siza continuous increase in load up to failure or up to a maximum
shall be tested and the three test results averaged. specified load or displacement. The second is a step-loading

8.3 Number of Test Specimens for Statistical Dateor  method in 15 % increments of the expected ultimate load.
determining statistical data, such as coefficient of variation or 8.6.1 Continuous Load Applicatier-Apply loading to the
spacing and edge-distance reduction factors (with 40 %  anchor at a uniform rate that will produce a failure as defined
accuracy), a minimum number of testy 6hall be performed in the Failure Criteria section. A loading rate of 25 to 100 % of
in accordance with Table 3. the ultimate anchor capacity per minute shall be used except

8.3.1 This procedure shall be repeated for each variation ithat a minimum 1-min total test time and a maximum 3-min
anchor type, size, embedment depth, and location. This procéstal test time is allowed when the test equipment provides
dure shall also be repeated for each variation in the structuraccurate recording of load and displacement readings.

member. 8.6.2 Incremental Load Application-In step loading during
8.4 Static Test Procedure sustained constant-level load increments up to a maximum
8.4.1 Tension Test load, each increment load shall not exceed more than 15 % of

8.4.1.1 Position the loading system, in such a way that thénhe estimated maximum test load and shall be maintained for a
placement of the test system supports meet the requirements ®fmin period. Plot the initial and 2-min readings of the
Table 2 (see Figs. 1 and 2). Position the loading device in sucimeasurement devices in the form of load-displacement curves.
a way that it is centered over the anchor to be tested. Providélaintain complete load-displacement records throughout the
uniform contact between the surface of the structural membetest or plot after completion of the test. The data records shall
and the support system. In the final alignment of the suppoiihclude a time record of the beginning and end of each
system, ensure that the forces to be applied through the loadingcrement of constant load.
rod are perpendicular to the surface of the structural member 8.6.3 Load Application for a Given Periee-f application
section. The amount of torque or pretension applied to thef a given load is required for a certain period, such as 24 h,
anchor by the attaching nut or locking device shall be uniformdeformation readings shall be taken at the beginning, during,
for each series of tests. and end of the period to allow the satisfactory plotting of a

8.4.1.2 Position and attach the loading rod so that the load isme-displacement curve for the complete period.
applied through the center of a single anchor, or through the 8.7 Calculations
centroid of a cluster of anchors. Whenever a loading plate is 8.7.1 Load-Displacement Data

required in the testing of a cluster of anchors, ensure uniform 8.7.1.1 Determine the uncorrected displacemartandAg

loading of the individual anchors of the cluster. at any given load for an individual test in the following
8.4.2 Shear Test manner:

8.4.2.1 Position the loading system in such a way that thggor tension tests:
placement of the test system supports meet the requirements of A= (A — A +B. — B 1
Table 2 (see Fig. 3). Areaction bridge is not required along the T= A A+ BB @)
edge of the structural member if the edge distance is larger than FOr shear tests:
4 hgin all directions. As=Ay— A 2

8.4.2.2 Position and fasten the structural member in the where:A, andBy, are instrument readings at the given load,
support system in such a way that the test surface of thﬁndA, andB, are initial instrument readings.

structural member is parallel to the loading plate and the axis g 7' 5 ptain the corrected displacement by plotting the

of the pulling rod. Place the Ioadmg_ plate-rod a_ssembly oNtQ,ncorrected displacement versus the applied loads and extrapo-
th_e structural member an_d secure it in place with the aloloroI'ating a smooth curve through the data points back to zero load.

priate nut or other Iockmg device typically used for the The corrected displacement at maximum or at any other test

particular anchor |ns_tallat|on to be tested. The amount of fo_rc?oad is observed from the plot relative to the adjusted zero-load

exerted on the loading plate by the attaching nut or IOCk'anispIacement value.

device shall be uniform for each series of tests performed. 8.7.1.3 Obtain the average displacement at maxiriimof

" - o
?‘5 Itnlgal Lo_ad—A,opI()j/ an |n|j[':al Ifo;]d up tr? 5% of t:\e o) or any other load for each test series as the arithmetic mean
estimated maximum load capacity of the anchorage system g o) ingividual displacement determinations at a given load in

be tested, in order to bring all members into full bearing. : :
. . ; a given series.
8.6 Rate of Loading-Two loading rates are given. For tests 9
that require precise anchor load-displacement data for calcqj Seismic Tests

lating stiffness or assessing proper functioning, the continuous N
9.1 These tests demonstrate the capability of an anchor to

withstand a simulated seismic event.

TABLE 3 Size for Statistical Evaluation of Test Data 9.2 Equipment—Any suitable testing or loading system
Coefficient of Variation, % Mirg?zwgrg Jejitrfdan;ple shall be used as provided f(_)r in the Apparat_ug section.
quired, 9.3 Number of Test Specimen$or determining the aver-
lngttog lg age tension or shear capability of the anchorage system,
>15° 30 perform at least five tests per anchor size and type unless

otherwise specified.
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9.4 Seismic Test Procedure 11.2 Number of Test Specimerg he purpose and type of
9.4.1 Tension TestPosition the loading system as de- the shock test will determine the number of test specimens.
scribed in 8.4.1. 11.2.1 If the purpose is to determine if an anchorage system

9.4.2 Rate and Level of LoadirgApply test loads and will withstand a specified shock load (magnitude and duration),
cycles in accordance with a specified program to simulatat least three anchors shall be tested per anchor size at a given
seismic requirements. load and duration.

9.4.3 Shear Test 11.2.2 If the purpose is to determine the maximum shock

9.4.3.1 Shear Test Direct-Loading ProcedurdPosition the loading an anchorage system is capable of withstanding
loading system in accordance with 8.4.2 as shown in Fig. 3.without failure, a suitable test method such as a staircase

9.4.3.2 Shear Test Indirect Loading Proceduréd struc- method shall be used to obtain an anchorage failure. Three
tural member with a predrilled hole or an installed anchor isseparate anchor tests at a given load without failure shall be
secured to the shaker table with bearing angles and tie-dowsufficient to establish the maximum shock capacity of the
bolts. The steel weight is then set over the hole or the installednchorage system.
anchor. This weight is secured to the structural member by the 11.3 Shock Test Procedure
anchor (see Fig. 4). 11.3.1 Tension Test-Position the loading system as de-

9.4.4 Rate of Loading scribed in 8.4.1.

9.4.4.1 Direct Loading and Rate ProcedureApply test 11.3.2 Shear Test-Position the loading system as described
loads and cycles in accordance with a specified program tth 8.4.2.
simulate seismic requirements. 11.4 Rate of Loading Tension or SheaApply a specified

9.4.4.2 Indirect Loading Rate ProcedureUse the seismic number of shocks to each anchor in a triangular (ramp) loading
shear test specified program given by the specifying authorityate with a total application of 30 ms per shock, or as otherwise
Inspect the anchor for failure or any suspected damage aftépecified. After application of the shock loads, the anchors
each set of cycles. shall be tensile tested in accordance with the Static Tests

9.4.4.3 Instrumentation for Indirect Shear Test Section to measure residual static tensile capacity, if required.
Accelerometers attached to the shaker table, structural me > Failure Criteria
ber, and steel weight are used to monitor the input and output™
acceleration-level forces. 12.1 Load and Displacement at FailureDetermine the
9.4.4.4 Once the cyclic test has been completed, the anch8t@ximum test load and the corresponding displacement for
shall be subjected to a shear test to determine its residug§fch assembly tested.
strength in accordance with the Apparatus and the Failure 12.2 Failure Modes—Failure occurs by one or more of the

Criteria section, if required. following modes: _
12.2.1 Failure of the structural member in a shear-cone
10. Fatigue Tests mode.

12.2.2 Failure of the structural member with or without

10.1 Equmgnt—Any testing mach|r_1e as descnb_ed in the C{acking that radiates outward from the location of the anchor-
Apparatus section shall be used provided the requirements %rge device, resulting in a pullout of the anchor

specific loading rate and accuracy are met. The configuration o 1223 Pullout of the anchor
the test systems shall be such that no resonant vibrations arelz'z'4 Failure of the bond.between the anchor and the

produced during the tests. structural member. Displacement failure is evidenced by con-

10.2 Number of Test Specimerd he number of test speci- . - : . :
" tinuous displacement associated with a constant or decreasin
mens shall be based on the purpose of the test. If the objectiv. P 9

. . L : lied load.
is to obtain runout at or below the endurance limit (that |s,aepp

. 12.2.5 The fracture of any component of the anchoring
2 % 10° cycles) "’.‘t a given load, then threg samples th‘f’“ reacBevice including hardware accessories shall constitute failure.
runout are sufficient. If the test objective is to determine th

€Some anchorage systems require deformation to become ef-

maximum load that will reach runout (the endurance limit) ; - i .
) . . ‘fective. This provision does not apply to that deformation.
then tests in accordance with Practice E 468 shall be per- P PRy

formed. ' 3 . 13. Report
10.3 Fatigue Test ProcedureApply the specified fatigue 13 1 Report the applicable information listed in Practice

test program, including the method, load levels, frequency, angt 575 4| information pertinent to the type of test performed

number of cycles. (static, seismic, fatigue or shock, cracked or uncracked con-
10.4 Once the cyclic test has been completed, apply a statg‘fete)' and specifically include the following:
tension load in accordance with the section on Static Tests t0 131 1 Dates of test and date of report:

determine its residual strength and failure mode in accordance 13 1 o Test sponsor and test agency:

with the section on Failure Criteria. 13.1.3 Identification of anchors tested: manufacturer, model
type, material, finish, shape, dimensions, and other pertinent
11. Shock Test information, such as cracks and other defects;
11.1 Equipment-This test method is not intended to pro- 13.1.4 Description of the anchorage system tested and
hibit the use of any testing or loading device which providesphysical description of the structural member, including di-
the performance described in the Apparatus section. mensions, installed reinforcing, etc.;
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13.1.5 Detailed drawings or photographs of test specimens 13.1.16 Individual and average displacement values at ulti-
before and after testing if not fully described otherwise; mate loads 4, Ag or both), in mm (in.) and standard

13.1.6 Physical strength properties of the structural membeteviations, or where appropriate load versus displacement
into which the anchor(s) are embedded including mix design o€urves, as plotted directly, or as reprinted from data acquisition
the concrete, aggregate type, 28-day compressive strengiystems;
compressive strength at time of test, and age of the structural 13.1.17 Description of the nature and type of failure exhib-
member at time of test; ited by each anchor tested, including where appropriate,

13.1.7 Description of the procedure, tools and materialéndividual and average fatigue life valuebl{, N ¢) in numbers
used to install the anchorage system, and any deviation frof fatigue load cycles or the runout number of fatigue load

those specified; cycles; .
13.1.8 Age, in hours or days of anchorage system, since 13.1.18 Photographs, sketches, or word descriptions of the
installation, where applicable; failure modes observed;

13.1.9 Moisture condition, at time of test of structural +3-1.19 Summary of findings; and _
member in percent of oven-dry weight where applicable. The 13-1.20 Listing of observers of tests and signatures of
moisture content of the structural member at time of test i$€SPonsible persons.
determined by several_methods, includi_ng drying of smalljs precision and Bias
samples to constant weight or use of moisture meters;

13.1.10 Temperature conditions at time of installation and aﬁesltdrr.nlet,;:g dssta;?ﬂin:r:: ggg?e(sjﬂlttg?ngzgil%%Iorvl\jéaes'chogrﬂt]ﬁesree
time of testing and any other temperature experience whic ' y

IS conformance to given criteria and since no generall
affects anchor performance; 9 9 y

. . accepted method for determining precision and bias of these
13.1.11 Embedment depth of the installed anchors in MMNest methods is currently available. The information provided

(in.); . , herein on the specimens, instrumentation, and procedures
13.1.12 Amount of torque applied to the anchor prior 0y akes the results intractable to calculation of meaningful

testing; values by statistical analysis for precision and bias at this time.
13.1.13 Description of test method and loading procedure

used and actual rate of loading; 15. Keywords
13.1.14 Number of replicate specimens tested,; 15.1 anchors; cast-in-place anchors; chemical anchors; con-

13.1.15 Individual and average maximum load values, ircrete elements; expansion anchors; fatigue; masonry elements;
kN (Ibf), per embedded anchor, standard deviations and coepost-installed anchors; seismic; shock; static; tensile/shear
ficients of variation, where applicable; strengths; test methods
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