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Standard Test Method for
Measuring Relative Movement Capabilities of Through-
Penetration Firestop Systems1

This standard is issued under the fixed designation E3037; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers testing procedures for through-
penetration firestop systems. This test method is intended for
the following uses:

NOTE 1—Refer to Test Method E814 for definition of “through-
penetration firestop system.”

1.1.1 To determine relative movement capability in two
separate and distinct planes of movement for different types of
through-penetration firestop systems,

1.1.2 To standardize a comparison of movement capability
by establishing standardized test conditions, in order to allow
the type of through-penetration firestop system’s movement
capabilities to be examined,

1.1.3 To provide the user with information on amplitudes of
relative movement between the penetrating items and the
substrate (concrete-based or gypsum-based).

NOTE 2—Amplitude is the measure of change over a single cycle.

1.2 This test method is intended to be used only as part of a
specification or acceptance criteria due to the limited move-
ments tested, and limited number of variables examined.

1.3 This test method uses standardized configurations for
the test specimen. Test results will not be representative of all
possible through-penetration firestop systems.

1.4 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.5 The text of this standard references notes, comments,
and footnotes which provide explanatory material. These
notes, comments, and footnotes (excluding those in tables and
figures) shall not be considered requirements of this standard.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-

priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. Some specific
hazards statements are given in Section 7 on Safety Hazards.

2. Referenced Documents

2.1 ASTM Standards:2

E119 Test Methods for Fire Tests of Building Construction
and Materials

E176 Terminology of Fire Standards
E631 Terminology of Building Constructions
E814 Test Method for Fire Tests of Penetration Firestop

Systems
E1399/E1399M Test Method for Cyclic Movement and

Measuring the Minimum and Maximum Joint Widths of
Architectural Joint Systems

2.2 ISO Standards:3

ISO 834 Fire-resistance tests -- Elements of building con-
struction

ISO 10295-1 Fire tests for building elements and compo-
nents -- Fire testing of service installations -- Part 1:
Penetration seals

2.3 UL Standards:4

UL 263 Standard for Fire Tests of Building Construction and
Materials

ANSI/UL 1479 Standard for Fire Tests of Through-
Penetration Firestops

2.4 ULC Standards:5

CAN/ULC-S101 Standard Methods of Fire Endurance Tests
of Building Construction and Materials

CAN/ULC-S115 Standard Method of Fire Tests of Firestop
Systems
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2.5 Other Standards:
EN 1366 Fire resistance tests for service installations6

FEMA 461 Interim Testing Protocols for Determining the
Seismic Performance Characteristics of Structural and
Nonstructural Components7

IMO FTP Code International Code for the Application of
Fire Test Procedures8

3. Terminology

3.1 For definitions of terms used in this test method and
associated with building issues, refer to the definitions con-
tained in Terminology E631. For definitions of terms used in
this test method and associated with fire issues, refer to the
definitions contained in Terminology E176.

3.2 When there is a conflict between Terminology E631 and
Terminology E176 definitions, Terminology E176 definitions
shall apply.

3.3 Definitions of Terms Specific to This Standard:
3.3.1 allowable movement, n—the cyclic displacement

length measured and recorded from a given test series prior to
the one for which failure of the through-penetration firestop
system was observed.

3.3.2 annular space, n—the distance, measured in a straight
line, between the outer most portion of the penetrating item and
the inside periphery of the opening in the test assembly.

3.3.3 cyclic movement, n—the periodic change between the
extremes of movement in one plane in an automatically
mechanically controlled system.

3.3.4 penetrating item, n—the continuous item that traverses
from one side of a wall or floor or roof to the opposite side
through the opening in the assembly.

3.3.4.1 Discussion—Examples of penetrating items include
cables, conduits, ducts, pipes.

3.3.5 substrate, n—the material of the wall assembly or roof
assembly that the through-penetration passes through.

3.3.6 test specimen, n—the penetrating item or items, the
test assembly through which the penetrating items are arranged
to pass, and the materials or devices, or both, that seal the
opening in the through-penetration firestop system being
tested.

3.3.7 type of through-penetration firestop system, n—the
unique combination of penetrating item type (for example,
metal pipe, plastic pipe, cabling), substrate type (concrete-
based or gypsum-based), and firestop material or device,
including their method of installation.

3.3.8 y-direction, n—the direction of movement parallel to
the surface of the test assembly.

3.3.9 z-direction, n—the direction of movement perpendicu-
lar to the surface of the test assembly.

4. Summary of Test Method

4.1 A rectangular test assembly is made from concrete or
gypsum board according to the targeted application. The
penetrating item and firestop materials are chosen to represent
the type of through-penetration firestop system for which
movement data is desired.

NOTE 3—A simplified example of such a test assembly is shown
schematically in Fig. 1.

4.2 Two independent tests are conducted for each combina-
tion of through-penetration firestop system type and test
assembly. One of the tests cycles the penetrating item in the
direction perpendicular to the plane of the test assembly. A
second independent test is conducted to cycle the through-
penetration firestop system in the direction parallel to the plane
of the test assembly. The cycling tests continue to the magni-
tude requested by the test sponsor, as adjusted by ongoing
observations during the test.

4.3 The cyclic movement tests are followed by a fire
resistance test of each test assembly, as described in 9.11, to
establish the fire resistance rating of each such assembly.

5. Significance and Use

5.1 This test method is intended to standardize the cyclic
movement of a through-penetration firestop system prior to a
fire resistance test. If the amplitude of movement in a design
application can be predicted, then the numerical values of
allowable movement can be used as one data point in helping
to establish suitability of the through-penetration firestop
system for the given application.

NOTE 4—The fire resistance rating of a through-penetration firestop
system is established in accordance with a relevant fire test, as acceptable
to the Authority Having Jurisdiction. Examples of such tests include Test
Method E814, CAN/ULC-S115, UL 1479, and ISO 10295-1.

5.2 This test method will assist users, producers, building
officials, code authorities, and others in understanding relative
movement capabilities of representative test specimens of
through-penetration firestop systems under standardized test
conditions.

5.3 This test method is not intended to predict the absolute
movement capabilities of all likely permutations of through-
penetration firestop systems under all likely types of real-life
movement.

5.4 This test method does not provide information on:
5.4.1 Durability of the through-penetration firestop system

under actual service conditions, including the effects of cycled
temperature on the through-penetration firestop system,

5.4.2 Rotational shear capabilities of the test specimen,
5.4.3 Any other attributes of the test specimen, such as wear

resistance, chemical resistance, air infiltration, water-tightness,
and so forth, and

5.4.4 Compatibility of through-penetration firestop system
components and the penetrating items.

5.5 This test method is only to be used as one element in the
selection of a through-penetration firestop system for a particu-
lar application.

6 Available from European Committee for Standardization (CEN), Avenue
Marnix 17, B-1000, Brussels, Belgium, http://www.cen.eu.

7 Available from Federal Emergency Management Agency (FEMA), 500 C St.,
SW, Washington, DC 20472, http://www.fema.gov.

8 Available from International Maritime Organization, 4 Albert Embankment,
London SE1 7SR, United Kingdom, http://www.imo.org.
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5.6 This is not a fire test standard. To determine the effect of
cyclic movement on the fire resistance rating of a though-
penetration firestop system, conduct a fire test in accordance
with a fire resistance test method acceptable to the Authority
Having Jurisdiction subsequent to this movement test.

6. Apparatus

6.1 Testing Machine, capable of a range of movement that
includes the maximum z-direction and y-direction movement
planned for the test. It shall be capable of continual repetitious
movement between two specified dimensions, equipped with
an automatic counter to record the relative movement between
the penetrating item and the test assembly during the test.

6.2 Measuring Device, capable of an accuracy of 0.010 6

0.005 in. (0.25 6 0.013 mm).

NOTE 5—One example of a commonly used measuring device is the
Linear Variable Differential Transformer (LVDT).

NOTE 6—If a load cell is connected to the displacement device, it might
be damaged if the resistance to movement exceeds the rated capacity of
the load cell.

6.3 Mounting Plates, or other apparatus suitable to install
the test specimen and undergo the test procedures.

7. Safety Hazards

7.1 Warning—Take proper precautions to protect the ob-
servers in the event of any failure. If extreme pressures develop

during this test, considerable energy and hazard are involved.
In cases of failure, the hazard to personnel is less if a protective
shield is used and protective eye wear worn. Do not permit
personnel between the shield and equipment during the test
procedure.

8. Test Specimens

8.1 Test Assembly:
8.1.1 A concrete substrate shall be 4.5 6 0.50 in. (114 6

13 mm) thick. The concrete used shall have a nominal density
of 150 pcf (2403 kg/m3) and a minimum compressive strength
of 3000 psi (20.68 MPa).

NOTE 7—This dimension has been selected to provide a generic,
representative test assembly that can provide meaningful data for a wide
variety of conditions.

NOTE 8—The concrete types or dimensions as permitted by 8.1.5 will
result in different test assemblies when needed.

8.1.2 Prior to the test, condition concrete test specimens in
an ambient atmosphere of 50 to 75 % relative humidity at 73 6

5°F (23 6 3°C) until an equilibrium moisture condition is
achieved within the test specimen (Note 9).

8.1.3 With some concrete construction it is difficult or
impossible to achieve such uniformity. Where this is the case,
test specimens shall be permitted to be tested when the dampest
portion of the test specimen has achieved a moisture content

FIG. 1 Simplified Example of Test Assembly Used for Movement Testing, Y-direction and Z-direction of Cycle Movement Shown
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corresponding to conditioning to equilibrium with air in the
range of 50 to 75 % relative humidity at 73 6 5°F (23 6 3°C).

NOTE 9—A recommended method for determining the relative humidity
within a hardened concrete test specimen with electric sensing elements is
described in Appendix I of the paper by Menzel.9 A similar procedure with
electric sensing elements is permitted to be used to determine the relative
humidity within test specimens made with other materials.

8.1.4 A gypsum wall assembly shall consist of 1-h fire
resistance rated construction using 5⁄8-in. or 16-mm nominal
thickness boards mounted on 35⁄8-in. (92-mm) nominal 24-
gauge studs. Stud spacing shall be 16 6 0.5 in. (381 6

13 mm). The assembly shall consist only of gypsum boards,
framing members, tracks, and screws. It shall be fastened as
specified in the listing of the 1-h assembly used. The gypsum
board shall not be of the abuse-resistant or impact-resistant
types, unless that board type is reported, as mandated by 8.1.5.
The testing machine’s attachment to the test assembly shall not
rest or otherwise support the free span of gypsum board
between studs. In the direction parallel to the studs, the gypsum
board span shall not have any rigid supports at either end, or if
a support is necessary at one or both ends, the gypsum board
shall have a minimum unsupported free span of 14 in.
(356 mm) as measured parallel to the studs. The opening in the
gypsum wall for the through-penetration shall be centered
within the assembly. The opening is permitted to be framed or
not framed, depending on the condition that is being investi-
gated.

NOTE 10—This gypsum wall assembly has been chosen to provide a
generic, representative test assembly that can provide meaningful data for
a wide variety of conditions.

NOTE 11—The minimum free span of gypsum board is being specified
due to the possibility that gypsum board flexure during movement testing
in the z-direction will influence the results.

8.1.5 Other substrate types, thicknesses, and variations shall
be permitted to be tested, as needed, to produce data that is
representative of field conditions that are not well represented
by the concrete or gypsum test assemblies specified in 8.1.1
through 8.1.4. When materials, dimensions, or characteristics
different than those specified in 8.1.1 through 8.1.4 are used for
the test assembly, indicate in the test report that a non-standard
test assembly was used, as well as why that non-standard test
assembly was selected.

8.1.6 The test assembly substrate shall be a new, never-
before-used substrate.

8.1.7 When the through-penetration firestop system is com-
posed of sealants, and the penetrating item or group of
penetrating items is closer to circular than to rectangular in
cross-section, the opening in the test assembly to accommodate
the penetrating item shall be round, with the penetrating item
placed at its geometric center.

8.1.8 When the through-penetration firestop system is com-
posed of sealants, and the penetrating item or group of
penetrating items is closer to rectangular than to circular in
cross-section, the opening in the test assembly to accommodate

the penetrating item shall be rectangular, with equal annular
space on all four sides as specified in 8.1.10.

8.1.9 When the through-penetration firestop system is com-
posed of pre-formed firestop devices, the hole may be of any
shape and size as representative of the end use application.

8.1.10 When the through-penetration firestop system is
composed of sealants, the opening in the test assembly that will
accommodate the penetrating item shall be of such size that the
annular space is 2.5 6 0.125 in. (64 6 3.2 mm) for a circular
opening, and if the opening is square, the distance to the
mid-point of all four sides shall be 2.5 in. 6 0.125 in. (64 6

3.2 mm).
8.1.10.1 When a 2.5 in. (64 mm) annular space is known to

be unable to pass a fire resistance test, even without movement
cycling, the annular space shall be permitted to be the largest
available for the specific combination of sealant, substrate, and
penetrating item, as determined by previous fire testing.

8.1.11 When movement testing is to be performed with the
objective of establishing that a non-zero amount of movement
is allowable in the y-direction or in the z-direction for firestop
systems composed of sealants and with the penetrating item
having a point of contact with the substrate, a separate,
additional movement test shall be conducted for that condition.
The additional test shall have the penetrating item firestopped
in contact with the substrate prior to movement testing. The
annular space on the side of the penetrating item opposite to the
point of contact shall be a minimum of 2.5 in., unless otherwise
allowable by 8.1.10.1.

NOTE 12—Without testing specifically for the point of contact
condition, the movement capability as calculated by the Extension of Data
in Appendix X3 for a point of contact condition would always be
calculated to be zero.

8.1.11.1 The y-direction movement cycle specified in 9.6
shall be permitted to be modified so that the penetrant has only
one direction of movement, away from the zero position, as
opposed to the back-and-forth movement otherwise required in
9.6. The penetrating item shall be moved away from the zero
position in a direction away from the point of contact, for the
distance indicated in Table 1, then returning to the zero
position to complete one movement cycle.

9 Menzel, C. A., “A Method for Determining the Moisture Condition of
Hardened Concrete in Terms of Relative Humidity,” Proceedings, ASTM, Vol 55,
1955, p. 1085.

TABLE 1 Displacement Sequence for Y-direction
Movement Amplitude

Repeats Displacement (in.)

10 0.125
3 0.15
3 0.18
3 0.22
3 0.26
3 0.31
3 0.37
3 0.45
3 0.54
3 0.64
3 0.77
3 0.93
3 1.11
3 1.34
3 1.60
3 1.93
3 2.32
3 2.50

E3037 − 16

4

 



NOTE 13—Movement in the direction towards the point of contact is not
physically possible, since the point of contact precludes further movement
of the penetrant towards the substrate.

8.2 Penetrating Items:
8.2.1 The penetrating item shall be centered in the opening.

NOTE 14—Although the standardized test condition is specified with the
penetrating item centered in the opening, real life installations typically
involve penetrating items not centered in the opening. The test method can
nevertheless provide useful data for those off-center installations, such as
by using the Extension of Data methods described in Appendix X3 on the
annular space values of an actual field installation.

8.2.2 When a plastic pipe is used for the penetrating item, a
minimum schedule 40 pipe shall be used, or equivalent
thickness where a different pipe thickness nomenclature is
used.

8.2.3 Pipes or bundles of pipes, such as a line set, shall be
installed in the center of the opening.

8.2.4 When testing a through-penetration firestop system
that is tested and listed for cable bundles, the cable bundle shall
be sufficiently stiffened by inserting rigid materials such as an
angle iron inside the bundle. The inserted rigid material shall
be located at the approximate center of the bundle.

8.2.5 In cases when a cable tray is tested, lay a single layer
of cables with a diameter of 1⁄2 6 1⁄8 in. (13 6 3 mm) to cover
the bottom of the cable tray. Affix the cables to the tray
eliminating the relative movement between the cables and the
cable tray when cyclic movement is conducted in the
y-direction and z-direction.

8.2.6 When testing ducts, the following shall apply:
(a) The shape of the opening in the test assembly shall be

determined by the test sponsor, so as to replicate the real-life
relationship between opening shape and duct shape.

(b) a minimum 4 6 1⁄2 in. (100 6 13 mm) diameter round
duct, or minimum 4 by 4 6 1⁄2 in. (100 by 100 6 13 mm)
square duct shall be used as a representative duct.

8.2.7 When an insulated pipe is to be tested, the insulation
and pipe shall be bonded together so as to ensure that they
move together, without any differential movement in the
z-direction.

8.3 Penetrating Item Support:
8.3.1 The penetrating item shall be secured on each side of

the test assembly, but independent of the test assembly so as to
allow the cyclic movement. Unless specifically requested
otherwise by the test sponsor, the penetrating item shall be
oriented approximately perpendicular to the test assembly at an
angle of 90 6 5°.

8.3.2 The penetrating item shall be permitted to be sup-
ported by attachment to the test assembly during the period
when the test specimen is being built, cured if necessary and
transported to the testing machine.

NOTE 15—For penetrating items that are relatively heavy, consideration
should be given to the means of transferring the test sample from the
location where the through-penetration firestop system is installed and
cured, if necessary, to the location of the testing machine, without
damaging the through-penetration firestop system due to the dead weight
of the penetrating item. Similar consideration should be given to the
means of transferring the test sample from the location where the
movement testing is performed to the location of the fire test furnace.

8.4 Through-penetration Firestop System Installation:

8.4.1 Components of a through-penetration firestop system
shall be installed in a manner that is representative of how
those components are specified for installation in the fire
resistance rated design listings for which the movement test is
intended to be referenced, and in accordance with the manu-
facturer’s published installation instructions.

NOTE 16—Examples of listed through-penetration firestop system
details that must be conformed to include mechanical fastening and
attachment methods for solid components, sealant depth, tooling for
sealants, and compression for backing materials.

NOTE 17—Although the generalized and standardized nature of this test
procedure is intended to produce results that can be applied to more than
a single listed through-penetration firestop system, compliance with
installation instructions that are part of a through-penetration firestop
system listing can impact the results of this test, either in helping or
hindering the test specimen’s ability to withstand movement prior to
damage. The test results from this test would normally be considered to
apply only to listed through-penetration firestop systems with installation
instructions similar to the installation instructions used to construct the test
specimen. If one or more significant variations from the through-
penetration firestop system listing instructions are used to construct the
test specimen, the test results would not normally be considered to apply
to the through-penetration firestop system that does not incorporate that
particular installation technique. An example of a modification that would
make the movement test non-applicable to the intended through-
penetration firestop system listing would be the application of a releasing
agent at the interface between a penetrating item and the adjacent firestop
product, or between a penetrating item and the adjacent assembly, where
the application of such a releasing agent is not part of the through-
penetration firestop system listing or the manufacturer’s installation
instructions. A movement test that uses an ingredient that is not allowed by
a listed through-penetration firestop system, or which omits an ingredient
that is required by the referenced listed through-penetration firestop
system, is not to be considered valid for ascertaining the movement
capabilities of that listed through-penetration firestop system.

8.4.2 Through-penetration firestop systems that involve
liquid-applied sealants shall allow the sealant(s) to cure in one
of the following ways:

(a) for a period of three months in air having 50 to 75 %
relative humidity at 73 6 5°F (23 6 3°C), or

(b) for a period of four weeks in a heated chamber
maintained at a minimum temperature of 100°F (38°C).

NOTE 18—When desired by the test sponsor, curing shall be permitted
via storage in a heated chamber. The curing of sealants is a particular
concern for this test method, since under-cured materials will possibly
allow for more movement without damage than they would after more
complete curing, thus over-representing the lifetime movement capabili-
ties of the specific through-penetration firestop system.

9. Test Procedure

9.1 Maintain the laboratory at a temperature of 73 6 3°F
(23 6 2°C).

9.2 Place the test specimen in the testing machine. Attach
the penetrating item using hardware that:

(a) allows the cyclic movement to occur without any
slippage of the penetrating item from its attachment, and

(b) maintains parallelism, and
(c) has sufficient rigidity so that connection elements that

are approximately perpendicular to each other shall remain at
an angle of 90 6 5° to each other before, during, and after
cyclic testing.
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9.3 Conduct two independent cycling tests. One shall be for
movement sequence in the z-direction, and one for movement
sequence in the y-direction.

9.4 After the cycling sequence in the z-direction is
completed, test a new test specimen for cycling in the
y-direction.

9.4.1 As an alternative procedure, when there is no damage
observed on the z-direction test specimen and when agreed
upon by the testing laboratory and the test sponsor, conduct the
y-direction test on the test specimen initially tested in the
z-direction.

9.5 Movement Sequence in Direction Perpendicular to Face
of Test Assembly (“z-direction”)—Mount the test assembly in
the test apparatus to allow the penetrating item to be moved in
a direction perpendicular to the face of the test assembly with
a defined load cycle sequence as shown in Table 2. It is
permissible for the movement to be controlled either via
programmable operation or via manual operation. One move-
ment cycle includes moving the penetrant away from the zero
position for the distance indicated in Table 2, returning to the
zero position, moving the penetrant in the opposite direction
for the distance indicated in Table 2, and then returning to the
zero-position.

NOTE 19—This load cycle sequence is based on the load protocol
specified in FEMA 461 for items susceptible to low-cycle fatigue failures.

9.6 Movement Sequence in Direction Parallel to Face of
Test Assembly (“y-direction”)—Mount the test assembly in the
test apparatus to allow the penetrating item to be moved in a
direction parallel to the face of the test assembly with a defined
load cycle sequence as shown in Table 1 in the y-direction. The
movement in the y-direction shall be limited to no more than
the length of the annular space. The movement shall be
permitted to be controlled either via programmable operation
or via manual operation. One movement cycle includes moving
the penetrant away from the zero position for the distance
indicated in Table 1, returning to the zero position, moving the
penetrant in the opposite direction for the distance indicated in
Table 1, and then returning to the zero-position.

NOTE 20—A y-direction movement exceeding the size of the annular
space causes the penetrating item to impact the substrate, potentially

damaging the penetrating item, or the substrate, or any combination of
these components.

NOTE 21—This load cycle sequence is based on the load protocol
specified in FEMA 461 for items susceptible to low-cycle fatigue failures.

9.7 Establish the cycling movement speed between 15 and
25 in./min. (381 to 635 mm/min.), inclusive.

NOTE 22—The recommended cyclic movement speed target is 20 in. ⁄
min (508 mm/min). The time taken for one complete cycle at the largest
cycling distance in Table 2, 3.21 in. (82 mm), would therefore be
approximately 30 s: From 0-position 7 s to the maximum displacement in
one direction, hold for 1 s, 14 s to the maximum displacement in the
opposite direction, hold for 1 s and 7 s back to 0-position. This allows the
motion to be observed whether in person or via video recording, while
being slow enough to allow manual cycling operation if programmable
operation is not available.

9.8 It is permissible to pause the cycling movement se-
quence for up to 5 min after completing the repeats specified in
Table 2 for any given displacement distance if the pause is
required in order to properly evaluate and record damage in
accordance with Section 10.

9.9 Terminate the movement test in each of the y-direction
and z-direction at the maximum length of cyclic movement
requested by the test sponsor. It is permissible for the maxi-
mum length of cyclic movement to be modified during the
course of a test, to be either increased or decreased, as
requested by the test sponsor.

9.10 Document the test observations in accordance with
Section 10 after completing the required cyclic movement for
each displacement distance.

9.11 After documenting the test observations in accordance
with 9.10, conduct a fire resistance test agreed upon by the test
sponsor and testing laboratory to determine each test speci-
men’s fire resistance rating.

NOTE 23—The selected fire test procedure will generally be a published
test procedure acceptable to the Authority Having Jurisdiction where the
tested through-penetration firestop systems are intended for installation.
Examples of fire test procedures that are used for determining the fire
resistance rating include, but are not limited to, EN 1366, ISO 834, Test
Method E814, CAN/ULC-S115, UL 1479, IMO FTP Code, Test Methods
E119, UL 263, and CAN/ULC-S101.

10. Observations

10.1 Upon completion of each length of cyclic movement
when the penetrating item is returned to its original starting
position (the zero-position), visually inspect and document any
changes to the firestop system, for example, cracks, separation
from substrate, separation from penetrating item, and deforma-
tions. Describe the level of damage as follows:

(a) No damage,
(b) Gap or crack less than or equal to 0.08 in. (2 mm) in the

smallest dimension, in which case the width of the cracks shall
be measured with a feeler gauge, and the length shall be
measured,

(c) Opening greater than 0.08 in. (2 mm) in the smallest
dimension, in which case the width and length of the opening
shall be measured,

(d) Deformation of the through-penetration firestop system,
in which case the deformation will be described as completely
as possible in the report, and

TABLE 2 Displacement Sequence for Z-direction
Movement Amplitude

Repeats Displacement (in.)

10 0.25
3 0.30
3 0.36
3 0.43
3 0.51
3 0.62
3 0.75
3 0.90
3 1.08
3 1.29
3 1.55
3 1.86
3 2.23
3 2.67
3 3.21
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(e) Total damage to the through-penetration firestop
system, which would be any sort of catastrophic failure that
would make it obvious that the firestopping function would be
compromised to the point of being ineffective.

NOTE 24—Examples of “total damage” to the through-penetration
firestop system would include an intumescent collar or wrap strip
detaching from the test assembly; a block, plug or pillow falling out of the
opening; a solid firestop device breaking open or breaking apart into
multiple pieces; and sealant or putty falling completely out of the annular
space.

10.2 Photograph each test specimen before and after each
test. This allows “no damage” to be verified and the degree of
damage to be documented. Additionally, photograph each
specimen whenever any of the damage levels beyond “no
damage” are recorded. Include a scale in these photographs so
that dimensions can be established from the photos.

NOTE 25—Video footage is encouraged, as it can allow a post-test
analysis of failure modes and other information.

10.3 Describe test specimens reaching a failure condition in
detail, using photographs, if necessary, to clarify the descrip-
tions.

11. Supplementary Tests

11.1 When requested by the test sponsor, conduct optional
supplementary tests prior to the movement cycling test.

NOTE 26—An example of such a test is accelerated aging.

11.2 When requested by the test sponsor, conduct optional
supplementary tests subsequent to the movement cycling test.

NOTE 27—Examples of such tests include an L-rating test in accordance
with UL 1479, a W-rating test in accordance with UL 1479, or other tests
as agreed upon by the testing laboratory and test sponsor.

11.3 When an optional test is conducted either prior to or
after the movement test, clearly identify on the cover page of
the test report that the overall test included more than the
movement cycling specified by this standard prior to fire
resistance testing.

NOTE 28—An example of a possible report title meeting this require-
ment would be “Movement cycling test of through-penetration firestop
system in accordance with Test Method E3037, followed by testing in
accordance with W-rating test procedure in accordance with UL 1479.”

11.4 Where an optional test is conducted either prior to or
after the movement test, include in the test report a description
of the optional test conducted, either by reference to a
published test procedure or test standard, or by including a
complete description of the optional test.

12. Report

12.1 Report the following information:
12.1.1 Test date and report number,
12.1.2 Testing agency, address, and phone number, and
12.1.3 Length of time allowed for curing between product

installation and the test date, as well as the manufacturer’s
instructions’ curing time for comparison.

12.1.4 Test Assembly Identification:
12.1.4.1 All materials used to create the test assembly, and

their configuration.

NOTE 29—When applicable to a product, include material, material

source (manufacturer’s name and address), product name or designation,
length, width, height, gauge, density, reinforcement and weight, etc. When
a test assembly has a recognized Listing state the Listing designation and
source.

12.1.5 Firestop Material Identification:
12.1.5.1 Material or device types and product names,
12.1.5.2 Batch number of all firestop products used,
12.1.5.3 Firestop material manufacturer’s name and

address,
12.1.5.4 Material listings from third party organizations, the

listing designations (for example, number), and listing source
or sources, and

NOTE 30—“Listings” have different designations at different
organizations, for example, certification, classification, technical
evaluation, and approval.

12.1.5.5 Description of the quantity of material used, using
appropriate units for each material (for example, thickness of
sealant installed, number of layers of intumescent wrap strips).

12.1.6 Penetrating Item Identification:
12.1.6.1 Details to allow an independent party to specify

items having the same relevant properties, and to configure
those items in a test specimen in the same way.

12.1.7 Other pertinent data.
12.1.8 Detailed Cross Sectional Test Specimen Drawings

and Photographs of:
12.1.8.1 Test assembly (8.1),
12.1.8.2 Penetrating items (8.2),
12.1.8.3 Penetrating item support (8.3), and
12.1.8.4 Through-penetration firestop system (8.4).
12.1.9 Detailed plan view, including component identifica-

tion and material composition.
12.1.10 Manufacturer’s instructions in 8.4.1 and 12.1.3.
12.1.11 If modifications are made to the through-penetration

firestop system, which deviate from a tested and listed through-
penetration firestop system that is to be used as a fire test
reference, the modifications to the system shall be reported.

NOTE 31—The types of modifications anticipated would be modifica-
tions that would minimally affect the fire rating, but which might
significantly impact the movement capability of the through-penetration
firestop system.

12.1.12 Method of determining the gap, crack, and opening
dimensions specified in 10.1.

12.1.13 Maximum movement achieved in the z-direction
expressed as a distance, for which the test assembly success-
fully also passed the fire resistance test.

12.1.14 Maximum movement achieved in the y-direction
expressed as distance and as a percentage of the average
annular space value for the test sample, for which the test
assembly successfully also passed the fire resistance test.

12.1.15 The cyclic device tolerances.
12.1.16 The reported “allowable movement” for a test will

be the maximum cyclic displacement length that was executed
in each of the y- and z-directions. A test shall be reported as
providing for “unlimited movement in the y-direction” if the
cyclic displacement equal to the annular space does not result
in a failure condition. A test shall be reported as providing for
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“unlimited movement in the z-direction” if the cyclic displace-
ment equal to the largest value in Table 1 does not result in a
failure condition.

12.2 Fire Resistance Test Results:
12.2.1 The results of the fire resistance testing that is

conducted subsequent to the cycling tests as specified in this
test method shall be permitted to be reported in a separate test
report. The fire resistance test report shall be formatted and
shall contain all of the information as required by the refer-
enced fire test procedure.

12.2.2 When the results of the fire resistance test report are
contained in a report separate from the report for this cycling
movement test, provide in the fire test report the movement test
report date, title, number, and test laboratory contact informa-
tion. The fire resistance test report shall state that the fire
resistance test was conducted on a test specimen previously
tested in accordance with this test method. The time between
the movement test and the fire test shall be reported.

12.2.3 If the results of the fire resistance testing are to be
included within the same test report as this cycling test
procedure, the section of the report that includes the fire test
report must satisfy the formatting and content requirements of
the fire test procedure.

12.2.4 Unless additional tests have been conducted for the
point-of-contact condition as described in 8.1.11, test reports

for firestop systems composed of sealants shall include the
notation “The movement capability has not been established
for this firestop system installed with a point of contact
between the penetrating item and the substrate.”

13. Precision and Bias

13.1 Precision—It is not possible to specify the precision of
the procedure in this Test Method for measuring the maximum
movement capability without failure because the procedure
allows numerous types of through-penetration firestop system
materials and installation methods and numerous types of
penetrating items, which will create deviations. The precision
of the fire resistance test method that follows the movement
test is as reported in that test method, if reported at all.

13.2 Bias—There are no accepted reference materials nor
accepted reference test specimens suitable for determining the
bias for this test method. Therefore, no statement on bias is
being made. The bias of the fire resistance test method that
follows the movement test is as reported in that test method, if
reported at all.

14. Keywords

14.1 cyclic; displacement; fire; firestop; movement; penetra-
tion; seismic; test

APPENDIXES

(Nonmandatory Information)

X1. BACKGROUND

X1.1 When services run through breaches in fire rated walls
and fire rated floors, a suitable through-penetration firestop
system is required to prevent passage of fire and, if the firestop
system is tested for smoke resistant properties, smoke. The
penetrating items that are firestopped may be subjected to
varying types and amplitudes of movement during the life of a
building. Movement sources include thermal expansion and
contraction of piping, seismic-induced relative movement of
the building and the penetrations, mechanical forces such as
water hammer, as well as various push-pull actions from
contact of nearby personnel or equipment. Movement of those
penetrating items with respect to the penetrated wall or floor or
roof may damage the installed through-penetration firestop
system so that, in a fire, the blocking of smoke, when
applicable, and fire can no longer be relied upon.

X1.2 There are some types of through-penetration firestop
systems that will be inherently more suitable to accommodate
movement than others. Since it would be impossible to test
every permutation of movement amplitude, frequency and
direction together with every permutation of through-

penetration firestop system installations, standardized condi-
tions can be tested to provide a relative, comparative indication
of movement capability.

X1.3 The objective of this ASTM standard test method is to
provide a repeatable, easy-to-perform test method that would
allow a relative evaluation of the ability of different types of
through-penetration firestop systems to accommodate move-
ment and still achieve their desired fire resistance rating. This
standard is written to closely parallel the approach taken in Test
Method E1399/E1399M, which is currently used to evaluate
the ability of joint systems, including fire resistance-rated joint
systems, to be tested for ability to accommodate movement.

X1.4 In the United States and some other countries,
through-penetration firestop systems are tested for fire resis-
tance in accordance with Test Method E814. That test method
does not incorporate any provisions for movement cycling of
the penetrating item(s). None of the non-ASTM fire resistance
tests enumerated in 2.2 – 2.5 incorporate provisions for
movement cycling either.
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X2. DATA INTERPRETATION AND USE

X2.1 In the case of insulated pipes using flexible and
compressible insulation materials, it would typically not be
necessary to test the penetrating item for movement in the
y-direction. It would normally be expected that pipe movement

would be within the insulation, and the insulation would not be
strained enough to move relative to the through-penetration
firestop system.

X3. EXTENSION OF DATA

X3.1 There is no intent for this Extension of Data to
produce very accurate estimates of allowable movement prior
to failure, as the estimates or guesses of the magnitude and
direction of movement for a given penetrating item in a field
installation over the life of that penetration is fraught with far
greater sources of inaccuracy than would be the case for this
Extension of Data. It is therefore presumed that the extensions
of data here discussed would be more accurate than the
accuracy of the lifetime movement estimates. This evaluation
may adversely affect the through-penetration firestop system’s
ability to maintain that system’s ratings, such as F-ratings.

X3.2 If applicable, verify with the Authority Having Juris-
diction regarding the acceptability of using data obtained from
this test method to make decisions pertaining to field installa-
tions that require approval.

X3.3 Extension of Data for Y-direction Movement

X3.3.1 One suggested way in which the y-direction move-
ment test results could be used to estimate acceptable move-
ment in a firestop installation with a different annular space
than the one tested would be to use the measured and reported
maximum movement capability expressed as percent of the
annular space size.

X3.3.2 A worked example of the approach in X3.3.1 is as
follows:

(a) Annular space in the laboratory test was uniform on all
sides of the penetrating item and equal to 2.5 in.

(b) Largest displacement prior to failure was 0.896 in.
(c) Percent movement in the y-direction that would be

reported in the test report would be equal to 0.896/2.5 (*100 %)
= 35.8 %.

(d) A field installation involves the same general type of
penetrating item, firestop materials, and substrate type as the
laboratory test mentioned above. The penetrating item is
installed eccentrically in a round hole, with a maximum
annular space of 3.5 in., and a minimum annular space of
3.0 in.

(e) Using the smallest annular space value as the limiting
condition, the estimated allowable movement based on the
3.0-in. annular space would be [35.8 %]*[3.0 in.] = 1.074 in.
This estimate of maximum allowable movement would be for
any direction in the plane parallel to the surface of the wall or
floor or roof.

X3.4 Extension of Data for Z-direction Movement

X3.4.1 One suggested way in which the z-direction move-
ment test results could be used to estimate acceptable move-

ment in a firestop installation with a different annular space
than the one tested would be to use geometric similarity
between angles of movement found to be acceptable in the
laboratory test and the angle of movement that could be
considered to be acceptable in the field installation.

X3.4.2 Referring to Fig. X3.1, the largest displacement
prior to failure is the distance z. The average annular space is
the distance y.

X3.4.3 Referring to Fig. X3.2, the maximum allowable
movement without damage “z” determined by test is related to
the test’s annular space “y” by the angle Θ. It is presumed that
with a different annular space than that in the laboratory test, a
through-penetration firestop system used in a field application
that is substantially similar to that used in the laboratory test
would also be able to accommodate z-direction movement of a
magnitude that would result in the angle Θ without failure.
With a constant angle Θ, the distances a and z therefore
become proportional to each other. Referring to Fig. X3.3, if
the annular space of a field installation is 2x as large as the
annular space in the referenced laboratory test, then the
z-direction movement without damage that was established to
be “z” in the laboratory test would lead to the conclusion that
the z-direction displacement without damage would be two
times z (=2z) for the field installation.

X3.4.4 A worked example of the approach in X3.4.1
through X3.4.3 is as follows:

(a) Annular space in the laboratory test was uniform on all
sides of the penetrating item and equal to 2.5 in.

(b) Largest displacement prior to failure was 2.229 in.
(c) A field installation involves the same general type of

penetrating item, firestop materials, and substrate type as the
laboratory test mentioned above. The penetrating item is
installed eccentrically in a round hole, with a maximum
annular space of 4.0 in., and a minimum annular space of
2.0 in.

FIG. X3.1 Schematic Illustration of Distances in Z-direction Test
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(d) Using the smallest annular space value as the limiting
condition, the ratio of the field condition annular space to the
tested annular space is 2.0/2.5=0.8.

(e) Multiplying the tested allowable displacement of
2.229 in. by 0.8 to maintain proportionality produces an

estimated allowable movement of 1.8 inches in the z-direction
for the field application.

X3.5 Relative Ability to Accommodate Penetrating Item
Movement

X3.5.1 Where the user judges that the quantitative methods
in X3.3 and X3.4 cannot be presumed to provide useful
estimates of the magnitude of penetrant displacement that can
be accommodated prior to the onset of failure in a field
installation, the test data from various types of through-
penetration firestop systems can be used on a relative, com-
parative basis, looking at which through-penetration firestop
systems allowed more movement than others to help in a
decision of which through-penetration firestop system to select
for a given application. As an example, if some movement is
expected in the z-direction due to the thermal expansion and
contraction of a long pipe, it is self-evident that an applicable
through-penetration firestop system tested to this standard that
allows more z-direction movement will be less likely to be
rendered non-effective by the movement that another appli-
cable through-penetration firestop system that showed a shorter
allowable z-direction movement.

X4. CATEGORIZATION OF MOVEMENT PERFORMANCE ACHIEVED

X4.1 The test results for a given test assembly shall be
permitted to be described using the nomenclature shown in

Table X4.1. Y-direction percentages shall be as calculated in
X3.3. Z-direction distances shall be as reported in 12.1.11.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/

FIG. X3.2 Geometry of Distances in Z-direction Test

FIG. X3.3 Geometry of Z-direction Movement When Annular
Space is 2× as Large as in Laboratory Test

TABLE X4.1 Nomenclature for Reporting Performance Achieved

Nomenclature Permitted
to Be Used

Y-direction Movement
Successfully Achieved

Z-direction Movement
Successfully Achieved

Class A movement,
Y-direction

$50 %

Class B movement,
Y-direction

$25 %

Class C movement,
Y-direction

<25 %

Class A movement,
Z-direction

$1 in. (25 mm)

Class B movement,
Z-direction

$0.5 in. (13 mm)

Class C movement,
Z-direction

<0.5 in. (13 mm)
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