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Standard Test Method for
Wind Resistance of Concrete and Clay Roof Tiles
(Mechanical Uplift Resistance Method) *

This standard is issued under the fixed designation C 1568; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope ASCE 7 Minimum Design Loads for Buildings and Other

1.1 This test method covers a procedure to determine the —Structures
mechanical uplift resistance of concrete and clay roof tlles% Terminology

which relates to the wind resistance of an air-permeable roo . L . .
tile system as applied to a roof. 3.1 Definitions—For definitions of terms used in this test

1.2 The procedure covers mechanically-fastened attachmeftethod refer to Terminology C 43, and Specifications C 1167
systems, adhesive-set attachment systems, and mortar-set apd C 1492.
tachment systems, or combinations of attachment systems, th&l_t

are used to apply tile to a roof. i
1.3 The values stated in inch pound units are to be regarded 4.1 The method of attachment of roof tiles to the roof deck,

as the standard. The values in parentheses are given fOF support structure, is one factor in the resistance of concrete
reference only. and clay roof tiles to the action of wind. Several systems of

1.4 This standard does not purport to address all of theattachment, and even combinations of systems, are used in the
safety concerns, if any, associated with its use. It is théPplication of tile to a roof. The mechanical uplift resistance of
responsibility of the user of this standard to establish appro-€ tile, when applied to the roof by any attachment system
priate safety and health practices and determine the applica2PProved by, and in accordance with, the manufacturer's

Significance and Use

bility of regulatory limitations prior to use. instructions, is a primary factor in the tile’s resistance to the
action of wind. This test method determines the mechanical
2. Referenced Documents uplift resistance that is related to resistance to the uplift forces
21 ASTM Standards: acting as a result of wind. Natural wind conditions differ with
C 43 Terminology of Structural Clay Produgts respect to intensity, duration_, and turbulence; these conditions
C 67 Test Methods for Sampling and Testing Brick and'® beyond the means of this test method to simulate.
Structural Clay Tilé
C 140 Test Methods of Sampling and Testing ConcreteS' Apparatus -
Masonry Unitg 5.1 A_test apparatu§ shown in Fig. 1 ghall be useq to test the
C 1167 Specification for Clay Roof Tilés mechanical uplift resistance of roof tiles. The triangulated
C 1492 Specification for Concrete Roof Thes framework and loading bar shall be constructed of tubular steel
22 SBCCI Standard: of sufficient strength to remain rigid when loads of up to 500
SBCCI SSDT 11 SBCCI Test Standard for Determining'bf are applied to the test tile. The frame shall be fixed to the
Wind Resistance of Concrete or Clay Roof Tiles floor to prevent movement of the frame and to provide a solid

reference plane for deflection measurements. The joints of the
Note 1—This standard is based on the International Code COUnCil'qrame Sha” be r|g|d, however, the |Oading bar rotates about the
ICC/SBCCI SSTD 11 Test Standard for Determining Wind Resistance Oframe to facilitate the loading of the test tile. The other end of
Concrete or Clay Roof Tiles, and work derived from the tile industry’s . . S L
testing programs completed in the Redland Wind Tunnel in the UK. the loading bar is a.ttaChed .to a hydrau“C jack, or similarly
_ controllable mechanical device, which allows the load to be
2.3 ASCE Standard: applied gradually and to be maintained at any desired load
while deflections are being measured The load is applied to the
tile through a load transfer device (steel bolt with chain
*This test method is under the jurisdiction of ASTM Committee C15 on |inkage) and is measured by a load cell capable of operating at
Manufactured Masonry Units and is the direct responsibility of Subcommitteeup to 500 Ibf. The roof framing used for the specimens shall be
C15.06 on Roofing Tile . ! X : !
Currec,’:: e;ﬁ;ﬂgap'pfoved June 10, 2003. Published July 2003. either flxed'to the floor, anchored to thg trlangulatgd fr'ame—
2 Annual Book of ASTM Standardgol 04.05. work, or weighted to prevent the roof framing from being lifted
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FIG. 1 Mechanical Uplift Resistance Test Apparatus

during the test. Deflections are measured by dial gages firmligeing tested is at the correct angle to the sheathing with the

fixed to a reference plane so that as the tile is loaded and the tileose of the test tile at the correct angle to the tile course below.

or test frame distorts, the reference position remains static. A 6.3 The loading shall be applied through a chain linkage

dial gage plunger is placed on top of the tile nose in a centrahttached to the load transfer bolt at a rate that will cause

position to measure the mechanical uplift of the tile. Additionaldeflection of the tile nose of approximately 1 in.(25 mm) per

dial gages are required depending on the method of tileninute.

attachment: &) in mechanically fastened systems, a dial gage 6.3.1 The load cell shall be zeroed to take out the weight of

at the fastener in the bead of the tile to measure withdrawal athe load transfer bolt and chain linkage.

the fastener;i) when a clip is used, a dial gage at the clipto 6.4 Each type of tile installation shall be tested three (3)

measure deflection and permanent set of the clip; enatfen  times with a new tile and fixing. The position of the tile shall

a barrel tile is used, a dial gage at the roll of the tile to measurée moved each time so that new fixings will not be affected by

the deflection of the roll due to the rotation of this type of tile. any damage caused by previous tests. The sheathing, under-
layment, and battens shall be replaced when damage is such

6. Procedure that the test result is compromised. If the failure of any of the
6.1 Drill the test tile and install the steel-bolt load-transferthree (3) tests varies from the average failure by more than
device into to the tile as follows: twenty percent (20 %), then three (3) additional tests shall be

6.1.1 Drill a hole along the centerline of the exposed widthperformed to provide a total of six (6) tests.
of the tile at 0.76 times the tile length from the head of the tile
using a¥a in. (6 mm) non-percussion, cutting carbide bit. 7. Conditioning
Discard any tile that, after drilling, exhibits spalling or chip- 7 1 see the conditioning specified for each specific instal-
ping around the hole in excess ¥fin. (6 mm). Instdla 4 in. |40 system.
(100 mm) long, ¥4 in. (6 mm) diameter steel bolt wita 1 in.
(25 mm) diameter steel washer under the tile through the hol
It is not prohibited to shape the washer to match the contour o
the underside of the tile. It is also not prohibited to omit the
washer.

6.2 Install the tile in the same manner as on a roof, in ) ) ) )
accordance with the manufacturer’s instructions, on a smaff- Calculation of Mechanical Uplift Resistance
section of roof deck constructed to fit within the frame of the 9.1 The reported mechanical uplift resistance shall be the
test apparatus as shown in Fig. 1. The rafters shall be securdlgilure load corresponding to the failure criteria described for
anchored to the frame or the floor and the sheathing firmleach specific attachment system, and adjusted as in 9.2.
nailed to the rafters. If the roofing underlayment transfers 9.2 The failure load shall be adjusted when the attachment
loads, the underlayment shall be installed and, if requiredsystem is used to provide resistance to more than one (1) tile by
battens shall be nailed to the sheathing. The tile to be testedividing the failure load by a load factor of two (2). If the
shall then be installed onto the roof deck section. Tiles in thattachment system provides resistance for only one (1) roof
course below the test tile shall be installed to ensure that the tiléle, the load factor is one (1).

. Failure

8.1 The failure criteria are described for each specific
installation system and tile.
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9.3 The mechanical uplift resistance is the net result of thenechanically-fastened attachment system shall be considered

Attachment resistance minus the tile’s gravity moment. as the lower of the loads required to develop a permanent set
at the clip of¥s in. (3 mm), or a% in. (6 mm) withdrawal of

the fastener (nail, screw, etc.) at the tile head, or a deflection of

W = averagef ‘(’j"e'?(htl()f t||ed(lbf). two (2) in. (51 mm) at the roll of the tile. In all cases, if the
g _ ?ﬁgarl?eod tileecansgtl)epSvi(ther%rsepe:gt' to the test roof deck ultimate failgre of the mechanically-fastened attachmenF sys-
(degrees). tem or the tile occurs befpre any one of the above crlterla are
L. = tile gravitational moment arm (ft). The tile gravita- m_et, then the_load at ultlmate failure shall be considered as
9 tional moment arm, |, is the orthogonal distance failure of the tile’s mechanically-fastened attachment system.
from the tile’s center of gravity to the tile’s axis of ~ 10.6.2 The ~mechanical uplift resistance of the
rotation. mechanically-fastened tile is the lowest load corresponding to
L, = tile attachment moment arm (ft). The tile attachment any of the fajlure cri.teria described in 10.6.1, adjusted in
moment arm, |, is the orthogonal distance from the accordance with Section 9.
point of load application to the tile's axis of rotation.
F = failure load as determined under 9.2 (Ibf). 11. Tile Attachment Using Adhesive-Set Systems
I\S/I.F. z Egeg?r/a]a%ggnal moment (fIbf). The gravitational 11.1 The adhesive system shall be installed in accordance
g ’ with the manufacturer’s instructions using supplementary clips

moment, M, is the moment created by the dead it ¢ specified
weight of the tile for the roof deck slope. P '
My = W[cos(6 — o) (Ly)

M; = fastening system attachment moment (ft-Ibf). The

attachment momenh/, is the allowable uplift resis- X

tance for the attachment resistance for the roof deck 11:3 Tiles shall be at a temperature of 1000°F (380°C) plus

slope. or minus 50°F (t 30°C) when m_stalled. The adhesive s'ystem

M, = Flcos(® — ) (Li—M, SF.) shall be cured in accordance with the manufacturer’s instruc-

tions. Testing must be completed within 28-days of installation.
10. Tile Installation Using Mechanically-Fastened 11.4 Specimens shall be tested at a surface temperature of

Systems 750°F (210°C) plus or minus 50°E(30°C) measured with a

surface-mounted thermocouple and recorded on a chart to

10.1 Tile shall be installed in accordance with the manUfaC'confirm that the surface temperature meets the required test

turer’s instructions, using supplementary clips if so SpeCiﬁEdtemperature.
10.2 It is not prohibited to omit the tile underlayment 11.5 One dial gage shall be mounted to measure the upward

system. . deflection of the tile¥s in. (19 mm) from the nose of the tile
10.3 When a hot-mopped underlayment system is used, tr?nd in line with the point of application of the load.
underlayment shall be left to reach ambient temperature before 11.6 For a tile fixed with a clip, load the tile in such a

tile |nsta||at|on._ i _ _ . manner that the load and deflection can be measured at several
10.4 For a tile fixed without a clip, one dial gage shall belevels of deflection up to a maximum &4 in. (6 mm). At a
mounfted toﬂzneasure t??hup\;\_/lard dgf[eclt_|on Of.a?(ﬁ?lm' (1% f deflection of¥a in. (6 mm), the load shall be removed and the
mml). rct)'m ?tﬂosle % € tile and in fine wi € point © permanent set of the clip measured, then the loading shall be
appiication ot tne foad. re-applied and increased until ultimate failure of either the

10.5 Fﬁr ahtiI? figed (;N('jth Ia qlip, Ioa(z) the tile indsuch & attachment system or the tile. For a tile fixed with a clip, one
manner that the load and deflection can be measured at sevegal| gaqe shall be mounted to measure the deflection at the clip

levels of deflection up to a maximum &% in. (6 mm). At a position.
deflection of%s in. (6 mm), the load shall be removed and the 11.7 Eailure Criteria:

ermanent set of the clip measured, then the loading shall be . . .
P b 9 11.7.1 Failure of the tile’'s adhesive-set attachment system

taken to ultimate failure of either the fixing or the tile. For a tile . _ i
9 hall be considered as the load required to cause deflection

fixed with a clip, one dial gage shall be mounted to measure tha" . )
deflection at the clip position. without any further increase in the load, or to cause a

10,6 Faiure Crieria hesive-set atachment System that mcludes mechancsl -
10.6.1 For a tile without clips, failure of the tile’'s Y

. - o teners and/or clips shall use the failure criteria of this section

mechanically-fastened attachment system shall be conS|dereO‘$f :
. . . and 10.6 for the fasteners and/or clips.

as the load required to deflect the nose of the tile by two (2) in. 1172 Th hanical uolift resist f the adhesi ¢
(51 mm), or to break the tile, or to cause in. (6 mm) il y .th Ie metclan(;ca upll rezl_s antce 0 efa}[h e?n_/le-se
withdrawal of the fastener (nail, screw, etc.) at the tile head.'.et IS U eli)v7vels ((j)_a tcgr_respon c|jng 0 a_?ﬁ/so " € ;' ure
For a tile with clips, failure of the tile’s mechanically-fastened criteria in 11.7.1, adjusted in accordance wi ection 9.
attachment system shall be considered as the lower of the Ioadi i llati .
required to develop a permanent set at the cligbof. (3mm), 12 Tll€ Installation Using Mortar-Set Systems
or a¥ain. (6 mm) withdrawal of the fastener (nail, screw, etc.) 12.1 The mortar-set system shall be mixed and installed in
at the tile head. For a barrel tile with clips, failure of the tile’s accordance with the manufacturer’s instructions.

11.2 When a hot-mopped underlayment system is used, the
underlayment shall be left to reach ambient temperature before
tile installation.
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12.2 When a hot-mopped underlayment system is used, theasher under the tile through the hole. It is not prohibited to
underlayment shall be left to reach ambient temperature beforghape the washer to match the contour of the underside of the
tile installation. tile. It is also not prohibited to omit the washer.

12.3 Tiles shall be at a temperature of 1000°F (380°C) plus 13.1.2 Use a 24 in. (610 mm) long by?&in. (41 mm) wide
or minus 50°F (30°C) when installed. It is not prohibited to steel bar suspended underneath the center of the tile. Attach an
begin testing 1-day (24-h) after installation Testing must besyebolt to the bar 1 in. (25 mm) from each end of the bar.
completed within 28-days of installation. Connect the load cell by a chain sling to the eyebolts.

12.4 Tile shall be tested at a surface temperature of 75°F 13.2 The tile attachment system shall be installed in accor-
(240°C) plus or minus 50°F# 30°C) measured with a dance with the manufacturer’s instructions.
surface-mounted thermocouple and recorded on a chart to 13.3 When using an adhesive-set attachment system, the
confirm that the surface temperature meets the required teatlhesive shall be cured in accordance with the manufacturer’s
temperature. instructions, and testing shall be completed within 28 days of

12.5 One dial gage shall be mounted to measure the upwasapplication.
deflection of the tile¥s in. (19 mm) from the nose of the tile 13.4 When using a mortar-set attachment system, the mortar
and in line with the point of application of the load. shall be cured in accordance with the manufacturer’s instruc-

12.6 For a tile fixed with a clip, load the tile in such a tions, and testing shall be completed within 28 days of
manner that the load and deflection can be measured at sevesgplication.
levels of deflection up to a maximum &4 in. (6 mm). At a 13.5 The hip/ridge tile shall be installed on a roof assembly
deflection of¥s in. (6 mm), the load shall be removed and thein the same manner as on a roof. The test roof deck section and
permanent set of the clip measured, then the loading shall est assembly shall fit within the frame as shown in Fig. 2. The
re-applied and increased until ultimate failure of either therafters shall be securely anchored to the floor or to the frame,
attachment system or the tile. See Section 10.6 for the failurand the sheathing shall be firmly nailed to the rafters. If the
criteria for clips. For a tile fixed with a clip, one dial gauge roofing underlayment transfers loads, the underlayment shall
shall be mounted to measure the deflection at the clip positiorbe installed and, if required, battens shall be nailed to the

12.7 Failure Criteria: sheathing. The tile installation to be tested is then installed onto

12.7.1 Failure of the tile’s mortar-set attachment systenthe roof deck section in the test frame.
shall be considered as the load required to cause deflection13.6 When a hot-mopped underlayment system is used, the
without any further increase in the load, or to cause aunderlayment shall be left to reach ambient temperature before
separation of the system, or to cause the tile to break. Aile installation.
mortar-set attachment system that includes mechanical fasten-13.7 Tiles shall be at a temperature of 1000°F (380°C) plus
ers and/or clips shall use the failure criteria of this Section an@ér minus 50°F { 30°C) when installed. It is not prohibited to
Section 10.6 for the fasteners and/or clips. begin testing 1 day (24 hours) after installation. Testing must

12.8 The mechanical uplift resistance of the mortar-set tildbe completed within 28-days of installation.
is the lowest load corresponding to any of the failure criteriain 13.8 Tile shall be tested at a surface temperature of 750°F

12.7.1, adjusted in accordance with Section 9. (240°C) plus or minus 50°F# 30°C) measured with a
) o ) surface-mounted thermocouple and recorded on a chart to
13. Testing of Hip/Ridge Roof Tile confirm that the surface temperature meets the required test
13.1 Install one of the two load transfer devices to the testemperature.
hip/ridge tiles as follows. 13.9 The load cell shall be attached to the tile using one of

13.1.1 Dirill a hole along the centerline of the exposed widththe load transfer devices in 13.1. The load cell shall be zeroed
of the tile at 0.50 times the tile length from the head of the tileto take out the weight of the steel bolt load transfer device, the
using a¥s in. (6 mm) non-percussion, cutting carbide bit. steel bar, and the chain linkage.

Discard any tile that, after drilling, exhibits spalling or chip- 13.10 Failure Criteria:
ping around the hole in excess¥fin. (6 mm). Install & in. 13.10.1 Failure of the hip/ridge tile’'s attachment system
(6 mm) diameter with or withaa 1 in. (25 mm) diameter steel shall be considered as the load required to cause deflection

=~ LOAD TRANSFER DEVICE

e L DAD TRANSFER DEVICE

FIG. 2 Test Arrangement for Hip/Ridge Roof Tiles
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without any further increase in the load, or to cause &a) deflection of the nose of the tile by 2 in. (51 mnt)) ¢ in.
separation of the system, or to cause the tile to break. A6 mm) withdrawal of the fastener (nail, screw, etc.) at the tile
adhesive-set system or mortar-set system that includes mbead, or, €) that the tile broke. When adhesive-set or mortar-
chanical fasteners in the system shall use the failure criteria afet systems are tested, specify the type of separation that
this Section and Section 10.6 for the fasteners and/or clips. occurred at failure. The separation of the system is to be
13.11 The hip/ridge tile’s mechanical uplift resistance is therecorded as eithen) between the adhesive or mortar and the

lower of the loads in 13.10.1. tile, (b) within the adhesive or morta) between the adhesive
or mortar and the underlayment]) (separation of the under-
14. Report layment, or €) that the tile broke.
14.1 The report shall include the following: 14.1.7.2 Deflections recorded.
14.1.1 A statement that the test or tests were conducted in 14.1.7.3 Any tile rotation observed.
accordance with these test procedures. 14.2 Details of the adhesive and mortar system mixing,

14.1.2 In the event that any deviations from these tesinstallation and curing.
procedures are used, the report shall explain the reasons for,14.3 Conditioning details.

and effect of, any deviations on the test results. 14.4 Quantity of adhesive or mortar used to attach the test
14.1.3 Descriptions of the framing system, and the concretg|e.

or clay roof tiles, with sketches. The description of the concrete 14.5 The contact area between the test tile and the adhesive
or clay roof tiles shall include as a minimum the following: tile o mortar system.

profile, location of nail holes, location of clips (if any), 146 Calculated mechanical uplift resistance for the specific
headlap, side laps and exposed width, thickness, weight, angtachment system used.

the uplift resistance moment arm. 14.7 Fastening system attachment moment.
14.1.4 A detailed description, with sketches, of the test

setup, and details of any auxiliary apparatus, and equipmentis  precision and Bias
14.1.5 A detailed description of the method of loading, and

method of making measurements. 15.1 The precision of method CXXXX for measuring the

14.1.6 All data obtained during the test: Mechanical Uplift Resistance of Concrete and Clay Roof Tile
14.1.6.1 Test deck slope ' is being determined and will be available on or before
14.1.6.2 Test tile slope ’ December 2003. It is not feasible to specify the precision at this

time because there has not been sufficient experience with the

method in a sufficient number of different test facilities.

14.1.6.5 Moment arms, 15.2 Itis not possible to specify the bias in method CXXXX

14.1.6.6 Tile gravitational moment, for mesuring the Mechanical Uplift Resistance of Concrete and

14.1.6.7 Safety factor, and Clay Roof Tiles because no material having an accepted
reference value is available.

14.1.6.3 Average tile weight,
14.1.6.4 Temperatures,

14.1.6.8 Other data required for analysis.

14.1.7 All pertinent observations on the behavior of the
concrete or clay roof tiles during the test including, as al®: Keywords
minimum, the following: 16.1 adhesive-set attachment systems; air-permeable roof

14.1.7.1 Failure mode: Specify the failure criteria thatsystem; clay roof tile; concrete roof tile; mechanically-fastened
determined the failure load. When a mechanically-fastenedttachment systems; mechanical uplift resistance; mortar-set
attachment system is tested, specify the type of failure as eithattachment systems; wind resistance
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