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RAKE FLASHING - EXAMPLES

MC-19A

SEE DRAWING MC-12B FOR ADDITIONAL FLASHING INFORMATION

6" min.

N

O N Y

\

NOTE:
6" PAN DIMENSION WILL VARY

3/4-1-1/2"
TYPICAL RANGE

BASED ON EXPECTED WATER
FLOW & DEPTH OF FLASHING.
TYPICAL ALL DETAILS.

6" min.

UNDERLAYMENT

SRS N

3/4-1-1/2"

ROOF SHEATHING/

[

2 PIECE METAL PAN FLASHING
WITH DRIP EDGE

ONE-PIECE METAL PAN
| FLASHING WITH DRIP EDGE

UNDERLAYMENT
EXTENSION
PTONAL

TYPICAL RANGE |

6" min. /
L)
(_/\ &
NN NN NN Y
o
Notes:

OPTIONAL CLEAT DRIP EDGE

—_—

ENGAGE CLEAT 3/4" MINIMUM

METAL PAN FLASHING WITH
DRIP EDGE

TYPICAL RANGE |

1. Flashing details may vary according fo local weather conditions, roof size, location, slope of roof and contributary run-off

area.

2. Underlayment will extend a minimum of 4" up vertical wood blocking, wall, or to the top of fascia or gable trim.

3. Sheet metal flashing should be a minimum of (No. 26 galvanized sheet gauge) not less than 0.019 inch
corrosion-resistant metal (G90). See Table A for additional options.

4. Dimensions shown are minimums and are intended to be approximate to allow for reasonable tolerances due to field

conditions, and area practices.

5. Rake flashing and wood nailer/trim board will be raised above the roof deck to a height greater than the height of the

installed roof tile.

Drawing shown depicts the application of all tile profiles. Unless otherwise noted it would apply to either concrete or clay tiles.
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INSTALLATIONS

y—These have not been evaluated by ICC-ES Reports.

g
X
T
=
0
Q
o
g

COPYRIGHT © TILE ROOFING INSTITUTE\WWSRCA ICC-ES ESR-2015 01/2000 Revised 3/2010



SPECIALTY INSTAL

For Informational Purposes Only-These have not been

v xipuaddy

COPYRIGHT © TILE ROOFING INSTITUTE\WSRCA ICC-ES ESR-2015 01/2000 Revised 3/2010



5 @ INSTALLATIONS
y—These have not been evaluated by ICC-ES Reports.

<
X
T
=
0
Q
o
<

COPYRIGHT © TILE ROOFING INSTITUTE\WWSRCA ICC-ES ESR-2015 01/2000 Revised 3/2010



SPECIALTY INSTAL

For Informational Purposes Only—These have not bee

v xipuaddy

COPYRIGHT © TILE ROOFING INSTITUTE\WSRCA ICC-ES ESR-2015 01/2000 Revised 3/2010



- @ TY INSTALLATIONS
ly—These have not been evaluated by ICC-ES Reports.

<
X
T
c
0
-3
o
<

COPYRIGHT © TILE ROOFING INSTITUTE\WWSRCA ICC-ES ESR-2015 01/2000 Revised 3/2010



SPECIALTY INSTAL

For Informational Purposes Only—These have not bee

v xipuaddy

COPYRIGHT © TILE ROOFING INSTITUTE\WSRCA ICC-ES ESR-2015 01/2000 Revised 3/2010



= @ INSTALLATIONS
y—These have not been evaluated by ICC-ES Reports.

g
X
T
£
0
<%
%
g

COPYRIGHT © TILE ROOFING INSTITUTE\WSRCA ICC-ES ESR-2015 01/2000 Revised 3/2010



SPECIALTY INSTAL

For Informational Purposes Only—These have not been

v xipuaddy

COPYRIGHT © TILE ROOFING INSTITUTE\WWSRCA ICC-ES ESR-2015 01/2000 Revised 3/2010



STALLATIONS

<
X
i~
£
0
o
o
<

COPYRIGHT © TILE ROOFING INSTITUTE\WWSRCA ICC-ES ESR-2015 01/2000 Revised 3/2010



TRI/WSRCA

DRAPED UNDERLAYMENT APPLICATIONS

Underlayment applications under battens (e.g.,
sarking systems or open batten systems) that is
recognized in an ICC-ES Evaluation Report for this
use and approved by local building officials.

Two types of underlayment may be used in draped
applications:

Rolled underlayment (non-rigid)
Rigid underlayment (rigid board)

INSTALLATION OF UNDERLAYMENT
UNDER SPACED SHEATHING (Draped Underlayment)

ROLLED UNDERLAYMENT

A tapered antiponding board not less than 8" x 1/2" shall be
nailed to the top of the fascia board to prevent the under-
layment from sagging below the line of the fascia board.

The underlayment shall drape not less than 3/4" and no
more than | 1/2" between the trusses or rafters.

The underlayment shall be laid over the ridge to provide
6" laps in each direction at ridges (providing a minimum
12" overlap).

The underlayment shall be laid over the hip to provide
minimum 6" side laps in each direction at hips and shall be
fastened at two adjacent trusses or rafters.

When ending a roll in the field or the truss or rafter, begin a
new roll one full truss or rafter back creating 24" side lap
and mechanically fix both end and starter rolls on a member.

At roof-to-wall and roof-to-curb intersections/abutments
the underlayment shall be turned up not less than 6" and
shall be fastened to the abutting wall.

A lining ply or sheet of underlayment shall be installed in
the valley and extend not less than 24" on each side of the
valley center line. Underlayment shall be laid from each
adjacent roof side parallel with the fascia board, or
downslope roof perimeter, and shall be brought to the
valley centerline.

Vents and protrusions such as plumbing stacks shall be
flashed or sealed at the underlayment layer with mem-
brane compatible sealant to prevent water from passing
into the attic space.

COPYRIGHT ©
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RIGID UNDERLAYMENT

Rigid underlayment shall be installed with the longest side
horizontal, allowing a minimum 6" side lap on the trusses
or rafters and a minimum 4" head lap.

At the eave the underlayment shall overhang not less than
3/4" and shall be protected by an approved self adhering
membrane a minimum of 6" on both sides.

Where a fascia board is used, the underlayment shall be
fastened to the top of the fascia board and the junction of
the trusses or rafters at the fascia.

The underlayment shall lap ridges and hips a minimum 6" in
each direction, providing a total 12" overlap. At hip loca-
tions fastened to an adjacent truss or rafter.

A lining ply or base sheet shall be installed in the valley
and extend not less than 24" on each side of the valley
center line. The head lap shall be a minimum of 4".

Vents and protrusions, such as plumbing stacks, shall be
flashed or sealed at the underlayment layer with mem-
brane compatible sealant to prevent water from passing
into the attic space.

TILE BATTENS FOR SPACED SHEATHING

Tile battens for spaced sheathing shall be a minimum 1" x 4"
nominal spruce/pine/fir (SPF) standard No. 2 or better
grade, or structurally equal. Fasteners and other fastening
devices shall be corrosion resistant with shanks a mini-
mum No. || gauge diameter and of sufficient length to
penetrate 3/4" into the truss or rafter.

01/2000 Revised 3/2010
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ADHESIVE SECUREMENT SYSTEMS
(WHEN USED AS AN ALTERNATIVE TO MECHANICAL FASTENING)

As an alternative to mechanical fastening of roof tiles, the
use of foam adhesive securement systems that are
approved by the authority having jurisdiction may be
used.

The restrictions, if any, are found in the code approval or
evaluation report and will address any special considerations
for underlayment attachment climate restrictions and the
required amount and placement of the foam adhesive
materials to provide the code required uplift resistance

when installed on direct deck and batten applications
for concrete and clay tile.

When deciding to use foam adhesives for the securement
of tile, consideration must be made on the compatibility
of the adhesive to the underlayment surface. Although
most code approved foam adhesives bond well to a variety
of products like smooth or granulated underlayments,
metal, concrete, clay, wood, etc., typically, they do not
adhere to polyethylene or silicon surfaced products.

Design Considerations For High Wind Applications

Please Refer to Tile Manufacturer’s ICC-ES Evaluation Report for Additional Details.

The installation requirements provided in Table |A and IB
provide the normal installation guidelines for concrete and
clay tile to comply with the International Building Code
(Section 1507.3.7). The installation of tile in the specific
regions of the country that are identified by ASCE 7-05 as
subjected to wind speeds in excess of 100 miles per hour,
may be required to have additional fastening options not
found in Tables |A and IB.

The Tile Roofing Institute has derived various uplift resist-
ance values for nails, screws and adhesive fastening systems.
Each of these methods of installation may have limiting
factors depending upon wind speed, roof slope and roof
height. Please consult with your tile supplier or design pro-
fessional for additional information about these optional
systems for those unique installations.

IRC: On buildings having a maximum mean roof height of
40 feet (12.2m), tile application must comply with IRC
section R905.3.7. For higher basic wind speeds or mean
roof heights, installation must be in compliance with IBC
Sections 1507.3.7 & 1609.5.3.

The following design aids are provided to the roof designer
for consideration in determining the required aerodynamic
uplift moment for roof tiles for wind applications beyond
the prescriptive requirements in the IBC or IRC. These
tables were developed based on the requirements of IBC
Section 1609.5.3 and ASCE 7-05. Buildings and other
structures that represent a substantial hazard to human life
in the event of failure are to be designed using an
Importance Factor of |.15 (See ASCE 7-05, Table I-1 for
more information).

Design of Attachment System:

Building is a low rise structure located in an Exposure B region where the
basic wind speed is 140 mph (3-second gust). The building is a Category Il
structure. The mean roof height of the building is 30 feet. The roof is a
gable roof with a roof slope of 3:12. The terrain around the building
does not abruptly change so as to create any wind speedup effects due
to channeling, or shielding. The building is not located on a hill, ridge,
or escarpment that would cause the wind to speedup. The roof tiles
will be flat/low profile concrete roof tile with a total tile length of 16-'4"
and an exposed width of | I". The roof tiles weigh 9 pounds each. The
roof covering is installed on solid sheathing.

COPYRIGHT ©
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Example I: Calculate the Required Aerodynamic Uplift Moment
and the Allowable Aerodynamic Uplift Resistance from Table 7:

Velocity Pressure:
qh = 0.00256 K, K, Ky V21

g, = velocity pressure elevation at height z (psf)

(ASCE 7 - 6.5.10)

K, = velocity pressure exposure coefficient at height z
(ASCE 7 - Table 6-3)
K, =0.70

K,. = topographic factor

Ky, = 1.00

(ASCE 7 - Figure 6-4)

cont’d on page 78
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cont’d from page 77

Kq = wind directionality factor (ASCE 7 - Table 6-4)

Kq = 0.85
V = basic wind speed (mph) (ASCE 7 - Figure 6-1)
V = 140 mph

| = importance factor
I =1.00

q, = 0.00256 K, K, K4 V2 | = 0.00256 (0.70) (1.00) (0.85)
(140 mph)2 (1.00)

qp, = 29.85 psf

(ASCE 7 - Table 6-1)

Required Aerodynamic Uplift Moment:

My, =a,C bLL,(I-GCp) (IBC - Eq. 16-33)

M, = aerodynamic uplift moment (ft-Ibf)

q, = velocity pressure elevation at mean roof height h (psf)

qp = 29.85 psf

C, = lift coefficient = 0.2 (IBC - Section 1609.5.3)
b = exposed width of roof tile (ft)

b=11"~0917
L = length of roof tile (ft)

L = l6-'A" ~ 1.375'

L, = moment arm for the roof tile = 0.76 L
(IBC - Section 1609.7.3)

L, = 0.76 (16-'42") = 12.54" ~ 1.045'
GCP = product of external pressure coefficient and gust factor
GCP =-26

Note: The external pressure coefficient for Zone 3 was selected to
calculate the required aerodynamic uplift moment. The use of this
external pressure coefficient is conservative for zones | and 2.

M, =q, CLbLL, (I- GCp) = (29.85 psf) (0.2) (0.917")

(1.375") (1.045") (I - [-2.6])

M, = 28.3 ft Ibf

Required Aerodynamic Uplift Resistance:
For a direct deck installation select a fastening system from Table 7,
Allowable Aerodynamic Uplift Moments - Mechanical Fastening

Systems that is equal to or greater than 28.3 ft-Ibf in order to comply
with the code, such as 2-10d ring shank nails or |-#8 screw.

2-10d ring shank nails = 39.1 ft-lbf (TRl Manual - Table 7)

|-#8 screw = 39.1 ft-Ibf (TRI Manual - Table 7)
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Example 2: Determine the Required Aerodynamic Uplift Moment
using Table 5 or Table 6 and Allowable Aerodynamic Uplift
Resistance from Table 7:

The flat/low concrete roof tile is within the combined maximum tile
length and maximum exposed width listed in Table 6E, Maximum
Combination of Tile Length and Tile's Exposed Width. This roof tile
may be designed using the appropriate Table 5 or Table 6.

Based on the exposure and the roof pitch the appropriate table is
Table 5A, Exposure B - Required Aerodynamic Uplift Moment. Table
5A indicates that the required aerodynamic uplift moment for this
roof covering, M,, is 30.3 ft-Ibf.

Required aerodynamic uplift moment, M,, = 30.3 ft Ibf
(TRI Manual - Table 5A)

Note: The difference between the M,'s in Example | and Example 2
is in the tile factor. Table 5 and Table 6 are based on a tile factor of
1.407 ft3 while the actual tile factor for this roof tile is 1.318 ft3. (Tile
Factor = b L L, = (0.917) (1.375) (1.045") = 1.318 ft3).

Required Aerodynamic Uplift Resistance:

For a direct deck installation select a fastening system from Table 7,
Allowable Aerodynamic Uplift Moments - Mechanical Fastening
Systems that is equal to or greater than 30.3 ft-Ibf in order to comply
with the code, such as 2-10d ring shank nails or |-#8 screw.

2-10d ring shank nails = 39.1 ft-Ibf (TRI Manual - Table 7)
|-#8 screw = 39.1 ft-Ibf (TRI Manual - Table 7)

Example 3: Design the Roof Tile Installation for a Lightweight
Roof Tile:

The roof tile installation is identical to the previous examples except
that the roof tiles lightweight roof tiles weighing 5 pounds each.

The flat/low lightweight concrete roof tile is within the combined
maximum tile length and maximum exposed width listed in Table 6E,
Maximum Combination of Tile Length and Tile's Exposed Width. This
roof tile may be designed using the appropriate Table 5 or Table 6.

Required Aerodynamic Uplift Moment:

Based on the exposure and the roof pitch the appropriate table is
Table 5A, Exposure B - Required Aerodynamic Uplift Moment. Table
5A indicates that the required aerodynamic uplift moment for this
roof covering, M,, is 30.3 ft-Ibf.

M,, = 30.3 ft Ibf (TRI Manual - Table 5A)

cont’d on page 79
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cont’d from page 78

Mechanical Attachment Resistance:

For a direct deck installation select a fastening system from Table 7,
Allowable Aerodynamic Uplift Moments - Mechanical Fastening Systems
select an attachment resistance that is equal to or greater than 30.3 ft-Ibf.
Use |-#8 screw which has a resistance of 39.1 ft-Ibf.

|-#8 screw = 39.1 ft-Ibf (TRI Manual - Table 7)

Attachment Resistance:

Determine the attachment resistance with the generic restoring gravity
moment used in Table 7. Footnote 10 for Table 7 states that the table
is based on a generic restoring gravity moment of 6.5 ft-Ibf for a direct
deck installation and 5.5 ft-Ibf for a batten installation. Based on a direct
deck installation the attachment resistance for |-#8 screw is 32.6 ft-Ibf.

M = 39.1 ft-Ibf - 6.5 ft-Ibf = 32.6 ft-Ibf

Restoring Gravity Moment:

From Table 6F the restoring gravity moment for a roof tile weighing
51bmis 3.17 ft-Ibf

Mg = 3.17 ft-Ibf (TRI Manual - Table 6F)

Allowable Aerodynamic Uplift Resistance:

The allowable aerodynamic uplift resistance for the flat/low lightweight
concrete roof tile is the sum of the attachment resistance plus the
restoring gravity moment for the flat/low lightweight concrete roof tile.

Allowable Aerodynamic Uplift Resistance, My = My + Mg = 32.6 ft-
Ibf + 3.17 ft-Ibf = 35.77 ft-Ibf

My = 35.8 fe-Ibf > M,, = 30.3 fc Ibf

The use of |-#8 screw to install each lightweight roof tile complies
with the code for uplift resistance.

TABLE 5A
Exposure B
Required Aerodynamic Uplift Moment'

Required Aerodynamic Uplift Moment, Ma (ft-1bf)
Exposure B

Gable Roof 2 2:12 < 0 < 6:12 (12° < 0 < 27°)
Hip Roof 5 2:12 < 0 < 6:12 (25° < 0 < 27°)

Basic Wind Speed, V (mph)
Mean Roof
Height (ft) |85 | 90 | 100 | 105 | 110 | 120 | 125 | 130 | 140 | 145 | 150 | 170
Importance Factor = 1.00
0-30 1.2 12.5 15.4 17.0 18.7 | 22.2 24.1 26.1 303 | 325 34.7 44.6
40 12.1 13.6 16.8 18.5 20.3 24.1 26.2 28.3 329 | 353 37.7 48.5
50 12.9 14.5 17.9 19.7 21.6 | 257 27.9 30.2 35.0 | 376 40.2 51.6
60 13.6 15.2 18.8 20.8 22.8 | 27.1 29.4 31.8 369 | 39.6 42.4 54.4
Importance Factor = 1.15
0-30 12.8 14.4 17.8 19.6 21.5 25.6 27.7 30.0 348 | 373 40.0 51.3
40 13.9 15.6 19.3 21.3 23.3 27.8 30.1 32.6 37.8 | 40.5 43.4 55.7
50 14.8 16.6 20.6 22.7 24.9 29.6 32.1 34.7 40.3 | 43.2 46.2 594
60 15.6 175 | 21.6 239 262 | 31.2 33.8 36.6 424 | 455 48.7 62.6
COPYRIGHT © TILE ROOFING INSTITUTE\WWSRCA ICC-ES ESR-2015 01/2000 Revised 3/2010
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TABLE 5B
Exposure B
Required Aerodynamic Uplift Moment'

Required Aerodynamic Uplift Moment, Ma (ft-1bf)

Exposure B
Hip Roof 2 '2:12 < 6 < 5 '2:12 (12° < 6 < 25°)

Basic Wind Speed, V (mph)
Mean Roof
Height (ft) |85 | 90 | 100 | 105 | 110 | 120 | 125 | 130 | 140 | 145 | 150 | 170
Importance Factor = 1.00
0-30 8.4 9.4 1.6 | 128 | 14.0 16.7 18.1 19.6 | 22.7 | 244 | 26.1 33.5
40 9.1 102 | 126 | 139 | 152 | 181 | 196 | 213 | 246 | 264 | 283 | 363
50 9.7 10.9 134 | 148 | l16.2 193 | 209 | 226 | 263 | 282 | 302 | 387
60 10.2 1.4 14.1 156 | 17.1 203 | 22.1 239 | 277 | 297 | 31.8 | 4038
Importance Factor = 1.15
0-30 9.6 10.8 133 | 147 | le.l 192 | 208 | 225 | 26.1 280 | 30.0 | 385
40 10.4 1.7 14.5 15.9 17.5 20.8 22.6 244 28.3 30.4 325 41.8
50 1.1 12.5 154 | 17.0 | 18.6 | 222 | 24.1 260 | 302 | 324 | 347 | 445
60 1.7 13.2 162 | 179 | 19.6 | 234 | 254 | 274 | 31.8 | 341 | 365 | 469
TABLE 5C
Exposure B >
. . . 1 C
Required Aerodynamic Uplift Moment .g
Required Aerodynamic Uplift Moment, Ma (ft-1bf) g_
Exposure B ~3
Gable Roof 6:12 < 6 < 12:12 (27° < 6 < 45°) o
Basic Wind Speed, V (mph)
Mean Roof
Height (ft) |85 | 90 | 100 | 105 | 110 | 120 | 125 | 130 | 140 | 145 | 150 | 170
Importance Factor = 1.00
0-30 6.8 7.6 9.4 104 | 114 13.6 147 | 159 18.5 198 | 21.2 | 273
40 74 8.3 102 | 113 12.4 14.8 16.0 17.3 | 20.1 215 | 23.1 29.6
50 79 8.8 10.9 12.0 13.2 15.7 17.1 18.5 21.4 23.0 24.6 31.6
60 8.3 9.3 1.5 ] 127 | 139 16.6 18.0 194 | 225 | 242 | 259 | 332
Importance Factor = |.15
0-30 7.8 8.8 109 | 120 | 1I3.1 15.6 17.0 183 | 213 | 228 | 244 | 314
40 8.5 9.5 1.8 | 130 | 143 17.0 18.4 199 | 23.1 248 | 265 | 34.1
50 9.1 102 | 126 | 138 | 152 | 181 | 196 | 212 | 246 | 264 | 283 | 363
60 9.6 10.7 13.2 | 146 16.0 19.1 207 | 224 | 259 | 278 | 298 | 382
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TABLE 5D
Exposure B
Required Aerodynamic Uplift Moment'

Required Aerodynamic Uplift Moment, Ma (ft-1bf)
Exposure B
Monoslope Roof 2 2:12< 0 < 6 %:12 (12° < 6 < 30°) |

Basic Wind Speed, V (mph)
Mean Roof
Height (ft) |85 | 90 | 100 | 105 | 110 | 120 | 125 | 130 | 140 | 145 | 150 | 170
Importance Factor = 1.00
0-30 12.1 13.6 167 | 184 | 202 | 24.1 26.1 283 | 328 | 352 | 376 | 483
40 13.1 14.7 182 | 20.0 | 22.0 | 262 | 284 | 30.7 | 356 | 382 | 409 | 525
50 14.0 15.7 19.4 21.3 234 27.9 30.2 327 37.9 40.7 43.6 55.9
60 14.7 165 | 204 | 225 | 247 | 294 | 31.9 | 345 | 400 | 429 | 459 | 589
Importance Factor = 1.15
0-30 13.9 15.6 19.2 21.2 233 27.7 30.1 325 37.7 40.5 433 55.6
40 5.1 169 | 209 | 23.0 | 253 30.1 326 | 353 | 409 | 439 | 470 | 604
50 16.1 180 | 223 | 245 | 269 | 32.1 348 | 376 | 43.6 | 468 | 50.1 64.3
60 16.9 19.0 235 259 284 33.8 36.6 39.6 46.0 49.3 52.8 67.8
TABLE 6A

Exposure C
Required Aerodynamic Uplift Moment'

a Required Aerodynamic Uplift Moment, Ma (ft-1bf)
= Exposure C
c Gable Roof 2 '2:12 < 0 < 6:12 (12° < 6 < 27°)
g_ Hip Roof 5 '2:12 < 0 < 6:12 (25° < 6 < 27°)
o Basic Win , V (mph
< Mean Roof asic Wind Speed, V (mph)
Height (ft) |85 | 90 | 100 | 105 | 110 | 120 | 125 | 130 | 140 | 145 | 150 | 170
Importance Factor = 1.00
0-15 13.5 15.2 18.7 | 20.6 | 22.6 | 26.9 29.2 | 31.6 | 367 | 393 | 42.1 54.1
20 14.4 16.1 199 | 219 | 24. 28.6 31.1 33.6 | 39.0 | 41.8 | 447 | 575
25 5.1 169 | 20.8 | 23.0 25.2 | 30.0 326 | 352 | 408 | 438 | 469 | 60.2
30 15.6 175 [ 21.7 | 239 [ 262 | 31.2 33.8 | 36.6 | 424 | 455 | 487 | 62.6
40 16.6 186 | 23.0 | 254 27.8 | 33.1 359 | 389 | 45.1 484 | 51.8 | 66.5
50 17.4 19.5 [ 24.1 266 | 292 | 347 377 | 40.7 | 473 | 50.7 | 542 | 697
60 18.1 20.3 25.1 27.6 30.3 36.1 39.1 423 | 49.1 527 | 564 | 724
Importance Factor = I.15
0-15 15.5 174 | 21.5 | 237 | 26.0 | 31.0 336 | 364 | 422 | 452 | 484 | 62.2
20 16.5 185 | 229 | 252 | 277 | 329 357 | 38.6 | 448 | 48.1 514 | 66.l
25 17.3 194 | 24.0 | 264 | 29.0 | 345 374 | 405 | 470 | 504 | 539 | 69.2
30 180 | 202 | 249 | 275 30.1 35.9 389 | 42.1 488 | 524 | 56.0 | 72.0
40 19.1 214 | 265 | 29.2 32.0 | 38. 41.3 | 447 | 518 | 55.6 | 595 [ 765
50 20.0 | 225 | 27.7 | 30.6 335 39.9 433 | 469 | 543 | 583 624 | 80.1
60 208 | 233 288 | 31.8 349 | 415 45.0 | 487 | 565 | 60.6 | 648 | 833
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TABLE 6B
Exposure C
Required Aerodynamic Uplift Moment'

Required Aerodynamic Uplift Moment, Ma (ft-1bf)

Exposure C
| Hip Roof 2 212 < 0 < 6:12 (12° < 0 < 27°)
Basic Wind Speed, V (mph)
Mean Roof
Height (ft) |85 | 90 | 100 | 105 | 110 | 120 | 125 [ 130 | 140 | 145 | 150 | 170
Importance Factor = 1.00
0-15 10.1 1.4 14.0 15.5 17.0 20.2 21.9 23.7 27.5 29.5 31.6 40.6
20 10.8 12.1 14.9 16.4 180 | 21.5 | 23.3 | 25.2 29.2 | 31.3 | 335 | 43.1
25 1.3 12.7 15.6 17.2 18.9 22.5 24.4 264 30.6 32.9 35.2 45.2
30 1.7 13.2 16.2 17.9 19.6 | 234 | 254 | 274 31.8 | 34.1 36.5 | 46.9
40 12.5 14.0 17.3 19.0 20.9 24.8 27.0 29.2 33.8 36.3 38.8 49.9
50 13.1 14.6 18.1 199 | 21.9 | 260 | 283 | 30.6 354 | 38.0 | 40.7 | 523
60 13.6 15.2 188 | 20.7 | 22.7 | 27.1 294 | 31.8 36.8 | 39.5 | 423 | 543
Importance Factor = I.15
0-15 1.7 13.1 16.1 17.8 19.5 23.2 25.2 27.3 31.6 33.9 36.3 46.6
20 12.4 13.9 17.1 18.9 20.7 24.7 26.8 29.0 33.6 36.1 38.6 49.6
25 13.0 14.6 18.0 19.8 | 21.7 | 259 | 28.1 30.4 352 | 378 | 404 | 519
30 13.5 15.1 18.7 20.6 22.6 26.9 29.2 31.6 36.6 39.3 42.0 54.0
40 14.3 16.1 198 | 219 | 240 | 286 | 31.0 | 335 389 | 41.7 | 446 | 573
50 15.0 168 | 20.8 | 229 | 252 | 299 | 325 | 351 40.8 | 43.7 | 46.8 | 60.I
60 15.6 17.5 21.6 23.8 26.1 311 338 36.5 42.4 45.4 48.6 62.4
TABLE 6C

Exposure C
Required Aerodynamic Uplift Moment'

Required Aerodynamic Uplift Moment, Ma (ft-1bf)

Exposure C
Gable Roof 6:12 < 0 < 12:12 (27° < 0 < 45°)

>
]
°
o
3
o
X
W

Basic Wind Speed, V (mph)
Mean Roof
Height (f¢) |85 | 90 | 100 | 105 | 110 | 120 | 125 | 130 | 140 | 145 | 150 | 170
Importance Factor = 1.00
0-15 8.3 9.3 1.4 12.6 13.8 16.5 17.9 19.3 224 | 240 | 257 | 33.0
20 8.8 9.8 12.1 13.4 14.7 17.5 19.0 20.5 23.8 25.5 27.3 35.1
25 9.2 10.3 12.7 14.0 154 18.3 199 | 215 25.0 | 268 | 286 | 36.8
30 9.6 10.7 13.2 14.6 16.0 19.1 20.7 22.4 25.9 27.8 29.8 38.2
40 10.2 1.4 4.1 15.5 170 | 202 | 22.0 | 238 | 276 | 296 | 31.6 | 406
50 10.6 1.9 14.7 16.2 178 | 21.2 | 23.0 | 249 289 | 31.0 | 332 | 426
60 1.1 12.4 15.3 16.9 18.5 22.0 23.9 25.9 30.0 32.2 34.4 44.2
Importance Factor = 1.15
0-15 9.5 10.7 13.2 14.5 15.9 18.9 20.5 22.2 25.8 27.6 29.6 38.0
20 10.1 1.3 14.0 15.4 16.9 | 20.1 21.8 | 236 274 | 294 | 314 | 404
25 10.6 1.9 14.6 16.1 17.7 21.1 22.9 24.7 28.7 30.8 32.9 42.3
30 1.0 12.3 15.2 16.8 184 | 219 | 238 | 257 | 298 | 320 | 342 | 440
40 1.7 13.1 16.2 17.8 19.6 | 233 | 253 27.3 31.7 | 34.0 | 364 | 467
50 12.2 13.7 16.9 18.7 20.5 24.4 26.5 28.6 33.2 35.6 38.1 49.0
60 12.7 14.3 17.6 194 | 213 | 254 | 275 | 298 345 | 37.0 | 39.6 | 509
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TABLE 6D
Exposure C
Required Aerodynamic Uplift Moment'

Required Aerodynamic Uplift Moment, Ma (ft-1bf)

Exposure C
Monoslope Roof 2 /2:12< 6 < 6 ¥2:12 (12° < 6 < 30°) |

Basic Wind Speed, V (mph)
Mean Roof
Height (ft) |85 | 90 | 100 | 105 | 110 | 120 | 125 | 130 | 140 | 145 | 150 | 170
Importance Factor = 1.00
0-15 14.6 16.4 20.3 22.3 24.5 29.2 31.7 343 39.7 42.6 45.6 58.6
20 15.6 17.4 21.5 23.7 26.1 31.0 33.7 36.4 42.2 45.3 48.5 62.2
25 16.3 18.3 22.6 24.9 27.3 32.5 35.3 38.1 44.2 47.5 50.8 65.2
30 16.9 19.0 23.5 25.9 28.4 33.8 36.6 39.6 46.0 49.3 52.8 67.8
40 18.0 20.2 24.9 27.5 30.2 359 389 42.1 48.8 524 56.1 72.0
50 18.9 21.2 26.1 28.8 31.6 37.6 40.8 44.1 51.2 54.9 58.8 75.5
60 19.6 22.0 27.1 29.9 32.8 39.1 42.4 45.9 53.2 57.1 61.1 78.4
Importance Factor = 1.15
0-15 16.8 18.9 23.3 25.7 28.2 33.6 36.4 394 45.7 49.0 52.5 674
20 17.9 20.1 24.8 27.3 30.0 35.7 38.7 41.9 48.5 52.1 55.7 71.6
25 18.8 21.0 26.0 28.6 31.4 374 40.6 43.9 50.9 54.6 58.4 75.0
30 19.5 21.8 27.0 29.7 32.6 38.8 42.1 45.6 52.9 56.7 60.7 78.0
40 20.7 23.2 28.7 31.6 34.7 41.3 44.8 48.4 56.2 60.3 64.5 82.8
50 21.7 243 30.0 33.1 36.3 433 46.9 50.8 58.9 63.2 67.6 | 86.8
60 22.6 253 31.2 344 37.8 449 48.8 52.7 61.2 65.6 70.2 90.2
TABLE 6E
- Maximum Dimensions to Satisfy Tile Factor of 1.407 ft3
% Maximum Combination of Tile Length and Tile's Exposed Width
c . .
Q Maximum Tile 20 |18 | 18 |17 | ewn | e | s | s | 14s | 14
e Length (inches)
< Maximum
Exposed Width 8 9-1/4 9-3/4 10-1/4 11-3/4 12- 13-1/4 14 I5 15
(inches)

TABLE 6F
Restoring Gravity Moment

Tile Weight (Ibs) 5 6 7 8 9 10

Mg (fe-Ibft) 3.17 3.80 4.43 5.06 5.7 6.33

Notes for Tables 5A through 6F:

|. Roof tiles shall comply with the following dimensions:
(I) The total length of the roof tile shall be between 1.0 foot and 1.75 feet.
(2) The exposed width of the roof tile shall be between 0.67 feet and 1.25 feet.
(3) The maximum thickness of the tail of the roof tile shall not exceed 1.3 inches.
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Notes cont’d from page 83

2. The required aerodynamic uplift moments in these tables are based on a roof tile that has a Tile Factor of 1.407 ft3.
The required aerodynamic uplift moment for roof tiles with a Tile Factor other than 1.407 ft3 may be determined by
using the following procedure. These tables are conservative for roof tiles with a Tile Factor less than 1.407 ft3.
(I) Calculate the Tile Factor for the desired roof tile.
Tile Factor = b (L) (La)
b = exposed width of the roof tile (ft)
L = total length of roof tile (ft)
L, = moment between point of rotation and the theoretical location of the resultant of the wind uplift force.
For the standard roof tiles the moment arm = 0.76 L (See IBC - Section 1609.7.3)
(2) Based on exposure, roof style, roof pitch, importance, basic wind speed, and mean roof height select the appro-
priate required aerodynamic uplift moment from the tables for the desired roof tile.
(3) Multiply the selected required aerodynamic uplift moment by the ratio of the tile factor for the desired roof tile
and 1.407 ft3.
(4) Select an attachment system that is equal to or greater than the calculated required aerodynamic uplift moment
in step 3.
3. Table 6E provides a combination of exposed widths and total lengths that generate a Tile Factor of 1.407 ft3. The table
"Maximum Combination of Tile Length and Tile's Exposed Width" provides a listing of tiles that fit this Tile Factor.

| TABLE 7
Allowable Aerodynamic Uplift Moments
Mechanical Fastening Systems

Direct Deck Installation

15/32" Sheathing (plywood| Allowable Aerodynamic
Roof Tile Profiler or code approved Uplift Resistance
equivalent) (fe-1bf) v>
FIat/Fow 2-10d ring shank nails 39.1 E
Medium 18-22 ri inch 36.1 ]
High (18-22 rings per inch) 28.6 -
Flat/Low 39.1 X
Medium |-#8 screw 33.3 W
High 28.7
Flat/Low 50.1
Medium 2-#8 screws 55.5
High 51.3
illzcéliﬁr\;\v I-10d smooth or screw :;g
High shank nail 1.3
Il:‘lla(:cljli_L?r: 2-10d smooth 9r screw %g%
High shank nails 13.1
Flat/Low 25.2
Medium -l gd Skm°ﬁth it 25.2
High shank nail with clip 355
Flat/Low 38.1
Medium 2—Igd skmocj:th c:; sT’rew 38|
High shank nail with clip 443
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TABLE 7 (Cont’d) I
Allowable Aerodynamic Uplift Moments
Mechanical Fastening Systems

Batten Installation

15/32" Sheathing (plywood | Allowable Aerodynamic

Roof Tile Profiler or code approved Uplift Resistance
equivalent) (ft-1bf)
I;llaeté%;):: 2-10d ring shank nails §22
High (18-22 rings per inch) 26.8
Flat/Low 25.6
Medium |-#8 screw 30.1
High 25.5
Flat/Low 36.1
Medium 2-#8 screws 41.9
High 37.1
iﬁﬁ%ﬁ:: I-10d smooth or screw |80 7'
High shank nail 82
Il:‘lla:{jli_l?nv: 2-10d smooth or screw :?g
High shank nails 12.7
II:JIa:éIIi-onV: I-10d smooth or screw %;g
Higl; shank nail with clip 29'4
Flat/Low 37.6
- 2-10d smooth or screw
a Mﬁ?g"ﬁm shank nail with clip 131;:(2’
-g Direct Deck Installation
g 19/32" Sheathing (plywood| Allowable Aerodynamic
o Roof Tile Profiler or code approved Uplift Resistance
g equivalent) (ft-1bf)
ﬂfﬁ%ﬁg 2-10d ring shank nails :gg
High (18-22 rings per inch) 4|'2
I;llzcéli-:)nv: I-10d smooth or screw :gg
High shank nail 130
I;llaetéli'l?:: 2-10d smooth or screw %gg
High shank nails 5.4

Notes for Table 7:

|. For attachment systems not listed in the table for 19/32" sheathing use the allowable aerodynamic uplift resistance from
the table for 15/32" sheathing.

2. Fasteners shall have a minimum edge distance of |- inches from the head of the tile and located in the pan of the tile
to obtain the values in Table 7. Consult the tile manufacturer for additional limitations or restrictions.
Notes cont’d on page 86
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Notes for Table 7(Cont’d):

3. Ring shank nails shall be 10d ring shank corrosion resistant steel nails with the following minimum dimensions: (3 inches
long, 0.283 inch flat head diameter, 0.120 inch undeformed shank diameter or 0.131 inch screw diameter).

4. Smooth or screw shank nails shall be 10d corrosion resistant steel (with the following minimum dimension. 3 inch
long, 0.283 inch flat head diameter, 0.120 inch undeformed shank diameter or 0.131 inch screw diameter).

5. Screws are #8 course threaded, 2.5 inches long corrosion-resistant steel wood screws conforming to ANSI/ASME
B 18.6.1.

6. The fastener hole nearest the overlock shall be used when a single nail or screw is required. The fastener hole nearest
the underlock and the fastener hole nearest the overlock shall be used when two nails or screws are required.

7. When using eave and field clips, attachment of the tiles is accomplished by a combination of nails and clips. Tiles are

nailed to the sheathing or through the battens to the sheathing with one or two 10d corrosion resistant nails (Note
2 and 3 above) as required by Tables 5 and 6. Additionally, each tile is secured with a 0.060 inch thick and 0.5 inch
wide clip which is secured to the plywood sheathing or eave fascia, as appropriate, with a single nail per clip. The
nail shall be placed in the hole closest to the tile for clips having more than one nail hole. The following clip/nail
combinations are permitted:

(1) Aluminum alloy clip with 1.25 inch HD galvanized roofing nail (0.128 inch shank diameter).

(2) Galvanized steel deck clip with 1.25 inch HD galvanized roofing nail (0.128 inch shank diameter).

(3) Stainless steel clip with 1.25 inch HD galvanized roofing nail (0.128 inch shank diameter).

8. Field clips and eave clips are to be located along the tile where the clip's preformed height and the tile's height above
the underlayment are identical.

9. Counter batten values not included.

10. For attachment systems not listed in table for 19/32 inch sheathing, use allowable aerodynamic uplift moment from
table for 15/32 inch sheathing.

I'l. The allowable aerodynamic uplift moments include a generic restoring gravity moment of 6.5 ft-Ibf for a direct deck
installation and a generic restoring gravity moment of 5.5 ft-lbf for a batten installation."

Additional Notes [outside the scope of ICC-ES report (ERS-2015P) on this manual]

Allowable Aerodynamic Uplift Moments
Adhesive Fastening Systems
Refer to the adhesive manufacturer for the allowable aerodynamic uplift moment for the installation method used to
comply with the applicable code requirements. Installation of roof tiles using the adhesive system should be done by
technicians trained and having a current certification by the adhesive manufacturer to comply with the applicable code
requirements.

Allowable Aerodynamic Uplift Moments
Mortar Fastening Systems

Refer to the pre-bagged mortar mix manufacturer for the allowable aerodynamic uplift moment for the installation method

used to comply with the applicable code requirements. Mixing of mortar at the jobsite is not a recommended practice.

Installation of roof tiles using the mortar system should be done by technicians trained and having a current certification
by the mortar mix manufacturer to comply with the applicable code requirements.

Design Considerations for Installations in Earthquake Regions
[Outside the scope of ICC-ES report (ERS-2015P) on this manual.]

The Tile Roofing Institute in conjunction with the University ~ Tile is the only roofing material to have conducted such
of Southern California, Structural Engineering Department  testing on roof assemblies and is pleased to report that
conducted a series of testing on the Seismic Performance of ~ concrete and clay tile will not require any additional fas-
Concrete and Clay Tile. The testing concluded that tening requirements, other than those required under the
Concrete and Clay tile, when installed according to ICC  current ICC code.

code requirements, withstood forces almost twice the code

requirements for structures.

D xipuaddy
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GLOSSARY OF TERMS

Abutment: The intersection between the roof and the
chimney, wall or other vertical face.

Adhesives: A bonding agent to join two surfaces for the
purpose of permanent attachment as approved by the
local building official.

Anti-Ponding: A device such as beveled cant strip or shop-
formed sheet metal is recommended at all raised fascia
conditions to support the underlayment.

Batten: A nonstructrual horizontal fastening strip to which
the roof tiles are attached.

Batten Lugs: Protrusions (anchor lugs) on the underside of
the tile designed to engage over the upper edge of tiling
battens.

Bedding: Refers to the installation of roof tiles to a mortar
or adhesive foam patty and is structural in nature for the
basic securement.

Bird Stop: A product used at the eave of a profile tile roof
to stop birds from entering below the tile.

Booster Tile: Normally 3"-4" long tile strip used to lift up
the cover tile. Sometimes it is used in boosting up field tile
to create an authentic looking roof.

Cant Angle: The angle formed between the upper surface
of the installed roof tile and the roof deck.

Clay Rooftile: An interlocking or non-interlocking clay roof
covering, used to cover the roof surface.

Concrete Rooftile: An interlocking, or non-interlocking
concrete roof covering, used to cover the roof surface.

Counter Battens: Vertical furring strips running beneath
and perpendicular to horizontal tile batten, to allow
drainage and air flow beneath the roof tile. Also known as
strapping.

Counter Flashing: A flashing material that provides the
enclosure at the transition line between the roof to wall
flashing at intersecting vertical surfaces.

Counter Batten System: A method of elevating horizontal

battens above the roof deck to allow drainage and air flow
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beneath the horizontal battens and roof tile
Cricket: See Saddle.

Dead Loads: The weight of all materials of construction
incorporated into the roof assembly including but not lim-
ited to, fixed service equipment, roof tiles, battens,
underlayment, flashing, roof deck, etc.

Direct Deck: Those tiles fastened directly to the roof deck
without the use of battens.

Eave: Outer edge of the roof downslope.

Eave Closure: A material available for S-tile or Pan and
Cover tile. Eave closures are used to close the convex
opening created by the shape of the tile at the eave. This
accessory also provides the proper rise for the first
course of tile. See Bird Stop.

Eave Riser: Method/material used for elevating the nose of
the first course of tile to the plane of the field tile.

Fascia: A decorative board concealing the lower ends of
the rafters or the outer edge of the gable.

Flashing: Impervious material used to cover, waterproof,
and direct water away from roof penetrations and from
intersections between the roof tile and other materials.

Fully Engaged: The horizontal batten material thickness
shall be equal to or greater than the design depth of the
anchor lug of the tile.

Gable End: The generally triangular area at the end of a
sloped roof extending from the eaves to the ridge.

Head Lap: The measurement of the overlap between a
course of roofing components and the course above.

Headwall Flashing: The flashing that is installed at the
horizontal, intersecting wall or other vertical surface.

Hem: An edge of metal bent back on its self to give
strength to the edge of the metal.

High Profile Tile: Those tiles having a rise to width ratio
greater than |:5. (Typically referred to as “S” or barrel,
2-piece, Pan & Cover tile). Measured in the installed
condition.

ICC-ES ESR-2015 01/2000 Revised 3/2010



Hip: The exterior sloping ridge formed by the intersection
of two inclined roof surfaces.

Hip/Ridge Tile: Accessory trim tile used to cover a hip or
a ridge.

Hip Starter: The closed hip piece which is used at the out-
side corner, intersecting of two eaves to start the hip tile.

Interlocking Tile: Those tiles with a system of rib(s) or
groove(s) enabling the joining of adjacent tiles in the
same horizontal or vertical row, with the overlapping lock
covering the underlapping lock.

Length: The maximum overall dimension of the tiles as
measured parallel to the water course.

Live Loads: A load produced by the use and occupancy of
the building or other structure that does not include con-
struction or environmental loads, such as wind load, snow
load, rain load, earthquake load, flood load, or dead load.

Low Profile Tile: Low profile tiles are defined as those flat
tiles having a top surface rise equal to or less than '4".

Medium Profile Tile: Tiles having a rise greater than 2" and
a rise to width ratio of less than or equal to |:5.

Metal Drip Edge: Perimeter metal flashing installed to pro-
tect raw edges of roof deck.

Mortar: A mixture of cementitious material, aggregate,
and water used for bedding, jointing, and bonding of
masonry or roof tile and accessories.

Nail Hole: A small opening passing partially or totally
through the tiles to allow the penetration of a nail, screw
or other approved fastener for the purpose of fastening
the tile to a support.

Nailer Board/Stringer: A piece of wood or other material of
proper height, attached to a roof at the ridge and/or hips
to allow for proper support and means of attachment for
the hip and ridge tile. Can also be used in pan and cover
applications under the cover tile for proper support.
(Commonly known as a vertical stringer)
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Non-Interlocking Tile: Those tile that do not have vertical
rib(s) or grooves creating an interlocking tile.

Nose Clips: A fastening device designed to hold the nose
(or butt) end of the tile against uplift or sliding down the
slope. Also known as wind clips or tile locks.

Nose Lugs: Protrusion(s) on the underside of the tile that
are designed to restrict the flow of weather between two
consecutive courses of tile.

Pan and Cover Tile: Semi-circular shape tile. Also known as
two piece mission or barrel mission tile. There are
tapered and straight two piece mission styles available.

Pan Flashing: Metal flashing running under the tile at the
side walls.

Point-up: The application of mortar to fill voids to various
ends, sides and angles of a tile roof, which are non struc-
tural in nature.

Profile: The contour of the top surface of the tiles when
viewed from the nose end.

Rake Trim: A roof tiling accessory used to cover the inter-
section between the gable end and a roof.

Ridge Trim: The piece of ridge available to close off the
gable end and peak of a roof. Some ridge tile have an
interlocking feature and require either a “starter” or
“finisher”.

Ridge Tile: See hip/ridge tile.

Roof Live Load: A load on the roof produced (1) during the
maintenance by workers, equipment, and materials and
(2) during the life of the structure by moveable objects,
such as planters or other similar small decorative appur-
tenances that are not occupancy related.

Saddle Flashing: The flashing at the upper intersection
between a chimney or skylight and the roof. (Commonly
referred to as a Cricket or Backpan)

Side Clips: A fastening device for tile with a side interlock
designed to prevent rotation of the tile when subjected to
uplifting forces. Also known as hurricane clip.
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Side Lap: The measurement of the overlap between a
roofing component and a component to one side of it.

Side Wall: The vertical intersection that runs parallel to the
roof slope.

Spaced Sheathing: Sheathing boards or battens, which are
mechanically attached to the rafters or framing members,
with gaps or spaces between them and is used in lieu of a
solid sheathing.

Standard Weight Rooftile: Roof tile of mass/unit area of 9
Ibs/ft2 or greater installed weight excluding all other roof-

ing components.

Starter Tile: First course of cover tile for two piece misson.
Normally 3"-4" shorter than the field tile.

Step Flashing: A piece of flashing material covering each
course of tile at sidewalls.

Stringer: See nailer board.

Sweat Sheet/Bleeder Sheet: A layer of underlayment under
the valley metal to prevent moisture/condensation from
entering the roof deck.

Tile Course: The horizontal increment of exposure.

Tile Thickness: Any vertical measurement of the cross sec-
tion of the tiles excluding the lapping area, head or nose
lugs, and weather checks.

Tile Thickness (visual): The overall thickness of the tile
profile when installed as measured from the top surface

of the lower tile to the top surface of the upper tile.

Tile Batten: See Batten

COPYRIGHT ©

TILE ROOFING INSTITUTE\WSRCA

Underlayment: A water shedding membrane installed
over the roof sheathing, rafters, or trusses. The under-
layment may be rigid or roll form.

Valley: The angle of a roof where two slopes intersect
internally.

Closed Valley: Where tile(s) are cut to meet at the
center of the valley metal.

Open Valley: Where tile(s) are cut to expose the
trough area of the metal.

Vent Tile: A tile designed to allow air circulation from the
roof space to the outside.

Water Course: The valley portions of profiled tiles along
which water drains.

Weather Blocking: A barrier of moldable or preformed
rigid material which blocks the entry of wind driven
moisture at openings between the field tile and trim tile
or the field tile and roof flashing.

Weather Checks: Protrusion(s) on the tile that are designed
to restrict the flow of water between two consecutive
courses of tile.

Width: The maximum overall dimension of the tiles as
measured perpendicular to the length of the water channel.

Width, Exposed: The maximum overall dimension of the
tile as measured perpendicular to the length of the water
channel minus the side lap of the adjacent roof tile.

Wire Tie System: A roof tile fastening system approved by
the local building code, that limits the penetration of the
underlayment and allows tile to be fastened to non-
nailable roof decks.
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