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Executive Summary

Introductian

The STONETILE system is an innovative residential and cormmercial exterior cladding system.
The system is comprised of concrete tiles individually mounted to standard residential
sheathing or commercial steel stud wall systems, Various stone surface finishes and colours
are available providing a wide range of architectural stone-tike facades. The system also
features many specific tile sections, such as cornices, lentils, and key stones, that give the
appearance of historic architectural deésigns. The system is finished with the placement of a
sand-coated flexible grout between the tiles to provide the appearance of mortar,

Test Program

AGRA Earth & Environmental was commissioned to evaluate the performance of the
STONETILE system and materials, The evaluation consisted of testing designed to determine
the foilowing parameters.

Material Physical Properties

The Physical property testing of the tile concrete material indicated a high early
strength conerete mix {>30 MPa at 4 days) at a density consistent with normal
concrete. The surface finish of the tile provided for low water absorption with
negligible shrinkage. Given the rapid strength gain of the concrete, the minimal
shrinkage, and the minimum pfant curing time of 72 hours, production and installation
of the tiles can be carried out very guickly without concern over the concrete quality
or stability.

Strength of the Anchor Svystern

The Stonetile anchor system is cemprised ot two raised galvanized strip anchors
imbedded in the back on the tile The raised profile provides a 1/4" gap between the tile
and substrate. Each strip anchar has a screw mounting hole at the top to attach to the
substrate and prongs at the bottom to interlock with the tile betow. The tests,
destgned to measure the force reguired to pry the anchors from the tile and shear the
anchor from the substrate, indicated the strip anchors provided stgnificantly more
strength {ie. a safety factor of 22} than what was required to support the system. It
should be noted that the load imparted to the supporting substrate by STONETILE js
approximately 6 |bs/ft* as compared to residential stucco at 7.5 lhs/ft,

Querall Systerm Perfermancs

The durability of the system vwas evaluated by obsecrving the systems response to wind
load, and water penetration. Further, although the grout hatween the panels is primarily
an architectural teature, tests were performed to measure the grout-tile bond strength
and the grout’s response to oyelic moverment.
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Owerall, the system was unaftected by BO kmyhr waned loading. Even thaugh water
penctration behind the tiles weouid be eftectively dramead away, no water penetration
was observed. The grout matenal cnoscn tor the systerm was well bonded and the
cyclic deflection test results suggest o iong life span can be expected.

Building Sci

From a building Science perspective, the STOMNETILE system provides a drained and
ventilated ‘rain seresn’ cladding for both commercial and residential buildings. Unlike
'face seal' systoms, STOMETILE cladding does not solely rely on the cxterior surface
to shed water, Water penetranion can be tolerated through effective drainage. The gap
between the tile and substrate, provided by the strip anchar, also allows for ventilation
and evaporation of penetrated moisture or condensation.

The relatively small size of the tiles will also allow for miner building movement [ie.
natural settling, wind movement} without excessive movement in the tiles, Since each
tile is independently anchored, overall building movement will coour incrementally at
each tile rather than the wall section acting as a monolithic mass. This will reduce the
stress on the tiles and strain in the growut.

Conclusion

The STONETILE exterior cladding system is an innovative, well designed, flexible, architectural
exterior fimish for both commercial and residental buildings. The components and materials
meet or exceed strength and stahility requirerments and the ovcerall tile design incorporates
many proven and sound building science technolonies. Given the relatively new nature of the
product, and since the oldest project was completed in 1980, no data was available to
confirm expected long term performancae.
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1.0 INTRCDUCTION

AGRA Earth & Envirenmental Lirnitod (AEE) was retained by Stonetile (Canadal Ltd. to conduct
a test program to cvaluate the 'Stonctile’ cladding system. The Stonetile system is an
innovative concrete tile cladding system developed by Stonetile {(Canada) Ltd. for use in
residentral and commercial construction.

2.0 DESCRIPTION OF STONETILE SYSTEM

The stonetile system consists of concrete tile with two vertically embedded metal strip
anchors which hold the tile onto the substrate, The product is manufactured as 18" 12"x
5/8" (450mm x 300mm x 18 mm) tiles, although there are a wide variety of decorative
architectural mauldings and components, The system is available in various decorative stone
swfaces and colours, (nce installed, a flextble sealant ['grout’ materiaf) is placed into tha
inints between the tiles and is coated with sand to provide the appearance of mortar.
Ciagrams contained in Appendix "4' illustrate the tile design and other component sections.

The strip anchors are made of 24 gauge, 25 mm wide galvanized steel. Twenty eight gauge
stainless steel strip anchors are alsg available. These strip anchors are punched out to have
a spline B mm wide and 3 mm deep and gang nails protruding into the concrete. The gang
nails are embedded in concrete during casting. The top of the strip anchor protrudes about
10 mm above the tile with a hole Tor a screw that will fosten the tile to the substrate. The
bottarm part of the strip anchor consists of 2 prongs that protrude about 5 mm below the tile
and fit behind the tile below. Thirty gauge galvanized steel channels are provided at the base,
for drainage, and top, for ventilation. The strip anchors are perforated to ensure adequate
ventilation, and pressure equalization with the exterior air.

3.0 TEST PROGRAM

The test program, conducted by {AEE], was designed to evaluate the following physical
propertics.

1. Physical properties of the concrete used to manufacture the tiles.
- Compressive strength
- Bensity
- Whater absorption
- Shrinkage

2. The strength of the tile anchar system
- Anchor pull-oat from tile
- Anchar shear from tile
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3. Durability of Stonetile syseem
- Creep of installed tiles
- tond strength of sealant in tile joints
- Cyclic loading of tile joint sealant
- Wind Load Resistance
- Water Penetration Resistance

4.0  TEST PROGRAM RESULTS
4.1 COMNCHETE PHYSICAL PROPERTIES
4.1.1 Background

In the manufacturing facility, the concrete 1s mixed in a continuous mixing process with tile
moulds filled by an automatic dispenser.  Although the mix design of the concrete is
proprietary in nature and cannot be discussed in the text of this report, all materials used in
producing the concrote conform to the C58 AZ232.1-94 concrete standard,

After the tiles are poured, they are demotlded at an age of approximately 48 hrs and racked
vertically on a pallet to allow for further curing, Once racked, the pallet is wrapped on 4 sides
in polyethylens with the top lett cxpozsed. A =zection of news print is placed on top to absorb
excessive moisture that would result in drips and stains. The pallets are then shipped to the
job site. The minimum time between moulding and application is 72 hrs,

4,1.2 Test Resufts
4.1.2.1 Concrete Compressive Strength

A series of 50 mm cubes were cast during a tile production run. Compressive strength testing
was conducted in accordance with ASTM and CSA standards at 4,7, and 23 days. The test
data is presented in Table #1.

4.1.2.2 Concrete Density

Density testing was conducted on the series of cubes cast for the compressive strength
testing. All specimens had densities within the normal range for concrete, 135 ibsf#t? to 1456
Ibsift* {2200 kg/m® 10 2300 kg/m™). The test data is presented in Table #1.

4.1.2.3 Water Absorption

Water absarption testing was also conducted using the B0 mm compressive strength cubes.
The data is presented in Table #1. Further to this testing, a tile was selected from regular tile
preduction and tested as g cioss roference. The tife tested had a water absorption of 5.0%
with a caoncrete density of 2295 Kgim-=.

@AGRA

Earthh & Environmental



STOMETILE (Ciinaca) Lid.. CA-12207
Test Prowgram fo Evaluaie the "Sicrenle” Cladding System Fochruary 2, 1996
Pago 3

4.7.2.4 Concrete Shrinkage

Shrinkage testing was conducted op rectangular prisms cast at the same time as the
compressive sireniith sampies. The data is presanted in Table #1.

Table #1

COMNCRETE PHYSICAL PROPERTIES

Test Age | Compressive Strength Density Water Linear

{Davsl Absorotion | Shrink
Fa PSI

4 32.0° 4640° 2211 5.9 0.08"

7 36.8° 5240° 2241 B.7 0.08°

23 38.2° EB40° 2241 G.4 0.08°

* - Indicates average of two specimens

4.1.3 Discussion of Test Results

Since the system design reguires each panel to support only its own weight, the measured
compressive strength provides more than sufficient strength to provide adequate support.

The tested density of the concrete results in a panel weight of approximately 4.2 Kg {9.25 |bs)
or an installed vertical wall load of 35 Kg/M* {6 lbs/tt’). As a comparison, acrylic stucce
imparts an approximate vertical load of 7.5 Ibs/ft? {residential) and 10.5 Ibs/ft? {(cormmercial)
whereas cementitious stucco imparts an approximate load of 8.5 lbs/ft? [residential) and 11.5
Ibs/ft’ fcommerciall. Existing building structural designs, capable of supperting stucce, should
not require structural modification to suppert the Stenetile system.

Although no recommended level of water ahsoerption for this type of product exists, an
industry standard for common conarete, 1s 5%. It should be noted that the 5% [evel reflects
the concern owver freeze/thaw damage i concrete cxposed to ground or other moist
conditions. Given that the panafs are installed vertically, and hoth faces are exposed to air,
sighificart water ahsarption shaold not ocour,
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The measured shrinkage of the panels during curing appears to be mimimal. No effect on the
perfarmance of the system s expected,

4.2 TILE ANCHOR SYSTEM
4.2.1 Background

The atonetile anchor system incorporates two 24 gauge galvanized strip anchors cast
vertically inta the back of the tile {see diagrams contained in Appendix 'A'). Twenty eight
gauge stzinless steel strip anchors are alse available.

4.2.2 Test Results
4.2.2.1 Anchor Pull-Out from Tile

The test comprised restraining a test tile and measuring the force reguired to pull one set of
strip anchor prongs from the panel. Testing was conducted on three spectmens with an
average pullout strength of 1195 M (288 ibs)

4.2.2.2 Anchor Shear fram Panel

The test comprised restraining o test panel and measuring the smount of force, acting parallel
to the tile surface, required to eithar pull both strip anchors from the tile or, the force required
1o rip through the screw holes at the top on the anchoars. In all cases the failure occurred at
the screwe holes in the strip anchor with the luading mechanism ripping through the screw
hole. Testing was conducted on three specimens with the maximum average shear force of
837 N {210 [bs}.

4223 Steel Stud Anchor System

To facilitate fastening of the Stonetile system to stee! stud walls sheathed with exterior
drywall, testing was conducted using an 28 gauge galvanized steel mounting "Omega’ strip.
The strip, as shown in the diagram in Appendix 'B', is attached through the drywall into the
steefl studs behind using 1-1/4" #6 sheet metal screws. The strip anchors are then attached
to the raised section of the Omega Strip with 1/2" sheet metail screws. Please note that the
(Omega strip is attached at each steel stud [ocation with one screw in the top and bottom
tlanges. Testing indicated tan anchor bar shear strength of 265 Ibs (1192 N,

4.2.3 Biscussion of Test Results

As shawnin the installed tile creep test results (presented later), there is no vertical tile-to-tile
loading, Therefore, the tile will only be supporting its awn weight. Since cach tile weighs in
the order of .25 lhs (4.2 Ky), and the ancher bar system is capable of supporting 210 lbs
(shear it wood) and 2685 (shear in Omega stripl, hased on self weight dead loading, the anchor
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systemn has an apparent shear safety factor ot 23 {in wood) or 28 [with Omega strip).
4.3 DURABILITY OF STONETILE SYSTEM
4.3.1 Backqround

As with any system, component properties de not realistically represent how a canstruction
may perform in the fieid. In light of this, various tests were conducted on the Stanetile system
to evaluate field performance under installed and extreme conditions.

4.3.2 Test Results
4.3.2.1 Creep of Installed Tiles

The Stonetile system is designad such that each tile supports only its own weight. The tiles
also incorporate a bevelled edqge around the perimeter hack edges. The bevelied edges are
dosigned to crush if contacted by an adjacent panel. This 'crush zone' protects each tile by
not allowing any significant load to be transferred from tile to tile {see attached diagram
Appendix 'B']. To ewvaluate the potential for installed tiles to slump or creep under there own
weight, a 4.5 metar plywood test wall was constructed. The wall was comprised of 14 full
size tiles installed one on top of the cther in accordance with field installation instructions. All
the tile joints were caulked and sanded as per field conditions. Once constructed, five digital
micrometers (accuracy +/- 0.071 mm} were instailed to measure vertical deflection at various
heights in the tcst pancl. Monitoring of tite movement was conducted over a 6 week pericd.
The test data indicated no appreciable deflection at any individual tile location, on the test
panel as a whole.

4.3.2.2 Bend Strength of the Between-Tie Grout

Aitheugh the between-tile grout provides some water penetration resistance, its purpose is
meostly for architectural appearance. Taking this into account, the grout must still provide
acceptable long term resistance to weathering, cracking, and stresses applied by the
expansion and contraction of the ules under thermal lgads and building movement.

The grout used in the Stonetile system is "'Dymonic Urethane' caulking supplied by Tremco.
Acceptable durability of Dymaonic Urethanse caulking was praven by athers in independent test

programs,

In order to evaluate the band strength of the grout, test specimens, comprised of a 2-panel
{ar 3-panel} section, were restrained in g universal testing machine {see diagram Appendix 'B").
The force reguired to split the grout and puli the tiles apart was measured. For the test, the
grout jzint was installed in the same manner as normally conducted in the field.

Test results indicated the samples attained an average ultimate tensile bond strength of 800
N {180 ths} for a 450 mm [ong grout jumt and 420 N (8% Ibs) for a 300 mim leng grout foint.
Please nole that, at maximum load, the grout separated from the tiles and/or split through the
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centre. This tailure mechanism suggests the tile bond was strong enaugh to attain the ultimate
strength of the grout.

4.32.3 Cyclic Leading of the Grout Joint

Since all buildings are subject to settlement and movement due to cyciic heating/cooling of
the exterior surface, the joints in any exterior cladding system will be subject to movement
as well. In order to evaluate the durability of a grout joint, test specimens, comprised of a 2-
tile {or 3-tile] section, were mountad in a universal testing machineg {see drawing Appendix 'B')
and subjected to a cyclic compression and elongation of 1 mm at a frequency of 6 hertz.
Testing was conducted at 21°C with the grout joint manitered for initiation of caulking
separation, separation migration, and number of cycles, The test data is shown in Table #2.

Table #2

CYCLIC COMPRESSION/ELONGATION TESTING OF GROUT JOINT
{6 HZ, +/- 1 mm)

Sample Specirme Total Failures Obsearved
Size n Cvcles
Numhber
‘ 12" x 1 43,200 3 Points of Separation,
18" (10 mm, 75 mm, 17
: rrrm|
2 14,800 2 Points of Separation
‘I {25 mm, 13 mm)
12" x 1 86,400 2 Points of Separation
12" {6 mm, 8 mm) i
2 72,000 Complete Failura
Motes: The 12" x 12" sampies were the 2-tile configuration, The 127 x 18"
samples were the 3-fife configuration with a complets tile over two 1/2
tiles.

{See drawing Appendix 'B")
3.3.2.4 Wind Load Resistance

A 2 m x 2 m wall section was constructed and mounted to 4 pressure chamber in order that
loading under windy conditions could be simulated. The test pressure wwas raised to a level
that would be produced by a 220 kmehr wind velocity thoth pasitive and negative pressurel,
Test results indicated no appraciable sffect on the stonetile system. Testing was conductad
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i accordance with ASTM F230.
4.3.2.5 Water Penetration Resistance

The water penetration test was conducted using the same wall soetion wsed in the wind load
resistance test. After 30 minutes of water spray at a spray rate of 2 Uimindm? (4 Gal/hrft?),
under 8 canstant air pressure, no appreciable water penetration through the Stonetile system.
Testing was conducted in accordance ASTM E331

3.3.3 Discussion of Test Results

Since there was no apparent creep of the tiles under their own weight, it can be assumed
that, given a stable substrate, only movement of the structure itself would compromise the
integrity of the systern.

The bond strength test data indicated the grout 1o be well bonded to both tile adges. The
cyelic testing indicated that, at the test temperature, the grout ¢an withstand long durations
of minar cyclic deflection [+/- 1 mim}, Not only does the Tremco 'Dymenic Urethane' grout
apprar to be weil suited 1o this application but, given present construction practices and
acceptable levels of deflection, there is no reason to suspect that a properly installed grout
foint would fail prematurely. Although tlexible sealants do require some maintenance in maost
gxterior panels systems, the grout in the Stonetile system is primarily an architectural feature.
if damage to the grout accurs, the integrity of the system would not be severely compromised
and repairs could be perfarmed easily.

The tiles performed well in the wind load test with no appreciable damage or deflestion and
the system did not permit water leakage into the building under water spray and wind. Please
note that, given the rain screen’ style of the tile design, any water penetration through the
arodat would drip down the back of the tiles and would exit via flashing along the base course
of tiles. Further, the gap hetween the wall and the back of the tiles provides an air space for
pressure equalization in windy conditions and aiso ventilation to evapeorate any moisture
buildup. In addition, the primary requirement of the greut refates to maintenance and aesthetic
appearance, rather than the overafl performance,

5.0 GENERAL COMMENTS AND CONCLUSIONS

From a performance perspective the Stonetile exterior cladding system appears well suited to
the Canadian and U.S. climates. The curtain wall style of the design provides for effective
water shedding and can also accept minor water penetration without damage to the systemn
or substrate. Since the system is comprised of small tiles, mincr building movements can be
absorbed through incremental movements between the tiles and the grout can be easily
repaired or replaced. The anchor methed and tile material properties provide a strong, resilient
and well supported cladding system for both residential and commercial applications.
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SYSTEM DRAWINGS
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