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Preface

LATICRETE International, Inc., @ manufacturer of ceramic tile, stone and brick masonry installation systems,
has long recognized the need for a technical manual fo provide guidelines and recommendations for the
design, specification, and installation of direct adhered ceramic tile, stone, and thin brick cladding for exterior
facades. Technical advances in materials, manufacturing, and construction methods have expanded the
role of this type of application ever since the development of adhesive mortars in the 1950's. In keeping
with their position as an industry leader, LATICRETE International is publishing this second edition of the
Direct Adhered Ceramic Tile, Stone and Thin Brick Facades Technical Design Manual to make
state-of-the-art information and technology available to architects, engineers, construction professionals,
and manufacturers in the ceramic tile, stone and thin brick industries. It is also the goal of this publication
fo encourage new ideas, research, and building regulations for the purpose of improving the future of this
construction technology and the ceramic tile, stone and brick industries.
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Section 1: Introduction

Photo: Covelli Enterprises Building — Warren, OH 2007 Architect: Phillips/Sekanick Architecture, Warren, OH and Tile Contractor: Barron Tile Co.,
Youngstown, OH.

Description: Porcelain tile over concrete masonry and light gauge steel framing.
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Section 1: Introduction

SECTION 1 INTRODUCTION

1.1 PREFACE

LATICRETE International, a manufacturer of ceramic file, stone,
masonry veneer and thin brick masonry installation systems,
has long recognized the need for a technical manual to provide
quidelines and recommendations for the design, specification,
and installation of direct adhered ceramic tile, stone, masonry
veneer, and thin brick dodding for exterior facades. Technical
advances in materials, manufacturing, and  construction
methods have expanded the role of this type of application
ever since the development of adhesive mortars in the 1950's.
In keeping with their position as an industry leader, LATICRETE
International is publishing this second edition of the Direct
Adhered Ceramic Tile, Stone, Masonry Veneer, and Thin Brick
Focades Technical Design Manual to make state-ofthe-art
information and technology available to architects, engineers,
construction professionals, and manufacturers in the ceramic
tile, stone, masonry veneer, and thin brick industries. It is also
the goal of this publication to encourage new ideas, research,
and building regulations for the purpose of improving the
future of this construction technology and the ceramic tile,
sfone, masonry veneer, and thin brick industries.

1.2 WHAT IS DIRECT ADHERED CLADDING AND
WHY USE THIS TYPE OF CONSTRUCTION?

For the purposes of this manual, the terms “direct adhered
facade,” “direct adhered external cladding” and “direct
adhered exterior veneer” are all used inferchangeably. By
definition, these terms refer to an exterior wall or envelope
of a building that is clad or faced on the exterior surface with
o weather+esistant, non-combustible cladding material which
is directly adhered fo o structural backing material with an
adhesive. The dladding is adhered in such a manner as fo exert
common acfion fo the underlying wall under load or applied
forces. While there are numerous materials that could be used
as an adhered cladding for a facade, in this manual the term
“clodding” refers to the most common materials used in this
fype of construction; ceramic file, stone, masonry veneer,
agglomerate tile, and thin brick masonry.

Why use the direct adhered method of clodding a building
facade? There are many advantages. Adhesive technology

has opened up an entire new world of aesthetic and technical
possihilities for cladding of facades. The direct adhered method
offers the architect fremendous design flexibility provided
by new materials which would otherwise be, or previously
were, unsuitable os a cladding for facades, such as ceramic
tile. The building owner benefits from the more efficient and
environmentally sensitive use of materials, resulting from
reduced weight, cost of material, and more efficient use of
natural resources. The building construction process is made
more efficient by lightweight, preinished materials, or from
prefabricated wall components, which all reduce construction
time, on-site labor costs, and provide better quality assurance.

However, all these advantages of the direct adhered method
for cladding facades can only be realized with a new approach
to the design and construction of exterior walls. Design and
construction fechniques are being adapted to the specific
requirements and behavior of construction adhesive technology,
as well as the unique atfributes of ceramic tile, stone, masonry
veneer, and thin brick cladding materials.

1.3 HISTORY OF CERAMIC TILE, STONE,
MASONRY VENEER, AND THIN BRICK FACADES
Ceramic Tile

Ceramic file has been used for centuries as a decorative
and functional cladding for the exterior facades of buildings.
Ceramic tile development can be fraced to 4,000 B.C. in
Egypt. However, use of ceramic file on walls first appeared
around 2,700 B.C. when it was used to decorate the graves of
pharaohs in Egypt. The earliest surviving example of exterior
ceramic (ferra cotfa) file clodding is the Dragon of Marduk
sculpture from the Ishtar Gate in Mesopotamia dating to 604
B.C. (Figure 1.3-1) It was not unfil the 13th century when
wall tiling for exterior walls was established in the Middle East.
Many prominent buildings built during this period had ceramic
tile dad exterior walls. The influence of Islamic architecture
gradually spread o Spain and ltaly in the 16th century, where
ceramic file was used extensively as an external cladding on
public buildings.

Until recently, ceramic tile had been used primarily on walls

and building focades because technology did not permit
mechanically resistant and affordable products for floors. It
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is ironic, that with the development of new ceramic file and
adhesive technology, the bulk of the current production of
ceramic file is now used on floors and interior walls, when for
centuries ceramic tile was used primarily as a decorative and
functional exterior dadding material. The use of tile on modem
building facades has, until recently, been limited primarily s an
isolated decorative element, due fo inconsistent performance
of past installations.

Stone

Stone has been part of our building culture and heritage since
the beginning of human existence. Use of stone as an exterior
clodding has been extensive over the course of human history.
This was due to man’s ability fo fabricate stone in blocks or
sections of sufficient size and thickness fo support its own
weight by stacking one on top of another, either dry or with
mortars.

Figure 1.3-1 The Dragon of Marduk, Ishtar Gate, Mesopotamia, 604 B.C.

With the development of lightweight structural skelefons and
curtain wall construction in the late 19th century, the very
weight and durability that made stone so desirable, also made
economical fabrication and handling difficult, which ulimately
slowed its development into these new construction methods.

It was not until 1955 that the invention of high quality
synthetic diomonds and carbide abrasives by the General
Electric Company revolutionized the fabrication of thin stone fo
meet the competitive demands of the construction economy.
The development of modem fabrication methods in the
1960’s allowed relatively thin slabs of stone (2—4" [50—
100 mm] thick) to be “hung” from building exteriors using
metal mechanical anchors and curfain wall frames, followed
later by atfachment to facades with adhesive technology.

Section 1: Introduction

Further stone fabrication advancements now allow thickness
aslowas 3/16" o 1/4" (5— 6 mm).

In the 1950, Henry M. Rothberg, a chemical engineer who
later founded LATICRETE International, invented a product and a
new methodology that would make direct adhesive attachment
of ceramic file, stone, masonry veneer, and thin brick on
exterior building facades physically and economically feasible.?
This development revolutionized both the ceramic file and stone
industries and has once again popularized the application of
ceramic tile and stone on facades (See Figure 1.3.2).

Thin Brick and Manufactured Masonry Veneer
While the use of traditional clay brick masonry has an extensive
history, the recent introduction of thin brick technology was
a direct result of the development of lutex cement adhesive
mortar and other types of construction adhesive technology
in the 1960's.

Now that we are in the 21st century, the construction industry
is under increasing economic and social pressure to develop
new and alternative technologies due to the rapid deplefion
of our natural resources along with the escalation of labor and
material costs for tradifional construction. New developments
in ceramic tile, sfone, manufactured masonry veneer, and
thin brick as well s adhesive technologies have opened up
an entire new world of aesthetic and technical possibilities for
external cladding of facades. Combined with sound design
and construction principles, direct adhered external cladding
has become one of the most important building construction
technologies.
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construction, Los Angeles USA,1960.

1.4 SUMMARY OF MANUAL CONTENT

Section 2 — Exterior Wall Concepts

A primer on the theory and terminology of exterior wall
construction. Types of exterior wall structures and construction
are presented, together with commentary on applicability to
the direct adhered method for dadding facades.

Section 3 — Types of Direct Adhered Wall
Construction

Architectural details show typical wall assembly configurations
and recommended design for direct adhered cladding. Examples
of exterior wall concepts presented in Section 2 are graphically
depicted with various substrate/back-up wall material
combinations. Defails include design recommendations for
interface details such as windows, roof parapets, movement
joint sealants, flashings, and waterproofing membranes.

Section 4 — Structural and Architectural
Considerations

Direct adhered cladding must be designed and constructed with
careful consideration of the complex interactions that occur
between the other components of an exterior wall assembly.
This section explores issues such as the effect and provision for
sfructural movement, as well as recommendations for inferface
with architectural elements such as windows.

Section 5 — Substrates

The selection and preparation of a substrate is one of the
most cifical steps in design and construction of direct
adhered clodding. Suitability and compatibility of the most
common substrates s covered, fogether with comprehensive
recommendations for preparation, such as evaluation of plumb
and level folerances, surface defects, and the effect of climatic
and site conditions on substrates.

Section 6 — Selection of Exterior Cladding
Material

Investigation and selection of the proper type of dadding is an
important design decision. Detailed criteria for the assessment
and selection of ceramic file, stone, masonry veneer, and
thin brick are presented, together with important ancillary
considerations such as  color/femperature and  moisture
sensifivity of stone and stone agglomerates.

Section 7 = Installation Materials and Methods —
Adhesion and Grouting of Ceramic Tile, Stone,
Masonry Veneer, and Thin Brick Cladding

This section covers the entire range of installation and
construction issues, from selection criteria for adhesives, to the
types of installation procedures and equipment required for the
direct adhered method of construction.

Section 8 — Industry Standards, Building Codes
and Specifications

Detailed information on applicable industry standards for both
ceramic tile adhesives and direct adhered external cladding is
provided. Model building codes, including detailed excerpts
from selected codes, are included. A chart lists the most
common codes and standards from around the world that are
applicable to direct adhered cladding.

Section 9 — Quality Assurance, Testing,
Inspection and Maintenance Procedures
Recommendations for planning and implementation of a
quality assurance program are outlined. Cleaning, protection,
and preventative maintenance procedures are presented, along
with design and construction diagnostic test methods. This
section includes information on types, causes, and remediation
of defects.

12
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1.5 CASE STUDY
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Section 2: Exterior Wall Concepts

Photo: Project: Brooklyn Children’s Museum, Brooklyn, NY 2007, Architect: Rafael Vinoly Architects, Inc., New York, NY; Tile Contractor: Navillus
Contracting, Long Island City, NY.

Description: 1" x 1" (25 mm x 25 mm) yellow porcelain mosaics (200 x 200 mm) fagade and roof deck.
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Section 2: Exterior Wall Concepts

2.1 FUNCTION OF EXTERIOR WALLS

The primary purpose of an exterior wall assembly is o separate
the external environment from the infernal environment. To
perform this function, the exterior wall must act simultaneously
as o resfraint, o barrier and a selective filter to confrol a
complex, often conflicting series of forces and occurrences. Al
of this while still being aesthefically pleasing.

Functions of Exterior Walls
= Wind pressure and seismic force resistance
= Thermal and moisture movement resistance

= Energy conservation and control of heat flow between
interior-exterior

= Rain penetration resistance and control

= Water vapor migration and condensation control
= Sound transmission resistance

= Fire resistance and containment

= Daylight transmission fo the interior environment; vision
fo exterior

= Ajr transmission between and within the interior-exterior
= Passage of occupants
= Provide oesthetic value

2.2 TYPES OF EXTERIOR WALLS

Exterior wall assemblies are generally classified in three broad
categories of wall type structures according to the method used
to support the loads or forces imposed on the building, and
the method of structural atfachment to the building’s internal
components.

Types of Exterior Wall Structures
= Bearing walls

= Non-bearing walls
= Curtain walls

Bearing Wall

A bearing wall is defined as a wall which supports both its’
own weight, and the weight of all the other loads and forces
acting on the building, including the weight of the floors, non-
bearing walls, roof, occupants, and equipment. The bearing
wall is supported by the building’s foundation in the ground

and s the primary structural support of the building and an
infegral component of the other structural components such
as the floors and roof. With the advent of modem structural
(skeletal) framing systems, this wall type is typically used on
buildings less than three stories high.

Non-Bearing Wall

This type of wall only supports its own weight, and is supported
directly on the foundation in the ground. Non-bearing walls are
also limited to low-rise construction.

Curtain Wall

This is a broad category for exterior wall assemblies which
supports only its own weight and no roof or floor loads (similar
to non-hearing wall types), but is secured and supported by
the structural frame of a building. The curtain wall transmits all
loads imposed on it (lateral wind/seismic and gravity loads)
directly to the building’s structural frame. This is the most
common wall type, especially in multi-story construction.

2.3 TYPES OF EXTERIOR WALLS

Construction

Within each category of wall structures, there are also three
types of wall construction configurations. Each type of wall
construction differs primarily by the method employed to
prevent air, vapor, and water infiliration. Secondary differences
are the methods and materials used to control other forces,
such as heat flow or fire resistance.

Types of Exterior Wall Construction
= Barrier wall

= Cavity wall
= Pressure-equalized rain screen wall

Bearing, non-bearing, and curtain wall structures can employ
any of the above types of wall construction, although certain
types of wall structures are more adaptable to certain types of
wall construction.

Barrier Wall

Historically, we have relied on this type of wall for most of
human history. The purpose of a traditional barrier wall design
is to provide a relatively impenetrable barrier against water and
air infiltration, relying primarily on massive walls to absorb,
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dissipate, and evaporate moisture slowly. The mass of the wall
also controls other forces such as sound, fire, and heat flow
quite efficiently. Openings or vulnerable joints are protected
from water infiltration by roof overhangs, window setbacks,
flashing, drip edges, and other types of physical shields.

Today, constructing a traditional barrier wall with massive
walls and a complex configuration is cost prohibitive. Instead,
economics of modem construction require that barrier wall
construction be thin, costeffective, energy efficient, and
lightweight. Modern barrier wall construction relies on
impermeable cladding materials and completely sealed joints
between exterior wall assembly components to resist all
water penetration. While a barrier wall design typically has
the lowest initial cost than other exterior wall configurations,
the lower initial cost is offset by higher life-cycle costs, due to
higher mainfenance expenses and lower expected life span
caused by more accelerated rates of deterioration. However,
with the pace of aesthefic and technological change in our
culture, reduced life-cycles for certain types of buildings have
become acceptable.

A direct adhered ceramic tile, stone, masonry veneer, or thin
brick dad barrier wall facade does have limitations that may
increase frequency of maintenance and decrease useful life.
Stone and thin brick cladding materials will allow varying
degrees of water penefration directly through the surfuce.
Water penefration may also occur through hairline cracks in
naturally fragile stone that, while not affecting safety, can
occur from normal structural, thermal and moisture movement
in the building. Similarly, hairline cracks in joints between the
ceramic tile, stone, masonry veneer, or thin brick which are
grouted with cementitious material may also allow water
penetration. While ceramic tile, suitable for exterior walls,
may be impermeable, the cementitious joints between tiles
will be permeable, unless they are filled with epoxy grout or
silicone /polyurethane sealants. In an attempt fo prevent water
penetration by using impermeable joint filler, the following
new problems may be created:

= |tis impossible to achieve a 100% seal against water with
a field applied sealant or epoxy grout over thousands of
lineal feet (meters) of joints.

Section 2: Exterior Wall Concepts

= A tofally impermeable exterior wall may perform well in
warm, humid climates; but in colder dimates, water vapor
from the interior of the building may get frapped within
the wall and condense, causing infemal deferioration of
the wall.

= Sealant joints require frequent inspection, mainfenance
and replacement.

Recent technological advancements now provide the capability
toinstall a drainage plane onto barrier wall construction. These
drainage type materials are fastened directly to the barrier
wall and a typical mortar bed or wall render over metal lath
is installed to support the adhered veneer installation. The
inclusion of the drainage plane helps ensure that any moisture
which may penetrate the veneer installation will safely be
evacuated from the wall system.
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Figure 2.3.1 — Adhered veneer installation over a fastened drainage plane.

Cavity Wall

This type of wall construction consists of an inner and outer
layer of wall components separated by an air cavity (gap).
Recognizing the difficulty of achieving a 100% effective water
barrier, o cavity wall is designed to allow a certain amount of
water to penefrate the outer layer info the cavity. Water (and
moisture vapor) cannot bridge the air gap easily, so it drops by
gravity and s directed, by properly designed drainage outlets,
back fo the exterior of the wall.

Direct Adhered Ceramic Tile, Stone, Masonry Veneer, and Thin Brick Facades — Technical Design Manual
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Section 2: Exterior Wall Concepts

Pressure Equalization

This type of wall construction is a more sophisticated type
of cavity wall where specially placed and sized openings in
the exterior cladding allow outside air to penetrate the cavity
and reach the same pressure as the outside air, thus the term
pressure equalized. This type of wall construction reduces
the infernal wall cavity pressure differential (Figure 2.3.2).
A pressure differential could cause water and moisture vapor
to be forced and suctioned in either direction across the cavity,
resulting in leakage and deterioration. The infernal wall cavity
is normally at a varying pressure due to wind flow over the
exterior facade, the “stack” rising effect of air flow in a
building, and HVAC (heating/ventilating) system pressurization
and imbalance. To allow proper air pressure transfer, the inner
layer of wall construction must be airtight. This is achieved
by installation of an air retarder/vapor barrier on the exterior
surface of the inner layer of the cavity wall assembly.

Figure 2.3.2 — Typical cavity wall air pressure differentials.

Future Exterior Wall Technology — The Dynamic
Buffer Zone

Studies have shown that moisture accumulation in wall cavities
occurs more often from the water vapor migration and build-up
of condensation than from actual water penefration. One study
has demonstrated that in one month, approximately 31 Ibs
(15 kg) of water could penetrate, by air leakage and resultant
condensation, through an electrical outlet with a net open area
of 1"2(6.5 cm?) and an inferior-exterior air pressure difference
equivalent to a 9.3 mph (15 kph) wind.*

The mechanism behind moisture  condensation is the
exfiliration of humid indoor air in cold climates, and to a lesser
degree, the infiliration of humid air in warm climates to the
cool internal wall cavity. Though vapor barriers, and the more
sophisticated air barriers, provided by ventilated or pressurized

rain screen wall designs have greatly improved air and water
vapor resistance of exterior walls, a perfect seal is not feasible.
Water vapor condensation will continue to occur in buildings
with moderate humidity levels in cold cimates, and in air
conditioned buildings in warm, humid climates.

In direct adhered clodding systems, many of the problems
that we associafe with apparent rain penetration are actually
caused by accumulation of condensation. This intenal wall
moisture not only causes water leakage and staining, but
is often responsible for problems such as efflorescence,
mildew odors, diminished insulation value, corrosion of metal
components, and reduced strength, or even failure of adhesives
and membranes.

I recent years, an exterior wall concept, originally known as
the Dynamic Buffer Zone (DBZ) (first proposed in the 1960's),
is a fairly sophisticated concept that can significantly reduce
or even eliminate moisture in the interior cavities of exterior
walls.

A Dynamic Buffer Zone system is comprised of an exterior
wall or roof of a building fogether with air handling equipment
arranged in such o way that the cavities are forcefully
ventilated with dry, pre-heated air during the winter months
for the prevention and control of condensation within the
cavity. Buildings which are humidified and pressurized often
suffer from wall or roof cavity condensation due to imperfect
sedling from air infiltration, higher indoor humidity and air
pressure differential. Air pressure differences may occur from
“stack effect” (a difference in indoor-fo-outdoor air density
resulfing from temperature and moisture differences), HVAC
pressurization or wind. In general, efforts to maintain the “air
tightness” of a building to prevent condensation have been
unsuccessful. It can also be stated that ventilation design
produces ever increasing indoor building pressure condifions.

Itis for reasons like these that the DBZ s gaining understanding
and market acceptance for many types of systems. A DBZ
system can control construction cavity condensation effectively,
without the necessity of perfect design, perfect construction
and impeccable inspection/maintenance. A DBZ system
typically includes supply fans, exhaust fans, temperature,
relative humidity and pressure sensors and controllers all
enclosed within sealed cladding components and o sealed
interior structure.
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Figure 2.3.3b — Pressure Controlled Cavity System.

There are two types of Dynamic Buffer Zone systems, the
Ventilated Cavity Sysfem and the Pressure Controlled Cavity
System.

1. The Ventilated Cavity System (See Figure 2.3.3a) — the
construction cavities are ventilated with dry outdoor air and
pressure relieved or controlled through a return and exhaust
system. In some cases, the cavity air is re-circulated if the
dew point femperature of the air is low and the cavity
air requires supplementary heat. In the Ventilated Cavity
System, it is the ventilation air which dilutes and evacuates
any humidity or moisture vapor from the system. Historically,
Ventilated Cavity Systems have seen limited use in buildings
due to the complexity of the system, the required controls
and poor performance in some applications.

2. The Pressure Controlled Cavity System (See Figure 2.3.3h) —
the consfruction cavities are pressurized slightly above the
indoor pressure of the building with pre-heated outdoor air,
but with a pressure relief or return air system. These systems

Section 2: Exterior Wall Concepts

are less expensive fo design and build and more efficient at
controlling cavity moisture conditions. However, pressurized
cavity designs cannot provide perimeter heat. In the Pressure
Controlled Cavity System, it is the cavity pressure generated
by the system which prevents further confamination of the
cavity air with humid indoor air. Cavity air pressures need
not exceed 5 — 10 Pa (7.25 x 10* — 1.45 x 10° psi)
above the indoor air pressures, and the air flow capacity of
the Dynamic Buffer Zone fans need not exceed 20 ¢/sec per
10 m? (0.706 1 /sec per 1,000 ft7).

A DBI system performs its condensation control function as
soon as it is tumed on. In cold climates, it may be best to
activate a DBZ system no later than mid to late November and
to furn the system off in late April or early May.

The most significant challenge in the practical application of
a DBZ concept is not necessarily the cost (since much of the
required infrastructure and equipment already exists in modern
commercial buildings); the challenge lies in the extensive
level of detail and coordination of mechanical engineering
and architectural disciplines, and the correlating trades on the
construction sife.”

Nonetheless, a properly installed DBZ system, used in
conjunction with o direct adhered veneer, can provide the most
efficient, environmentally sound and functional exterior wall
system.
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Photo: Project-Paragon Prairie Tower, Urbandale, lowa Designer: David B. Dahlquist, RDG Dahlquist Art Studio, Des Moines, 1A Tile Contractor: Des Moines
Marble and Mantle Co., Des Moines, IA.

Description: Sicis glass mosaic fle installed over pre-cast concrete.
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3.0 ON-SITE CONSTRUCTION

3.1 CONCRETE MASONRY UNIT BACK-UP
WALLS

Concrete block masonry units (CMU) are the preferred back-
up wall system for installation of direct adhered cladding in
buildings where long service life and maximum durability are
desired. CMU wall thickness must be calculated based on
engineering analysis as required by building codes. However,
the empirical rule of a height/thickness ratio of 18:1, for
hollow or partially grouted CMU, remains a good guide for
preliminary selection of wall thickness. CMU walls should have
a minimum thickness of 8" (200 mm). CMU walls usually
require vertical and horizontal reinforcing in order fo satisfy
seismic requirements. Joint reinforcing should be used at every
second horizontal bed joint.

Barrier Concrete Masonry Walls

Single wythe CMU back-up walls are barrier walls and
therefore must be waterproofed, even if they are dlad with
a relatively impermeable cladding. Every joint between the
ceramic file, stone, masonry veneer, or thin brick cladding is a
potential source of water penetration. Cement or latex cement
leveling plasters (renders) or parge (skim) coats may provide
adequate protection in exiremely dry climates but water wil
penetrate during prolonged periods of rain and couse either
leakage, deterioration of underlying materials, or sub-surface
efflorescence which can result in adhesive bond failure.
Through-wall flashing and weep holes can be provided in the
(MU at the botfom of the wall and at windows splitting the
wall into two thin wythes at the flashing.
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Figure 3.1.1 —Typical concrete barrier wall detail with tile or stone installation.

Cavity Concrete Masonry Unit Walls

The outside face of the infenal wythe of CMU back-up wall
should be damp-proofed, as cavity walls are designed with the
anficipation of water penetration. Cavity walls should have an
unobstructed air space between the inner and outer wythe.
The air space is designed to prevent infiltrated water and vapor
from “jumping the gap” to the inner wall, and can be designed
to equalize outside and cavity air pressure fo prevent water
from being driven across the air space. Water can then be
collected and directed back to the exterior of the dodding vio o
cavity weep system (see Section 2 — Pressure Equalization).

The recommended minimum width of a cavity is 2" (50 mm)
and should not be greater than 4-1/2" (114 mm) and must
be tied with metal ties as required by building codes. If rigid
insulation is used in the cavity in cold climates, a 2" (50 mm)
air space should be provided from the face of the insulation.

Weep holes should be ploced af the bottom of each floor
level, bottom of walls, at window sills, and any other locations
where flashing is provided. Weep holes are typically spaced
at 24" (600 mm), but no greater than 32" (800 mm) on
center, and located where the vertical joints of both the CMU
and external cladding align. The cavity base should be provided
with drainage material, such as gravel or plastic drain fabric o
prevent mortar droppings from blocking drainage.
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Floshings (see Section 4) are used to collect and direct water
which has infiltrated the cavity back to the exterior through
weep holes. Flashings must be terminated in a horizontal CMU
joint, and must be tumed up at the ends of window sills or
other horizontal terminations to form a dam, otherwise water
will travel luterally and leck af the ends of the flashing. At the
face of the extemal cladding, flashing should be terminated in
arigid sheet metal drip edge to direct any water away from the
face of the cladding. If flexible sheet or fluid applied flashings
are used, they need to be bonded to a rigid metal drip edge.

Figure 3.1.2 —Typical Cavity Wall Flashing Detail.

The external CMU wythe and exteral cladding are anchored to
the back-up CMU wall with galvanized steel wall ties typically
spaced 16" (400 mm) on center vertically and horizontally.
Anchors require flexible connections in order fo allow for
misalignment of the internal /external CMU coursing, and to
permit differential movement both within the CMU wall, and
between the external cladding — CMU wall and the internal
backup wall and structural frame.

Figure 3.1.3 — Typical masonry cavity wall tie systems.

3.2 CLAY (BRICK) MASONRY BACK-UP WALLS
Clay brick masonry back-up walls, whether designed as barrier
or cavity walls, are generally constructed using the same
principles and design techniques as concrete masonry back-up
walls.

However, there is one imporfant difference between the two
materials. Clay brick will expand permanently with age as a
result of moisture absorption. When a brick is fired during the
manufacturing process, all the moisture has been removed,
and clay brick will gradually increase in volume from the
original manufactured dimensions (See Section 6.5).

Consequently, dlay brick masonry backup walls must make
provision for expansion. This is particularly important where
clay brick is used in a barrier wall configuration to infill between
structural concrete frames; restraint of expansion forces can
cause the back-up wall to bow outwards.

Direct Adhered Ceramic Tile, Stone, Masonry Veneer, and Thin Brick Facades — Technical Design Manual
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3.3 LIGHT GAUGE STEEL METAL STUD, BACK-UP
WALLS

Light gauge metal (galvanized steel) framing is commonly
used as a back-up wall structure for direct adhered dadding.
The metal stud frame can employ a variety of sheathings; the
type of sheathing dependent on whether the wall is a barier
wall requiring direct adhesion of the cladding material, or a
cavity wall where the sheathing type does not offect adhesion.
Metal stud walls can also be used for both prefabrication of
panels, or, in-sifu construction.

Metal stud size and gauge are selected based on known
structural properties required to resist live and dead loads.
The predominant live load is wind, therefore stiffness usually
controls size of metfal studs.

Empirical experience has shown that 6" (150 mm) wide, 16
gauge studs spaced 16" (400 mm) on center are appropriate
for most applications. However, engineering calculations may
show that other widths and gauges are required. Systems,
including the framing system and panels, over which file
or stone will be installed shall be in conformance with the
Infernational Residential Code (IRC) for residential applications,
or applicable building codes. Substrate deflection under all live,
dead and impact loads, including concentrated loads, must not
exceed L/600 where L=span length. The project should include
the intended use and necessary allowances for the expected
live load, concentrated load, impact load, and dead load
including the weight of the finish and insfallation materials.
While this is the current allowable deflection for metal stud
back-up walls, some studies on conventional masonry veneer
cavity walls have shown cracking can occur on walls that have
significantly less deflection. To date, there have been very few
definitive studies conducted on metal stud barrier walls used in
direct adhered clodding, but empirical evidence indicates that
the composite action of rigid cladding materials, high strength
adhesives, and proper specification of sheathing material and
attachment method to metal studs does create a more rigid
diaphragm compared to a metal stud back-up wall separated
by a cavity.

Metal stud framing typically requires luteral bracing to, or
integrated within, the structural steel frame of a building.
Bracing is dependent on the configuration and unsupported
length of the stud frame. Empirical experience has again

proven that integration within the structural steel system not
only provides a stiffer metal stud wall by reducing the unbraced
lengths of studs, but also improves accuracy and reduces errors
by providing an established framework where studs are used
as infill, rather than the entire framework.

There are a wide variety of sheathing materials to choose
from for metal stud walls, ranging from low cost exterior
gypsum sheathing or plywood for cavity wall sheathing, to
cement backer board, or lath and cement plaster for barrier
walls requiring direct adhesion of the cladding material. In
addition, a drainage plane loyer can also be infegrated into
the steel framed barrier wall assembly (typically installed over
an exterior rated sheathing) to facilitate the evacuation of
moisture from within the wall system.

Gypsum sheathings historically have not been a very durable
material for cavity walls, although exterior rated gypsum based
sheathings with fiberglass facings and silicone impregnated
cores have improved performance.  Exterior wall assemblies
which incorporate gypsum sheathing require the lath and
plaster method for direct adhered cladding systems, as the
sheathing composition or facings are not compatible for direct
adhesion of exterior veneers (See Figure 3.3.1).
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Figure 3.3.1 — Defail showing installation of file or stone over an exterior gypsum
sheathing.

Cement plaster is an ideal sheathing for metal stud back-up
walls. This sheathing provides a seamless substrate with no
exposed fasteners, resulting in good water and corrosion
resistance. The integral reinforcement also provides necessary

24

Direct Adhered Ceramic Tile, Stone, Masonry Veneer, and Thin Brick Facades — Technical Design Manual



Section 3: Types of Direct Adhered Wall Construction

stiffness, resistance fo shrinkage cracking, and positive
imbedded attachment points for anchorage to the metal
stud frame. The attachment of reinforcing in cement plaster
sheathing and resulting shear and pull-out resistance of the
fasteners within the sheathing material is superior to that of
prefabricated board sheathings such as gypsum or cement
backer unit boards (CBU). This factor is important in more
extreme climates where there is more significant thermal
and moisture movement which can affect sheathings which
are poorly fostened or have low shear or pull-out resistance
to fasteners.

Cement backer unit boards (CBU), fiber cement underlayment
and caldum silicate boards are other choices for mefal stud
back-up walls requiing direct adhesion of the clodding
material. (BU board is prefabricated, and provides an
efficient, cost effective cementitious substrate for adhesion of
clodding materials. While CBU is technically water resistant, it
requires waterproofing, as the minimal thickness and corrosion
potential of screw atfachments increase the possibility for
minor cracking, leaks, deferioration, and defects such as
efflorescence. Fiber cement underlayments can be sensitive
to moisture, and require waterproofing on both sides to resist
dimensional instability that may be coused by infiltrated rain
water or condensation on the back side of the board. Check
with the fiber cement underlayment manufacturer for suitability
in exterior configurations.

There are proprietary direct adhered wall systems which employ
corrugated steel decking as sheathing and substrate for cladding
adhered with special structural silicone adhesives. Because
these systems employ spot bonding rather than a continuous
loyer of adhesive, the combination of open space behind the
cladding and the corrugation of the steel decking provides a
cavity for drainage and ventilation. This cavity anticipates water
penetration, and re-directs water back to the exterior wall
surface. However, the underlying metal decking and framing
are subject to corrosion failitated by abrasion of galvanized
coatings during construction. Leakage may also occur due to the
difficulty of waterproofing the steel and multiple connections/
penefrations. Corrugated steel sheathing cavity walls have a
limited service life similar to that of barrier walls.

Generally, the light weight and minimal thickness of most
sheathing materials for mefal stud barrier back-up walls make
them more susceptible to differential structural movement
and dimensional instability from thermal and  moisture
exposure. Therefore, careful engineering analysis of cladding-
adhesive-sheathing material compatibility, and analysis of the
anticipated behavior of the sheathing and its attachment are
critically important.

3.4 CAST-IN-PLACE REINFORCED CONCRETE
BACK-UP WALLS

Castin-place concrete is one of the most common back-up
wall materials for direct adhered external dladding. However,
it is unusual that an entire facade back-up wall construction is
castin-place concrete; typically, only the face of the structure,
or walls at the base of a building are concrete. Castinplace
concrefe is only economical for barrier wall construction,
and resists water penetration by virtue of mass and density.
However, it is still recommended to waterproof concrete,
as soturation with water can increase the occurrence of
efflorescence.

There are several other important considerations unique to
verfically costin place concrete used as a back-up wall for
external cladding (see Section 5 for detailed information):

= Form release agents
= Surface defects
= Dimensional change and cracking caused by shrinkage

3.5 PRE-CAST CONCRETE WALL PANELS -
NEGATIVE AND POSITIVE CAST METHODS
Ceramic tile, stone, masonry veneer, and thin brick dlad pre-
cast concrete panels combine durability and fremendous design
flexibility with the strength and economy of pre-cast concrefe.
The primary advantage of this type of backup wall construction
is the economy of prefabricated, panelized construction. Pre-
fabrication permits construction of panels well in advance
of the normal sequencing of the on-ite construction of
huilding’s exterior wall. Once the proper stage in the sequence
of construction is reached, panels can be erected quickly,
without weather or scaffolding erection delays. Pre-cast
concrete also allows more stringent quality control afforded
by plant production of both the batching and casting of the
concrete, as well as the installation of the dadding material.
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The considerations for clod, pre-cast concrete panels are
generally the same as those for panels without an adhered
finish, with two exceptions; the method of installation for the
clodding material, and investigation of differential thermal and
moisture movement between the pre-cast concrete and the
dlodding material.

Pre-Cast Concrete Panels — Negative and
Positive Cast Methods

There are two methods for installation of cladding on pre-cast
concrete panels; the negative and the posifive cast methods.

Negative cast panels involve the casting of the concrete and
bonding of the cladding in one step. The cladding material
is placed face down over the face of the panel mold; joint
width and configuration are typically controlled by a grid fo
insure proper location, uniform jointing and secure fit during
the casting operation. Joints are typically cast recessed, and
pointed or grouted after the panel is cured and removed from
the mold. This method requires the use of a cladding with a
dovetail or keyback configuration on the back of the file (see
Figure 3.6.1) in order to provide mechanical locking action
hetween the cladding and the concrete. The mechanical bond
strength afforded by the infegral locking of the concrete fo the
back is often augmented by the use of latex portland cement
slurry bond coats or polymeric bonding agents just prior to
casfing of the panel.

Positive cast panels are prefabricated in two separate
processes. The pre-cast panel is cast, cured, and removed from
the mold, and the cladding material is then installed using an
adhesive in the production plant. Installation of the cladding
after erection and attachment to the sfructure on<site is viable,
but this sequencing minimizes the goal of economy and quality
control provided by prefabrication.

Figure 3.5.1 — Negative Cast Method — Tiles are pressed finish face down into molds.
Nofice the key backed (dove tails) configuration of the file.

Figure 3.5.2 — Negative Cast Method — Concrete is poured and vibrated over the panels.
Aslurry bond coat of LATICRETE® 211 Powder mixed with LATICRETE 3701 Mortar Admix
can be used os o bonding agent between the file backs and the concrete pour in this
method.

Figure 3.5.3 — Once the tiled panels are curd, the grouting process can begin. These

panels are grouted with LATICRETE Spectral OCK® PRO Groutt.

Figures 3.5.4 — The grouted panels are then stored and allowed to cure before being
transporfed fo the job site for installation of the panels.

Pre-Cast Concrete Panels — Differential
Movement (Internal to Panel)

Differences in the physical characteristics of the pre-cast
concrete and the cladding material make this type of back-up
construction more susceptible to problems of panel bowing or
excessive shear stress af the adhesive inferface.

+ United States Patent No.: 6881768 (and other Patents).
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Bowing of panels can occur from several mechanisms. In
negative cast panels, the concrete shrinks as it hydrates and
excess water evaporates. The cladding, being dimensionally
stable, is capable of restraining the shrinkage of the concrete.
The result is compressive stress in the cladding, and tensile
stress at the adhesive interface, with the potential for outward
howing of the dadding surface.

The best fechnique in preventing panel bowing is to control
the concrete shrinkage and to provide the proper rafio of
cross-sectional area to sfiffness (modulus of elasticity) of the
panel. Avoid flat panels less than 5" — 6" (125 — 150 mm)
thick; panels as thin as 4" (100 mm) can be used in panels
with small areas, or in panels where sfiffness is increased
by configuration or composite action with a thick clodding
material. Concrefe mix design and curing conditions can be
adjusted to minimize shrinkage.

Several other techniques, such as the amount, location, and
type of (pre-stressed) reinforcement, or introduction of camber
fo the panel, are used to compensate for possible bowing
caused by shrinkage.

Differential movement caused by varying coefficients of
thermal expansion between the cladding and the concrete
can also result in panel bowing. The optimum condition is for
the concrete to have a rate of thermal expansion that closely
approximates that of the cladding. The thermal coefficient of
expansion of concrete can be modified slightly by adjustment
of aggregate type, size and proportion o provide compatibility
with the cladding and minimize differential movement under
temperature changes.

Pre-cast Glass Fiber Reinforced Concrete Wall
Panels (GFRC)

Pre-cast glass fiber reinforced concrete (GFRC) is the term
applied o o material which is fobricated from cement
aggregate slurry and reinforced with alkaliesistant glass
fibers. Mix composition and types of applications vary, but for
installation of direct adhered cladding, GFRC panels consist of a
mix which contains 5%, by weight, gluss fibers combined with
a portland cement/sand slurry which is spray applied onto a
form. The form may contain a dlodding material (negative cast
method) to which a bond coat of latex portland cement is
applied just prior to application of the GFRC material, or the

panelis cast, cured and removed from the form for subsequent
application of a cladding material in a separate process
(positive cast method).

A single skin GFRC panel is the most common type of panel
construction. This type of panel typically has a thickness of
approximately 1/2" (12 mm). However, it is recommended
to increase the thickness of the GFRC panel, to approximately
1" (25 mm) to reduce and better resist differential movement
sfress. GFRC panels rely on a sfructural backing or stiffener
of o steel stud framework. The steel frame is commonly
separated from the GFRC by an air space and attached fo the
GFRC by means of 1/4" (6 mm) diameter rods called flex
anchors, which are imbedded info the GFRC and welded to
the framework. These anchors, while rigidly attached, have
inherent flexibility determined by diometer and orientation of
the rods, which allow some panel movement to accommodate
thermal and moisture movement. Heavier panels, or those
requiring seismic bracing, also require addifional anchors
known s gravity or seismic anchors, and are differentiated
from flex anchors by their size, configuration, and connection
orientation to the GFRC. It is very important to consider the
additional weight of the cladding material during the design
and engineering of a GFRC panel; you cannot install direct
adhered cladding using the positive cast method unless the
panel was engineered specfically for that purpose.

Properly engineered and constructed GFRC panels have
extremely high strength and good physical characterisfics,
However, due to the thin section employed in GFRC panels,
differential thermal and moisture movement can cause
panel bowing, resulting in cracking. Because GFRC panels
expand and contract from wetdry cycing, the adhesion
of a dadding can result in a different rate of moisture gain
or loss between the front and back of the panel and induce
howing stress. Therefore, careful attention to detailing to
prevent rain infiliration and condensation within the wall (see
Section 4) are important. Similarly, cladding materials with
incompatible coefficients of thermal movement can induce
sfress. So thermal and moisture movement compatibility with
cladding is important, as are low modulus adhesives (flexible/
deformable) and movement joints.
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3.6 LIST OF ARCHITECTURAL DETAILS
(See pages 29-77)
=3.6.1 t0 3.6.7 Barier wall, concrete masonry back-up
wall, continuous waterproofing membrane
= 3.6.7 to 3.6.14 Barrier wall, concrete masonry back-up
wall, membrane flashing
= 3.6.15 t0 3.6.17 Barrier wall, metal stud back-up with
cement hoard or plaster
=3.6.18 t0 3.6.20 Cavity wall, mefal stud back-up with
cement board or plaster
= 3.6.21 to0 3.6.23 Barrier wall, pre-cast concrete panels
= 3.6.24 t0 3.6.30 Covity wall, double-wythe concrete
masonry
=3.6.31 to 3.6.33 Cavity wall, concrete masonry and
metal stud back-up wall
= 3.6.34 10 3.6.36 Cavity wall, epoxy spot bonding
= 3.6.37 10 3.6.39 Barrier wall, GFRC panel
=3.6.40 to 3.6.44 Barier wall, concrete masonry

back-up wall, continuous waterproofing membrane —
LATICRETE® Masonry Veneer Installation System (MVIS™)

=3.6.45 to 3.6.47 Cavity wall, mefal stud back-up with
cement board or plaster — LATICRETE MVIS

= 3.6.48 to 3.6.49 Barier wall, Covity wall, CMU with
mefal stud back-up — LATICRETE MVIS
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Figure 3.6.1 — Architectural Detail of Barrier Wall — Concrete masonry unit backup with continuous waterproofing membrane.
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Figure 3.6.2 — Architectural Detail of Barrier Wall — Concrete masonry unit backup with continuous waterproofing membrane.
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Figure 3.6.3 — Architectural Details of Barrier Wall — Concrefe masonry unit backup with confinuous waterproofing membrane.
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Figure 3.6.4 Architectural Details of Barrier Wall — Concrete masonry unit backup with confinuous waterproofing membrane.
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Figure 3.6.5 — Architectural Detail of Barrier Wall — Concrete masonry unit backup with continuous waterproofing membrane.
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Figure 3.6.6 — Architectural Details of Barrier Wall — Concrefe masonry unit backup with confinuous waterproofing membrane.
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Figure 3.6.7 — Architectural Details of Barrier Wall — Concrefe masonry unit backup with continuous waterproofing membrane.
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Figure 3.6.8 — Architectural Details of Barrier Wall — Concrefe masonry unit backup with membrane flashing.
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Movement Joint—Min. 3/8" (10mm)
Wide Including LATICRETE® Latasil™
And Backer Rod

58

Type 1

Steel Partition Anchorage Insert In
Slip Joint Tube At Vertical Joint.
Allows Vertical Movement Between
Floor Slab And Wall

Ceramic Tile, Stone, Adhered
Veneer, Or Thin Brick

Metal Window Frame And
Insulating Glass

Compressible Filler

[ 4
- Interior Finish Wall/Ceiling (With
A T Insulation And Vapor Barrier As
N Required By Code)

Typical 120" (3050mm) Between Movement Joints

LATICRETE 254 Platinum

Typical 120" (3050mm) Floor To Floor Height

Concrete Or Masonry Back—up Wall

LATICRETE Hydro Ban™

Vertical Steel Reinforcement — Grout
Solid 24" (600mm) 0.C.

% LATICRETE PermaColor™ Grout

LATICRETE 3701 Fortified
Mortar Bed

WALL SECTION
L (28N @ WINDOW

e Type 1) BARRIER WALL — CONCRETE MASONRY
-0 NS BACK—UP WITH MEMBRANE
SCALE: N.T.S.

Figure 3.6.9 — Architectural Details of Barrier Wall — Concrefe masonry unit backup with membrane flashing.
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Figure 3.6.10 — Architectural Details of Barrier Wall — Concrete masonry unit backup with membrane flashing.
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Figure 3.6.11 — Architectural Details of Barrier Wall — Concrete masonry unit backup with membrane flashing.
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Figure 3.6.12 — Architectural Detail of Barrier Wall — Concrete masonry unit backup with membrane flahing.
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Figure 3.6.13 — Architectural Details of Barrier Wall — Concrete masonry unit backup with membrane flashing.
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Figure 3.6.14 — Architectural Details of Barrier Wall — Concrete masonry unit backup with membrane flashing.
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3A
Type 2

Fire Safing Insulation

Ceramic Tile, Stone, Masonry
Veneer, Or Thin Brick

Movement Joint—Min. 3/8" (10mm)
Wide Including LATICRETE® Latasi™
And Backer Rod

Cold Climate Option: Interior
Metal Stud Wall With

LATICRETE Hydro Ban™

LATICRETE 254 Platinum

Typical 120" (3050mm) Between Movement Joints

1/2” (12mm) Thick Nominal
Cement Backer Board Or 1"
Thick LATICRETE 3701
Fortified Mortar Bed Over
Galvanized Metal Lath And

%

Cleavage Membrane

(a WALL SECTION @ WALL

Fiberglass Insulati

Interior Finish

Diagonal Steel Bracing

Continuous Steel Angle

Double Stud Joint With
Compressible Filler

Vertical Steel Bracing @
5’ 4" (1600mm) 0.C. With
Metal Stud Infill @ 16" (400mm)

w BARRIER WALL — METAL STUD & CEMENT BOARD BACKUP

SCALE: N.T.S.

Figure 3.6.15 — Architectural Detail of Barrier Wall — Barrier Wall — Light gauge steel (metal stud) with cement backer board (CBU) or cement plaster backup.
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Figure 3.6.16 — Architectural Detail of Barrier Wall — Light gauge steel (mefal stud) with cement backer board (CBU) or cement plaster backup.
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Figure 3.6.17 — Architectural Details of Barrier Wall — Barrier Wall — Light gauge steel (metfal stud) with cement backer board (CBU) or cement plaster backup

Direct Adhered Ceramic Tile, Stone, Masonry Veneer, and Thin Brick Facades — Technical Design Manual 45



Section 3: Types of Direct Adhered Wall Construction

Cold Climate Option: Interior
Metal Stud Wall With
Fiberglass Insulation

Ceramic Tile, Stonq. Masonry

Veneer, Or Thin Brick Interior Finish

Fire Safing Insulation —7m8 ————

X

Movement Joint—Min. 3/8” (10mm) n J
Wide Including LATICRETE® Latasil™ J Diagonal Steel Bracing
And Backer Rod g

Continuous Steel Angle

LATICRETE Hydro Ban™
Double Stud Joint With
Compressible Filler

Vertical Steel Bracing @

) 5 47 (1600mm) O.C. With
LATICRETE 254 Platinum ————————41 ¢ Metal Stud Infill @ 16" (400mm)

1/2" (12mm) Thick Nominal
Cement Backer Board Or 1"
Thick LATICRETE 3701
Fortified Mortar Bed Over
Galvanized Metal Lath And
Cleavage Membrane

Typical 120" (3050mm) Between Movement Joints

Air Gap

%

Vertical Galvanized Steel "Z”
ChannelFurring @ 16” (400mm) /)
0.C. Horizontal

Moisture Barrier/Air Barrier

Exterior Rated Sheating or
Rigid Insulation H

13\ WALL SECTION @ WALL

W CAVITY WALL — METAL STUD & MORTAR BED OR CEMENT BACKER BOARD BACKUP
SCALE: N.T.S.

Figure 3.6.18 — Architectural Detail of Cavity Wall — Light gauge sfeel (mefal stud and mortar bed or cement backer board back-up).
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Ceramic Tile, Stone, Masonry
Veneer, Or Thin Brick

Exterior Rated Sheathing or
Rigid Insulation

Fire Safing Insulation

Moisture Barrier/Air Barrier

Air Gap

Movement Joint—Min. 3/8" (10mm)
Wide Including LATICRETE® Latasi™

And Backer Rod

Metal Window Frame
And Insulating Glass

Metal Pan Flashing

Typical 120" (3050mm) Between Movement Joints

LATICRETE Hydro Ban™

LATICRETE 254 Platinum

%

1/2" (12mm) Thick Nominal Cement
Backer Board or 1" (25mm) Thick
LATICRETE 3701 Fortified Mortar Bed
Over Galvanized Metal Lath And

Diagonal Steel Bracing

Continuous Steel
Angle. Weld To Vertical
Channels Beyond

Vertical Steel Bracing @
5' 4” (1600mm) 0.C.
With Metal Stud Infill @
6” (400mm)

Cleavage Membrane

Vertical Galvanized Steel "Z”
Channel Furring @ 16”
(400mm) O.C. Horizontal

(28 WALL SECTION @ WALL

Type 2

CAVITY WALL — METAL STUD & MORTAR BED OR CEMENT BACKER BOARD BACKUP

SCALE: N.T.S.

Figure 3.6.19 — Architectural Detail of Cavity Wall — Light gauge steel (mefal stud and cement board back-up.
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Figure 3.6.20 — Architectural Details of Cavity Wall — Light gauge steel (metal stud and cement board back-up.
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Figure 3.6.21 — Architectural Detail of Barrier Wall — Negative cast pre-cast concrete panels.
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Figure 3.6.22 — Architectural Detail of Barrier Wall — Negative cast pre-cast concrefe panels.
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Figure 3.6.23 — Architectural Detail of Barrier Wall — Negative cast pre-cast concrefe panels.
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Type 5

Ceramic Tile, Stone, Masonry
Veneer, Or Thin Brick

T T3
R T St

Movement Joint—Min. 3/8"
(10mm) Wide LATICRETE®
Latasi™ And Backer Rod

AT

;

Er
&
1ol I
H I
¥ | Steel Shelf Angle: Anchorage To
LATICRETE 254 Platinum i - 8 Structure With Ample Vertical And
i / Lateral Adjustment
~4 i

Concrete Or Brick Masonry
Back—up Wall

LATICRETE Hydro Ban™

RN

Vertical Steel Reinforcement —
Grout Solid 24" (600mm) 0.C.

LATICRETE 254 Platinum Or
LATICRETE 3701 Fortified Mortar
Bed Skim/Parge Coat 1/8"
(3mm) Thick ——————|

(3050mm) Floor to Floor Height

[—— Anchor Every 2 Courses

Min. 27 (50mm) Air Cavity

X
NIS

Typical 120"

Insulation In Cold Climates: Use
1=2" (25=50mm) Rigid Polystyrene
Board Insulation In Cavity Min. 17
(25 mm) and max 4" (100 mm)

Typical 120" (3050mm) Between Movement Joints

(e o o . . S B B B . o

|

Interior Finish Wall/Ceiling (With
Insulation And Vapor Barrier As
Required By Code)

Moisture Barrier/Damp Proofing
Over CMU

LATICRETE PermaColor™ Grout /

oI Vo e

Horizontal Reinforcerment—16"
(400mm) 0.C. Vertical (Or As
Required By Code)

o
e

WD

Sy

Metal Flashing With
Drip Edge

) Compressible Filler

1\ WALL SECTION @ WALL

‘\‘@y CAVITY WALL — CONCRETE MASOMRY BACK—UP
SCALE: N.T.S.

Figure 3.6.24 — Architectural Detail of Cavity Wall — Concrete masonry back-up.
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LATICRETE® Latasi™
Over Backer Rod

Ceramic Tile, Stone, Masonry
Veneer, Or Thin Brick

LATICRETE 254 Platinum

LATICRETE Hydro Ban™

LATICRETE 3701 Fortified Mortar
Bed Or LATICRETE 254 Platinum
Skim/Parge Coat 1/8" (3mm)

Type 5

N

LATICRETE Latasil
Over Backer Rod

Compressible Filler

Steel Shelf Angle: Anchorage
To Structure With Ample Vertical
And Lateral Adjustment

(4
e/

Moisture Barrier/Damp Proofing
Over CMU

N\

LATICRETE PermaColor™ Grout

4" (100mm) CMU With Horizontal

Reinforcing @ 16” (400mm) 0.C.

Sloped Metal Through Wall ——— g

Flashing With Drip Edge

(2N WALL SECTION @ WINDOW

Min. 2" (50mm) Air Cavity

Interior Finish Wall/Ceiling (With
Insulation And Vapor Barrier As
Required By Code)

Anchor Every 2 Courses

SCALE: N.T.S.

CAVITY WALL — CONCRETE MASONRY BACK-UP

Figure 3.6.25 — Architectural Detail of Cavity Wall — Concrete masonry back-up.
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Figure 3.6.26 — Architectural Details of Cavity Wall — Concrete masonry back-up.
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Figure 3.6.27 — Architectural Details of Cavity Wall — Concrete masonry back-up.
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Figure 3.6.28 — Architectural Detail of Cavity Wall — Concrete masonry back-up.
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Figure 3.6.29 — Architectural Details of Cavity Wall — Concrete masonry back-up.
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Figure 3.6.30 — Architectural Details of Cavity Wall — Concrete masonry back-up.
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Figure 3.6.31 — Architectural Detail of Cavity Wall — Concrete masonry unit with steel stud backup.
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Figure 3.6.32 — Architectural Detail of Cavity Wall — Concrete masonry unit with steel stud backup.

60 Direct Adhered Ceramic Tile, Stone, Masonry Veneer, and Thin Brick Facades — Technical Design Manual



Section 3: Types of Direct Adhered Wall Construction

Figure 3.6.33 — Architectural Details of Cavity Wall — Concrete masonry unit with steel stud backup.
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Typical 120" (3050mm) Floor to Floor Height

Typical 120" (3050mm) Between Movement Joints
(@)

Jype & 1

R

Ceramic Tile, Stone Or
Masonry Veneer +

Movement Joint—Min. 3/8"
(10mm) Wide LATICRETE®

Latasil™ And Backer Rod

Concrete Block Or Brick

Veneer Wall

Steel Shelf Angle: Anchorage To
Structure With Ample Vertical And
Lateral Adjustment

LATICRETE Latasil And Backer

Rod (All Joints) ——————————————m==

(@)

Air Cavity 1" (25mm) Max.

Concrete Or Brick Masonry
Back—up Wall

&

Vertical Steel Reinforcement — Grout
Solid Every 24" (600mm) 0.C.

[™— Anchor Every 2 Courses

LATAPOXY® 310 Stone Adhesive D
1" (25mm) Max. Thickness With H
A Minimum 4-5 Dabs — 10%
Minimum Coverage

Moisture Barrier/Damp Proofing

R

Over CMU

Min. 2" (50mm) Air Cavity

— Insulation Placement And
Composition To Be Determined By
Design Professional (As Required By
Code)

[==—— Interior Finish Wall/Ceiling (With
Insulation And Vapor Barrier As
Required By Code)

Metal Flashing With
Drip Edge

Horizontal Reinforcement—16"
(400mm) 0.C. Vertical (Or As
Required By Code)

oo

0

x Compressible Filler

1\ WALL SECTION @ WALL

w CAVITY WALL — SPOT BOND EPOXY ADHESIVE — CONCRETE MASONRY BACK—UP

SCALE: N.T.S.

Figure 3.6.34 — Architectural Detail of Cavity Wall — Epoxy spot bonding over concrete masonry back-up.
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Figure 3.6.35 — Architectural Detail of Cavity Wall — Epoxy spot bonding over concrete masonry back-up0
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Figure 3.6.36 — Architectural Details of Cavity Wall — Epoxy spot bonding over concrefe masonry back-up
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Figure 3.6.37 — Architectural Detail of Barrier Wall — GFRC pre-cast concrete panels - negatfive cast method.
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Figure 3.6.38 — Architectural Detail of Barrier Wall — GFRC pre-cast concrefe: panels — negative cast method.
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Figure 3.6.39 — Architectural Details of Barrier Wall — GFRC pre-cast concrete panels — negative cast method.
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Figure 3.6.40 — Architectural Defail of Barrier Wall — Concrete masonry unit backup with continuou waterproofing membrane — LATICRETE® Masonry Veneer Installation System (MVIS™).
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Figure 3.6.41 — Architectural Detail of Barrier Wall — Concrete masonry unit backup with continuous waterproofing membrane — LATICRETE MVIS.
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Figure 3.6.42 — Architectural Details of Barrier Wall — Concrete masonry unit backup with confinuous waterproofing membrane — LATICRETE® MVIS™.
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Figure 3.6.43 — Architectural Details of Barrier Wall — Concrete masonry unit backup with confinuous waterproofing membrane — LATICRETE MVIS.
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Figure 3.6.44 — Architectural Detail of Barrier Wall — Concrete masonry unit backup with continuous waterproofing membrane — LATICRETE® MVIS™.
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Figure 3.6.45 — Architectural Detail of Cavity Wall — Light gauge steel (metal stud and mortar bed or cement backer board back-up) — LATICRETE MVIS.

Direct Adhered Ceramic Tile, Stone, Masonry Veneer, and Thin Brick Facades — Technical Design Manual 73



Section 3: Types of Direct Adhered Wall Construction

Figure 3.6.46 — Architectural Detail of Cavity Wall — Light gauge steel (mefal stud and mortar bed or cement backer board back-up) — LATICRETE® MVIS™,
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3.6.47 — Architectural Details of Cavity Wall - Light gauge steel (metal stud and mortar bed or cement backer board back-up) — LATICRETE MVIS.
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3\
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Figure 3.6.48 — Architectural Detail of Cavity Wall - Light gauge steel (metal stud and morfar bed or cement backer board back-up) — LATICRETE® MVIS™,
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Figure 3.6.49 — Architectural Detail of Cavity Wall - Light gauge steel (mefal stud and morfar bed or cement backer board back-up) — LATICRETE MVIS.
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3.7 CASE STUDY — CERAMIC TILE CLAD PRE-
CAST CONCRETE

Saskatoon City Hospital, winner of the prestigious PCl Design
Award, has received a great deal of praise for the appearance
and technical superiority of ifs pre-cast concrefe wall system.
The pre-cast panels are clad with ceramic file, a first in
Saskatoon, Saskatchewan, Canada. They also feature the
proven “rain-screen” principle. “The detailing of the pre-cast
clodding material is very well handled. Some fough challenges
were overcome in this rather sophisticated panel system”, said
the Pre-cast/Pre-stressed Concrete Institute judges when they
presented the award to the hospital’s architects.

The Project
The 492-bed facility provides a community general hospital
for Saskatoon, and a major referral center for all of northem
Saskatchewan.

In choosing pre-cast wall panels, the design team was seeking
a high performance wall with an effective and durable air
barier, high insulation value and minimal thermal breaks.
They wanted factory manufacturing of the system to obtain
superior quality and rapid enclosure of the hospital during
construction. This type of high quality wall system is suitable
for all buildings, but parficularly those with high humidity in
severe climates.

Testimonial

The hospital wall is a pre-cast concrete sandwich panel
incorporating insulation and a rain screen, with a ceramic file
finish on the exterior. This is how o high-performance wall was
described in a report by City Hospital Architects Group:

“Technically, a quality wall has an exterior skin which can
expand and contract in various conditions. Behind this skin
is an air space which is maintained at exterior air pressures
(positive and negative), consequently excluding water
penetration through the fagade due to air pressure differentials.
This technique is commonly referred to os a rain screen. The
next element adjacent fo the air space is insulation which, in
addition to its envelope function, protects the building structure
and any structure supporting the outer skin, from thermal
stresses. An air/vapor barrier can be applied on either side
of the system supporting the outer skin (or be within the

system). The connections between the outer skin and the inner
supporting structure should be minimal. Connections hetween
the total wall system and the building should not pierce the
air /vapor barrier and should be thermally profected.”

Figure 3.7.1 — Saskatoon City Hospital — Ceramic tile clad pre-cast concrete panels.

Figure 3.7.2 — Saskatoon City Hospital — Ceramic tile clad pre-cast concrete panels.

Figure 3.7.3 Wall Sections — Saskatoon City Hospital — ceramic file clad pre-cast concrefe
panels with pressure-equalized rain-screen cavity.
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Photo: Project-Biogen Idec, San Diego, CA 2005, Architect: HOK, Culver City, CA; Stone Contractor: Klaser Tile, Chula Vista, CA.
Description: Indian sandstone veneer over cement render over sfeel framing and exterior rated sheathing.
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4.0 GENERAL BACKGROUND
Important structural and architectural considerations in the
design of direct adhered dladding are:
= Compatibility of the bonding adhesive with both the
clodding material and the substrate
= Dimensional stability of the clodding material and
substrate
= Thermal and moisture expansion compatibility between
the dadding material and the substrate
= Differential movement capability of bonding adhesive
(deformability)

Drawing No. ES W201(E)

LATICRETE 254 Plotinum

LATICRETE Hydra Bar™

LATICRETE 3701 Fortified Mortor Bed ——— e

Metal Lath, 14§ Gobvanized Diomond Wire - v
= : LIt I 2

4 mil Polysthylora 1 oot

1] ; ;
1 .
i 5yt
N | Dy il
Figure 4.1.1 —Types of structural movement.

4.1 TYPES OF STRUCTURAL MOVEMENT

The structural frames of modern buildings are considerably more
vulnerable to movement than traditional massive masonry or
concrete structures. This increasing use of framed construction
is not only dictated by economics, but also the development
of new materials and methods which are stronger, lighter, and
more capable of spanning great distances and heights.

avage Membrane
b. Builders Felt or

Canc

While moder structural frames are safe, they are designed
to be more flexible and typically provide less resistance to
movement. It is essential that direct adhered extemal clodding
be designed and constructed to accommodate all types of
structural movement. Direct adhered extemal cladding differs
from mechanically anchored dadding primarily because
structural movement can be transmitted through the direct
adhesive connection, accumulate, and then exert siress on the

cladding, which can result in cracking, buckling, or crushing of
the cladding or other wall components.

Most of the structural movement in a direct adhered facade
is controlled by the underlying wall components and their
connection to the building’s structural frame. The adhered
clodding is o nonstructural finish. However, both the
adhesive and the perimeter inferfaces with the dladding must
be designed to further control and minimize reflection of
differential structural movement.

The most difficult aspect of designing an exterior wall system
is that structural movement is somewhat unpredictable
and indeterminable. Building movements are individually
quantifiable through mathematical calculations; however,
huilding movements are dynamic, constantly changing and
not necessarily simultaneous. As a result, the exact magnitude
of resulfing stresses from building movement can be difficult
to predict. Fortunately, the structural theories used in most
building codes dictate the use of “worst case” conditions;
movements are considered fo act simultaneously, and be of
the highest possible magnitude in order to provide a safety
factor for the most exireme conditions.

Types of Structural Movement
= Live loads (wind, seismic) and dead loads (gravity)

= Thermal movement

= Drying shrinkage*

= Moisture expansion*

= Flastic deformation under initial loads

= (reep of concrete under sustained load™
= Differential settlement

*Denotes types of movement in concrete or wood structural frames only.

Loads

Forces cayse by gravity, wind or seismic loads must be analyzed
to defermine the required tensile and shear bond strength of
adhesive mortars to resist these forces.

For nonoad bearing curtain walls, wind loading is typically
the dominant structural load which a wall must be engineered
to resist. The wall must be engineered o have not only
sufficient strength to resist the positive and negative (suction)
wind pressures, but also sufficient stiffness so that the direct
adhered dladding material does not crack under high wind
loads. Deflection or stiffness of back-up wall construction
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should be limited to 1/600 of the unsupported span of the
wall under wind loads.

In regions with seismic acfivity, the shearing force exerfed
by seismic activity is by far the most exireme force that an
adhesive bond must be able to withstand. The shear stress
exerted by an earthquake of @ magnitude of 7 on the Richter
Scale is approximately 215 psi (1.5 MPa), so this value is
considered the minimum safe shear bond strength of the
cldding, adhesive and substrate inferfaces.

The shearing forces induced by thermal movement are similar
o seismic activity in that they are typically far greater than the
dead load (weight) of the dadding material.

Wind and seismic forces can also cause lateral building
movement called drift. This type of movement is characterized
by the swaying of a building from wind or seismic acfivity,
and is the type of movement that can typically be controlled
and isolated with movement joints. While movement joints
are typically a structural engineering function of the underlying
sfructure and back-up wall construction, it is crifical that this
movement capahility extend through to the leveling and
adhesive mortars, as well as to the external dadding surface
and interfaces with other wall components.

Building codes typically limit drift or displacement of a story
relative to the adjacent story to 0.005 times the story height.
For example, a 12" (4 m) single story height could have
maximum allowable drift due to design wind load of 0.005
x 12" (4 m) x 12 in/f (1000 mm/m) = 0.72" (18 mm)
between stories (movement is not cumulative, but relative
only between each floor level). This s significant movement,
although under worst case conditions. Placement of movement
joints horizontally at each floor level, and vertically at strategic
locations such as along column or window edges every 8' —
12" (2.4 = 3.7 m) maximum is mandatory to isolate wall
components and minimize or eliminate restraint of drift. The
use of a low modulus or flexible adhesive (e.g. LATICRETE®
254 Platinum) is also crifical in accommodating structural
drift movement (see Section 7 — Adhesive Criteria). Building
serviceability factor, as defined by Section 12.12.1 of
American Society of Civil Engineers (ASCE) 7 or local building
code, determines the allowable amount of drift for seismic and
wind displacement. If the serviceability limits of a structure

exceed the design serviceability limits then the building may
no longer be considered useful, even when it is structurally
sound.

In severe seismic or wind zones, the effects of structural
drift on direct adhered dladding can be further minimized by
isolating the underlying substrate with a cleavage membrane
and applying aleveling mortar over galvanized steel reinforcing
wire fabric attached with flexible connections to the underlying
support wall or structure. The cleavage membrane prevents
partial bond and allows the cement leveling mortar substrate to
“float” over the underlying back-up wall and provide isolation
from transmission of structural movement by flexible structural
connections to the wire reinforcing (See Figure 4.1.2).

Figure 4.1.2 — Detail ESW201(E).

Thermal Movement

All building materials expand and contract when exposed to
changes in temperature. There are two factors to consider in
analyzing thermal movement:

= The rates of expansion of different materials (also known
as the linear coefficient of thermal expansion)
= The anticipated femperature range exposure
The primary goal in analyzing thermal movement is to
determine both the cumulotive and individual differential
movement that occurs within and between components of the
facade wall assembly.

For example, a porcelain file has an average coefficient of
linear expansion of hetween 4 — 8 x 10 mm/°C/mm of
length. Concrefe has an expansion rate of 5 x 10 in/in/°F
(9 =10 x 10 mm/°C/mm). The surface femperature of

Direct Adhered Ceramic Tile, Stone, Masonry Veneer, and Thin Brick Facades — Technical Design Manual

81



Section 4: Structural and Architectural Considerations

a file or stone may reach as high as 160°F (71°C) in hot
sun, and the lowest ambient temperature in a moderately cold
climate may be 14°F (-10°C), resulting in a temperature
range of 146°F (81°C) for the file. The temperature range
of the concrete structure, not exposed directly o the sun and
insulated from temperature extremes by the tile, and leveling/
adhesive mortars as well as length of exposure, may only be
30°C. For a 50 m (164") wide building, the differential
movement is as follows:

Concrete 0.000010 x 50 m x 1000 mm | =15 mm
x 30°C

Tile 0.000006 x 50 m x 1000 mm x | =24.3 mm
81°C

Because the tile thermal expansion is greater, this figure
is used. The general rule for determining the width of a
movement joint is 2 — 3 times the anticipated movement,
or 3 x 24.3 mm (0.96 in) = 73 mm (2.9"). The minimum
recommended width of any individual joint is 3/8" (10 mm).
Therefore, a minimum of 8 vertical joints (inclusive of comers)
across a 164" (50 m) wide facade, each 3/8" (10 mm) in
width is required just to confrol thermal movement under the
most extreme conditions. Similarly, there is an approximate
potential differential movement of 9.3 mm (3,/8") over 50 m
(164") between the veneer and underlying concrete structure
that must be accommodated by the flexibility of the adhesive
and leveling mortars.

Thermal induced structural deflection

Thermal induced structural deflection, or bending of the
building’s structural frame, is another often overlooked cause
of stress on a direct adhered facade. This phenomena can occur
when there s a significant temperature differential between the
exterior and interior of the structural frame, causing the frame
to bend and exert force on the exterior wall assembly. For
example, a 100°F (38°C) temperature differential between
the interior and exterior structural steel or concrete members
in an extremely hot climate with an air-conditioned inferior can
result in a change of length of 7/8" (22 mm) over a 100"
(30.5 m) distance. An engingering analysis to determine
movement joint requirements is mandatory, because, unlike
a mechanically anchored wall finish with flexible connections,
the frame fransmits movement directly to the fixed, direct
adhered cladding. This problem is more acute in steel framed

huildings.
Linear Thermal Movement of Different Porcelain Ceramic Tile Sizes
Tile Size Thermal Coefficient x Temp. | Linear Movement
Range x Tile Length per Tile in mm
24" x 24" (8x10-6) (60°C) 0.288 mm
(600 x 600 mm) (600 mm)
16"x 16" (8x10-6) (60°0) 0.192 mm
(400 x 400 mm) (400 mm)
12"x12" (8x106) (60°C) 0.144 mm
(300 x 300 mm) (300 mm)
8"x8" (8x10-6) (60°C) 0.096 mm
(200 x 200 mm) (200 mm)
6"x6" (8x106) (60°0) 0.072 mm
(150 x 150 mm) (150 mm)
4" x4 (8x10-6) (60°C) 0.048 mm
(100 x 100 mm) (100 mm)

Figure 4.1.3 — Linear thermal movement of different porcelain ceramic tile sizes at
normal maximum temperature range for temperate dimate.

Moisture Shrinkage /Expansion

Underlying structures or infill walls constructed of concrete or
concrete masonry will undergo permanent shrinkage from
cement hydration and loss of water after inifial installation.
The amount of shrinkage is dependent on several variables;
water/cement ratio of concrefe, relafive humidity /rain fall
thickness of concrete, and percentage of steel reinforcement.
While an average of 50% of ultimate shrinkage occurs within
the first 3 — 6 months (depending on weather conditions),
the remainder can occur over a period of 2 or more years. In a
wet, humid environment, the period of high initial shrinkage is
difficult to predict. If possible, it is recommended to sequence
or delay the direct application of cladding and leveling mortars
unfil after the majority of shrinkage of a concrefe structure
has occurred, which under ideal conditions may be about 6
months. If scheduling and sequencing does not permit a 6
month wait, it is recommended to wait @ minimum of 45— 90
days after the placement of structural concrete, depending on
humidity and drying,/curing conditions, before installation of
cladding or cement leveling mortars. In some countries, such
as Germany, there are building regulations which require a
minimum 6 month waifing period.

The reason for the waiting period is that the amount and
rafe of shrinkage of the concrete is greatest during the first
6 month period, and there is no sense exposing the adhesive
interface to differential movement siress if it can be avoided,
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as the dadding will not shrink, and leveling mortars will have
a significantly lower amount and rate of shrinkage. Also, the
concrete will reach ifs ultimate compressive and tensile strength
within 28 days, and be much more resistant to cracking after
that period.

As an example, reinforced concrete walls will ultimately shrink
between 0.00025 — 0.001 times the length (0.025 —
0.10%), depending on a number of variables such as water/
cement rafio or the amount of steel reinforcing. A concrete
framed building which is 120" (40 m) high can shrink up to
3/4" (19 mm) vertically. Cladding will not shrink, and in some
cases will undergo moisture expansion (see Section 6 — Thin
Brick). As a resulf, there must be provision in the movement
joints to absorb af least 3/4" (19 mm) of confraction (joint
width must be approximately 2 — 3 times the anficipated
movement, or 2-1/4" (57 mm) total. Assuming 10 sfories,
at 12' (4 m) height for each story, shrinkage could add
approximately 1/4" (6 mm) in width to the horizontal
movement joint at each floor level, depending on how much of
the ulfimate shrinkage has occurred at the time of installation
of the dadding.

Conversely, ceramic tile and thin brick clodding, as well as
underlying cloy brick masonry back-up walls, can undergo
long term, permanent expansion from moisture absorption.
Dimensional changes in ceramic file can be virtually eliminated
by use of an impervious or semi-vitreous tile. However, thin
or thick clay brick masonry must be detailed with proper
movement joints to accommodate moisture expansion. (See
Section 6.5 — Thin Brick)

Structural Deformation

As a building is consfructed, the weight of materials increase,
and permanent movement, known s elasfic deformation,
oceurs in heavily stressed components of the structure. For
example, the spandrel beam or lintel over the windows is
allowed to move or deflect up to 1/500 of the span. Therefore,
a beam spanning 15" (4.6 m) between columns is allowed
to move approximately 3/8" (10 mm) vertically from initial
posifion under full load. The spandrel beam is typically the
optimum location for a horizontal movement joint at each floor
level of a building. The joint should continue from the surface
of the cladding and through the adhesive and leveling mortars.
Similarly, it is also crifical fo leave a space between the bottom

of the spandrel beam and the top of the backup masonry wall
to allow for this movement. The backup wall is not designed
as a load bearing wall, and may crack or bulge when directly
exposed fo loads from the floor above. This space between
each floor is typically filled with a compressible filler to allow
for movement, flashed and sealed to prevent water and air
penetration. The backup wall should be braced laterally to the
columns with masonry anchors and reinforcing.

Deformation movement in concrete structures, also known as
creep, occurs more slowly and can increase inifial deflections
by 2 — 3 times. Allowance for this type of long ferm movement
must be considered in the design of movement joints. Creep is
typically of greater concen in taller, reinforced concrefe frame
huildings, especially those that do not incorporate compressive
reinforcing steel in the structural design.

Example:

Atypical 10 story building is 130" (40 m) fall. Creep, or long
term deformation, may be as high as 0.065% of the height.
(reep would be calculated as follows: 40 m x 1000 mm x
0.00065 = 1" (25 mm) potential reduction in the height of
the concrete structure.

Differential Settlement

Buildings structures are typically designed to allow for a certain
tolerance of movement in the foundation known as differential
settlement. In most buildings, the effect of normal differential
settlement movement on the exterior wall assembly is
considered insignificant, because significant dead loading and
allowable settlement has occurred long before application of
the clodding. Differential settlement of a building’s foundation
that occurs beyond acceptable tolerances is considered a
structural defect, with significant consequences to a direct
adhered ceramic tile focade.
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Thermal Coefficient of Expansion of Concrefe Depending on
Aggregate Type

Aggregate Type Coefficient of Expansion, millionths (10 — 6)

(from one source) | per degree Fahrenheit |  per degree Celsius
Quartz 6.6 1.9
Sandstone 6.5 1.7
Gravel 6.0 10.8
Granife 53 9.5
Basalt 4.8 8.6
Limestone 3.8 6.8

NOTE: Coeffiecients of concrete made with aggregates from different sources may vary
widely from these stated values, especially those for gravels, granite and limestone. The
coeffiecient for structural lightweight concrete varies from 3.9 — 6.1 millionths (10¢) per
degree Fahrenheit (7 to 11 millionths per degree Celsius) depending on the aggregate
type and amount of natural sand.

Figure 4.1.4 — Control of concrete thermal movement by type of aggregate.

4.2 ARCHITECTURAL CONSIDERATIONS

This section examines the architectural practices that
confribute to the successful performance of a direct adhered
focade. Exterior walls are complex assemblies containing
many materials and systems that must inferface, and the
performance of the inferfoce between components is as
important as the individual components” performance.

Windows, Glazing, and Window Maintenance
Systems

In addition to satisfying obvious needs to provide interior
daylight and exterior views, windows function in many of
the same ways as the other components of an exterior wall
assembly. Windows control heat flow and air infiltration, provide
resistance fo water and air pressures, sound attenuation, as
well s an aesthetically pleasing facade.

While the functional and aesthetic riferia for selection and
design of windows is beyond the scope of this manual, it is
important to consider the window’s interface with the direct
adhered external cladding system.

Window Interface Requirements
= Configuration and location of windows

= Mechanical connection of the window frame  (wall
assembly or structure)

= Compatibility of materials
= Water and air infiltration resistance

= Flashing and drainage of infilirated water (internal and
external fo window)

= Maintenance (window washing systems)

Configuration and Location

The configuration and arrangement of windows can minimize
water infiliration and maximize structural performance, which
in turn can have significant impact on the performance of direct
adhered cladding. Configuration refers to whether windows are
designed as punched openings, horizontal ribbons, or lorge
glass assemblies. Location refers to the position in the wall, the
window can range from located flush with the external cladding
to recessed or protected by overhangs and projections.

Configuration  primarily ~affects  structural -~ performance.
Horizontal ribbons or lorge areas of windows create a
discontinuity of the structural back-up wall or frame for the
direct adhered cladding. As a result, it is not only more difficult
to provide proper structural bracing and stiffness, but there
may also be greater wind, seismic and gravity loads that
may be transferred from the windows to the back-up wall or
structural frame.

Location of the window can have a significant effect on the
control of water infiltration. A window flush to the external
clodding allows water that is shed by the extemal dladding
to penetrate openings in sealant joints or improperly flashed
cavities. Water penetration behind external cladding that is
encouraged by the combination of flush window placement
and poor sealant/flashing is one of the leading causes of
efflorescence and freezehow problems in direct adhered
facades.

Flush windows are also exposed to rain runoff from the
clodding system which may contain alkalis from cementifious
materials used in the installation of the cladding. The alkalis
can efch window glass and corrode metal window frames and
glazing materials. Recessed windows can present the same
problems if the horizontal sill is not properly sloped away from
the window frame to shed water, and not properly floshed or
waterproofed fo recognize the potential for water penetration
on a horizontal surface.

Mechanical Connections

Window frames are designed to transfer external wind loads,
air pressure differentials and thermal loads fo the backup
structure. The mechanical connections of windows must be
detailed and installed in @ manner so as not to impart stress on
the adhesive bond or the integrity of the cladding. Connection
must also avoid penetration of flashings and waterproofing
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membranes to prevent water infiltration; any penetrations
must be protected with sealant. Window frame attachments
must not pass through or be anchored directly to the cladding,
and window frames should be isolated from the dladding by
flexible sealants and be directly atfached only to underlying
structural components. The glass industry has comparable
quidelines that require the window glazing system to isolate
the glass from stress that may be induced by the window
frame or other parts of the exterior wall assembly with flexible
glazing materials, such as rubber gaskets or sealants, and
neoprene setting blocks.

Compatibility of Materials

It s imporfant fo consider the compatibility of window frames
and other window components such as plastics and rubber
with the materials employed in a direct adhered wall system.
Consider first that cement mortars, adhesives and grouts can
have a corrosive effect on aluminum and glass. Aluminum
must be separated from contact with cementifious materials
by materials chemically inert to aluminum.

Similarly, galvanic corrosion from moisture  penetrating
protective finishes, or from reaction of two different connecting
metals in contact with moisture, can corrode window frames
or crifical components of the direct adhered cladding, such as
metal stud frames and screw/bolt connections.

Alkali and Acid Attack

Materials commonly used in direct adhered dladding can cause
surface damage to glass in windows, and to a lesser degree to
metal frames. Cementifious adhesives, grouts, and underlying
substrates such as cement board, concrete masonry, or pre-cast
concrete contain free alkaling minerals. Alkalis can be leached
from these materials and stain or etch glass if allowed to remain
on the surface for a few days. The alkaline solution attacks the
glass surface by dissolving away surface ingredients (sodium)
which results in haziness and roughness. When this occurs,
there is no practical way of restoring the glass surface.

The location of the windows in the wall assembly, and the
defailing and configuration of the cladding surface become
aritically important if alkali attack is to be avoided. Window
glass should always be set back and not flush with the
cladding surface. The head of the window recess should also
be configured fo confain a recessed drip edge. This design

allows rain water, sheefing down over the cladding surface,
to drip down and away from window glass. Even more critical
is for internal wall flashings to have a drip edge of rigid metal
to allow any alkaline water drained from intemal covities or
joints to drip beyond both the surface of the dadding os well
as the window glass. Itis also good practice that window glass
he washed periodically during construction, and immediately
after completion, until high alkaline content in some of the
building materials is reduced or eliminated by encapsulation in
the wall assembly. Glass, metal frames, and other components
of a wall system can be also damaged by dilute phosphoric or
hydrofluoric acids that may be used in cleaning cementifious
residue from cladding surfuces.

Water and Air Infiltration

Windows must be designed to anficipate some water
infiliration both through the frame, and between the glass
and the frame. Water will infilirate either from rain, moisture
driven by cir pressure differentials, or from intemal or external
condensation. However, water should never penetrate beyond
the inner window plane in accordance with American Society
for Testing and Materials (ASTM) E331 “Standard Test Method
for Water Penetration of Exterior Windows, Skylights, Doars,
and Curtain Walls by Uniform Static Air Pressure Difference.”
The window should have an intemal drainage and weep
channel that prevents normal water penefration from escaping
into and behind the wall assembly.

While air infilfration through windows has obvious effects on
control of heat flow and pollutants, the primary concem in
direct adhered cladding systems is the flow of moisture loden
interior or exterior air, which can condense within infernal
cavifies between the window and the wall system.

Window Maintenance Systems

Window washing systems may be required to be integrated
info the surface of a direct adhered cladding system. Integral
systems consist of either metal fracks which are recessed
below the cladding, or “button” guides which protrude from
the surface which engage a metal frack attached to the
mainfenance platform. The connection of these systems must
be made fo the underlying structure, and direct adhered veneer
installations must be isolated from these track systems.
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Thermal and Moisture Vapor Control

Thermal and vapor control is critically important to the proper
performance of direct adhered cladding. The control of heat
flow is of primary consideration in selecting insulation for
exterior wall systems. However, there is more concern over the
effect of the type and placement of insulation. The increased
moisture sensifivity of direct adhered cladding, especially when
installed over the lighter weight metal framed barrier walls,
makes prevention of condensation within wall cavities a crifical
consideration. The reason is that the type and placement of
insulation effects the location of the dew point within the wall.
Insulation changes the temperature gradients through wall
assemblies, and can increase the probability of condensation
within the wall assembly.

Similarly, vapor and air refarders must be carefully selected and
designed for proper placement in o wall system, depending on
the climate, in order fo minimize the flow of vapor.

Selection of thermal insulation, and vapor barriers /retarders is
dependent primarily on the dimate and the type/method of
wall construction (see Secfion 2.3).

The various types and typical locations of wall insulation are
listed below:

Types of Insulation
= Bott
= Rigid board (cavity or inferior)
= Loose fill
= Integral (sandwiched — pre-cast concrefe)

Batt Insulation

Batt insulation is a glass or mineral fiber typically used
between metal or wood stud framing, and is installed on the
warm side of the stud cavity. Batt insulation is very susceptible
o loss of thermal value and water retention when wet from
rain penetration or condensation, therefore careful attention to
moisture control is required with this type of insulation.

Rigid Insulation

Rigid insulation is a general category for board type insulations
that are manufactured from a variety of materials which have
different physical characteristics.

Rigid wall insulation is commonly a glass or plastic material
that is made into a foom by mixing with air, carbon dioxide,
fluorocarbons and other gases. The gases are trapped and
form insulating air cells which can comprise of up to 90% of
the material. Polystyrene, polyurethane, polyisocyanurate, and
glass foam are common types of rigid foam board insulation.
Compoared to fiberglass batt insulation, foam insulations do not
lose insulation value when wet and have good resistance to
moisture absorption and vapor permeability. Polyurethanes
and polyisocyanurate boards are available with aluminum foil
facings to reduce vapor transmission and minimize the effects
of aging. Rigid foam insulation is also available in pre-molded
inserts fo fit the cores of concrefe masonry units. Most rigid
foamed insulations, except for glass foam, are combustible.

Rigid insulation may also be made from glass fibers, organic
fibers (e.g. wood), and perlite, a glassy volcanic rock which
is expanded by heating. These types of rigid insulation are
fair o poor in resisting moisture, and can deferiorate or lose
insulating value when wet. These insulation types may have a
moisture resistant coating for protection.

Depending on the climate and type of wall construction, rigid
insulation may be placed close to either the exterior or inferior
surface of the wall assembly, within the wall cavity, or cast
integrally in pre-cast concrete wall assemblies.

Loose Granular Fill Insulation

Loose granular fill insulation, typically made of perlite,
vermiculite or pellets of foamed plastic, is usually only
recommended for filling the cores of concrete masonry unis,
or other controlled cavifies in an exterior wall assembly. These
materials commonly require treatment fo improve resistance to
deterioration from moisture.

Moisture Control

Proper design and installation of moisture control components
is one of the most critical factors o successful performance of
a direct adhered facade. Moisture control is a broad category
that not only includes the use of infegral waterproofing
membranes to prevent water infiltration directly through the
face of the cladding, but also wall cavities, roofing, flashings,
sealants, and vapor /air barrier systems that interface with the
cladding.
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Control and Prevention of Water Penetration
Most direct adhered cladding systems are naturally water
resistant. However, cladding and grout joint materials have
some degree of absorption, so water can penetrate through
the cladding by capillary action; but typically not in significant
amounts. In dry climates, with litfle or infrequent rain,
protection against direct flow of water may only be necessary
at openings or inferfaces between wall components such as
windows (see Flashing below). However, direct adhered
cldding is not waterproof, so it is recommended to employ
continuous, direct bond type of membrane (e.g. LATICRETE®
Hydro Ban® or LATICRETE 9235 Waterproofing Membrane) in
barrier walls located in any climate, as well as in cavity walls
in et climates.

Flashing

The function of wall flushing or through-wall flushing is to
divert moisture which may penetrate the exterior face of the
facade, or divert moisture which may condense within the wall
from water vapor migration fo or from the interior spaces.
Flashings are commonly used at changes in configuration of
the facade, and between different components of the wall.
Typical locations requiring flashing are af the intersection of
roof and wall assemblies, under roof parapet and wall copings,
over window and door openings, under window sills, at shelf or
relieving angles, and at bases of hollow or cavity walls.

Flashings must always tum up against the area or material
which is being protected in order o prevent water penetration.
Provision must be made fo divert any frapped water back fo
the outside and away from the face of the building facade.
This is commonly done by placing weep holes, tubes or
absorbent wicks from 24 — 33" (600 — 840 mm) at the
base of the flashing. Flashings must form a drip edge and
extend a minimum of 3/8" (10 mm) beyond the face of the
facade to prevent water from dripping down the face of the
facade. LATAPOXY® Waterproof Flashing Mortar may be used,
in many applications, to provide seamless protection against
moisture penetration and still provide a suitable substrate for
a direct adhered veneer. Check local building code for proper
design, placement and implementation of flushing and weep
systems.

The Brick Industry Association (BIA) recommends the

following?;

= Lap continuous flashing pieces at least 6" (150 mm) and
seal laps

= Tur up the ends of discontinuous flashing to form end
dams

= Extend flashing beyond the exterior wall face
= Terminate UV sensitive floshings with a drip edge
= Open head joint weeps spaced at no more than 24"
(600 mm) o.c. recommended
= Most building codes permit weeps no less than 3/16"
(5 mm) in diometer and spaced no more than 33"
(840 mm) o.c.
= Wick and tube weep spacing recommended at no more
than 16" (400 mm) o.c.
Copings, which protect the top of a parapet wall from water
penefration, must be floshed, af a minimum, at the joints
between the coping material (metal, stone, ceramic tile, pre-
cast concrete), but preferably continuous along and beneath
the entire length of the coping.

Flashings which cannot be adhered or imbedded in the wall
construction are either attached to reglets, which are pre-
fabricated and pre-cast info the wall assembly, or attached to
the wall assembly with mechanical attachments and sealed
with sealants.

In selecting a flashing, itis very important fo verify compatibility
of metals used in the window frame and the flashing in order to
avoid corrosion from galvanic reactions of dissimilar metals.

Types of Window and Wall Flashing
= (opper
= Stainless Steel
= Galvanized Steel
= Aluminum
= Elostomeric Sheet
= Bituminous
= Elostomeric Fluid Applied
= Epoxy
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Copper

Copper is o durable and compatible flushing material for
windows and walls. Copper can be safely embedded in cement
morfars and will not deteriorate from the alkaline content of
cement. When exposed, the residue from oxidation of copper
may stain adjacent surfaces.

Copper is available in thin sheets, usually laminated to various
flexible coverings such as bitumen saturated glass fabric, or
Kraft paper. These coverings add protection and stiffness to
the thin sheets of copper. Copper is readily formed to various
configurations, and deforms easily under loading/movement.
Joints in copper can be bonded with bituminous or silicone
adhesives.

Stainless Steel

Stainless steel is an excellent flashing and will not stain
adjacent surfaces like copper. However, it is expensive, and
field shaping of stainless steel is difficult, and therefore is
not recommended as a window or wall flashing unless it is
supplied as a prefabricated flashing.

Galvanized Steel

Galvanized steel is subject to corrosion by alkaline content of
wet, fresh or hardened cement mortars. While the thin film
of corrosion formed on the zinc coating improves adhesion,
durability is unpredictable.

Aluminum

Aluminum is subject to significant corrosion by alkaline content
of wet, fresh or hardened cement mortars. Uncoated aluminum
is not recommended for floshing of windows or walls in
contact with cement mortars. Aluminum composites coated
with bituminous coated fabric are available (see Bituminous
below).

Elastomeric Pre-Formed Sheet

This type of flashing is very common and inexpensive, and
is typically made of polyvinyl chloride (PVC). Proprietary
formulations vary, so it is important to verify long term
performance. Some PVC flashings lose their plasicizers (for
flexibility) within 1 — 5 years, and become very brittle and
arack. Elastomeric flshings can also be tfom or punctured
easily during installation. Sealing of lapped joints is more
difficult than metal floshing due to the materials” flexibilty,
requiring constant field inspection fo assure a watertight seal.

Bituminous

This flashing consists of bituminous saturated mineral fabrics,
and is typically a low cost flashing used under window sills.
The solvents in petroleum based bituminous flashings may not
be compatible and cause deterioration of certain sealants and
waterproofing membranes.

Elastomeric-Fluid Applied

Fluid applied latex membranes and flashing are the only types
recommended for direct adhered clodding systems due to
the ability to bond directly to a substrate and in tum, allow a
direct achesive bond to their surface, unlike metal and other
composite pre-formed flashings. In barrier wall direct adhered
wall assemblies (see Sections 2 and 3), this is the only
material suitable as flushing and waterproofing.

Direct bond latex membrane flashing is well suited to areas
having a fully supported surface and requiring imbedding into
the wall assembly. However, like PVC flashing, exposed and
unsupported areas are subject o puncture or tearing, and
rough or unusual configurations can be difficult to form in the
field, especially with reinforcing fabrics required to provide
tensile strength. Unlike PVC flashing, latex membranes do not
lose plasticity or become brittle over fime.

Other fluid opplied waterproofing materials, such as
polyurethanes and bituminous materials, are only suitable
for domp proofing the inner surface of concrete masonry wall
cavities because they do not allow sufficient bond strength for
direct adhesive bond of external cladding materials. Caution
should be exercised in using these type of materials for cavity
waterproofing, because unlike latex membranes which are
vapor permeable, these materials are typically considered
vapor barriers and could lead to condensation within the wall
cavity.

One of the indirect benefits of employing direct bond
waterproofing membranes is that they improve the differential
movement capability at the adhesive — cladding interface.
These membranes can effectively dissipate differential thermal
movement, and prevent crack transmission from moisture
(shrinkage) movement.
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Epoxy

In recent years, trowel-applied, 3-part epoxy based flashing
morfars (e.g. LATAPOXY® Waterproof Flashing Mortar) have
come into the market. These epoxy based products can be
used to seamlessly tie info existing copper, sfainless steel
or aluminum floshing while providing a suitable substrate
for the direct bond installation of file or stone. This type of
flashing mortar can also be used to waterproof seams, gaps
or joints between a variety of substrates and metal or PVC
pipe penefrations. In addition, veneer finishes can be installed
directly to LATAPOXY Waterproof Flashing Mortar using a
suitable LATICRETE® adhesive mortar.

Drainage Plane

Drainage planes are water repellent materials (corrugated
plastic sheets, rigid foam insulation with integrated channels,
etc....) which are designed and constructed to drain water/
moisture that works its way into the tile/stone assembly.
Typically, a drainage plane is installed over a suitable weather-
resistive barrier (e.g. builders felt) and under the wire lath/
plaster layer. They are inferconnected with floshings, window
and door openings, and other penetrations of the building
enclosure fo provide drainage of water /moisture to the exterior
of the building. The materials that form the drainage plane
overlap each other in shingle fashion, or are sealed so that
water flows downward and outward. Drainage planes can be
incorporated into various vertical veneer installation assemblies
(See Figure 4.2.2 and Figure 4.2.3 for details).

Figure 4.2.1 —Typical drainage layer for vertical installations.
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Figure 4.2.2 — Drainage plane detail — Mortar Bed.
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Figure 4.2.3 — Drainage plane detail — Exterior Rated Sheathing.

Movement (Expansion) Joints

One of the primary means of controlling stresses induced by
huilding movement is with movement joints (also known as
expansion, dilatation, or control joints). ALL buildings and
building materials move to varying degrees, and therefore the
importance of the proper design, plocement and construction
of movement joints cannot be understated. At some point in
the life cycle of an exterior wall, there will be a confluence
of events or conditions that will rely on movement joints to
maintain the integrity of the wall system. Maintaining integrity
of the wall system can be as simple as preventing cracks in
grout joints, to preventing complete adhesive bond failure of the
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cladding (which is the primary safety concer in direct adhered
systems). Proper design and construction of movement joints
requires consideration of the following criteria:

Criteria for Design of Movement Joints
= Location

= Frequency
= Size (width/depth ratio)
= Type and detailing of sealant and accessory materials

Location of Movement Joints

The primary function of movement joints are to isolate the
cladding from other fixed components of the building, and
to subdivide the clodding assembly into smaller areas to
compensate for the cumulative effects of building movement.
While each building is unique, there are some universal rules
forlocation of movement joints that apply to any direct adhered
facade. For more information on the essentials for movement
joints, please refer to the TCNA Handbook for Ceramic, Glass
and Natural Stone Tile Installation, E}-171.

Existing Structural Movement Joints

Movement joints may already be incorporated in  the
underlying structure to accommodate thermal, seismic or
wind loading. These joints must extend through to the surface
of the clodding, and, of equal importance, the width of the
underlying joint must be mainfained through to the surface
of the dadding.

Changes of Plane

Movement joints should be placed at all locations where there
is 0 change of plane, such as outside or inside comers. It is
very imporfant to note that movement joints do not need
to coincide af the exact intersection of comers. The general
ule is that joints may be located within o maximum of 10’
(3 m) from the inside or outside comer (Figure 4.2.4), or,
the combined distance from joints on either side of the comer
should not exceed the typical spacing of the joints.

Figure 4.2.4 — Movement joints at corners.

Location — Dissimilar Materials

Different materials have different rafes and characteristics of
thermal and moisture movement. Movement joints must be
located wherever the dadding and underlying adhesive and leveling
morfars meet a dissimilar material, such as mefal window frames,
penetrations, and any other type of exterior wall finish.

Location — Each Floor Level (Horizontal)

Horizontal movement joints must be placed af each floor
level (typically 10" =12' [3 — 3.7 m]) coinciding with the
infersection of the top of the back-up wall and structural floor
or spandrel beam above, or, at the lintel over the windows
(see Section 3 — Architectural Details). This location not only
isolates movement at each floor level, but also provides the
architect the opportunity to incorporate movement joints info
the design of the building facade in an aesthefically pleasing,
thythmic manner. Allowing for deflection movement between
the spandrel beam or floor slab and the entire wall assembly
is one consideration that often does not receive adequate
atfention.

Parapets, Freestanding/Projecting Walls

Care should be taken to insure adequate movement joints
at parapet or projecting wall locations. These areas of wall
assemblies are typically exposed on both sides, resulting in
greater movement stresses due fo femperature extremes or
wind.

The architect should take the opportunity and coordinate
location of movement joints in these areas with architectural
features, such os alignment with window frames, openings,
columns, or other building features which accentuate a vertical
or horizontal alignment.
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Frequency (Spacing) of Movement Joints

A conservative general rule for exterior focades is to locate
movement joints af a frequency of no less than every 8' —
12" (2.4—3.7 m) in each direction (vertical and horizontal).
With typical floor to floor heights less than 10" — 12'
(3 — 3.7 m), a horizontal joint located at each floor level
is usually sufficient to accommodate the vertical component
of structural, thermal and moisture movement. Vertical joints
to control the horizontal component of movement should be
located every 8' — 12" (2.4 — 3.7 m) maximum, with more
frequent spacing often dictated by architectural elements such
as windows (Figure 4.2.5).

Exceptions to the general rules for design and construction of
movement joints is when an engineer performs a mathematical
calculation of movement, based on information pertinent
to a particular project, which indicates either less or greater
frequency, or, dimensions of the movement joints. An example
would be greater frequency and /or width of movement joints
required by a black ceramic tile in an extremely hot imate.
Example:

Determine the widh of horizontal movement joints required
at each floor level in a 10 story 120" (36.6 m) fall concrete
frame building to control vertical movement only, with 12'
(4 m) floor fo floor heights. This calculation takes into account
thermal, shrinkage, creep and elastic deformation fogether;

Anticipated temperature range is 150°F (66°C)
Thermal movement: =158mm
0.000006 x 40 m x 1000 mm x 66
Shrinkage: =14 mm
0.00035 x 40 m x 1000 mm
(reep: 0.00065x 40mx 1000 mm | =26 mm
Elostic deformation: =8mm
0.00020 x 40m x 1000mm
Total Anticipated Movement = =63.8 mmor
15.8+14+26+8 2.50"

Joint width aggregate: 3 x 63.8 (2.5") =191.4 mm (7.5")

Total width of all joints: The 10 story building would have 11
horizontal joints, including the ground and roof levels: 191.4
mm/11 = 17.4 mm each joint (7.5"/11 = 0.68" each
joint)

Size of Movement Joints (Width/Depth Ratio)
The proper width of a movement joint is based on
several criteria. Regardless of the width as determined by
mathematical calculations, the minimum funcfional width of o
movement joint should be no less than 3/8" (10 mm); any
joint narrower than this makes the proper placement of backer
rods and sealant materials impractical, and does not provide
adequate cover.

The width of o movement joint filled with sealant material must
be 3 — 4 times wider than the anticipated movement in order
to allow proper elongation and compression of the sealant.
Similarly, the depth of the sealant material must not be greater
than half the width for proper function (width/depth ratio).
For example, if 1/4" (6 mm) of cumulative movement is
anticipated between floor levels, the movement joint should
be 1/2" —3/4" (12 = 19 mm) wide and 1/4" — 3/8"
(6 — 10 mm) deep (a rounded backup rod is inserted in the
joint fo control depth; see accessories below).

Type and Detailing of Sealant and Accessory
Materials

The first and most often ignored step in the design of a
movement joint is flashing or waterproofing the joint cavity.
Sealant materials, no matter how well installed, are not 100%
effective as a barier against water penefration. There are
several techniques used to provide a second barrier to water,
depending on the depth of the joint cavity. The most common s
the application of a thin, direct bond waterproofing membrane,
which is applied af the leveling mortar surface, and looped
down into the joint o provide for movement (Figure 4.2.6).
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Figure 4.2.5 — Typical location of movement joints on a direct adhered facade.
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Mter secondary flashing or waterproofing is complete, the
movement joint must be fitted with a rounded backer rod,
which is slightly larger in diameter than the joint width for
snug fit. The backer rod must be a closed cell polyethylene or
similar material that will not allow the sealant to bond to it.
The backer rod serves two important purposes:

1. Control of sealant depth for proper width /depth ratio.

2.To act as a bond-breaker with the sealont so that the
sealant adheres only to the edges of the clodding. This
allows the sealant material fo elongate and compress
freely, thereby preventing peeling stress at the file
edges (the primary cause of sealant joint maintenance
problems and failure). If a joint does not have the depth
to receive o backer rod, a polyethylene bond breaker tope
can be used (commonly used for joints in thin-set floor
applications).
The final step is selection and installation of the sealant joint
material. There are many types of sealant products available
on the market foday, but only certain types are suitable for
exterior focades and certain types of cladding materials.
Sealants must meet the following basic functional criteria:

Criteria for Facade Movement Joint Sealants
= Dynamic performance — low modulus (flexible) with
extreme movement capability
= Rheological properties — verfical sag resistance
= Mechanical properties — resist tearing, elongation and
compression cycles
= Weatherability (ultraviolet resistance)

= Chemical resistance — pollution and  mainfenance
chemicals

= Good adhesion
= Compatibility with other materials (taining, corrosion)
= Application method, safety /odor, life expectancy, cost

Dynamic Performance

Sealants for exterior facades must be high performance (also
known as Class A or 25 rating), viscous liquid, neutrakcure
type sealants capable of 25% movement over the life cycle.
LATICRETE® Latasil™ a 100% silicone sealant, conforms to the
following properties under ASTM €920 “Standard Specification
for Hlastomeric Joint Sealants”; Type S (single component),
Grade NS (non-sag for verfical joints), Class 25 (withstands

an increase or decrease of 25% of the joint width), Use NT
(nonraffic), Use M (bonds to mortar), Use | (submerged
continuously), and Use G (glass).

Pre-fabricated movement joints, which typically consist of two
:shaped metal angles connected by a cured flexible material
may not meet the above movement capability required for
an exterior facade. Similarly, the selection of a non-corroding
metal, such as stainless steel, is required to prevent corrosion
by alkaline content of cement adhesives or galvanic reactions
with other metals such as aluminum window frames. Consult
with manufacturers of pre-fabricated movement joints fo insure
compliance with these criferia.

Prefabricated movement joinfs are commonly installed in
advance of the cladding, so it is crifical fo prevent excessive
mortar from protruding through the punched openings in the
mefal legs. The hardened mortar may subsequently prevent
proper bedding of the dadding into the adhesive and lead to
bond failure adjacent fo the movement joint.

Figure 4.2.6 — Movement joint detail.

Rheological (Flow) Properties

Sealants must have sagrresistance equivalent to ASTM (920
“Standard Specification for Elastomeric Joint Sealonts” Grade
NS (non-sag for vertical joints).

Mechanical Properties

Sealants must have good elongation and compression, as
well os tear resistance characteristics to respond fo dynamic
loads, thermal shock, and other rapid movement variations
characteristic of an exterior facade.
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Weather Resistance

Sealant must be suitable for exposure to UV radiation (sun),
moisture and temperafure extremes; maintaining aesthetic
appeal requires resistance to color fade, staining, and
propensity for atfracting confamination.

Chemical Resistance

Sealant must withstand dleaning chemicals and atmospheric
pollufion.

Compatibility

Some sealants may stain porous stone or thin brick, or, curing
by-products may be corosive fo concrete, sfone, metals,
or waterproofing membranes. There are dozens of types
and formulations of sealant products, so it is important to
verify compatibility. Compatibility varies by manufacturer’s
formulations, and not by sealont or polymer type. For
example, acefoxy silicones cure by releasing acetic acid and
can be corrosive; neutral cure silicones do not exhibit this
characteristic.

Fluid migration and the possible resultant staining is another
compatibility issue to consider with sealants. There is no
correlation with polymer type (i.e., silicone vs. polyurethane);
fluid migration is dependent solely on a manufacturer’s
formulation. Dirt pick-up is another common problem and
is a function of type of exposure, surface hardness, type of
and length of cure, and the formulation, but not the sealant
polymer type. Fluid strecking though, depends on both
formulation and sealant polymer type. There are several new
generation silicones on the market, (such as LATICRETE Latasil)
which have specifically oddressed and overcome the above
aesthetic problems associated with many sealants.

Adhesion

Sealants must have good fensile adhesion to non-porous
or glazed surfaces of file, ideally without special priming or
surfuce preparation

Subjective Criteria

Color selection, ease of application, toxicity, odor, maintenance,
life expectancy and cost are some of the additional
subjective criteria that do not affect performance, but require
consideration.

Types of Sealants

High performance sealants are synthetic, viscous liquid polymer
compounds known as polymercaptans,  polythioethers,
polysulfides, polyurethanes, and silicones. Each type has
advantages and disadvantages. As a general rule, polyurethane
and silicone sealants are o good choice for ceramic tile, stone,
masonry veneer, and thin brick facades.

Polyurethanes and silicones are available in one-component
cartridges, sausages, or pails; some polyurethanes come in
two-component bulk packages, which require mixing and
loading into a sealant applicator gun. Both types of sealants
are available in a wide range of colors.

Installation of sealants and accessories info movement joints
requires skilled labor fomiliar with sealont industry practices.
The installation must start with a dry, dust free surface/
cladding edge. Some sealant products may require the use
of a priming agent (.g. LATICRETE Latasil 9118 Primer) as
well. These primers are applied before the installation of the
backer rod or bond breaker tape. Care must be taken fo profect
underlying flashing or waterproofing to avoid deferioration
by primer solvents. Any excess mortar, spacers, or other
restraining materials must be removed fo preserve freedom
of movement. The use of a backer rod or bond breaker tape is
necessary fo regulate the depth of sealant, and prevent three-
sided adhesion. Once sealant has been applied, it is necessary
to tool or press the sealant with special devices to insure
confact with the file edges; the backer rod aids this process
by transmitting the tooling force to the tile edges. Tooling also
gives the sealant a slightly concave surface profile consistent
to the interior surface against the rounded backer rod. This
allows even compression/elongation, and prevents visually
significant bulge of the sealant under maximum compression.

Fire Resistance

One of the inherent advantages of most direct adhered
cladding systems are their natural fire resistant qualities.
Some types of direct adhered systems, though, such as those
employing silicone or epoxy adhesives, may be limited in their
fire resistance by the loss of adhesive strength when exposed
to high temperatures of a fire’.
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In many parts of the world, building codes regulate the required
fire resistance and fire containment properties of exterior wall
assemblies. Fire resistance of an exterior wall assembly
primarily provides life safety for occupants by eliminating fuel
for flame or smoke development, and remaining intact during
exposure fo heat. Fire containment ditfers from fire resistance
in that containment is intended primarily for property protection
by preventing the spread of fire within the building and to
adjacent properties.

Fire resistance and containment requirements vary depending
on the type of occupancy, size of the building, location to
adjocent buildings, access for fire equipment, and the type
of fire detection and suppression equipment available in the
building, such as fire alarms and sprinkler systems. Because
the ceramic tile, stone, masonry veneer, and thin brick
materials used in direct adhered systems are thin, non-structural
finishes and are inherently non-combustible, the underlying
wall construction and detailing usually dictates overall fire
resistance and containment performance. The fire resisfance
or confainment properties of some types of direct adhered wall
assemblies may be limited by the type of materials such as
adhesives, or even by configuration alone.

Fire Containment

Certain types of direct adhered wall assemblies are designed
and installed in such a manner that no space exists between
the wall and the floor. This type of configuration will not
allow fire to pass through this space and spread to the next
floor. However, some exterior wall designs confain a space
between the floor and the wall, known as a “sofe-off” space.
Wide spaces (>1" [25 mm]) must be filled with a “fire
stopping” material known as “safing” insulation, which is a
type of mineral fiber mat that is friction fit in the void. Safing
insulations are known to be ineffective in stopping passage
of smoke under conditions of positive pressure, so they are
typically combined with metal fire sfopping plates.

Proprietary products of expanding (intumescent) foams or
rigid metal plates of galvanized steel and fireproof material
are also available for fire stopping large voids. Narrow spaces
hetween exterior walls and floors may be fire stopped with
fireproof sealants and putties, loose fibrous mineral fiber, or
cement mortars and grouts. Any narrow openings penefrated
by combustible materials, such as foam plastic insulation or

pipes must be sealed with an infumescent sealant, which is a
special material that is not only fireproof, but expands 5 — 10
fimes its original volume to displace consumed combustible
material. This reaction protects against passage of fire and
smoke from floor to floor.

Acoustical Control

Sound transmission ratings of direct adhered wall assemblies
are usually limited by the type and amount of fenestration
(windows, doors, openings), with the fenestration being
the weakest link in resisting airborne fransmission of sound.
Typically, windows with good air and water infiliration qualities
will have good sound attenuation. Windows should be tested in
accordonce with ASTM E413 “Classification for Rating Sound
Insulation” and/or ASTM E1332 “Standard Classification for
Rating OutdoorIndoor Sound Attenuation” to defermine sound
transmission class (STC) rating, which is a measure of airborne
sound transmission.

In analyzing the sound attenuation of the wall construction,
the fransmission of sound is inversely proportional o the mass
of the wall. So barrier type walls with lightweight back-up
construction such as metal studs and cement backer board will
not perform as well in resisfing sound transmission as a cavity
wall employing an inner and outer wall of masonry behind the
direct adhered clodding material.

Figure 4.2.7 — Use of movement joints as an infegral facade design element®.

Roofing and Parapet Walls

One of the most vulnerable parts of any exterior wall system s
the interface between the roofing and the verfical parapet walls
or roof fascia. Water often penefrates this critical intersection,
50 the design of direct adhered cladding must carefully consider
detailing of waterproofing, flashing, and sealants in these
areas o insure proper performance.
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Parapet walls must be flashed or waterproofed beneath the
top horizontal dadding surface (also known s the coping)
in all types of wall construction fo prevent water penetration
through joints in the coping. Water entry at this point is the
number one cause of water related problems in direct adhered
cladding. Water which is trapped within the exterior wall s the
primary cause of efflorescence, freeze-thaw deterioration, and
strength reduction of cement adhesive mortars.

The direct adhered latex or portland cement latex membranes
required for flashing or waterproofing of direct adhered
barrier walls typically will not adhere to mefal flashings.
Latex membranes also are not compatible with many of the
petroleum based buili-up roofing materials, or the solvent
based adhesives used for sealing/welding of seams in single-
ply elastomeric (EPDM, PVC) sheet roof membranes. In
order to assure a continuous watertight seal between lutex
membranes, it may be necessary to use urethane or silicone
sealants to provide an adhesive seal between the membrane
and dissimilar materials. However, an epoxy flashing material
(e.g. LATAPOXY® Waterproof Flashing Mortar) may be
considered to create a seamless flashing assembly when
installed over a metal flushing and latex membrane while
providing a suitable surface onto which file, stone or other
suifable cladding can be directly bonded.

Movement between the roof and parapet wall must also
be analyzed, and allowances made in the flexibility of all
connections. Parapet walls are the only part of the exterior
wall assembly which is typically exposed to wind loading and
wide temperature variations on both sides.
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Photo: Project-Umstead Hotel, Research Triangle Park, NC 2006, Architect: Three Architecture, Inc, Dallas, TX; Stone Contractor: David Allen Co., Raleigh, NC.
Description: 20" x 30" (510 mm x 762 mm) limestone installed with LATAPOXY® 310 Stone Adhesive.
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5.1 CRITERIA FOR SELECTION OF SUBSTRATES

In Section 2, different types and configurations of direct
adhered cladding systems were presented. In each type
of wall, the dodding material was directly adhered to the
outermost surface material of the back-up wall construction.
In a composite adhesive system, this outermost surface is
commonly referred fo os the substrate. In addition to being
the surface to which the cladding material is attached using
adhesive, the substrate s also the (or part of the) principal
load-bearing component of the exterior wall cladding assembly.
Overlays of other materials over the primary substrate, such as
waterproofing membranes, may also be considered a type of
substrate. Overlays can provide more desirable characteristics
of smoothness, hardness, or more durability such as resistance
fo water.

There are a wide variety of sitable substrates that can be used
for direct adhered external cladding systems. These suitable
substrates typically include concrete, concrete masonry units
(CMU), brick, cement plaster, and cement backer board.
The substrate selection process should start with o general
evaluation of substrate properties and their fundomental
compatibility with the external cladding system concepts.

The following criteria are considered important properties of a
substrate for direct adhered external cladding:

Density

Density of a material is defined as the weight per unit volume
expressed in lbs/ft* or grams/cm®. Many physical properties
of a substrate depend to some degree on density. In general,
as a materials’ density, strength and modulus of elusticity
(stiffness) increase, the dimensional stability and  porosity
decreases.

Porosity

Good adhesion does not necessarily require that a substrate
be porous, as demonstrated by the adhesion of glass mosics
or use of metal substrates for external cladding. Nonetheless,
porous substrates are generally easier to adhere to than non-
porous substrates. When an adhesive can penetrate info the
pores of a substrate and/or cladding material, the effective
confact area is increased. This is an even more important
concept for cementifious adhesive mortars commonly used in
external cladding systems. The open pore structure not only

allows penetration of cement paste fo increase contact areg,
but also allows crystal growth from cement hydration to occur
within the substrate’s pores. This provides a mechanical locking
effect as well as adhesive bond. Porosity also contributes to
the removal of solvents or excess water and aids in strength
development. However, high porosity may also cause excessive
migration of hydration moisture from the adhesive interface,
resulfing in what is referred to as a “starved” adhesive layer.

Surface Characteristics

The ability of a substrate o be wetted by an adhesive is
essential fo good odhesion and important in defermining
compatibility between adhesives and substrates. This means
that the substrate material must not only possess balanced
porosity and surface texture, but also that the surface be free
of any contamination such as dust or dirt that would prevent
wetting and confact with an adhesive. The levelness tolerance
and/or smoothness of a substrate surface (as well as the
cladding surface) also play important roles in allowing proper
confact and wetting by an adhesive.

Adhesive Compatibility

The substrate material must be compatible not only with
adhesive attachment, but also with the type of adhesive under
consideration. This means that the substrate material must
have good cohesive qualities to resist tensile and shear stress,
and not have adverse reaction with the proposed adhesive.
Similarly, the cladding material must also be compatible with
adhesive attachment and type of adhesive (see Section 6).
Some general considerations in determining compatibility with
adhesives are as follows:

Asphaltic (petroleum based) Waterproofing
Petroleum based products placed over the substrate surface
are generally not compatible with tile or stone installation
adhesives.

Steel and Other Metals

Steel or metal type of substrate usually requires an epoxy (e.g.
LATAPOXY® 300 Adhesive), silicone or urethane adhesive due
to the low porosity of steel/metal; portland cement or latex-
porfland cement adhesives do not develop adequate bond
to metals without expensive preparation or special adhesive
formulations.
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Cementitious, Clay Masonry, and Mineral Based
Materials

The wide variety of physical characteristics of this family of
materials, especially the water absorption rate and texture
of the surfuce, each requires adhesives with characteristics
formulated for the material’s characteristics.

Dimensional Stability (Moisture Sensitivity)

All materials have varying degrees of moisture sensitivity, and
those materials with extreme sensitivity may result in excessive
swelling, shrinkage, or deferioration, and are not suifable as
substrates for direct adhered cladding. Some moisture exposure
is inevitable, and will occur either through penetration of rain
water, or from normal passage and condensation of water
vapor through an exterior wall assembly. It is essential to
evaluate compatibility and dimensional stability of the substrate
for the application. While the substrate may have acceptable
dimensional stability, evaluation of the differential movement
hetween a substrate, the adhesive, and the dadding will assure
minimal stress from restraint of dimensional changes.

Plywood and Other Wood Based Products —
Wood or wood fiber based products generally have high
water absorption rafes, and undergo rates of volumetric
swelling and subsequent shrinkage that make these materials
unsuitable™ as a substrate for direct adhered systems. The
excessive differential movement between a wood substrate
and the adhered dadding, and also between the wood and its
supporting framework and fasteners can cause failure of the
adhesive bond, the substrate material or the fasteners.

Gypsum Based Boards or Plasters — Gypsum based
materials will typically deteriorate and lose the ability fo
support a direct adhered finish when exposed to moisture for
prolonged periods.* Potential cohesive failure of a saturated
gypsum substrate will subsequently result in failure of the
direct adhered clodding.

*Some propriefary wood fibercement and gypsum based products are fabricated with
water resistont additives or surfaces; consult manufacturer for test data on moisture
absorption, volume change, or deferioration and compafibiity with direct adhered
external cladding.

Clay (Brick) Masonry — Clay based materials undergo
varying degrees of permanent volumetric expansion after
prolonged exposure to moisture (see Section 6.5 — Thin Brick
Masonry). This is an important consideration in a wet, humid
environment, and necessitates the use of either waterproofing
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membranes (especially with more porous stones), or a proper
combination of flashings and sealants to prevent saturation of
the underlying clay masonry substrate.

Clay brick masonry will permanently increase in volume as a
result of the absorption of atmospheric moisture after removal
from the kiln; this is an important design consideration. The
total recommended design coefficient for moisture expansion
as recommended by the Brick Institute of America is 34 10/
inch of length. Factors affecting moisture expansion are:

Time of Exposure — 40% of the fotal expansion will occur
within the first three months after firing and 50% will occur
within one year of firing.

Time of Installation — Moisture expansion will depend
on the age of the brick and the remaining potential for
expansion.

Temperature — The rafe of expansion increases at higher
temperature when moisture is present.

Humidity — The rate of expansion increases with the relative
humidity. Brick exposed o a relative humidity (RH) of 70%
will have moisture expansion rates two to four times as great
as clay brick af 50% RH.

Dimensional Stability (Thermal Movement)
Standard construction references contain information on the
thermal coefficient of linear expansion for most common
building materials (Fig 5.1.1). Data for propriefary products
should be available from the manufacturer. This data will
allow you to determine which substrate materials may have
thermal movement properties which are significantly different
than the adhered cladding material. Of somewhat less
imporfance, is to analyze thermal movement compatibility
with other components of the wall assembly. As an example,
aluminum moves at almost three times the rate of limestone;
that means for every 100" (30 m), the aluminum would
expand approximately 1" (25 mm) more per 100°F (38°C)
temperature change (which is not uncommon in o fagade
exposed to sun) than the limestone! The excessive build-up
of stresses in the adhesive interface between these materials,
even with a flexible adhesive, could result in failure.
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Stiffness (Modulus of Elasticity)

Modulus of elosticity is the measure of the stiffness of
a material. When substrates and clodding with different
dimensional stability and stiffness are adhered, sfress may
develop from the restraint of dimensional change. The stress
can manifest itself as shear stress in the adhesive layer, or in
tensile or compressive force in the substrate. If these forces are
balanced, the adhered wall assembly will remain stable. The
optimum condition is to balance the stiffness of a substrate
with the stiffness of the cladding to minimize restraining forces
(by either the cladding or substrate) and thereby minimize
shear, tensile, and compressive stresses.

Compliance with Building Codes and Industry
Standards

Building or fire regulations may not allow certain materials to
be considered as a substrate. As an example, cement backer
board units (CBU) are a common substrate for direct adhered
clodding. However, the CBU would typically be attached to
a cold formed steel stud framework, either in a bearing,
nonbearing, or curtain wall type of design (Section 2.2). A
general rule of fire resistant construction is that while steel
studs are incombustible, they quickly lose structural strength
when exposed to high temperatures, and therefore, have a
low fire rating unless protected by sprayed-on fireproofing
or encapsulated with fire resistive construction. So a (BU
substrate, while perfectly suitable in most other respects, may
not meet fire or building code regulations due to the poor fire
resistance of the support required to use that type of substrate
product.

MATERIAL COEFFCIENT OF THERMAL
EXPANSION (10 mm/
mm/C°)
Ceramic Tile 4-8
Granite §-10
Marble 4-7
Brick 5-8
Cement Mortar 10-13
Concrete 10-13
Lightweight Concrete 8-12
Gypsum 18-21
Concrete Block (CMU) 6-12
Cellular Concrete Block 8-12
Steel 10-18
Aluminum 24
Copper 17
Polystyrene Plastic 15-45
Glass 5-8
Wood —Paralle! Fiber 4-6
Wood —Perpendicular Fiber 30-70

Figure 5.1.1 — Thermal coefficient of linear expansion for various matericls Bold
indicates typical exterior fagade substrates.

Building codes also regulate, among other things, that a
substrate meets the same minimum adhesion standards as
the adhesive itself; in other words, the shear strength of a
substrate material must meet minimum building code adhesive
shear strength requirements for direct adhered cladding
(50 psi [0.345 MPa].. Itis anticipated that the 50 psi (0.345
MPa) will account for differential shear stress between the
neveer and its backing in adhered veneer systems (ACI 530
6.3.2.4). For more information on building codes, please refer
to Section 8.

Functional and Design Criteria

A substrate must meet project specific functional criteria (see
Section 2.1). Functional criferia, though, are rarely satisfied by
only the substrate, but more so by the substrate’s contribution
to the performance of the entire wall assembly. For example,
cerfain substrates may fail in controlling heat flow or sound,
but the designer could re-configure the wall assembly to
accommodate, for example, a wider cavity for additional
sound and thermal insulation.
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Cost, Availability, Site Conditions

Regional variations in cost, material and labor availability may
make certain substrate materials more suitable than others.
Limited construction equipment technology and experience
with certain techniques and ancillary materials may also effect
suitability of certain substrates. As an example, a very common
substrate for a direct adhered external cladding is a cement/
sand plaster applied over a relatively thin clay masonry back-
up wall. This type of substrate is typically configured as a
“barrier wall” (see Section 2.3), therefore, it relies heavily
on the use of ancillary materials such as sealants, flashings,
and waterproofing membranes to prevent water penetration
and the issues of moisture expansion of the clay masonry,
internal wall deterioration and efflorescence. Many of these
ancillary materials are not readily available, and their proper
defailing and use in direct adhered external cladding systems
are not well understood. It is not only necessary for the
designer to understand proper detailing and specification of
these materials, but also for the builder to assure availability
and proper knowledge of their use before any construction
commences.

5.2 TYPES OF SUBSTRATES

The following is a list of many common substrates which are
used in direct adhered external cladding systems. General
information on common incompatible substrate materials, such
as wood or gypsum, was covered in the preceding subsection on
compatibility of adhesives and substrates. Detailed information
on installation procedures for common substrates is beyond
the scope of this manual. However, cement plasters /renders
are often considered an integral component of the adhesive
inferface, so the materials and installation procedures for this
common substrate are covered in defail af the end of sub-
section 5.4 — Substrate Preparation.
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Common Substrates for Direct Adhered External
Cladding
= Concrefe

— Castin-place concrete
— Pre-cast concrete panels
— Glass Fiber Reinforced Pre-Cast Concrete(GFRC) panels
= Concrete Masonry Units (CMU)
— Standard weight aggregate
— Lightweight aggregate
— Cellular concrete (aerated autoclaved concrefe, gas
beton, Ytong®)
= (loy masonry units
— Brick masonry
— Hollow clay masonry
= Cement plasters/render (bonded or unbonded over metal
lath)
— Water /sand /cement,/lime
— Latex /sand,/cement
= Cement Board Units (CBU)
—Cement board (e.g. PermaBase®, UtiACrete®,
Durock®, efc...)
— Fiber cement underlayment (e.g. HardieBacker® Board)
— Calcium silicate board
= (orrugated shet stegl
= Qverlay materials
— Waterproofing membranes
— Skim/parge/bond coats
5.3 SUBSTRATE PREPARATION DESIGN AND
CONSTRUCTION REQUIREMENTS
The cardinal rule for the insfallation of any material with an
adhesive is; adhesion will only be as good as the materials
and surfaces which are being adhered. The highest strength
adhesives and most careful application to the best quality
cladding will not overcome an improperly prepared substrate.
This section provides information on the identification of
common substrate characterisfics and defects, and the
preventative and corrective actions necessary for proper surface
preparation. Information on the evaluation and preparation
of the cladding bonding surface is contained in Section 7.
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Structural requirements for substrates are contained in Section
4 under Live loads.

Sequence of Substrate Evaluation and
Preparation
= Evaluation of type and surface condition of substrate
= Contamination removal
= Final surface (residue) cleaning

Evaluation of Surface Condition

The first step in substrate preparation is the evaluation of the
type of substrate and its surface condition. This includes the
levelness (plane or flainess deviation) and plumb (vertical
deviation), identification of general defects, such as airbome
confamination, as well as those defects specific to the substrate
material or construction site location.

Plumb (Vertical) Tolerances

It is essential to evaluate the plumb (vertical) tolerances
anticipated for a structure before making the dedision to
employ the direct adhered method for installation of ceramic
tile, stone, masonry veneer, or thin brick cladding.

Industry standards for concrete structures generally limit plumb
tolerances to 1" (25 mm), but steel structures may have
deviations up o 2" — 3" (50 — 75 mm). Certain types of
exterior wall structures and types of wall configurations (see
Section 2) can be designed to accommodate extreme plumb
variations in the structural frame; others cannot. Correction of
plumb deviations would include adjustment of the substrate’s
underlying support or connections, or, fo install o leveling
morfar system. Exterior wall assemblies which are designed to
run continuously in front of, and attach fo, the structural frame
rather than be supported or stacked on the structural frame,
are eminently more adjustable to accommodate deviations
from plumb.

Levelness Tolerances

Aflat, plane substrate is an important consideration for direct
adhered focades using methods requiring full confact and
coverage with adhesives. According to the Tile Council of North
America TCA Hondbook for Ceramic, Glass, and Stone Tile
Installation “.... when a cementitious bonding material wil
be used, including medium bed mortar: maximum allowable
variation is 1/4"in 10" (6 mm in 3 m) from the required
plane, with no more than 1/16" variationin 12" (1.5 mm in
300 mm) when measured from the high points in the surface.

For files with af least one edge15" (375 mm) in length,
maximum allowable variation is 1/8" in 10" (3 mm in 3 m)
from the required plane, with no more than 1/16" in 24"
(1.5 mm in 600 mm) when measured from the high points
in the surface. For modular substrate units (e.g. concrete
masonry units) any adjacent edges must not exceed 1/32"
(0.8 mm) difference in height. Should the architect require
a more stringent finish tolerance, the subsurface specification
must reflect that tolerance, or the file specification must include
a specific and separate requirement fo bring the subsurface
tolerance into compliance with the desired tolerance.” Greater
deviations prevent the proper bedding of the cladding into the
adhesive, which may result in numerous problems; the most
serious being inadequate bond.

With regard to flomess of the finished veneer, the amount of
substrate variation generally is reflected in the finished veneer
installation. For any application requiring a flat surfce, the
installafion should comply with the flamess requirements in
ANSI A108.02: “no variations exceeding 1/4"in 10" (6 mm
in 3 m) from the required plane. Conformance to this standard
requires that the surface conform to the following: no variation
greater than 1/4"in 10" (6 mmin 3 m), nor 1/16"in 12"
(1.5 mm in 300 mm) from the required plane. For modular
surfaces (e.g. cement backer unifs) adjacent edges cannot
exceed 1/32" (0.8 mm) difference in height. In addition
the effect from irregularities in the substrate increases as the
veneer unit size increases. In these cases, a tighter subsurface
tolerance may be required. The some levelness tolerances
typically apply to the veneer. While most ceramic tiles suitable
for exterior facades have very good calibration, the 1/8"
(3 mm) tolerance corresponds to the acceptable deviation of
thickness of most stones and bricks used for cladding. When
choosing a cladding material, it is recommended to check the
tolerances within the veneer unit to ensure that the proper
preparation and installation /materials /methods are ufilized.

If levelness tolerances are exceeded, then it is necessary to
gither implement remedial work such as re-construction,
patching, grinding, or installation of o cement leveling mortar/
render. If deviations are within acceptable industry tolerances,
then it is acceptable to use an adhesive mortar within the
adhesive manufacturer’s thickness limitations fo level minor
defects.
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Direct adhered facades employing “spot” bonding using epoxy
adhesive mortars (e.g. LATAPOXY® 310 Stone Adhesive or
LATAPOXY 310 Rapid Stone Adhesive) can tolerate greater
deviations from a flat plane; maximum deviation is a function
of the recommended thickness and working properties such as
sag resistance, as well as cost of the specific adhesive.

Climatic and Site Conditions

The following surfuce defects apply to all substrates, although
the degree of preparation to correct these conditions will vary
with surface textures and other physical properties of different
materils.

Airborne Contamination

Wall substrate surfaces 1o receive direct adhered cludding wil
always be exposed to varying degrees of airbore confominants,
especially normal construction site dust and debris. Similarly,
building sites located near the sea, deserts, or industrial areas
may be subject fo aitbome salt, sand, or acidic rain/pollution
contamination, especially if there s a significant lapse of fime
between the complefion of the substrate work and adhesion of
the cladding or leveling mortar/render. Dust films may inhibit
adhesive bond, salt deposits may cause a film of efflorescence™,
and wind-blown sand may prevent initial grab of adhesive mortars
by producing a “ball bearing” type effect during spreading, which
makes application difficult. As a result, the minimum required
preparation for substrates is washing with high pressure water
(or standard pressure water with agitation if high pressure water
is not available) to eliminate the bond breaking effect and other
problems that could resulf from surface confamination. In some
cases, aihome contamination is constant, requiring frequent
washing just prior to installation of cement leveling plaster/
renders or adhesive mortars.

Washing a surface in preparation for application of adhesives
is mandatory, the only variable is the moisture content and
required drying time of the substrate prior to application of
the adhesive. Moisture content and drying time is dependent
on the type of adhesive being used (see Section 7). With
most adhesives or cement leveling mortars/renders, such as
cement latex mortars or moisture insensitive epoxy adhesives,
the substrate can be damp (also known as saturated surface
dry condition or SSD), but not dripping wet; a surface film
of water can inhibif grab and bond of even water insensitive
cement and epoxy based adhesives. Silicone or urethane
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adhesives require a completely dry surface, which is typically
achieved after waiting 2 — 3 days under ideal temperature and
relative humidity (70°F [20°C] and 50% RH), with adequate

profection from further confamination in the inferim.

*The soluble salts which can cause efflorescence, such as calcium chloride or sodium
chloride, can act as accelerants when confacted by wet cement based adhesives or
leveling mortars/renders.

Salt Contamination

Soluble salts such as calcium chloride or sodium chloride, can
inhibit initial bonding or cause bond failure of cement based
adhesives or leveling mortars/renders. There are several
mechanisms that can cause these problems. Soluble salfs,
whether present from airbone material, or other sources of
contamination, can act as accelerants when confacted by wet
cement based adhesives or leveling mortars/renders. This
may result in reduced bond strength, depending on the degree
of contamination. Similarly, salt contamination of a substrate
may allow efflorescence fo develop at the substrate interface,
possibly resulfing in delamination from the expansive force
caused by the growth of salts crystals (see Section 9 —
Efflorescence). There are chemical tests and test equipment
that are available fo determine the presence of salfs (see
Section 9 — Salt Contamination Testing).

Moisture Content (Dampness) of Substrates

Certain materials used in direct adhered wall assemblies are
moisture sensifive. For example, the strength of cementifious
adhesives can be reduced from constant exposure to wet or
domp substrates. Some materials, such as waterproofing
membranes, may not cure properly or delaminate from a
confinually damp or wet substrate. A damp substrate may also
contribute to the formation of efflorescence (see Section 9 —
Efflorescence). This is of parficular concern not only due to
prolonged periods of rain exposure during construction, but also
in areas of a facade which may be exposed fo rising dompness
at ground level, and in areas where leaks from poor design or
construction cause continual dampness in the substrate.

There are several methods that can be used to determine
acceptable moisture content and relative  humidity of
substrates prior fo application of moisture sensifive coatings
(see Section 9 — Testing.) The percentage of moisture content
is not a meaningful test method for cementifious materials.
The measurement of relative humidity in the concrefe
when fested per ASTM F2170 “Standard Test Method for
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Defermining Relative Humidity in Concrete Floor Slabs Using
inssitu Probes” is the most appropriate method. For horizontal,
indoor installations the use of testing in compliance with ASTM
F2170 dlong with testing as per ASTM F1869 “Standard
Test Method for Measuring Moisture Vapor Emission Rate
of Concrete Subfloor Using Anhydrous Calcium Chloride”
provides an even greater view info what is happening with the
moisture state of concrete. For tile or stone installations using
LATICRETE® materials, the moisture content of cementitious
substrates is typically only an issue when a membrane (e.g.
LATICRETE Hydro Ban®) will be implemented.

Surface and Ambient Temperature

During the plocement of concrete and installation of other
fypes of substrates, extreme cold or hot temperatures may
cause numerous surface or infernal defects, including shrinkage
cracking, o weak surface layer of hardened concrete caused by
premature evaporation, or frost domage. Once the adhesive
is cured, exireme temperatures of both the ambient air and
surface of the substrate may also affect the normal properties
of adhesive.

Elevated ambient air (80 — 100°F [27 — 38°(]) and
surface (=95°F [35°C]) temperatures will accelerate setting
of cement, latex cement, and epoxy adhesives. Washing and
dompening walls as described above will not only remove
confaminants, but also serve to lower surface temperatures
for cement latex mortars and moisture insensitive epoxy
adhesives. Shading surfaces is dlso effective in lowering
surface temperature, but if ambient temperatures exceed
100°F (38°0), it is advisable to defer work with adhesives
to another time. A standard rule of thumb is: For every
18°F (10°C) above 70°F (21°C) cementitious and epoxy
materials cure twice as fast. For every 18°F (10°C) helow
70°F (21°C) cementitious and epoxy materials toke twice
as long fo cure.

Material Specific Substrate Preparation — Cast-
in-Place Concrete

The condition of vertically formed concrete is exiremely
variable, due to the numerous potential defects that can occur
with mix design additives, forming, placement and curing.
The following is detailed information on the identification and
causes of common extemal surface defects in vertically cast
in-place concrete.

Laitance

This is the term for a surface defect in concrete where a thin
layer of weakened portland cement fines have migrated to the
surface with excess “bleed” water or air from unconsolidated
air pockets. This condition is especially prevalent in vertically
formed concrete, where excess water migrates by gravity,
aided by the vibration of concrete and pressure of the concrete
to the surface of the wall form. The excess water then gets
trapped by the forms. Once the excess water evaporates,
it leaves behind a thin layer of what appears to be a hard
concrete surface, but in redlity is weakened due to the high
water o cement ratio af the surface. Laitance has a very low
tensile strength, and therefore, the adhesion of ceramic file,
sfone, masonry veneer, thin brick or cement leveling mortar/
render will be limited by the low strength of the laitance. There
are proprietary fabric products available for lining concrete
forms that drain excess water and optimize the water /cement
ratio near the surfuce of the concrete. These products virtually
eliminate loitance and “bug holes” (caused by air pockets)
and all the extra preparation necessary o remove or repair
these defects prior to direct adhesion to concrete.

Carbonation (Cold Climates)

Carbonation of a concrete or cement bosed surface occurs
when atmospheric carbon dioxide reacts with wet concrefe
or cement based material. Carbonation stops the chemical
hydration process of cement and ends strength gain in cement
based materials. This results in low compressive and tensile
strength of the surface, possibly progressive fo internal zones,
depending on the length of exposure and the degree of carbon
dioxide concentration in the atmosphere.

This condition typically occurs when ambient temperatures
during placement and finishing are around 40°F (5°0). It
only affects exposed surfaces, so cement plaster/render
substrates (see Section 5.4 — Cement Plaster/Render) are
more af risk than verfical concrete protected by form work.
The length of exposure is a function of temperature. Cement
hydration stops at a surface temperature of 32°F (0°C)
when water necessary for hydration freezes, and, hydration
is retarded starting at 40°F (5°C). Concentration of carbon
dioxide can be elevated when temporary heating units are
not properly vented outside of any profective enclosure during
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cold temperatures. Temperatures should be maintained above
50°F (10°C) during placement, initial removal of forms, and
installation of cement based products.

Honeycombing

This is a condition where concrete is not properly consolidated
by vibration, where reinforcement is located too close fo the
forms, where there is internal inferference with the flow of
concrete during the consolidation procedure, or where there is
poor mix design. These conditions result in voids in the surface
of the concrete. These voids must be properly prepared and
patched using a bonding agent fo insure proper adhesion fo the
concrete prior to adhesion of any cladding material or cement
leveling plaster/render.

Unintended Cold (Construction) Joints

In vertical walls, cold joints are usually unintended, and can
result in a weakened plane subject to random shrinkage
cracking which could transfer to the extemal cladding
surfoce. Cold joints are caused by rapid drying at the top
surface of a concrete lft (typically from hot, dry wind), or
from poor consolidation (failure to break up the initial et
of the fop surface). These conditions usually result from
delays or equipment breakdowns. They can be prevented by
coordination of concrete delivery and proper maintenance and
use of vibration equipment.

Steel and Plastic Concrete Forms

Steel or other types of smooth formwork can result in an
extremely smooth and dense surface, which is typically not
desirable for direct adhesion of a cladding, because this type of
surface provides no mechanical key for the inifial grab required
when applying wet cement based adhesive mortars. Smooth
and dense surfaces do not facilitate absorption of cement paste
and the subsequent mechanical locking effect provided by the
growth of cement crystals info the pores of the surface. Epoxy
and silicone adhesives are less affected, as they do not rely on
an open pore structure to achieve suifable adhesion.

Form Release Agents

There are a wide variety of form release materials and products
in use today, ranging from simple used motor oil to more
sophisticated water based proprietary products. Any type of

Section 5: Substrates

oily or other potential bond-breaking contaminant must be
removed prior fo direct adhesion to concrete. However, many
of the propriefary products available are either chemically
reactive with minerals in the concrete, or are selfdissipating
through oxidation when exposed to adequate sunlight. As a
result, these types of form release materials may not require
removal prior fo direct adhesion fo the concrefe. It is advisable
to consult manufacturers test data and/or conduct sample
tests to substantiate performance claims. It should be noted
that selfdissipating curing agents require interaction with
cerfain environmental condifions (e.g. direct sunlight). To
ensure that these potential bond inhibiting materials (even
self-dissipating materials) are complefely removed, they must
be physically removed by mechanical methods. Check with
the manufacturer of the tile/sfone adhesive for substrate
preparation requirements and applicability of any warranties
to improperly prepared substrates.

Curing Compounds

The variety of materials and the unique characterisfics of
proprietary formulations require that you follow the same
recommendations as above for form release agents. For more
information, please refer to LATICRETE TDS 154 “Concrete
Curing Compounds and Surface Hardeners” available af
www_laticrete.com.

Concrete Additives

Similar to release and curing agents, there are numerous
concrete additives, which, depending on the properties they
impart to the concrete, could be detrimental to direct adhesion.
For example, super-plasticizers are a type of additive that may
allow for extremely low water fo cement ratios and resultant
high strength, without sacrificing workability of the concrete.
This type of addifive can induce bleed water, and facilitate the
formation of laitance. Similarly, additives that react with free
minerals in the concrete fo produce an extremely dense and
water resistant pore sfructure may be detrimental to good
adhesive bond.

Concrete Curing — Age of Concrete

The age of a concrete substrate just prior to direct adhesion
of dadding or a cement leveling plaster /render is important.
As concrete cures and loses moisture, it shrinks. A common
misconception is that concrefe complefes shrinkage in 28
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days; this is not true. Thick sections of concrete may take over
2 years to reach the point of ultimate shrinkage. 28 days is
the period of fime it fakes for concrete to reach its full design
strength. At that point, concrete should reach maximum tensile
strength, and can better resist the effects of shrinkage and
sfress concentration. Depending on the humidity and exposure
to moisture in the first 28 days, there may be very little
shrinkage that occurs within that period. So while more flexible
adhesives, like lotex cement adhesive mortars or silicone
adhesives, can accommodate the shrinkage movement and
stress that may occur in concrete less than 28 days old, it is
recommended to wait a minimum of 30 — 45 days to reduce
the probability of concentrated siress on the adhesive interface.
Building regulations may require longer waiting periods of up
to 6 months. After this period, resistance o concentrated stress
is provided by the tensile strength gain of the concrete, and
its ability o shrink as a composite assembly. The effect of
remaining shrinkage is significantly reduced by its distribution
over fime and accommodated by the use of low modulus or
flexible adhesives.

Plastic and Drying Shrinkage Cracking

Freshly placed concrefe undergoes a temperature rise from
the heat generated by cement hydration, resulting in an
increase in volume. As the concrete cools to the surrounding
temperature, it contracts and is susceptible to what is termed
“plastic shrinkage” cracking due to the low tensile strength
within the first several hours or days. Plastic shrinkage can
be controlled by reduction of aggregate temperature, cement
content, size of pours/members, deferring concrefing fo cooler
temperatures, damp curing, and the type or early removal of
forms.

Concrefe also undergoes shrinkage as it dries out, and can crack
from build-up of tensile stress. Rapid evaporation of moisture
results in shrinkage at an early stage where the concrete does
not have adequate tensile strength to resist even contraction.
Concrete is most susceptible to drying shrinkage cracking
within the first 28 days of placement during which it develops
adequate tensile strength to resist a more evenly distributed
and less rapid rate of shrinkage. It is for this reason that it
is recommended to wait 30 — 45 days before application of
cement plaster/render coats or direct application of adhesive
mortars.

Structural Cracking

(racks that are approximately 1/8" (3 mm) in width or
greater, and occur throughout the cross section of a concrete
wall or structural member, are an indication of a structural
defect and must be corrected prior to direct adhesion of any
materials. Structural cracking of vertical concrete can only be
repaired using low-viscosity epoxy or methacrylte pressure
injection methods. Cracks that are less than 1/8" (3 mm) are
typically non-structural shrinkage cracks. While these types of
aracks do not require structural correction, they either require
isolation by means of a flexible crack suppression membrane,
or repair with an epoxy or methacrylate injection to prevent
further movement and transfer of stress to the adhesive
inferface or cladding surface.

Spedial Concrete Preparation Methods

In Japan, a simple technique was developed to minimize surfoce
preparation of verfically formed concrete before installation
either of cement leveling plaster /renders or direct application
of cladding. The method, known as the Mortar-Concrete Rivet-
back System (MCR), employs polyethylene bubble sheet
plastic form liners, which when removed, result in an imprinted
concrete surface which provides a mechanical locking effect and
increases the safety factor for adhesion of leveling plasters/
renders or adhesive mortars.

The plastic is stapled to forms with stainless steel staples
and the concrete is ploced. After initial curing, the forms
are removed, leaving the plastic in place. The plastic is then
sfripped in a separate procedure prior to installation of leveling
or adhesive mortars in order fo profect the surface from site
contamination and aid in curing of the concrete in the initial
28 days of strength gain. The plastic liners also eliminate the
use of form release agents and contribute to easy cleaning
and longevity of forms. This method requires a minimum of
30 — 45 days prior fo application of plaster /render or direct
application of cladding in order o allow the inifial period of
high drying shrinkage to occur.

Concrete Masonry Units (CMU)

Concrete masonry units (CMU) are very suifable as a substrate
for external cladding. When standard aggregate and density
(MU s built to plumb and levelness tolerances from the exterior
rather than from the interior of the wall, no further preparation,
except final water leaning, is typically necessary.
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A primary concer in preparation of this substrate, when used
as an infill back-up wall between a concrete sfructure, is the
risk of shrinkage. The amount of shrinkage is dependent on
the lapse of time from manufacture, as well as the degree
of drying (humidity levels or rain exposure during storage
and handling). Shrinkage stress may accumulate as the CMU
dries after installation, and may be released af the connection
between the concrete and the CMU (typically the weak
link). Therefore, it is recommended to follow guidelines for
proper reinforcement and shrinkage control anchorage to the
concrete structure (see Section 3 — Architectural Details). It
is also recommended to consider using a crack suppression
membrane to bridge the surface of this intersection and
dissipate the shrinkage stress as added protection from future
shrinkage. These techniques, together with the use of flexible
adhesives and flexible additives to cement plasters/renders,
will eliminate the need for placing movement joints at all these
locations to prevent shrinkage cracks or stress on the cladding
adhesive interfuce.

Standard  Aggregate and Lightweight Aggregate Concrete
Masonry Units (CMU) present several other material specific
concerns. CMU is typically fairly porous, and care (or corrective
acion) must be taken to prevent possible loss of moisture
required for proper hydration of latex cement adhesive mortars.
In some cases where test panels may indicate poor adhesion at
the CMU,/adhesive interfuce, it is recommended fo skim coat
the CMU (1/8" [3 mm] maximum thickness) with a latex
cement mortar to seal the rough surface texture of the CMU.
With the proper latex additive, the thin skim coat will harden
quickly without risk of moisture loss. Another concer is that the
cohesion or tensile strength of the CMU material may be less
than the tensile bond strength of the adhesives; this is more of
a concern with lightweight aggregate or cellular CMU.

Aerated Autoclaved Concrete (AAC), Cellular or Gas Beton
(MU, which are manufoctured with gases to entrain air and
reduce weight and density, typically do not have good tensile
and shear stiength (<7 kg/cm?). Due to the low shear
strength of these materials, slight shrinkage of convenfional
cement morfars may tear the surface of the blocks and result
in delamination. Similarly, the low density (40-50 lbs/ft®
[500-600 kg/m?]) of these materials results in a coefficient
of thermal expansion which is significantly different from
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typical cladding materials to cause concem about differential
movement. The porous structure of this material also requires
careful consideration to compensate for the loss of hydration
moisture from cement based adhesives.

Cellular CMU may not be suitable as a primary substrate for
direct adhered cladding without special preparation or the
use of flexible (low modulus) adhesives. The recommended
preparation would require a cement plaster/render a minimum
of 1" (25 mm) nominal thickness applied over galvanized
steel lath or mesh anchored to the cellular block with special
plastic anchors. In some cases, the direct application of o low
modulus lafex cement mortar may distribute shear stress
effectively over a large enough area. However, full scale mock-
up testing is recommended to verify suitability and acceptability
for direct adhesion.

Clay (Brick) Masonry Units

Clay brick masonry units used in backup infill wall construction
will permanently increase in volume s a result of absorption
of atmospheric moisture after removal from the kiln ofter
firing, this is an important design consideration in preparation
of this substrate material. In order fo prevent problems with
differential movement, it is recommended that the design
coefficient of moisture expansion should not exceed 3*x10*"
of length as recommended by the Brick Insfitute of America
(BIA). Factors affecting substrate preparation and subsequent
installation of dadding are:

Time of Exposure — 40% of the total expansion will occur
within three months of firing and 50% will occur within one
year of firing.

Time of Installation = moisture expansion will depend
on the age of the cloy masonry and the remaining potential
for expansion. If possible, use clay masonry which has had as
much time fo acclimate fo moisture as possible.
Temperature — the rate of expansion increases at higher
temperatures when moisture is present.

Humidity — the rate of expansion increases with the relative
humidity. Brick exposed to a relative humidity of 70% will
have moisture expansion rates two fo four fimes as great as
exposure fo 40—50% relative humidity.
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Concrete Backer Units (CBU)

There are a wide variety of product formulations in this
category of substrates, such as pure cement, cementfiber, and
calcium silicate boards.

There are several concerns with the joints between the boards,
the type and quality of certain products, and the supporting
framework.

Corrugated Steel Sheets

This substrate is used exclusively for a pressure-equalized
curtain wall type of direct adhered wall system (see Section
2), dlso known as a “venfilated” system. This is a highly
specialized type of substrate, and s typically found only
in proprietary systems. This substrate requires the use of @
structural silicone or urethane adhesive (see Section 7 — Type
of Adhesives) to attach the dadding. This substrate and method
is only recommended for large size ceramic files because of the
spacing of corrugations (surface is not flat) and potential for
fluid migration or water staining of porous cladding materils.

Preparation considerations are primarily the removal of any
building sife contamination (although this type of system
is frequently prefabricated and constructed in o protected
environment), and removal of any fabrication oils. Since steel
conducts heat or cold more rapidly than cementitious or clay
materials, on site installations over steel require deferring work
to periods of normal ambient and surface temperatures.

Steel may be used as a substrate in isolated areas or under
special conditions, as long as special considerations are made
to comply with structural, architectural and special adhesive
requirements.

FRAMING

SHEATHING

'WEATHER RESISTIVE SARRIER

CASING BEAD OR APPROVED

3P EDGE

Figure 5.3.1 — Detail showing typical installafion using lath and plaster method over
exterior rated sheathing and a drainage layer.

Cement Leveling Plaster /Render Coat

The terms cement leveling mortar, cement plaster or cement
render are inferchangeable terms for cement and sand, mixed
with either water or a latex /polymer addifive, that is directly
adhered fo a primary substrate which requires correction of
levelness and plumb deviation. This material may also be used
as a primary substrate when applied over a steel reinforcing
mesh atfached to an open frame and separated from the
supporting framework by a cleavage membrane fo prevent
adhesion.

The mixture may include other additives, such as lime or
clays, which add workability and tackiness required for verfical
installations. Many latex or polymer additives impart the same
characteristics as lime or cloy odditives, so they are both
not necessary (although typically not harmful if combined).
Liquid polymers or latex generally provide superior physical
characteristics. However, there is debate in the industry over
the use of latex cement mortars versus lime cement mortars.
Latex cement mortars typically have, among other attributes,
increased density that reduces water absorption, while lime
mortars have autogenous healing’ qualities for the prevention
of water infiliration through hairline cracks. However, this
debate is somewhat redundant since leveling mortars should
not be relied upon to prevent water penetration except in dry
desert climates where prolonged periods of saturating rains
are rare. Therefore, the benefits of improved adhesion and
flexibility imparted by use of lafex admixtures outweigh the
advantages of lime additives.

Installation of Cement Plasters/Renders

Cement leveling plaster may either be the primary supporting
substrate (when installed over an open frame and wire
reinforcing or lath), or it may be a secondary substrate used to
level and plumb the underlying substrate, such as castin-place
concrete, or concrete/clay brick masonry unifs. Most often,
cement morfars are not only used fo level the underlying
substrate, but also fo provide a uniform and smooth surface
over several different underlying substrate materials.

Cement plaster may be applied directly to solid, sound concrete
or masonry without the need for any reinforcement, as long
as the substrate is properly prepared and provides adequate
mechanical key to support the inifial application of plaster,
and can develop adequate bond to distribute any drying
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shrinkage stress without cracking. The use of latex additives
and bonding agents enhance bond and establish some ability
to accommodate differential movement caused by minor
shrinkage (see preceding paragraph on additives). Metal
reinforcement or wire lath should be used whenever cement
plaster is applied over the following substrates or under the
following conditions:

= Open frame construction (wood or metal studs)

= Sheathed frame construction that does not provide
adequate mechanical key or bond for direct adhesion

= Solid substrates (concrete, masonry) which are not suitable
for direct bond

= Design conditions that require maximum isolation from
underlying movement (seismic zones)
ASTM 1063 “Standard Specification for Installation  of
Lathing and Furring to Receive Interior and Exterior Porfland
Cement-Based Plaster” provides guidelines for cement plaster
reinforcement.

Whenever ploster is applied to metal reinforcement which is
supporfed by a solid substrate, a cleavage membrane should be
used fo prevent partial bond of the plaster fo the substrate, which
can cause cracking. Metal reinforcement should be disconfinuous
across movement joints in the cement plaster/render. Metal
reinforcement is available in several different forms:

Types of Metal Reinforcement for Cement
Plaster /Render

= Expanded diamond metal lath

= Woven wire fabric

= Welded wire fabric
Expanded diamond mesh should be fabricated from galvanized
steel, and weigh a minimum of 3.4 Ibs/yd® (1.9 kg/m?).
Metal luth for exterior use should comply with ASTM (847
“Standard Specification for Metal Lath”.

Woven wire fabric should be fabricated from galvanized steel,
and be configured with 1-1/2" (38 mm) or 1" (25 mm)
hexagonal openings and weaved together in a particular
configuration.

Welded wire fabric is a grid of cold-drawn, 16 gauge
galvanized steel formed in squares or rectangles with openings
not greater than 2" x 2" (50 x 50 mm) and welded at their
intersections.
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A plaster/render coat is typically 1" (25 mm) nominal
thickness, applied in separate 1/2" (12 mm) applications or
“lifts,” with the first coat known as the scratch coat and the
second as the brown coat. The second ift should be applied
as soon as the first or scratch coat is rigid, usually the next
day. The short delay promotes infimate contact between coats
and promotes curing of the scratch coat. Thinner coatings are
acceptable as long as provision has been made to compensate
for the risk of premature moisture evaporation common in
thinner sections of cement materials. Thicker applications risk
excessive shrinkage due fo the gradation of aggregates in some
mixes. There is also a risk of slumping,/delomination from the
substrate caused by weight of the material exceeding the wet
adhesive strength to the substrate, or cohesive strength of the
cement plaster /render.

When used as a leveling coat over other substrates, cement
plasters may be either directly adhered to, or, isolated from
the substrate with reinforcing mesh and a cleavage membrane
as described above.

It is always recommended that a direct adhered plaster/
render coat incorporate latex/polymer admixture info the mix
to act os a bonding agent, as well as to improve the physical
properties. At a minimum, it is recommended to employ a
honding coat (e.g. LATICRETE® 254 Platinum scratch coat)
hetween the inferface of a traditional sand/cement,/lime
mixture or proprietary thick bed mortar mix (e.g. LATICRETE
3701 Fortified Mortar Bed), and the underlying substrate.
Bond coats, also known as “spritz,” “spatter dash,” or “dash”
coats, can also be used effectively to insure good mechanical
bonding. These mixtures are prepared using sand and cement,
gauged with either water or lafex addifive, and cast or dabbed
onto the substrate with a bristle brush, or even pumped and
sprayed with mechanical equipment. Left to dry, the rough
texture of these types of bond coats provides support and
mechanical key for the initial application of cement plaster.
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Figure 5.3.2 — Sprayer/Pumper for cementifious plasfers/renders. Example shown:
ChemGrout (G575 Series Thick Mix Sprayer/Pump — Trailer Mounted Max. output 2
— 8 GPM; max pressure 261 psi (18 bars). Material and job versatile. Mixes and pumps
or sprays thick to thin materials including repair morfars, gel mortars, grouts, plasters,
stucco, EIFS, fireproofing, cement/sand, cement,/fly ash, flowable and non-lowable
grouts, Bentonite waterproofing grouts.

There are additional important installafion techniques to
consider. Similar to mechanical application of hond coats
for cement leveling mortars, the scratch and brown (float)
coats of mortar may also be spray applied using mechanical
pumps and compressed air (See Figure 5.3.2)' and finished
manually. If lotex additives are employed, consult with both
the equipment and additive manufacturer to determine if
spedial types or dilution of additives/plasficizing agents or
pump aids are required fo prevent gumming and blockage of
the spray equipment.

The proper manual procedure for installing the plaster/render
coat is to apply by pressing the trowel with the mortar against
the wall, and not by throwing it onto the wall. The mortar
should be worked into the surface with a wood or plastic
trowel to avoid blisters on the surface, taking care to observe
thickness limitations. Make multiple applications fo achieve
the desired thickness, and then proceed with standard plaster
/render techniques to screed and finish the mortar. Do not
over trowel the surface; this is a “brown” or rough surface
intended to receive an adhesive coating.

In extremely hot weather, follow guidelines for cooling wall
surfaces with the final water wash preparation just prior to
application of the plaster /render. Latex additives and damp
curing are also highly recommended in hot weather to prevent
premature evaporation of hydration moisture. It is also
recommended fo defer work if ambient surface temperatures
exceed 95°F (35°0). In cold weather, the cure of the
morfar will be retarded and there is o risk of damage if the
temperature falls below 32°F (0°C); protection with fenting
and longer cure times beyond the 14 day waiting period may
be necessary before proceeding with installation of cladding.

Figure 5.3.3a and 5.3.3b — Proper protection of an exterior facade tile or stone
installation during winter months in cold dimate.

One of the most often asked question regarding exterior facade
installations is how long to wait after the finish of the cement
leveling plaster /render before installing the dadding material.
The cladding should not proceed before the shrinkage of the
render coat,/ plaster is complete. The thicker the render coat is
applied, the greater the chance of shrinkage. A cement plaster/
render will undergo about 95% ultimate shrinkage in the first
7-14 days, so it is recommended fo begin installation of
cladding after waiting a minimum of 21 days from completion
of the plaster/ render, or longer if there is a prolonged period
of rain which may delay shrinkage. Latex or polymer modified
cement plasters typically have higher density and lower
water/cement ratios, therefore, they do not shrink as much as
conventional cement mortars. If the cement plaster /render is
mixed with latex, and if the clodding is installed with a latex or
polymer fortified adhesive mortar, the reduced shrinkage and
increased flexibility may allow installation of cladding within
the 7—14 day period. However, both the manufacturer of the
products and local building codes must be consulfed.

Upon completion of the leveling coat (preferably after the 21
day waiting period), it is recommended to conduct appropriate
inspection and testing to determine the quality of adhesion and
any other defects before proceeding with the installation of
cladding (See Section 9 — Acoustic Tap, Tensile Pull, Ultrasonic
Testing).
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Assuming there are no problems, the surface of the plaster/
render should receive a final surface cleaning with water as
described in Section 5.4 under final cleaning.

5.4 SUBSTRATE PREPARATION EQUIPMENT
AND PROCEDURES

Testing for Contamination

To determine if bond inhibiting contamination, such as oil or
bond breaking form release agents, are present on vertical
concrete, cementitious or mineral surfaces, conduct the
following test: taking proper safety precautions, mix a 1:1
solution of aqueous hydrochloric (muriatic) acid and water,
and place a few drops in various locations. If the solution
causes foaming action, then the acid is being allowed to freely
react with the alkaline concrete, indicating there is no likely
contamination. If there is litfle or no reaction, chances are
the surface is contaminated with oil, curing compounds, or a
form release agent; acids do not affect or remove oily or waxy
residue. It is recommended to first establish a reference reaction
by applying the acid solution on an infenal cross section or
surface of concrete that is known fo be uncontaminated. If
the results are inconclusive or are indeterminate, it may be
best o not take any chances and follow the steps below in
Contamination Removal.

Contamination Removal

Grease, wax, oil, and certain form release agents or sealers
will impair or prevent bonding of adhesives. For surfaces where
it is not feasible to remove the surfuce of the contaminated
substrate, confamination removal is recommended. Removal
would involve scrubbing with a generic degreasing material
such as trisodium phosphate (TSP), or a propritary degreasing
detergent, followed by rinsing thoroughly with water.

Bulk Removal

If contamination removal is not successful, or if surface damage
or defects exist (see Section 5.3), bulk surface removal may
be necessary to prepare the substrate. Various methods may
be employed, but it is important o select a method that is
appropriate to the substrate material and not so aggressive
as to damage the sound material below the surface. The
following methods are recommended:

Section 5: Substrates

Mechanical Chipping, Scarifying and Grinding
For preparation of walls, this method is recommended only
when substrate defects and/or contamination exist in isolated
areas and require bulk surface removal greater than 1/4"
(6 mm) in depth. Chipping with a pneumatic square tip chisel
or grinding with an angle grinder is a common technique.

Shot-Blasting

This s a term for a surface preparation method which uses
propriefary equipment to bombard the surface of concrefe with
pressurized steel pellets. The pellets, of varying diameters,
are circulated in o closed, selfconfained chamber which
also removes the residue in one step. This is the preferred
method of substrate preparation when removal of a thin layer
of concrete surfuce is required, especially removal of surfoce
films or existing painted concrete. However, only hand held
equipment is currently ovailable for verfical concrefe, so
preparing large areas with this method is inefficient.

Sand-Blasting/Grit-Blasting

The coatings industry now employs o new generation of
cleaner, safer, and less intrusive gritblosting which employs
water soluble lowssilica grit materials (sodium bicarbonate).
Sand-blasting is acceptable if other safer and less infrusive
methods of bulk removal are not available.

Water Blasting

High pressure water blasting using pressures over 3,000—
10,000 psi (21-69 MPa) will remove the surface layer of
concrete and expose aggregate to provide a clean, rough
surface. Thorough rinsing of the surface with water ofter
water blasting is necessary to remove any weakened cement
paste (laitance) residue. Water blasting is only recommended
on concrete because the high pressure will domage surfaces
of thin, less dense materials such as cement boards or brick
masonry.

Chemical Cleaning (Salt Removal)

Proprietary chemical cleaners are available to remove soluble
salfs from a substrate surface prior o adhesion of cladding
or cement plasters,/renders." These chemicals can be used
with any type of preparation method that incorporates water,
from hand washing to water blasting. Salt contamination can
contribute to adhesion failure (See Section 9.4).
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Acid Etching

This method should only be considered if no alternative
method is available or feasible, and is only applicable to
castinplace or pre-cast concrete and cement plasters/renders
which do not employ carbonate aggregates such as limestone.
Acid etching dissolves the surface cement paste fo expose fine
aggregate at the surface and a small percentage of coarse
aggregate; typically similar in texture to 60 grit sandpaper. The
purpose of this preparation method is fo remove any weak or
domaged cement surface, and to expose aggregate fo improve
mechanical key of cement leveling plaster/render or adhesives.
Acid etching will not remove oil or dirt; this contaminafion must
be removed with defergents and degreasers, specific for grease
or oil removal, prior to acid efching.

The first step in acid efching is fo thoroughly saturate the
surface with water. This prevents the absorption of acid info
pores and capillories which protects the subsurface cement
from reacting with the acid. If any acid penefrates below the
surface, it must be removed with mechanical grinding, high-
pressure water blasting, or abrasive blasting.

A 15% solution of hydrochloric (muriatic) acid should be
applied with a stiff fiber bristle brush or by spraying a hot
water /acid solution from acid resistant equipment. Within 15
minutes of acid application, the surface must be flushed with
large amounts of water to remove both acid residue as well as
the fine cement paste removed by the etching process. A check
for acidic residue can be made with moist pH paper; typically, a
reading of >10 is acceptable.

Acid solufions lose strength rapidly upon confact with
cementitious surfaces. However, even weak residual amounts
of acid can be harmful to direct adhered cladding. Chlorides
present in acid residue may result in soluble salf contamination
which can lead to efflorescence, sublorescence, or ion chloride
deterioration of cement paste, steel reinforcing and other metal
components of a wall assembly. The same concepts described
here apply fo acid cleaning and removal of hardened cement
based residue (see Section 7.6 — Cleaning).

Final Surface (Residue) Cleaning

The final, and most important, step of substrate preparation is
the final cleaning, not only of the residue from contamination
and bulk removal processes described above, but also cleaning
of loose particles and dust from irbome confamination (see

Section 5.3 — Airborne Confamination). It is recommended
to use a water pressure washer with a pressure of between
1,000-3,000 psi (7—20.7) MPa.

The final cleaning is considered the minimum preparation for
all substrates. Wall substrate surfaces to receive direct adhered
cladding will always be exposed to varying degrees of airbome
confaminants, especially normal construction site dust.
Therefore, minimum preparation by washing with pressurized
water (or standard pressure water and some agifation if
pressurized water is not available) is required to eliminate the
bond breaking effect of dust films. In some cases, airbome
contamination is constant, requiring frequent washing just prior
to installation of cement leveling plaster/renders or adhesive
mortars.

There is no exception from this general rule; and the only
variation is the drying time of the substrate prior to application of
the adhesive. Drying time is dependent on the type of adhesive
heing used. With most adhesives or cement plasters/renders,
such as cement latex mortars or moisture insensitive epoxy
adhesives, the substrate can be damp (saturated surface dry),
but not dripping wet; a surface film of water will inhibit grab
and bond of even water insensitive cement and epoxy based
adhesives. Silicone or urethane adhesives require a completely
dry surface, which is typically achieved after waiting 2 — 3
days under normal femperatures and relative humidity, and
provide adequate protection from further contamination in the
interim (see Section 9 — Moisture Tesfing).

Building sifes located near the sea, deserts, or industrial areas
may be subject to airhorne salt, sand, or acidic rain/pollution
contamination, especially if there is a significant lopse of time
between the completion of the substrate work and adhesion
of the cladding or cement plaster/render. Salt deposits may
inhibit adhesive bond and also cause efflorescence. (See
Section 9.4 — Salt Confamination) Wind-blown sand has a
“ball bearing” type action, making the application of cement
adhesives or cement plasters /renders difficult.
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Section 6: Selection of External Cladding
Material
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Photo: Project-Al Hamra Building, Kuwait City, Kuwait 2009, Archifect: Skidmore, Owings Merrll, Chicago, IL; World's Tallest Direct Adhered Fagade Installation.

Description: 220,000 ft2 (20,370 m?) of trencadis imestone veneer installed with LATICRETE® 254 Platinum over poured concrete on the 1,350" (414 m)
high tower with a 130° tum in the structure.
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6.1 CRITERIA FOR SELECTION OF CERAMIC TILE,
STONE, ADHERED MASONRY VENEER, AND
THIN BRICK MASONRY

The exterior cladding of a building is exposed to some of
the harshest and most extreme condifions of any system in
a building. While you will see that many types of ceramic
file, stone, masonry veneer, and thin brick are generally
suitable for exterior, direct adhered wall assemblies, there is
no standard formula or recommendation for the selection of
exterior cladding. Selection must be made by an assessment
of the individual cladding material’s functional and aesthetic
characteristics.

A discussion of the aesthefic merits of different cladding
materials is highly subjective and is beyond the technical focus
of this manual. This section willfocus primarily on the functional
criteria necessary to defermine whether a dadding material’s
physical characteristics satisfy the performance requirements
of a building facade’s unique design and location. While every
building is unique, the following are criteria that can be used fo
determine general functional suitability of ceramic file, stone,
masonry veneer, and thin brick clodding materials:

Selection Criteria for Cladding Material Performance

= |ow water absorption rafe

= Thermal movement  compatibility with adhesive and
substrate

= High breaking strength

= Chemical resistance

= Thermal movement and shock resistance

= Adhesive compatibility

= Dimensional stability (heat and moisture insensitivity,
moisture expansion)

= Frost resistance (cold climates)

= Dimension and surface quality /tolerance

= (razing resistance of glazing

Stone, while being the oldest building material known to man,
can also be one of the most difficult of all building materials
to properly evaluate, select and specify. Every stone product is
unique, having its own physical properties and performance
capabilities. The selection of a proper stone material involves
extensive and objective evaluation of both the stone material
and the application in which it is required to perform. ASTM

(1528 “Standard Guide for Selection of Dimension Stone for
Exterior Use” should be used to help determine suitability and
acceptability of a particular stone for exterior fagade use.

Low Water Absorption Rate

The rate of water absorption of a dadding material is one of
the most significant physical characteristics. This characteristic
provides an indication of material structure and overall
performance, and has significant influence on many other
physical characteristics that are desirable for an- exterior
cladding material. Water absorption, also known as porosity,
is defined as o measure of the amount of water that can be
absorbed through pores of a material, and it is measured as
percentage difference between tested dry and wet (soturated)
weight of the material.

As a general rule, the lower the water absorption rate of the
cladding material, the greater the frost, stain, chemical, and
abrasion resistance, along with improved breaking strength of
the cladding material. These are all highly desirable qualifies
for an exterior dadding material.

Thermal Movement Compatibility

The cladding material’s rate of expansion and confraction
due to temperature changes must be relatively compatible
with the substrate and other building elements within the
installation  assembly. Significant  differences in  thermal
movement characteristics could cause excessive stress in the
adhesive inferface and lead fo delomination or bond failure
(see Section 9). Minor differences in thermal compatibility are
usually acceptable, and the selection of flexible (low modulus)
adhesives (see Section 7) plays a aitical role in distributing
minor differentiol movement. Adhesive mortars which meet
the IS0 or EN clossification of C,S, or better classification
provide deformability (flexibility) and can perform well in
exterior facade installations of ceramic tile, stone, masonry
veneer, or thin brick.

Accurate prediction of thermal behavior is extremely complex.
Consideration must be made for the rate and fluctuation of
temperatures, the thermal gradients and the lag that exists
in an often massive composite wall assembly. Figure 6.1.1
shows typical rates of thermal movement of materials
commonly employed in a direct adhered facade assembly.
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MATERIAL COEFFCIENT OF THERMAL
EXPANSION (10 mm/mm,/C°)
Ceramic Tile 4-8
Granite 8-10
Marble 4-7
Brick 5-8
Cement Mortar 10-13
Concrete 10-13
Lightweight Concrefe 8-12
Gypsum 18-21
Concrefe Block (CMU) 6-12
Cellular Concrete Block 8-12
Steel 10-18
Aluminum 24
Copper 17
Polystyrene Plastic 15-45
Glass 5-8
Wood — Parallel Fiber 4-6
Wood — Perpendicular Fiber 30-70

Figure 6.1.1 — Coefficient of linear thermal expansion for various materials. Bold
indicates common exterior facade veneer cladding finishes.

High Breaking Strength (Modulus of Rupture)
The breaking strength resistance of a cladding material
is important primarily due to the type of handling that is
necessary for installation on a building facade. Once adhered
in place to a composite wall system, a direct adhered lodding
material has up fo ten times the breaking strength resistance
compared to the uninstalled cladding material alone.

The natural fragility and deavage of many quarried stone
products makes them particularly susceptible to breakage.
Because the direct adhered method of installation allows thin
sections of sfone o be used, a careful assessment of breaking
sirength relative fo the stone’s thickness and dimension
(faciol area) will eliminate unforeseen high waste factors
and increased costs. The standard o determine the modulus
of rupture for stone is ASTM €99 “Standard Test Method for
Modulus of Rupture of Dimension Stone”.

Chemical Resistance

Clodding materials must have good chemical resistance to
prevent deferioration from airborne pollutants (especially
acid rain) and chemicals that may be used in cleaning/
mainfenance, not only of the cladding material, but also other
components of the wall (e.g. windows, awnings, efc...).
Use ASTM (1515 “Standard Guide for Cleaning of Exterior
Dimension Stone, Vertical and Horizontal Surfaces, New or
Existing” to help determine the most suitable cleaning regimen
for exterior stone facades.

Thermal Shock Resistance

Building facades are typically exposed to a broad range and
rate of change of temperatures (see Section 6.5 Temperature
and Color Considerations). There is a difference between
thermal shock and thermal movement. Thermal shock refers
to the rafe and range of temperature fluctuation within short
periods of time. A facade, with a southern or wester solar
orientation, in a hot dimate which is exposed o a sudden
cool rainstorm can send the temperature of a cladding material
plunging within a matter of minufes.

Compatibility with Adhesive

The suitability of adhesives for the proposed application must
he evaluated taking info consideration the criteria listed in
Section 7 — Selection of Adhesives. Part of that process is
evaluating an adhesive’s compatibility with the cladding
material’s composition, surface texture, and other physical
characteristics, such as translucency. For example, lighter
colored marble stones are franslucent, and the reflection
and transmission of the color of the underlying adhesive can
have significant aesthetic consequences. Similarly, adhesives
should not stain the cladding material, or contribute indirectly
to staining by solubility or reaction of chemicals with water.
For example, the plasticizers of certain silicone or urethane
adhesives may be absorbed by stone causing permanent
discoloration. Polymers of some latex additives not infended
for exterior applications could be soluble in water and cause
staining problems. Another example is calcium chloride
accelerant that may be used in some latex cement adhesive
mortars. This additive may contribute soluble salts and result in
efflorescence after repeated water infiltration fo the adhesive
layer. Always conduct a fest area under actual job sife condifions
and exposures to defermine suitability and acceptability of the
adhesive and clodding material.
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Depending on the texture and porosity of the cladding material’s
honding surface, certain adhesives may require more, or less,
dwell ime in order to allow absorption of adhesive, a process
known as “wetting out” a surface.

Dimensional Stability (Moisture and Heat Sensitivity)
Generally, the dense and compact nature of a low absorption
clodding material will impart good dimensional stability to
that material. However, there are certain exceptions where
low absorption is not necessarily an indicator of dimensional
stability. Certain types of marble and agglomerates, while
water absorption rate is favorable, exhibit infenal crystal
growth when exposed fo moisture and can warp, spall or
deteriorate rapidly when exposed to the weather on a fagade
(see Section 6.5, Moisture Sensifivity). The resins used in
many agglomerates may have a significantly higher rate of
thermal expansion when exposed fo heat of the sun. Similarly,
cloy brick undergoes permanent volume expansion  affer
prolonged exposure fo moisture (see Section 6.5).

Frost Resistance

Generally, frost resistance is a function of water absorption
characteristics. Any cladding material with water absorption
lower than 3% is considered frost (freeze) resistant. However,
the pore structure of brick and certain stone will allow water
absorption greater than 3% and sfill be considered frost
resistant. Nonetheless, a high water absorption rate will still
reduce durability and resistance to weathering in general.
Polishing of a stone surface can reduce surface porosity and
increase resistance fo weathering. To defermine the absorption
rate of stone use ASTM (97 “Standard Test Methods for
Absorption and Bulk Specific Gravity of Dimension Stone”.

Dimension and Surface Quality

Ceramic file and thin brick masonry are manufactured materials,
and therefore, dimensional and surface tolerances required
for direct adhesion can be assured by selecting materials in
compliance with established standards. For ceramic tile the
applicable standards would be ISO 10545-2 “Ceramic files -
Determination of Dimensions and Surface Quality” and ANSI
A137.1 “American National Stondard Specifications for
Ceramic Tile”, which incorporates ASTM (499 “Standard
Test Method for Facial Dimensions and Thickness of Flat,
Rectangular Ceramic Wall and Floor Tile.” For thin brick, ASTM

(1088 “Standard Specification for Thin Veneer Brick Units
Made From Clay or Shale” governs dimension and surface
quality.

Stone is generally fabricated to specification for a variety
of methods of installation. There are uniform standards for
dimension and surface quality of stone tiles or slabs listed for
individual varieties of stone in Section 6.3.

It is recommended that the back side of an external cladding
material have a key-back or dovetail configuration in order
to develop a mechanical lock with the bonding adhesive (or
concrete in the case of negative cast pre-cast concrete panels).
Grooved or rib-back cladding materials will also improve the
factor of safety in the event of adhesive bond failure. Ceramic
tile manufacturers currently offer this technology, primarily
with ceramic tile manufactured by the extruded method. They
are expanding this concept to thinner and larger module files
manufactured with the dust pressed method specifically for
facade applications.

In Japan, standards require that ceramic tile used as external
facade cladding have a key-back or ribbed configuration. The
Japanese standard requires tile to have “feet” with a depth
of more than 1/16" (0.5 mm) for 1" (25 mm) square
files, over 3/32" (0.7 mm) for tiles 1" — 4-1 /4" x 2-1 /4"
(25 -108 mm x 60 mm), and 3/16" (1.5 mm) for tiles
21/2" x 41/4" (60 x 108 mm) or larger. Japanese
standards also prohibit the use of back-mounted mosaic
ceramic file and allow only paper face mounted mosaic file for
external cladding. Most other countries currently do not require
cladding material to have a key-back configuration.

Key-back configurations for thin brick are widely available.
Providing grooved configurations on stone is not very
economical. However, new mesh-ype backings applied
to stone to strengthen thin sections also show promise in
providing additional safety factor for adhesive applications.

6.2 CERAMIC TILE

The beauty, durability, and functional qualities of ceramic file
make it one of the most suitable finishes for clodding the
facades of buildings. While some other cladding materials may
possess these qualities, none are as versatile and offordable
as ceramic tile. As you might expect, there is an extraordinary
number of different types and sizes of ceramic tile, yet only
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some types of ceramic file have the physical characteristics
required to be directly adhered to exterior wall assemblies.

Ceramic file for external cladding can range in size from
1" % 1" (25 x 25 mm) nominal mosaics up fo 48" x 48"
(800 x 1200 mm) and 36" x 36" (900 x 900 mm) nomingl
porcelain stoneware file. Check with local building code to
determine the allowable dimensions and weight of a direct
adhered dadding material prior to specifying.

The raw materials for ceramic tile are a mixture of clay (fo give
plasticity), quartz sand (to give structural strength and act as
an economical filler), and carbonates or feldspars (to provide
fluxing/fusing action). The raw materials are ground down
while water is added. The raw material for ceramic tiles used
for external cladding are typically dried to a moisture content
of 4—7% and shaped by the dust pressed method at pressures
of 4,270 psi (300 kg/cm?) or higher. Some files used for
external dodding may be formed by the extrusion method,
where clay with a moisture confent of 15—20% is extruded
through a die of desired shape.

Glazes are applied to the face of the tile, typically before the
firing process begins.

Glazes are formed from sand, kaolinitic clay, prepared glasses
(frit), and oxide based pigments to provide color. After forming,
the raw tile or “bisque” is dried to remove excess water and
fired in kilns operating at temperatures of 1,750—2,200°F
(954-1,200°C). This results in vitrification, or fusing, of the
clay and fillers which produce a tile product that is dense and
non-porous. As mentioned previously, low water absorption is
a key physical characteristic of external dadding materials and
has significant influence on other physical characteristics.

Characteristics of Ceramic Tile for External Cladding
In order to select the most suitable type of ceramic file for an
external facade, and to understand the technical considerations
for adhesive compatibility and installation, the specifier must
have a general understanding of the classifications and physical
properties of ceramic tile.

Water Absorption (Body of Tile)

The definition of water absorption is the measure of the
amount of water that can be absorbed through pores of the
ceramic tile.

This characteristic is an indication of a ceramic tiles” structure
and overall performance. Water absorption is measured by
ASTM €373 “Standard Test Method for Water Absorption, Bulk
Density, Apparent Porosity, and Apparent Specific Gravity of
Fired Whiteware Products” and IS0 10545-3 “Ceramic Tiles —
Determination of Water Absorption, Apparent Porosity, Apparent
Relative Density, and Bulk Density” as a percentage difference
hetween dry and wet weight of tile. The water absorption
characteristics of ceramic file have significant influence on
many other physical characteristics that are important to
proper performance as an external cladding material. Water
absorption of ceramic tile for external dadding should be 3%
or less for climates that experience freezing temperatures, and
6% or less for all other climates.

One important note on water absorption; porcelain ceramic file
is the most popular choice for external cladding. It is one of
the most durable and beautiful dodding materials available.
However, precision manufacturing processes now  allow
porcelain files with under 0.05% (negligible) water absorption
rates. While this creates an extremely durable cladding, it
makes adhesion with traditional portland cement adhesives
extremely difficult, because these types of adhesives rely on
absorption of cement paste to provide mechanical locking of
crystals within the pore sfructure of the file surface. Porcelain
tiles require the improved performance capabilities of lofex
fortified cement (e.g. LATICRETE® 254 Platinum) or epoxy
adhesives (e.g. LATAPOXY® 310 Stone Adhesive or LATAPOXY
310 Rapid Stone Adhesive) to develop the high bond strength
and flexibility required for fagade applications.

CLASSIFICATION OF CERAMIC TILE BY WATER ABSORPTION
IS0 (Infernational Standards Organization) CEN (European Norms)
Group | Group Il Group Il | Group IV
Absorption <3% 3-<b6% | 6-<10% >10%
GroupA | Group A1 | GroupAlla | Group Allb | Group Alll
Extrusion
Group B Group BT | Group Blla | Group Bllb | Group BIII
Dust-
Pressed

Figure 6.2.1 — Clussification of ceramic file by water absorption (IS0 and EN
Standards).
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TILE CLASS AND CORRESPONDING
WATER ABSORPTION RANGES
ANSI 137.1 Standards

Forming | Impervious | Vitreous | SemiVifreous | Non-Vitreous
Method | (Porcelain) | >0.5% WA | >3.0%WA | >7.0%WA
WA<05% | <3.0% <7.0% <20.0%
Pressed P1 P2 P3 P4
Extruded £l £2 £3 £4
Other 01 02 03 04

Figure 6.2.2 — Classification of ceramic tile by water absorption (ANSI standards)'.

As shown in Figure 6.2.2, the tiles suitable for use on exterior
facades would be classified as P1, P2, E1, and E2. 01 and 02
may also be suitable if the manufacturer specifically states that
the particular tile is suitable for exterior facade installations.

Thermal Shock

The definifion of thermal shock is infemal stress created
when a tile undergoes rapid changes in temperature within
short periods of time. The significance of this characteristic is
that it provides an indication of good performance in exterior
applications where there are constant cycles of thermal shock.
Thermal shock is measured by ASTM (484 “Standard Test
Method for Thermal Shock Resistance of Glazed Ceramic
Tile” and 150 105459 “Ceramic Tiles — Determination of
Resistance to Thermal Shock” where there are no defects after
10 cycles of sudden temperature change to and from 60 —
220°F (16— 104°0).

Thermal Expansion/Contraction

The definition of thermal movement s the amount of expansion
or confraction a ceramic file undergoes from temperature
changes. The significance of this characteristic is that file
expands when the temperature increases, and contracts
when the temperature decreases. The measurement of a
tile’s thermal coefficient of expansion provides the designer
with the information necessary to determine compafibility
with the substrate and adhesive materials, fo calculate
movement differentials, and for the design of movement
(expansion) joints. Thermal expansion is measured by ASTM
(372 “Standard Test Method for Linear Thermal Expansion of
Porcelain Enamel and Glaze Frits and Fired Ceramic Whiteware
Products by the Dilatometer Method”, 150 10545-8 “Ceramic
Tiles — Determination of Linear Thermal Expansion” and is
expressed as the linear coefficient of thermal expansion in
units of in//in/°F (mm/m/°().

Frost Resistance

The definifion of frost resistance is the ability of the ceramic
tile to resist the expansive action of freezing water. This
characteristic is dependent on the ftile absorption rate and
the shape and size of pores. It is measured by ASTM (1026
“Standard Test Method for Measuring the Resistance of
Ceramic Tile to Freeze-Thaw Cyding” and 150 10545-12
“Ceramic Tiles — Determination of Frost Resistance”.

Breaking Strength (Modulus of Rupture)

Breaking strength primarily determines resistance to the
handling and installation process. This characteristic is a
measure of the file material and not the tile itself. For
example, if you compared two tiles of the same material
with one being twice as thick, both would have the same
unit breaking strength, but the thinner file would require
75% less load or force to break. Impact resistance in service
(fully adhered) is approximately 10 times greater than the
minimum standard. It is measured by ASTM C648 “Standard
Test Method for Breaking Strength of Ceramic Tile” and 150
10545-4 “Ceramic Tiles — Determination of Modulus of
Rupture and Breaking Strength” which requires a minimum
strength for all floor file of 250 psi (1.7 MPa); there are no
special breaking strength provisions for ceramic tile infended
for use as external dadding.

Moisture Expansion

Moisture expansion is the dimensional change of ceramic
tile as a result of exposure to moisture. This is a significant
characteristic for tile used as exterior dadding because moisture
expansion of clay is imeversible. It is measured by ASTM (370
“Stondard Test Method for Moisture Expansion of Fired
Whiteware Products” and IS0 10545-10 “Ceramic Tiles —
Determination of Moisture Expansion”. Moisture expansion is
directly proportional to absorption; the lower the absorption,
the greater resistance to moisture expansion and vice versa.

Chemical and Stain Resistance

The definition of chemical resistance is the behavior of file
to resist damage when it comes info contact with aggressive
chemicals. Chemical resistance actually measures deferioration
caused by two mechanisms; 1) chemical reaction resulfing in
alferation of file, and; 2) penetration of a chemical or stain
below the tile surface, and difficulty of removal resulting in
long term deterioration or effect on materials in contact
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with the surface, such as dirt collection. Chemical and stain
resistance is measured by 150 10545-13 “Ceramic Tiles —
Determination of Chemical Resistance” by determining visual
deferioration after exposure to sfandard chemical solutions
(cleaning detergents, bleach, lactic and sulfuric acid, potassium
hydroxide/alkali). The importance of this characteristic for
external cladding is the resistance to deferioration and staining
caused by atmospheric pollution (especially dirt and acid rain),
and the resistance to cleaning chemicals necessary for normal
maintenance of a facade. Methods and materials for cleaning
ceramic file facades can be determined using ASTM D5343
“Standard Guide for Evaluating Cleaning Performance of
Ceramic Tile Cleaners”.

6.3 STONE AND AGGLOMERATES

There are a wide variety of stones used in building construction,
both natural and synthefic, which are suitable as direct
adhered cladding. However, determining suitability of sfone
as a direct adhered external dadding material requires more
careful analysis than manufactured materials like ceramic file,
masonry veneer or thin brick because it is a heferogeneous
natural material, and even different pieces of the same type of
stone will exhibit varying properties.

Aside from aesthetic characteristics of color and texture, which
again are not the focus of this manual, the porosity of stone
is one of the key physical characteristics which determines
the durability and suitability of the stone as a direct adhered
external cladding material. The effects of moisture on direct
adhered stone are varied. Moisture absorbed in a stone may
be heated by solar radiation or frozen by cold temperatures
which can exert pressure in excess of the tensile strength of
the sfone (water increases 9% in volume when frozen!).
Moisture can also act as a vehicle for transport of soluble salts
and confamination from other surfaces.

Rupture or breaking strength of stone is also an important
characteristic of stone used in direct adhered exterior walls.
Good breaking strength is required fo resist reflection of
thermal or moisture induced movement in the underlying wall
assembly sfructure, and to resist potential breakage of thin
stone during handling and installation.

In order to select the most suitable type of stone for an
application, and understand the technical requirements for

adhesive installation of a particular stone, the specifier must
have a general understanding of the classifications and physical
properties of the different categories of stone.

Types of Natural Stone — Geologic Classification
Natural stone is classified geologically in three categories, also
known as the “Three Great Classes” of sfone:

Types of Natural Stone
Geologic Classification
= Igneous — Solidified rock from molten state types —
granife

= Sedimentary— Cementing, consolidation and crystallization
of chemical solutions and biological deposits types —
limestone, sandstone

= Metamorphic — Change or alferation of solidified rock by
heat, pressure, o intrusion of other rock types — marble,
slafe, quartzite

Types and Characteristics of Building Stone
Granite — Geologic and Commercial Classification
Granite is classified s an igneous stone, and has a primary
mineral composition of feldspar and quartz. Black granite,
also known s trap rock, has a completely different mineral
composition than granite, but is commercially dossified as a
granite. Black granite actually has a mineral composition of
homblende and biotite and is not necessarily black in color.
Granite should meet the requirements as stated in ASTM (615
“Standard Specification for Granite Dimension Stone” prior fo
consideration as an exterior fagade venesr.

Some varieties of granite contain trace minerals which can
cause discoloration or exfoliation after prolonged exposure to
the weather.

Granite — Characteristics

Granite has a distinct crystalline appearance and is extremely
hard, dense, and resistant to scratches and acids. It is a very
suitable stone for direct adhered exterior walls, especially
because the density and hardness of granite impart stability
and high breaking strength resistance (minimum requirement
1,500 psi [10.3 MPa]) when fabricated in thin slabs or
tiles that are necessary for cost effective installation using
the direct adhered method. Laboratory research has also
demonstrated that most granites fabricated in sections as thin
as5/16—7/16" (8=11 mm) have low moisture sensitivity
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and undergo minimum distorfion or hysteresis growth (see
Section 6.5) when adhered with water or latex based cement
adhesive morfars.

Granites used in building construction, especially exterior walls,
should have a maximum absorption rate of 0.40% by weight
according to ASTM standards. The low absorpfion rate of
most building granite requires that cement adhesive mortars,
which rely on absorption of cement paste and subsequent
locking effect of crystal growth into the stone pores, have
the advantages of latex (e.g. LATICRETE® 254 Platinum) o,
use spot bond epoxy adhesives (e.g. LATAPOXY® 310 Stone
Adhesive) to insure proper adhesion. A latex fortified cement
based adhesive will retard the evaporation of moisture needed,
thus allowing maximum absorption of cement paste. This allows
the cement crystals to grow which produces a locking effect,
and also imparts pure adhesive bond. Due to the translucency
of minerals in some varieties, fogether with the thin widths
typically used with the direct adhered method, some granites
can darken temporarily from exposure to moisture (including
the moisture in adhesive mortars). Granite may also darken
permanently from reflection of dark or inconsistent coverage
of underlying adhesives, or even darken or stain permanently
from absorption of chemicals, such as plasticizers which can be
found in some (silicone) sealants (see Section 4 — Sealanfs
and Section 9 — Fluid Migration).

Inselecting a thin granite for direct adhesion, it is recommended
to avoid large grained granites, relative to thickness; grain size
should be less than 1/10 the stone thickness to maintain
structural integrity of the vifrification between grain boundaries.
While finishes of stone are primarily an aesthetic consideration,
it should be noted that a thermal finish, common on granite,
can induce thermal shock damage to the first 1/8" (3 mm)
depth of the stone face, and should be faken into account by
deducting this layer when calculating thickness specifications.
Other common finishes for external cladding are polished,
honed, sandblasted and bush hammered.

Commercially, granite is available in hundreds of varieties,
differentiated primarily by color (a function of the mineral
composition) and geographic origin.

Limestone — Geologic and Commercial Classification
Limestone is dlassified as o sedimentary stone with a primary
mineral composifion of calcite and dolomife. Limestone is
geologically categorized as either oolitic or dolomitic, and is
commercially categorized as a building stone according to
ASTM C 568 “Standard Specification for Limestone Dimension
Stone” by density properties: low density-category |, medium
density-category Il, and high density category Ill. High density
limestone (Category Ill) has an absorption rate of <3% and a
minimum Modulus of Rupture of 1,000 psi (6.9 MPa), and
is considered the best choice for exterior facades, especially in
colder climates (see characteristics below). Similar to other
building stones, limestone is further differentiated by color
(white, cream, buff or rose) and geographic origin.

Special varieties of limestone include travertine, a limestone
which is formed