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Metals are elementary substances that display
high malleability, ductility, conductivity prop-
erties. They are opaque and exhibit a unique
luster when the material is freshly exposed.
The combination of these properties rendered
metals valuable throughout history, they were
extensively used for crafting tools as well as
ornaments. Two highly useful properties of
metals are ductility and malleability. Ductility
refers to a material’s ability to withstand and
deform under tensile stress without failure -
meaning the lack of unexpected and unwanted
yielding, buckling, deflecting, or fracturing. This
property enables metals to be drawn or extruded
into useful shapes and profiles. Malleability is a
similar property, however, this time the material
can withstand compressive stress and deform
without failure. This property enables metals to
be pressed into thin sheets; most other mate-
rials can’t perform as well as metals in sheet
form. A material’s strength in relation to its
density, known as specific strength or strength-



Fig.10/01 The malleability of metals enables the creation
of hand-made textures such as hammered bronze.

to-weight, is another important property that
renders some metals, such as aluminum,
magnesium, and titanium highly useful, enabling
components with the same exact strength to be
manufactured at a much lower weight. All metals
are highly recyclable. Recycling is highly feasi-
ble unlike many other materials as the recycled
content is equal or highly comparable to the
virgin material.

High recycling potential also means that
scraps carry considerable value; an
important consideration when planning a
demolition phase.

Alloying is the melting and mixing of different
metals as well as metalloids such as silicone
or non-metal carbon, in very specific ratios to
create a metallic admixture with very specific
properties based on the interaction between
base metals and the newly formed crystalline
structures. For example, brass (copper+zinc)

Fig.10/02 304 series stainless steel alloy panels were
used for the Gateway Arch construction.

and bronze (copper+tin). The resulting alloy
inherits some desirable properties as well as
some weaknesses, such as lower or higher
melting point, corrosion resistance, luster, color,
conductivity, formability, fatigue limit, price point.
Metals are primarily used in alloy form and very
rarely in pure form. Based on the formulation
of elements and their percentages, there are
hundreds of aluminum alloys for many different
purposes, and tens of steel alloys, steel being an
iron alloy itself. There’s a “best” alloy for every
specific design scenario.

Every metal and alloy feature a unique color.
Metals can be polished to have a very smooth
and reflective surface, they can also be texturized

vid.10/01 Video on the intricacies of
various metal alloys.

167


https://www.youtube.com/watch?v=KgUmNQD6m5Q

Fig.10/03 Galvanic corrosion can even happen between
stainless steel (nut&bolt) and mild steel (beam).

owing to their high malleability. When exposed
to elements metals tend to corrode. Corrosion
is a natural process, during which the metal is
attempting to return to a more stable natural
state. There are many types of corrosion, such
as pitting where metal corrodes from a local-
ized point that eats into the metal fairly rapidly,
stainless steel is very susceptible to this type
of corrosion. Uniform corrosion is another type,
referring to an even corrosion on a large area
on the metal’'s surface. Impurities in a metal’s
microstructure can cause a phenomenon called
inter-granular corrosion. Galvanic corrosion
manifests when an electrical current, known as
galvanic current, flows through liquids, vapor,

vid.10/02 Video on the construction
of the Statue of Liberty.

168

Fig.10/04 The unique light green patina of the Statue of
Liberty showcases the impact of site conditions.

humidity, or any conductive substance between
two dissimilar metals; dissimilar in terms of the
relative difference in nobility and electrochemi-
cal potential. The process erodes the metal with
the lower galvanic number, such as aluminum
and zinc. For example, as soon as a current
runs through aluminum and steel, aluminum will
corrode, unless an insulative coating is applied.

Metals that are highly reactive, such as copper,
zinc, or iron, will start developing an oxide layer,
commonly referred to as patina, shortly after
being exposed to the atmosphere. Patina can
be very desirable as it protects the metal under-
neath while providing a unique visual quality. For
instance, the greenish film developed over its
copper cladding gives the Statue of Liberty its
unique color. Patina develops over time, as the
metal goes through oxidation stages with differ-
ent visual characteristics until an equilibrium is
reached. Copper’s patina can develop over 10
years, whereas aluminum or zinc develop patina


https://www.youtube.com/watch?v=9QM0tipFQ9c

within a year. Gold never develops a patina. It
is also possible to expedite the patina develop-
ment process via the use of various chemical
coatings. The resulting products are referred
to as pre-weathered, very useful for achieving
the desired look quickly, and very helpful for
matching color and texture during repairs while
minimizing visual inconsistencies. However, the
designer should also consider that the atmo-
spheric conditions, such as the salt present in
the environment or unique weather conditions
affect the natural development of the patina and
the result will be more authentic.

Metals typically require milder cleaning meth-
ods in order to minimize damage to patinas and
coatings. There are purpose cleaning solutions
available on the market but oftentimes dusting
with a clean cloth, vacuuming, and mild cleaning
chemicals are appropriate and sufficient.

Most metals show anti-microbial prop-
erties; some more intense than others,
like copper and silver. This is achieved by
metal ions disrupting the vital processes
of microorganisms and preventing repro-
duction.

PROCESSING METALS

Metalworking processes can be broadly catego-
rized into forming, cutting, and joining. Multiple
processes may be involved in the fabrication
of a single metal component. Metals can with-
stand plastic deformation before breaking,
thanks to their malleable and ductile nature.
This enables cold forming techniques such as
bending, rolling, extrusion, punching, stamping,
drawing, spinning, etc. to be utilized. Extruding
involves forcing metal through a shaped aper-
ture to achieve a lengthy component with the
desired profile. Large roller presses can shape
metal into a profile or flat plane. Metal fibers
can be drawn with a similar technique. Casting

involves pouring molten metal into sand, wax,
plaster, ceramic, or die cast molds. Metals that
are highly fluid in molten state, and with low
viscosity and die shrinkage are the most appro-
priate for casting, especially if complex geome-
tries and thin wall sections are required. Some
highly suitable metals are zinc, copper, cast iron.

Forging is heating and reheating cold metal and
shaping it with presses, hammers, and other
tools. The metal piece that is being worked on
is called a workpiece. While the metal is being
worked it becomes harder as the molecules are
dislocated, this process is called strain harden-
ing. Annealing is a heat treatment method to
attain a more workable wokpiece, by relieving
stress and increasing ductility. The metal is
heated to its recrystallization temperature and
slowly cooled in a furnace. Normalizing is
another heat treatment similar to annealing,
however, the cooling process happens in room
temperature. This is a cheaper process but
it might create slight impurities and defects.
Quenching involves rapidly cooling a workpiece
in water, oil, or stream of air to increase hard-
ness. Tempering is performed by heating the
quenched workpiece to a certain temperature
below the critical point and cooling by exposing

I Fig.10/05 Compressing and shaping metals increases their strength and hardness while

decreasing their malleability and workability.
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vid.10/03 Video on heat treatment
of metals.

vid.10/04 Video on latheing a cube
within a cube.

it to still air. This process reduces excess hard-
ness and restores some ductility, rendering the
workpiece stronger.

Milling is a subtractive forming process. It
involves shaving off material using rotary cutters
to achieve the desired shape. Milling can be
done with manual or digitally controlled (CNC)
tooling machines. There are a variety of CNC
or computerized numerical control machines
available, the most important feature being the
number of axes and reach available to control
the cutting tool. This feature determines the
types of metal that can be tooled and the size
and complexity of forms that can be achieve.
Latheing is similar to milling with one crucial
difference, during latheing the actual workpiece

Fig.10/06 The impressive reach of a 5-axis CNC milling machine enables intricate 3d

details to be fabricated.
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is rotating rather than the cutting tool itself.

Additive manufacturing is also possible with
metals. Various metals such as titanium and
aluminum can be 3d printed with techniques
such as selective laser sintering and laser metal
deposition, even though the resulting metal
component would not perform as well as a milled
counterpart in demanding situations.

Gauge, or gage (ga), is a measurement indi-
cating the thickness of a sheet metal. Thicker
sheets are referred to as heavy gauge and the
opposite as light gauge. The larger the number
the thinner the sheet is; 10ga is 84% thicker
than 16ga. One problematic aspect of gauge is,
for different types of metals a specific gauge can
refer to a different sheet thickness. For exam-
ple, 12 ga steel is 0.105 inches thick, whereas
12 ga aluminum sheet is 0.0808 inches thick.
The thickness can also vary between suppliers.
Sheets thicker than 0.25 inches (6mm) are
referred to as plate. A foil is sheet metal with a
thickness of less than 1/128 of an inch.

There are various ways to join two pieces of
metal and form strong bonds. Welding, solder-
ing, and brazing are based on the principle that
it is possible to melt pieces of metal to form a
connection by applying focused intense heat
to multiple points on their shared edge, essen-
tially fusing them. The main difference between
each of these three processes is the working
temperature and if the base material or filler
material is melted or not. It is also possible to
weld plastics and wood, though the process,
tools, and temperatures are vastly different.
Welding involves melting the base metal
at incredibly high temperatures (10,000 to


https://www.youtube.com/watch?v=6jQ4y0LK1kY
https://www.youtube.com/watch?v=xw3GzqgWg-8

I Fig.10/07 Welding is suitable for demanding applica-
tions, such as lug joints.

50,000°F). Welded joints are stronger than the
other two methods and can join thick sections,
appropriate for high-stress load-bearing appli-
cations. There are different types such as
arc-welding, electron or laser beam-welding, and
friction-welding. Some types of welding require a
filler material and others don’t. Welded sections
require heat treatment to relieve residual stress
built-up during the welding process. Soldering
is done at lower temperatures (below 800°F), a
metal alloy is melted between workpieces. This
filler metal flows into the joint, cooling and bind-
ing workpieces. The process bears similarities to
welding, with the exception that the base metal
stays intact, the mechanical properties of the
base metal are protected. Soldering is not appro-
priate for load-bearing applications, commonly
used in jewelry and electronics. Welding requires
the welded parts to be similar, however, there’s
no such limitation for soldering. Brazing is very
similar to soldering but performed at slightly
higher temperatures (above 800°F), not so high
that the base material is melted. The joints
produced are stronger than soldering, but they
still won’'t be suitable for demanding applica-
tions. It is important to consider the types and

Fig.10/08 Riveting is a time consuming process, harder to conduct on-site, therefore a
mixture of rivets and bolds is not an uncommon sight in construction.

properties of metals, specifically the alloys to be
used as workpieces, the type of load expected,
the connection strength required, worksite,
budget, and schedule limitations.

It is also possible to join metals with mechanical
fasteners. Bolting involves joining, or essen-
tially clamping, two plates of metal with large
bolt fasteners; bolts can be pre-tensioned to
increase strength. Bolts are considered tempo-
rary; this means removing them won’t destroy
the fastener. Loosening can happen but it is
not common. Riveting involves a rivet, a heated
steel rod with a cap, going through two metal
plates to be permanently secured by forcing
it into a die on the other side. Riveting usually
involves more fasteners on the surface and the
process is time-consuming, however, higher joint
strength is achieved. Mechanical fasteners are
useful for assembling prefabricated elements

vid.10/05 Video on hydraulic hot
riveting.
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https://www.youtube.com/watch?v=uBwmbX3R3sk

on-site, as opposed to welding on site which can
be inconvenient and expensive. A strong bond
is attained not only through the shank of the
fastener but also through the friction between
large, overlapped surfaces. Increasing the
number of fasteners helps spread the load.

Adhesive bonding is also an option for metals.
Epoxy and acrylic structural adhesives work
best between metal to metal bonding, as well
as for bonding other materials to metals. Adhe-
sives are useful for hard-to-access points, for
quick on-site corrections, and when mechanical
fasteners or weld lines need to be hidden. They
are not as strong or reliable to replace welding
or mechanical fasteners in demanding applica-
tions.

FINISHING METALS

There are three overarching metal finishing
types: mechanical, chemical, and coating, as
outlined in the Metal Finishes Manual published
by the National Association of Architectural
Metal Manufacturers (NAAMM). The strength,

durability, and price point that can be attained
with each finish type is different, primarily based
on the metal or alloy to be finished as well as the
task the finish is specified for.

Common mechanical finishes include grinding,
honing, lapping, polishing, and buffing. These
usually involve creating a gradually smoother
and bright, reflective specular, satin, or fine to
coarse matte finish by applying increasingly
finer abrasives. Brushing involves abrading the
surface in a single direction to create a distinctive
linear pattern. Particle blasting is abrading the
surface by means of blowing coarse particles to
the metal surface to create more diffuse reflec-
tions. Some more malleable sheets of metal can
be hammered to create a more textured look,
great for hiding surface defects. This technique
is commonly used for copper hoods.

Abrading the surface can create slight
distortions on the material and it can be
detrimental to the metal’s ability to resist
corrosion and aging.

Fig.10/09 Slight wavy texture on polished stainless steel
surface can create unique reflections.
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Fig.10/10 Brushed stainless steel is a very common
finish for home appliances.



Chemical finishes include acid etching, hot and
cold patina solutions, chemical weathering, and
controlled corrosion via oxidizing agents. Some
of these methods are used for surface cleaning,
preparation, or as intermediary steps for other
finishing methods. For instance, a chemical
conversion coating or chem-film can act as a
protective intermediary surface, or it can be a
standalone finish. Electropolishing, or anodic
polishing, is a great tool for finishing oversized
or complex and delicate pieces by dissolving the
metal surface in a very controlled way. Chemical
finishes can create noticeable visual defects on
exposed welded joints, and they may not be a
good choice without careful detail design.

Coating processes involve depositing material
over the surface of the metal either through
brushing, spraying, hot dipping, or various
chemical, magnetized, electrical, methods. PU
coating, vinyl foils, powder coating, lacquers,
waxes, enamels, galvanizing, electroplating, or
clear sealants are all considered in this category.
The extra layer of material creates an important
barrier against weathering and corrosion while
improving the ability to clean and maintain the
surface. PU film application or lacquering can
be used on metal surfaces to lock and retain
the desired appearance, stop weathering, and
provide a bright sheen. Anti-ice, fire resistance,
or hydrophobic qualities can be achieved by
various coatings. Anodizing is an electrochem-
ical coating process that involves forming a
durable anodic oxide layer on the metal surface.
This finish can be transparent, translucent, or
opaque, and it can be given a unique color and
tint. Aluminum is highly suitable for anodizing;
a finish popularized by Apple® products. Ferrous

vid.10/06 Video on powder coating
metal components.

I Fig.10/11 Anodized aluminum cladding can feature a wide range of colors.

metals are difficult to anodize and the results
are not as durable. Enameling is fusing the
metal surface with glass frit. A large selection of
lively and lasting colors as well as a smooth and
resistant surface can be achieved. On the other
hand, enameling is often prone to cracking and
chipping. Electroplating involves running an
electric current through a metal to coat it with
a thin but consistent layer of another metal,
through a process called electro-deposition. The
commonly known chrome plating technique is
one example. This process creates a durable,
bright, and mirror-like finish but byproducts of
the process, including hexavalent chromium
residue are known to be persistent environmen-
tal polluters and pose great health risks.

vid.10/07 Video on anodized
aluminum finish.
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https://www.youtube.com/watch?v=3ZhVOy-ytJY
https://www.youtube.com/watch?v=IFeMX1O6Epk

FERROUS METALS

Ferrum is Latin for iron (Fe) and ferrous refers to
metal alloys that contain iron. There are many
classifications of metals, however, based on the
significance of iron for the construction industry,
the ferrous vs. non-ferrous classification is the
most useful for spatial design. Iron is among the
most abundant elements; 35% of earth’s total
mass and 85% of the earth’s core is iron. During
ancient times meteoric iron was discovered
occasionally; a rare and valued iron type that
was stronger due to its nickel content. As the
earliest example of metal working dating back to
3200 BCE, Egyptians used meteoric iron to craft
cylindrical beads. The archaeological artifacts
suggest that a number of civilizations learned
smelting and refining iron ore between 1600 and
600 BCE, making various tools, weapons, and
ornaments. Over the centuries blast furnaces
were developed for large-scale iron manufac-
turing but only during the mid-18" century iron
manufacturing reached an industrial scale and
found widespread use in building construction.

The addition of carbon increases the strength
and hardness of iron but reduces ductility
and ability to be welded. Wrought iron has a
low carbon content of less than 0.1% and it is
ductile, can be wrought to shape. On the other

hand, cast iron has a high carbon content of
more than 2%, more suitable for molding. Crude
iron, also known as pig iron, is an intermediate
product that is used in the production of other
ferrous products such as steel or wrought iron.
It has a very high carbon content, up to 4.7%,
very brittle and not very useful. Starting around
the 18™ century cast iron could be produced in
large quantities and in a consistent, reliable, and
convenient manner that it was commonly used
as a structural component. The high fluidity of
molten cast iron, relatively low casting tempera-
ture, high-quality surface finish, and reusable
casts render it a suitable material for fabricating
detailed ornamentation. Doors, corner blocks,
columns, and other building components can
be manufactured this way, however, the result-
ing product is substantially heavy. The crystal
palace was an important example of a cast iron
structure, which was destroyed in a fire in 1936,
85 years after its opening. Wrought iron on the
other hand is relatively soft, strong, and mallea-
ble thanks to its low carbon content. However,
its load-bearing capabilities are somewhat
limited. Eiffel Tower is the tallest wrought iron,
specifically of puddled iron subtype, structure.
Iron in general is unstable when exposed to
the atmosphere or most acids, it would corrode
readily and rapidly. This is the reason why the
Eiffel Tower is painted every 7 years.

Fig.10/12 Meteoric iron was one of the first types of
metal to be processed.
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Fig.10/13 The Eiffel Tower is the tallest wrought iron
structure, at almost a 1000ft.



Fig.10/14 The original Bessemer converter design was a
huge improvement over blast furnaces.

Steel is another iron alloy with a carbon content
between 0.1% to 2%, basically between wrought
and cast iron. The invention of the Bessemer
process, or conversion, in 1855 enabled steel to
be manufactured from low-grade ores in indus-
trial quantities. Following the great Chicago fire
in 1871, there was a rising demand for rapid
construction and steel was extensively employed.
Rand McNally Building in Chicago, built in 1889,
was the first steel-frame skyscraper.

There are 3 common grades of steel: carbon
steel, stainless steel, and tool steel. Each cate-
gory contains several sub-categories, such as
mild (low-carbon) or high carbon steel or, 200,
300, or 400 series stainless steel alloys; each
one with different properties ranging from high
castability, ductility, corrosion resistance, etc.
Stainless Steel contains at least 10.5% chro-
mium, which in turn develops a corrosion-re-
sistant selft-healing chromium-oxide film when
exposed to oxygen. Stainless steel is highly
suitable for industrial equipment where corro-
sion resistance, anti-microbial properties, and

cleanability are required in addition to strength
and durability which can already be attained by
carbon steel. Professional kitchens often feature
stainless steel countertops, one of the few
National Sanitation Foundation (NSF) approved
materials for commercial food preparation.
Stainless steel is almost completely corrosion
resistant. Salt flakes, cleaning agents, or rigorous
cleaning practices with abrasive tools can cause
the protective film to be damaged, which might
in turn cause stainless steel to corrode inward, a
phenomenon known as pitting; it starts as very
small black or brown dots on the surface. It is
possible to improve resistance against pitting by
adding nitrogen to the alloy mixture.

Steel manufacturing causes one important
sustainability concern, the process of removing
the impurities in iron to make steel requires
very high temperatures, which results in very
high embodied energy and a significant carbon
footprint. However, steel is also very recyclable,
utilizing around a quarter of the energy required
to manufacture virgin material. Furthermore,
steel is magnetic and it is relatively easy to sepa-
rate from mixed waste. Another sustainability
issue for steel is the dangerous gases and parti-
cles produced during manufacturing and later
processing and finishing procedures.

Steel is among of the most commonly utilized
metals in the building sector, including interi-
ors, owing to its high strength, durability, and
reasonable price point. Steel beams are funda-
mental components of steel frame construction.
Common types of structural steel such as wide
flange, I-beams, and structural channels, are
manufactured via hot working techniques such
as rolling, extrusion, forging. Steel is easier and

vid.10/08 Video explanation of how
pitting occurs.
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https://www.youtube.com/watch?v=Zbw_qMafWiA

Fig.10/15 Trusses enable longer spans to be covered
efficiently.

cheaper to form when hot, and it gains strength
and durability as it is being worked. However,
there can be internal stresses, weak spots,
dimensional tolerance problems due to incon-
sistent cooling. Trusses are another structural
component comprised of interconnected trian-
gular units engineered to efficiently distribute
vertical and horizontal forces throughout their
framework. Cold rolled steel, features a better
finish and minimal dimensional tolerance prob-
lems, appropriate for more accurate jobs. Even
though it is more expensive, the process puts a
lot of stress on the material, improving mechan-
ical strength properties. Steel can be extruded
into various profiles and then can be welded.
Steel sheets can also be pressed or stamped,
and reshaped with the help of a die, e.g. stain-
less steel sinks, appliance panels, pans, pots.

Rebars, short for reinforcement bars, are
manufactured from mild steel and used in the
construction of reinforced concrete. Rebars are
laid to form a lattice within a mold referred to
as formwork, within which concrete mixture is
poured. Reinforced concrete is a highly effective
composite material due to the fact that mild
steel has a very similar coefficient of thermal
expansion to concrete. Moreover, the specific
pH of the concrete wrapping steel rebar keeps
them from corroding However, embedded steel
reinforcement can corrode within the concrete
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Fig.10/16 The epoxy coated, ribbed rebars are appropri-
ate for demanding applications.

in time, causing failure. Rebars can be epoxy
coated, galvanized, or simply manufactured from
stainless steel to prevent this phenomenon. The
surface of mild steel bars is smooth, but high-
strength tensioned rebars can feature ribs,
threads, and other details to increase bonding.

Steel has high finish retention and there are a
multitude of specialized finishes available for
various purposes, including specific interior
applications. Besides being used as framing
members, polished or brushed steel is commonly
used as column covers or wraps. Patterns
of holes, slots, or decorative shapes can be
punched or stamped out of sheets of metal,
producing perforated panels. In addition to the
finishing procedures utilized in other metals,
galvanizing is a very significant and common
finish for Steel. In simple terms, galvanizing
refers to coating steel with a zinc film. Zinc
provides what is known as sacrificial protection,
which means that zinc will preferentially corrode
even though the metal underneath is exposed
to an extent. Galvanizing can also act as a
foundation for paint, it is also possible to apply
a protective topcoat of corrosion inhibitor. Galva-
nized steel sheets are also a commonly used
material for manufacturing cold-formed building
components such as studs, braces, girts, and
railings. Corrugated metal decking is one such
material; it is profiled to increase resistance



Fig.10/17 Galvanized steel features a highly characteris-
tic flaky gray appearance.

against compression loads, placed over joists
in order to support a concrete fill or a plywood
substrate. Corrugated sheets are also used for
supporting roofing materials and insulation.

Weathering steel, commonly known by the
trademark COR-TEN, is a metal panel or sheet
product that is basically a weathered steel alloy
that has a distressed, rusted look. It is very dura-
ble and requires minimal need for maintenance.
Nevertheless, this finish may not exhibit stability
in damp and caustic environmental conditions,
such as near coastlines. The material can be
coated with polyurethane (PU) film to protect the
finish from further corrosion.

Vid.10/09 Video on the hot dlp
galvanizing process.

Fig.10/18 Weathering steel panels introduce unique
earthly colors and natural texture variations.

Even though the melting temperature of steel is
2600 to 2800°F, the material loses its stiffness
and strength way before melting. Prolonged
exposure to temperatures above 1000°F can
render steel plastic, weak, and highly prone to
deformation and failure. Therefore, fireproof-
ing structural steel is required especially for
high-risk construction, such as high-rises and
institutional buildings. It is possible to apply intu-
mescent paint or spray on vermiculite for fire-
proofing, however, these finishes are relatively
delicate and might need additional protection
from abrasion, impact, and weathering.

I vid.0/10 Video on steel fireproofing. E )
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https://www.youtube.com/watch?v=Az87Q0JedG4
https://www.youtube.com/watch?v=99hTgaqXNfE

NON-FERROUS METALS

Non-ferrous metals refer to metals other than
iron, or iron alloys. These metals can feature
some unique desirable properties such as
higher malleability, lower melting temperature,
high castability, non-magnetism, corrosion and
tarnish resistance, or simply unique color and
sheen. Non-ferrous metals have been used for
design applications throughout history, mainly
as decorative components. The first known
use of copper to make pendants dates back to
around 9000 BCE in the Middle East. Around
3300 BCE, Sumerians were the first to alloy
copper with tin, which they used to make bronze
religious statues.

ALUMINUM e Approximately 8% of the earth’s
crust contains aluminum, making it the third
most abundant element on earth, and the most
abundant on earth’s crust. Aluminum is always
found bonded to other elements, commonly in
bauxite form and the extraction and refinement
process requires significant energy. Even though
aluminum has very high embodied energy, it
is also extremely recyclable. The recycling
process requires only 5% of the energy needed

to produce virgin material and there is virtually
no difference between virgin and recycled mate-
rial. However, there are several other issues with
aluminum manufacturing with regard to envi-
ronmental impact. The ore bauxite is extracted
through open pit mining, which inevitably causes
land and ecosystem destruction. The electroly-
sis-based aluminum refinement process is highly
energy-intensive and uses a lot of water. The
chemicals used in the process create a mixed
residue called red-mud that is not water-soluble
and potentially toxic.

Aluminum boasts superior strength-to-weight,
is highly pliable and machineable, in addition to
being chemically inert with no toxicity. Further-
more, it is resistant to corrosion owing to the
rapidly forming oxide film when exposed, the
only exception being alkaline conditions (contact
with mortar, cement, etc.) where corrosion rate
rapidly increases. Aluminum is often used in
alloy form. The base metal aluminum can be
combined with copper, nickel, magnesium, iron,
titanium, silicon, tin, and zinc to form alloys.

Aluminum has a wide range of uses in the
construction industry; it is used for structural
members, paneling, cladding, roofing, window

I Fig.10/19 Red mud is a toxic byproduct of virgin aluminum refinement process, source of serious environmental concerns.
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and door frames, railings, hardware, and even
flooring. Sheet aluminum can be folded to
attain structural strength and stability without
adding weight, a principle often used in framing
members. Aluminum louvers and window blind
slats are other popular uses. Aluminum can be
foamed, which actually involves creating a cellu-
lar structure with numerous gas-filled bubbles.
Aluminum can also be woven and used as wall
finish. Aluminum composite panels (ACPs) are
lightweight but sturdy construction materials,
a low-density core such as foamed metal or
honeycomb panel can be sandwiched between
two sheets of aluminum to achieve extremely
high strength-to-weight ratio, a versatile method
commonly utilized in the aerospace industry.
Aluminum is totally impervious to light and
moisture, chemically inert, and non-toxic with a
modest price point, making it highly suitable for
food packaging.

COPPER @ Copper is a pliable and ductile metal with
high castability. Pure copper displays excellent
conductivity and corrosion resistance. Copper
has been and is still being used for electrical
wiring, and it has been used for plumbing and
fittings in the past. Copper does not corrode in

Fig.10/20 Folding, corrugating, and ribbing increases
strength of the sheet metal by creating resistance.

Fig.10/21 Perforation decreases the weight of a panel,
allow passage of light, and improve aesthetics.

alkaline conditions therefore prolonged contact
with concrete and masonry is possible. When
exposedtothe atmosphere and elements, copper
can develop a patina that gradually transforms
from a brown to a light green color, typically over
the course of several decades. Copper has two
very common alloys: bronze containing primarily
tin, and brass containing primarily zinc. Bronze
has a lower melting point thanks to added tin.
When molten, bronze is highly fluid making it a
great choice for intricate casting, one reason for
the countless number of bronze statues. Unlike

Fig.10/22 Constant visitor contact prevented the devel-
opment of patina, revelaing the true color of bronze.
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Fig.10/23 Copper is suitable for contact surfaces where
hygiene is a major concern.

the pinkish color of bronze, brass has a color
and luster resembling gold. The strength and
workability of brass can be modified by adjust-
ing the ratio of aluminum and zinc, respectively.
Copper mining leads to extremely hazardous
waste products containing arsenic, lead,
antimony, and mercury. However, copper itself
displays antimicrobial properties and commonly
used in medical instruments and healthcare
interiors. Bronze has uses in other interiors
too, mainly utilized for decorative purposes on
components such as lighting elements, furniture
details, railings and balusters. Copper tiles are
also available on the market.

GOLD & SILVER @ Gold and silver have been associ-
ated with wealth and nobility throughout history,
they were used for coinage, and high-value
items such as crowns, decorative hilts, etc. This
is mainly due to the relative scarcity of these
materials, ease of smelting, resistance to corro-
sion and tarnishing, as well as a unique color. All
exposed metals lose their appearance to varying
extents, however, gold is an exception in that it
stays intact without corroding or tarnishing.
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Fig.10/24 Gilding has been a feasible way to use gold
in interior spaces.

Both gold and silver are highly malleable and
moldable, very popular in jewelry applications.
Due to their high costs, coating and gilding are
popular ways to cover decorative elements in
interior space. The mining processes are detri-
mental to the environment, for both silver and
gold. Furthermore, the use of chemicals such
as cyanide and mercury during the process can
be extremely polluting. Both metals are highly
recyclable and owing to their high value, almost
all gold and silver is recycled.

CHROMIUM & NICKEL ® Chromium is a durable and
lustrous metal commonly used in alloys and
plating other metals due to high polishability and
abrasion resistance. When exposed to oxygen,
chromium rapidly develops a protective coat.
There are three states of chromium: divalent, the
unstable state; trivalent, the less toxic state; and
hexavalent, the highly toxic state known to be a
carcinogen. Chromium is an important compo-
nent in stainless steel alloy, and commonly
used for chrome plating, also used as a chem-
ical component in the leather tanning process.
Besides steel, other metals such as aluminum,



Fig.10/25 Embossed tin ceiling tiles can retain intricate
detail and introduce a unique sheen.

copper, zinc, magnesium, and titanium can all
be chrome plated. Nickel is a bright gray metal,
pliable and ductile. It receives polish and main-
tains clarity well. Nickel and chrome can be
plated on the metal in succession to produce a
shiny, durable, and corrosion resistant finish.

TIN @ Tin is a buffable silvery metal with subtle
bluish tint, commonly used to form alloys or for
protective plating. Tin is also used in decorative
elements such as ceiling, wainscoting, cabinetry
panels, etc.

TITANIUM e Titanium is stronger than steel at
almost half the mass, able to provide superior
strength-to-weight. Titanium is very hard to refine
and very unstable after refinement. As a result,
its embodied energy is high and workability is
low. Titanium tiles are available for facades and
interior spaces in a wide range of colors. These
are often manufactured from recycled content
and are lower grade. The famous Frank Gehry
building Bilbao Guggenheim Museum features
titanium cladding throughout its exterior.

Fig.10/26 Zinc panels are commonly utilized in contem-
porary architectural facades.

ZINC e Zinc is bright bluish-silver when freshly
cast; through weathering it gains a dull dark
gray, and later black tint. Even though a strong,
ductile, and durable metal itself with great
castability. In the construction industry, much
of zinc is used for galvanizing or plating. Galva-
nizing involves coating iron or steel with zinc
layer to prevent oxidation and minimize wear.
The coating is distinguishable by the matt gray
spangled or flaky texture. There are different
methods of application such as hot-dip galvaniz-
ing and electro-galvanizing. Depending on the
environment, zinc corrodes 1/10th or 1/40th
of the speed of steel, however, if the barrier is
damaged an under-film corrosion can spread
rapidly. Zinc also protects steel by sacrificing
itself through cathodic protection, this ensures
that when steel is exposed it is still protected to
an extent. Zinc can quickly develop a matte gray
patina to protect itself, even as a layer on top of
steel. Normally it takes 6 to 12 months for the
patina to develop but pre-weathered zinc panels
are available in the market.
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The term polymer refers to chained large mole-
cules composed of repeating the same mono-
mer subunits. Polymer and plastic are used
somewhat interchangeably, however, plastics
are a sub-family of materials polymerized from
basic petrochemicals such as ethylene, propyl-
ene, butylene, etc. Polymers are the overarching
category and not all polymers are plastic. For
instance, silicone is classified as a polymer,
but it is not a plastic. Polymerizing is an energy
intensive process where the basic building
blocks called monomers are chained to form
complex plastics. For example, several thousand
ethylene molecules can be chained together
via a chemical reaction to form polyethylene,
or tens of thousands of ethylene molecules can
be chained to form high-density polyethylene
(HDPE). Plastics are sometimes referred to by
popular trademarks, such Plexiglas for acrylic,
Teflon for polytetrafluoroethylene, Cellophane for
cellulose-acetate, Fiberglas for glass fiber rein-
forced polymer (GFRP), and Nylon for polyamide.



Fig.11/01 Patented in 1859, celluloid became synony-
mous with film stock.

Resin refers to a viscous blend of polymers and
additives that can be spread, sprayed, molded,
or foamed and transformed into its final form
through cooling or curing. Resin is not a type of
plastic, but rather an intermediary state that the
plastics can be in. Epoxy resin is well known and
sometimes referred to as just “resin” but most
plastics can be in resin state, such as polyester
resin, acrylic resin, vinyl chloride resin, melamine
resin, polyolefin resin, etc.

The rapid development of a large variety of
synthetic products since the mid-19™ century
changed manufacturing possibilities, and conse-
quently, how products and interior spaces were
designed. Celluloid was the first synthesized
thermoplastic, patented in 1859. It was transpar-
ent, moldable upon heating, and retained form
when cold; offered great versatility, surpassing
all-natural alternatives. Rayon was regener-
ated cellulose developed to imitate silk fiber,
patented in 1894. The invention of Bakelite in

vid.11/01 Video on polymers and the
synthesis of plastics.

Fig.11/02 Acrylic is commonly referred to as Plexiglas,
Lucite, Acrylite, or Perspex.

1907 marked the debut of fully synthetic mate-
rials. By 1970, plastics had become integral to a
wide variety of industries. Today there’s a plastic
component present in almost every product and
interior space.

Polymers are highly versatile. There’s a litany of
polymers available with vastly different proper-
ties, it is also possible to further modify them
with the inclusion of pigments, plasticizers,
fillers, stabilizers, and other types of additives;
enhancing their mechanical performance,
impact resistance, moldability, fire-resistance,
surface finish, etc.

Pigments are added to determine the color
of the plastic. The inherent transparency and
surface quality of the resin determine the satu-
ration and vibrancy of the resulting color. Various
additives can be used to further enhance color
properties, for example, clarifiers can be used
to enhance transparency. As opposed to paints
and coatings, added pigments are much more
durable as they are diffused throughout the
plastic body.

Plasticizers are added to increase the flexibility
and strength of the material. For instance, PVC
is inherently a brittle plastic, however, with the
addition of plasticizers it acquires flexibility,
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https://www.youtube.com/watch?v=rHxxLYzJ8Sw

which helps vinyl to be much more durable, and
in some cases more workable. The basic prop-
erties attained with plasticizers can be lost over
time as the additive can evaporate or leach as
it migrates towards the material surface. This
behavior also causes serious health issues.

Fillers/Extenders are added to give the
material bulk and strength. They are useful for
decreasing raw resin consumption, therefore,
lowering costs. However, they are also useful in
increasing moldability, stability, and strength. In
some cases mineral fillers can imbue the plastic
with fire resistance. Glass fibers are one such
additive. In fiber-reinforced plastic applications it
can give polypropylene (PP) bulk as well as help
the material to keep itself together and sustain
heavier loads and impacts.

Stabilizers are used for increasing the useful
life of plastics by slowing down degradation,
ensuring colorfastness, increasing UV resis-
tance, inhibiting oxidation, etc. They are also
useful in minimizing manufacturing defects
and in some cases contribute to recyclability
along with compatibilizers. For example, without
stabilizers (specifically HALS) common polyolefin
impurities can cause excessive UV light absorp-
tion and degradation.

Additives have both positive and negative impli-
cations for the recycling process; they contrib-
ute by protecting the original resin, restoring

Fig.11/03 A heap of PVC waste including rigid and flexi-
ble components, waiting for separation.
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diminished qualities, eliminating inconsisten-
cies, making sure that recycling stays feasible;
on the other hand, they complicate the waste
separation process which in turn can deterio-
rate the recycled product quality. The variety of
additives present in contemporary products is
one reason why PVC recycling is limited.

Plastics can be alloyed like metals, by mixing
multiple resins with desirable properties. For
instance, the impact strength, flame resistance,
and mold shrinkage of acrylonitrile butadiene
styrene (ABS) can be improved by mixing it
with PVC. Even though alloying plastics improve
performance and visual/tactile qualities, the
resulting mixture is even harder to recycle.

Over the decades the environmental impact
of plastics became well documented and
better understood. Plastics are a byproduct of
the oil industry, accounting for 9% of the total
oil consumption. This slowly depletes oil and
natural gas resources, which are finite. Initial
polymerization, as well as further processing of
plastics, require intense heat, resulting in high
embodied energy. Most importantly, the natural
degradation of plastics is very slow, causing
continuous debris build-up in varying sizes, from
large containers, fishing nets, broken-off chunks,
or even microscopic particles. Microplastics
are tiny pieces of plastic, specifically less than
5mm (3/16”) in length, that were broken down
through oxidation, UV exposure, and mechanical
forces. Although less common today, a number
of cosmetic products like some face scrubs and
toothpastes contain already broken down micro-
plastics which are flushed directly down the
sink and easily mixed into waterways. According
to the US National Oceanic and Atmospheric
Administration (NOAA), microplastics are the
most common type of marine debris today. Many
research indicates seafood as a common means
for ingestion of such particles by humans, which
can cause gastrointestinal obstruction. Fat and
water-soluble plasticcomponents have the poten-
tial to impact immune and endocrine systems,



though there’s need for additional scientific
evidence for a certain conclusion. However, the
health detriments of plastics stretch further. As
previously explored, synthetic materials tend to
emit VOCs and leach chemicals, a process that
can be sped up with the increased presence of
heat and humidity. Plastic particles and fumes
are notorious asthma triggers. Formaldehyde
has a bad reputation for the high level of VOC
emissions, aside from being a known irritant and
carcinogen with developmental toxicity effects.
Bisphenol A and phthalates are additives that
can cause hormone-related developmental
problems. When combusted, PVC can release
highly toxic and deadly chemicals such as CO,
hydrogen chloride, chlorine, and benzene.

On a yearly basis, of all the manufactured plas-
tics, only 9 percent is recycled and around 19
percent is incinerated. The rest of the plastic
content ends up in landfills or is left to break
down in the environment. Some plastics are so
cheap to manufacture that the recycling process
needs to be extremely efficient to be feasible.
One example is virgin PVC. Made up of salt and
oil, it is very cheap to manufacture, and PVC
waste is very hard to separate for recycling due
to the number of mixed-in additives and other
plastics. Without any incentives, this causes a
constant PVC waste build-up. Virgin plastic cost
is linked to the price of oil and it fluctuates. When
oil prices fall recycling becomes less cost-effec-
tive and less likely. It is always best to check the
commitment of a company to utilizing recycled
content. When recycling is not financially justi-
fied, it is also possible to incinerate plastic
waste and recover energy. This method is widely
incorporated throughout the European Union

vid.11/02 Video on waste
management in Las Vegas.

I Fig.11/04 Plastics in nature break down into increasingly smaller pieces known as

microplastics, bioaccuulative and difficult to clean.

countries, however, burning plastics produces a
significant amount of CO,and some toxic gases
and it may be doing as much harm as it is creat-
ing benefit.

The visual and performance characteristics
of recycled resin can be different from virgin
resin due to cross-contamination, with regard to
existing pigments, plasticizers, and extenders,
as well as other resins, being present, and the
extent of degradation sustained by the recycled
content. In 1980s, the Society of the Plastics
Industry, SPI, created the resin identification
coding (RIC) system, to facilitate the recycling
process by assigning numbers to various resins.
RIC simplifies the waste separation process,
however, the consumers often think that any
plastic carrying the mark is infinitely recyclable,
which is not true. This can create a carefree
attitude, highly detrimental to the environment.
Another challenge is the resin code #7, which
is named “other”. Many common and very recy-
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https://www.youtube.com/watch?v=aHzltu6Tvl8
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I Fig.11/05 The plastic types included in the resin identification coding (RIC) system simplify waste separation, to an extent.

clable plastics such as nylon, acrylic, and poly-
carbonate fall under this category and they are
often impossible to separate based on the iden-
tification code, unless they are clearly marked
with resin name. For other plastics, resin code
does not help much. For instance, resin code
#3 for PVC does not get close to covering the
number of variations in the available resin.

PLASTIC TYPES

Plastics can be grouped under two overar-
ching categories: thermoplastics and ther-
mosets. Thermoplastics become soft and
viscous as they are heated, and when left to
cool they harden back. This process can be
repeated infinite times enabling the plastic to
be processed and reprocessed. This category
includes some widely known plastics such as
nylon, acrylic, polycarbonate, polypropylene, and
PVC. The general characteristics of thermosets
include high impact resistance, high moldability,
and most importantly recyclability. On the other
hand, thermosets are permanently hardened,
through a one-way chemical reaction that
generates cross-linked chains throughout the
material, and cannot be softened with heat.
Some known examples are rubber, silicone,
polyurethane, and formaldehyde resins. Ther-
mosets cannot be recycled, though they can be
shredded and used as a filler in other plastic
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products or they can be incinerated. Elastomer
refers to a category of plastics that can stretch
and deform when a load is applied and return to
its original form when the load is removed; they
can be thermoset or thermoplastic. Most elasto-
mers are thermosets such as polyurethane foam
or rubber tires, there are some thermoplastic
elastomer examples that can be repeatedly
heat processed and recycled. Thermoplastic
polyurethane is one example with a wide range
of uses. Bioplastics are resins that are derived
from renewable biomass such as maize, sugar
cane, potato starch. The more popular and feasi-
ble examples include Cellulose Acetate, Starch

Fig.11/06 Thermoplastic Polyurethane (TPU) drap-
ery, TPU is the thermoplastic version of the widely
employed thermoset plastic polyurethane (PU).



Plastic, and Polylactic Acid (PLA). Characterized
as highly biodegradable, these methods reduce
the environmental impact associated with drill-
ing, mining, and refining processes. Even though
the end-of-life impact for bioplastics is lower,
extensive farming is incentivized which might
ultimately result in deforestation, agrochemical
use, extensive irrigation and drained aquifers,
genetically modified products, and diverting food
resources to industrial procedures.

THERMOPLASTICS
ACRYLIC (PMMA) e Polymethyl methacrylate
(PMMA), the plastic widely recognized as

acrylic, is a thermoplastic with great optic clar-
ity, it is lightweight, strong, chemical-, weather-,
and UV- resistant. Acrylic is often referred to with
common trademarks such as Plexiglas, Lexon,
and Lucite. As a transparent plastic with almost
92% light transmission, and the ability to main-
tain optical quality despite the increased thick-
ness, it is superior to all other plastics as well as
glass, except for surface durability. Available in a
vast range of colors and transparency/translu-
cency levels; fluorescent versions are also avail-
able for enhanced edge glow. It is possible to
process acrylic panels with woodworking tools;
CNC machining is another possibility. Adhesives
need to be carefully picked when joining acrylic
panels; silicone-, epoxy-, and acrylic-based adhe-
sives are the most appropriate as they don’t
damage the material. Acrylic’s hardness allows
for polishing and coating, but it is also highly
prone to scratches. It can be buffed and polished
repeatedly; the surface can also be treated for
scratch resistance. Acrylic should not be cleaned
with ammonia and other glass cleaning chemi-
cals, as they cause yellowing; only the manufac-
turer's recommended cleaning products should
be used. Polycarbonate (PC) has higher impact
strength but slightly lower optic clarity. Glass has
better surface reflections, harder to scratch, and
looks more high-end. Acrylic is brittle and when

Fig.11/07 Acrylic retains optical quality despite increased thickness. It is commonly used
in giant aquarium displays holding thousands of tonnes of water.

it breaks large blunt splinters are formed. Acrylic
can be laminated with film to introduce tint
or translucency, or layered effects. Companies
such as Lumicor® suspend different materials
and objects such as leaves, straws, textiles in
acrylic resin to create cast panels with various
visual effects. Miss Blanche Chair by Shiro Kuru-
mata features this aesthetic. It is also possible
to suspend LED, products manufactured by
Sensitile are one example. It is also possible to
edge-light laser-etched acrylic pieces for inter-
esting effects. Good melt flow, low shrinkage,
and good dimensional stability render acrylic
highly processible and appropriate for molded
complex 3d forms where glass fails due to high
post-mold shrinkage.

POLYCARBONATE (PC) ® Polycarbonate (PC) is cate-
gorized as an engineering thermoplastic owing
to its high strength, optic clarity, and predict-
ability. It is six times lighter for the same volume
compared to mineral glass, which helps reduce
weight in transportation applications. It can also
be used to create safety goggles, break-resistant
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Fig.11/08 Twinwall polycarbonate (PC) panels are dura-
ble and lightweight, commonly used in skylights.

glass, and skylight covers. It can be laminated
with other types of glass to create security glass.
With glass fillers, PC can achieve even higher
tensile strength. Acrylic has similar optic clarity
and high light transmission properties, however,
performs poorly in terms of impact strength and
dimensional stability, PC is 1/3 more expensive
than Acrylic. The biggest problem with PC manu-
facturing is that it is manufactured by polymer-
izing Bisphenol A (BPA) with carbonyl chloride,
which is often not completely polymerized and
can leach into liquids. The surface of PC is not
durable which contributes to BPA contamination
through further abrasion. Recycling is somewhat
difficult due to the fact that both acrylic (PMMA)
and polycarbonate (PC) are assigned to the resin
identification code #7, making it very hard to
separate them from waste streams.

POLYOLEFIN @ Polyolefin is a family of commodity
polymers, including polyethylene (PE) and poly-
propylene (PP), and they are very common and

Vid.11/03 \_/ideo on polycarbonate
vs. acrylic.
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Fig.11/09 Thanks to their flexibility, PEX pipes can be
run like electrical conduits, without elbow joints.

versatile plastics with a wide range of uses as
sheet materials, fibers, and furniture. A wide
range of bright colors and good quality finishes
can be achieved from glossy to matte. These are
hydrophobic polymers that can prevent staining
in carpets, however, they retain and build elec-
trostatic energy. They are viable alternatives
to the very commonly used nylon fibers, more
recyclable but display lesser performance. This
polymer family is almost totally inert, meaning
they have minimal toxicity and are widely used
in food packaging. Polypropylene (PP) is a very
low-density all-purpose plastic with balanced
thermal, physical, and chemical performance.
Widely used in packaging. Polyethylene (PE)
is a thermoplastic but can be transformed into
a thermoset via chemically building cross-link
bonds. Cross-link PE, also known as PEX or
XLPE, is commonly used for contemporary
plumbing applications. The material is low-cost,
impact and cracking resistant, hydrophobic,
non-toxic, flexible, and feature very high on-site
workability. There are highly convenient cutting
tools and connectors available and thanks to
the material’s flexibility, plumbing can be run
behind wall panels in a way similar to electrical
conduits, which in turn minimizes demolition. PE
has been slowly replacing PVC for some resilient
flooring applications. High-density polyeth-


https://www.youtube.com/watch?v=i_ncaGwQZuw

Ylene (HDPE) has high tensile strength, though
not as high as acrylic and nowhere near polycar-
bonate. HDPE sheets can be used in construc-
tion as a machinable and thermoformable panel
product; it is also used as plumbing material.
Tyvek is an HDPE film manufactured by DuPont,
used for weather protection during construction
(housewrap), insulation aid, as well as industrial
packaging.

Polyolefin polymers can be a very suitable matri-
ces for glass fiber (GF) composites, commonly
used in furniture manufacturing. Verner Panton’s
S chair is one example of GF reinforced PE, and
a modern version is available that is manufac-
tured from PP. There’'s also a more expensive
polyurethane (PU) version available. GF reinforc-
ing negatively impacts finish quality, especially in
darker colors.

The polyolefin family is highly recyclable with
associated resin codes such as #2 for HDPE,
#4 for LDPE, #5 for PP. When used as singular
plastic, for instance in packaging, they are even
more recyclable, but recycling ratios are still
lower than most metals.

POLYVINYL CHLORIDE (PVC) ® Thanks to a wide range
of modifications that can be attained with addi-
tives, Polyvinyl Chloride (PVC) is a highly versa-
tile and popular thermoplastic. It is extremely
cheap to manufacture, vastly cheaper than
comparable wood and metal-based alternatives.
In industrial products PVC can attain desirable
tactile and visual qualities, its transparency and
glossiness levels can be tailored, and big range
of vibrant colors can be attained. PVC is a good
thermal and electrical insulator. With the correct
additives, PVC can have a very long useful life,
measured in decades. Over time white PVC can
yellow with UV exposure, which can be prevented
through the use of additives. On the other hand,
this can also be a useful property. For instance
on smoke detectors yellowing indicates aging
and a need for replacement. PVC products are
low maintenance, highly reliable, predictable,

Fig.11710 Without stabilizers, PVC yellows over time. A
useful quality to indicate component age.

and workable, especially on site. PVC can be
expanded into foam for insulation or sheet prod-
ucts can be used as wood panel replacement for
casework, signage, partitions, etc. 70% of manu-
factured PVC is used by the construction industry
as building infrastructure and fittings, making up
75% of combined plastic use in constructions.

Vinyl flooring is a very durable product with
high staining, scuffing, denting, and tearing
resistance. It is relatively low cost and the most
popular among all resilient flooring materials.
There are many product variations with names
such as SVT - Solid Vinyl Tile; VCT - Vinyl
Composition Tile; VET - Vinyl Enhanced Tile;
LVT - Luxury Vinyl Tile. Usually when there is a
“V” in product name it suggests the product is
some PVC variant. Vinyl flooring is available as
planks of 4” to 12” wide and 36” to 48” wide,
exact dimensions vary by manufacturer; it is also
available as continuous sheets of 6’ to 12’ wide,
similar to broadloom carpet. Vinyl flooring has a
very thin profile and when discarded, its landfill
contribution is limited. It is possible to weld vinyl
at seams and use flash coving at wall bases
to create a continuous flooring installation for
excellent impermeability and cleanability. This
is a very popular application detail in healthcare
facilities where hygiene is a significant concern
and floors need to be constantly cleaned. There
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Fig.1/11 Vinyl flooring application in an operation room corridor, the welded seams
and flash coving at the perimeter are compatible with the strict hygiene require-

are two seaming methods, one involving fusing
two sheets of vinyl together via a solvent, and
the other involving melting a vinyl rod into the
seams, a time-consuming and expensive oper-
ation though the result is a better seal. Unlike
sheet vinyl flooring, vinyl tiles cannot be seamed.

Vinyl composite tile (VCT) features miner-
al-based aggregate filler within a vinyl matrix.
It has a simple constitution, a single consistent
material throughout the depth of the product. It
can be fairly brittle, and has low abrasion and
tear resistance. The color and pattern options
are limited. Its lower upfront cost may be enticing
at first, however, the maintenance requirements
and the constant buffing and polishing costs
add up in the long term. Another vinyl product,
on the other hand, the luxury vinyl tile (LVT) is
a slightly more expensive product with features
such as a decorative printed layer and a dura-
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Fig.11712 Vinyl flooring is available in a large selection
of colors.

ble wear layer. The decorative layer can mimic
natural products such as leather, cork, or solid
wood. Custom patterns can also be ordered. A
transparent or translucent wear layer is featured
above the decorative layer determining the
abrasion resistance capabilities of the prod-
uct. A PVC layer between the decorative layer
and a backing layer below provide increased
resiliency. The make-up of the tile depends on
the manufacturer and it can be highly complex
with many more layers. Vinyl flooring is graded
in accordance with the standard ASTM F1303,
based on the expected traffic load, Grade 1 is

vid.11/04 Video on heat welding
vinyl flooring seams.



https://www.youtube.com/watch?v=w837L8RTZd8

suitable for high traffic load commercial environ-
ments to Grade 3 for light traffic load residential
environments.

Vinyl is also used in textiles and apparel. A
common example is faux leather. PVC coated
fabric can be embossed and finished to mimic
the look of leather, though the shiny specular
quality cannot exactly match real leather, creat-
ing a plasticky impression. Furthermore, it has
a hot and sticky feeling as it is not breathable;
tends to quickly crack and delaminate. Polyure-
thane (PU) is a better option for imitation leather
though it is several times more expensive.

Compared to other plastics PVC has low embod-
ied energy. Nevertheless, the overall negative
environmental impact is substantial. PVC manu-
facturing produces large amounts of chlorine,
which is a highly toxic and persistent chemical.
Some of the additives such as phthalates as
well as unpolymerized chemical intermediaries
can be released to the surrounding environment
over time, creating significant health risks for
the occupants, especially developing children.
From 1954 until 1980 asbestos was used as
a binder in Vinyl Asbestos Tiles (VAT). These
tiles are still present in many old constructions
and require vigilance and specialized services
to safely remove them. Another big health issue
with PVC is its burning characteristics. It is

Fig.11713 Luxury vinyl tile (LVT) can imitate any mate-
rial thanks to a printable layer.

vid.11/05 Video on the vinyl waste
separation and recycling process.

self-extinguishing when exposed to a small fire,
however, when combusted PVC emits carbon
monoxide, hydrogen chloride, and benzene
which are serious irritants with high toxicity.
Even though PVC is recyclable with its separate
resin identification code, #3, due to a large
range of modified versions in the market, sepa-
rating is very hard, and recycling is not justified
as virgin material is very cheap. PVC is praised
for its durability; however, it does not biodegrade
or break down which makes it somewhat of an
environmental menace.

While not classified as a polymer, linoleum is
the predecessor of the modern vinyl flooring and
there are many overlapping features. Linoleum
is manufactured by oxidizing linseed oil, or flax
oil, and developing a composite mixture with
wood and cork flour as well as various natural
resins and pigments. The material is porous
due to wood and cork filler content, requires
yearly sealing. It is insulative and feels warm. It
is non-toxic and fire-resistive, anti-static, repels
dust and dirt. Seams can be joined by melted

Fig.11/14 Linoleum is capable of complimenting any
contemporary environment.
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https://www.youtube.com/watch?v=xNNnP86N_kE

linoleum rod or latex adhesives, which improves
the hygiene factor. UV light exposure causes
yellowing. Linoleum has relatively low abrasion
resistance. It can show scuff marks, however,
it can also self-heal very small dents over time.
It can be buffed and refinished. Linoleum is a
natural product and it is completely biodegrad-
able. It can also be composted, yet this makes
it susceptible to mold and mildew growth. Lino-
leum is susceptible to staining and yellowing
when in extended contact with alkaline liquids
and cleaning products.

POLYSTYRENE (PS) ® Polystyrene (PS) is a fairly
cheap plastic with low melting point rendering
it highly suitable for low-value, disposable items.
It can be utilized either as foam or in rigid form.
Commonly used for disposable tableware and
protective, insulative, and disposable packaging
components. High impact polystyrene is used
in models and toys, and as sheet material in
construction. Expanded polystyrene (EPS)
is a very lightweight product with trapped air
consisting 95% of its volume, known by the
trademark Styrofoam. Used extensively in
construction as insulation, molds for decorative
spatial elements, or as the decorative elements
themselves. There’s another version known as
Extruded Polystyrene (XPS), which has higher
density and strength, with higher R-value and

Fig.11/15 The pink colored extruded polystyrene (XPS) is
a common insulation material.
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rigidity. A better insulation material though rela-
tively more expensive. Both materials can be
shaped with computer-controlled hot-wire cutters
and can be used for temporary spatial elements
for exhibitions or events, or in model-making.
There’s an additional PS type named graphite
polystyrene (GPS), with an even higher R-value,
providing better insulative properties. PS is an
extremely prevalent plastic. Even though poly-
styrene has its own resin identification code,
#6, it is not feasible to recycle. The waste PS is
often mixed and contaminated with other trash
and difficult to separate. Due to its low weight
and high volume, it is not economical to trans-
port to a central recycling plant. PS is highly
degradable under UV light and when exposed
to chemicals, very susceptible to breaking down
into micro-plastics.

When combusted polystyrene (PS) produces
significant amounts of soot, a dense
cloud of impure carbon particles which pose
health risks, therefore not very suitable for
incineration either.

POLYAMIDE (PA) ® Polyamide (PA) is a high-perfor-
mance thermoplastic with great wear resistance
and flexibility. It is extensively used in commer-
cial fiber applications; rigid molded applications
are also available such as part enclosures, tool
handles, and medical implants as it can perform
as a reasonable replacement for metal parts. A
very common version of PA is known by the trade-
mark Nylon, which has several versions in itself,
6 or 6.6 being most popular - these numbers
are simply referring to the number of carbon
atoms in its monomer form. Typically, polyamides
contain hydrophilic amide groups, if untreated
they can absorb water and moisture, swell, and
stain. Nylon 6.6 exhibits a lower absorption rate,
better chemical resistance, better flexibility,
however, it is also relatively difficult to mold,



color, and finish. Nylon is commonly blended
with wool for increased strength. Aromatic Poly-
amides, known also as “aramids” are extremely
durable and fire-resistant synthetic fibers, widely
known by the trademarks Kevlar and Nomex.
PA’s resin identification code is #7, shared with
many other plastics. Consequently, it is hard to
separate and recycle. Separation is even harder
for PA blended with other fibers for textile manu-
facturing or woven into other materials.

Nylon is a highly durable material. This
creates a significant negative environ-
mental impact. For example, it is widely
being used for manufacturing fishing nets
and due to the very slow decay rate, an
estimated 10% of debris in the ocean is
discarded nylon.

POLYESTER (PET) ® Polyester or polyethylene tere-
phthalate (PET), is a relatively inexpensive
and versatile plastic with balanced properties,
commonly used for food and drink packaging. It
is relatively non-toxic, free of bisphenol A (BPA),
phthalates, and dioxins, resistant to many chem-
icals. It is inert and does not interact with alco-
hol, fat, oil, etc. However, when exposed to heat
it becomes unstable and can start leaching anti-

Fig.11716 The highly durable Nylon fishing nets are a
significant source of pollution for the oceans.

Fig.11/17 Fiberglass reinforced polyester resin is being
applied to a mold.

mony. Thanks to its high elasticity, impact resis-
tance, and lightweight, high-quality thin-walled
containers can be blow molded easily, making
PET extremely widespread in disposable bottle
manufacturing. Polyester fiber is commonly used
in textile manufacturing, primarily in the apparel
industry. PET is also highly suitable for medium
to low traffic carpeting applications; Nylon is
a better option for high traffic situations. PET
bottles are commonly recycled to carpet fibers,
Polyester is a commonly used matrix for glass
fiber reinforced plastics (GFRP). This material
was widely experimented with by Charles and
Ray Eames, who designed a number of molded
furniture with this material in mind. There
were some toxicity issues with earlier versions.
Current versions mainly utilize polypropylene.
Commonly used drafting medium Mylar® is also
PET. The resin identification code for PET is #1,

vid.11/06 Video on testing polyester
security film on glass.
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https://www.youtube.com/watch?v=cZy4DJHM_fs

it is one of the most commonly recycled plastics.
It is very easy to recognize and separate from
waste streams, therefore easier to recycle and
the resulting recycled plastic is of high quality. It
is not uncommon to see trashcans dedicated to
PET bottle disposal.

THERMOSETS

RUBBER @ Rubber, or polyisoprene, is a thermoset
polymer known for its elasticity and high resis-
tance against chemical agents, heat, and abra-
sion. There are two overarching types of rubber
available: natural and synthetic. Natural rubber
is tapped from the rubber plant grown in tropical
regions, and synthetic rubber is synthesized from
petroleum byproducts. Natural rubber features
high tear resistance, tensile strength, and a
relatively low melting point. On the other hand,
synthetic rubber has excellent heat and chem-
ical resistance. The properties of both rubber
types are unique and they are often blended;
the level of flexibility, as well as the performance
properties, can be specifically tailored for the

Fig.11718 Rubber flooring is highly suitable for gym environments, where heavy loads
are dropped and rolled around continuously.
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purpose of the end product, rendering rubber
highly versatile. Vulcanization, also referred to
as mediated crosslinking, is a curing process for
enhancing a thermoset polymer’s properties.
The term is mainly used to refer to the process
of treating rubber with sulfur after the resin is
shaped. The cross-linking processes for silicone
and polyurethane are also referred to as vulca-
nization. The process enhances the plastic’'s
ability to revert back to its original form after
sustaining significant deformation.

Rubber flooring is very durable and resistant
against deformation and indentation, provides
significant slip resistance, suitable for places
that feature a lot of heavy traffic, especially rolling
loads. Rubber flooring is also light on joints and
mitigates occupant fatigue to an extent. Highly
comfortable underfoot, rubber flooring is used
in gyms, playgrounds, and in workplaces where
employees spend hours standing. Initial costs
may be relatively higher, however, the material
is very resilient and its useful life is fairly long.

60% of all rubber production goes to tire manu-

Fig.11/19 Used tires are not wanted in landfills as they
can trap methane because of their shape.



vid.11707 Video on contemporary
rubber recycling process.

facturing. Tires are discarded after a relatively
short useful life, creating a significant source of
waste. As a thermoset plastic, rubber is very diffi-
cult to recycle into useful virgin material. There
are two alternative paths of recycling available.
The first method is devulcanization, which is
a chemical and thermomechanical process to
reverse the effects of vulcanization and partly
replace the virgin material. There are various
methods still in development to increase the
feasibility and quality of this option. The other
recycling, or rather reusing, method is grinding
rubber and using it as feedstock or filler in other
products. There are many examples of high-end
flooring finishes and carpet paddings utilizing
this particular technique.

POLYURETHANE (PU) @ Polyurethane (PU) is one of
the most popular polymers, available in two
subtypes: thermoset (PU) subtype primarily as
open-cell flexible foams and thermoplastic (TPU)
subtype as rigid molded forms; the thermoset
subtype is not melt-processible. Polyurethane
has great shape-retention and minimal creep.
Even after receiving heavy loads for extended
periods, it returns back to its original shape
easily. Its performance and properties can
be fine-tuned via various additives. 1/3 of all
polyurethane manufactured is flexible foam,
mainly for upholstery use and highly efficient
insulation. Polyurethane foam is manufactured
as giant slabs in varying densities and hardness,
commonly referred to as slabstock; these are
then cut to the desired shape. Memory foam,
also referred to as viscoelastic polyurethane, is
a very popular padding commonly associated
with comfort. The foam reacts to body heat and
becomes softer, better accommodating the user.

However, the price point of the material is rela-
tively high and is rendered useless in very high
or low temperature environments. Polyurethane
has a wide spectrum of use beyond foam, can
be molded as solid objects, flexible objects; can
be used as core for sandwich panels, or can be
manufactured into high-performance coatings,
adhesives, or sealants. Thanks to its elastic
nature, the fiber form can be woven, into stretch-
able garments. Polyurethane in thermoset form
cannot be recycled, however, it can be ground
and used as filler for other products, such as
carpet underlays. Incinerating polyurethane is
another option, however, this produces toxic
gases such as carbon monoxide and hydrogen
cyanide.

EPOXY @ Epoxy, also known as polyepoxide, is
a highly versatile thermoset plastic. Epoxy by
itself has limited mechanical performance,
and in order to achieve the high-performance it
is widely known for, it needs to be mixed with
a curing agent referred to as the hardener,
enabling dense cross-links to form throughout,

Fig.11720 Polyurethane spray-foam insulation is highly efficient but requires flawless

I installation to properly function.
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https://www.youtube.com/watch?v=UWyLzXHqJSs

Fig.11721 Epoxy flooring is actually a thin resin layer
and requires meticulous substrate preparation.

allowing the material to gain strength and rigid-
ity. Different types of hardeners can be utilized
for different purposes or to adjust curing times,
also known as pot-life. After curing, the material
gains superior resistance to chemical, thermal,
and physical abuse. Epoxy is commonly known
as a flooring finish, but it is also used for grout-
ing, as an adhesive, a surface finish, and it is
highly popular in DIY furniture design, among
many other uses.

Before the application, the substrate needs to
be carefully sanded, vacuumed, and washed.
Epoxy is applied as layers of very thin film and
it telegraphs any irregularity on the substrate.
The leftover sand and dust particles can
contaminate the film. This process needs to be
carefully controlled and requires specialization.
If the mix-ratio is not correct, there’s a possibil-
ity of uncured resin or hardener being left out,
deteriorating material performance. The curing
process is exothermic, meaning it will release

vid.11/08 Video on decorative epoxy
installation.

heat, however, since interior applications are
thin films, the heat build-up does not cause
problems. During curing epoxy releases VOCs,
which can quickly build up in confined areas.
A mask/respirator with a vapor/gas cartridge
needs to be used for safety. Proper ventilation is
necessary to control VOC buildup and for letting
the excess heat escape. Uncured epoxy should
never be sanded due to high toxicity. After curing
the material is inert.

The key ingredients in most epoxy are epichlo-
rohydrin (ECH) and bisphenol-A (BPA), though
alternative formulations are available. Around
2% of the population tends to develop some
form of allergic reaction and discomfort when
exposed to epoxy. Even though there are meth-
ods in development, currently, epoxy is not
recyclable. Epoxy waste should not be mixed
with household waste.

Uncured epoxy is toxic. Unused material
should be left to cure and taken to a local
waste management center.

FORMALDEHYDE @ Formaldehyde is one of the oldest
synthesized plastic resins, known since 1855. It
is brittle after it is cured, and displays somewhat
poor moldability features, however, performs well
as a resin matrix for panel products and objects
with simplistic forms. Formaldehyde is also
found in various adhesives, sealants, laminates,
insulation, and coating products. There are three
widely used versions, melamine-, phenolic-, and
urea-formaldehyde each with slightly different
properties. Phenol-formaldehyde resists mois-
ture, is stable, and has better strength. Oriented
strand board (OSB), and some plywood panels
employ phenol-formaldehyde. On the other
hand, the widely used urea-formaldehyde is
cheaper. Urea-formaldehyde is commonly used
for particleboards, MDFs, and some plywood
panels. There is also melamine-formaldehyde,
used in laminate manufacturing. Clarity of the


https://www.youtube.com/watch?v=489D-C79Gt0

Fig.11/22 The transparency of melamine-formaldehyde
resin enables a vivid representation of pigments.

resin enables vivid colors and accurate render-
ing of decorative layers.

Formaldehydes, especially urea-formaldehyde,
are known to be substantial sources of VOCs.
Phenol- and melamine-formaldehyde emits,
comparatively less dangerous VOCs. Since they
are still widespread in the market, the designer
should pay attention if the materials being
specified contain formaldehyde and what the
emission levels are. It is best practice to seal
the material properly. For instance, laminating a
particle board panel, or applying urethane coat-
ing on an OSB panel minimizes VOC emissions
as long as the sealing layer is intact and doesn’t
sustain damage. Another important precaution
is the pre-occupancy ventilation period of the
environment to disperse VOCs released during
the initial, more dense emission periods.

The designer should make sure that the
temperature and humidity of the appli-
cation environment stay balanced, as an
increase in these parameters exacerbates
VOC emission levels.

SILICONE @ Silicone, or polysiloxane, is unique
among the popular polymers. Its building block
is an inorganic monomer made up of silica and

oxygen; however, it is still widely regarded as a
plastic. Silicone is anti-microbial and hypoal-
lergenic, highly durable, water-resistant, and
chemically inert with no known toxicity. It is often
used for heat-resistant cookware, it is flexible
with great tear and scuff resistance. Silicone is
commonly used for manufacturing adhesives
and sealants in the construction industry, highly
compatible with most materials. Like other
thermosets, it is difficult to recycle, can only be
downcycled in the form of silicone oil or shred-
ded and used as filler.

MANUFACTURING METHODS

Plastics are ubiquitous in the modern world.
For a designer, a fundamental knowledge of
plastic manufacturing methods is exceedingly
helpful, not only for designing custom compo-
nents involving plastics but also when specifying
plastic products. All thermoplastic manufactur-
ing processes involve heated resin shaped to a
mold, such as thermoforming, vacuum forming,
drape-forming, injection molding, blow mold-
ing, rotational molding. Thermosets are cured
through a chemical reaction after they are intro-
duced to a mold. The appropriate manufacturing
method depends on the shape, structure, and
complexity of the product, output volume, and
the type of plastic to be used.

Thermoforming is essentially forming with
heat. Thermoplastics in sheet form heated to
a temperature at which they become soft and
pliable but not melted, then formed into the
desired shape by use of a mold. In drape form-
ing heated plastic is draped on a piece of mold.
In vacuum forming sheet plastic is heated and
placed over a mold, then by sucking out the air,
the plastic piece is forced to tightly envelope the
mold, taking its shape. Edge trimming is required
for most of these applications. The degree of
surface detail that can be attained with thermo-
forming is fairly limited. Sheet plastics can also
be processed like paper: creased, folded, and
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I Fig.11723 Vacuum forming involves draping a heated plastic sheet on the mold and sucking the air to give shape.

cut. Such techniques are widely employed in
packaging.

Extrusion is when melted plastic resin is forced
through a shaped opening to achieve a continu-
ous profile. Pipes, tubing, railing, sheet films, as
well as some complex profiles such as window
framing can be manufactured with extrusion. It
is possible to directly form an extruded jacket
around a wire. Thin sheets of acrylic and polycar-
bonate are extruded, thicker panels are molded.
Calendering is a method similar to extrusion, it
is used to produce plastic sheets and films by

Fig.11/24 The highly complex PVC window profiles are
one example for thermoplastic extrusion.
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forcing the resin between two heated rollers;
commonly used in non-woven textile manufac-
turing.

Injection molding involves forcing melted
plastic pellets into a mold at high pressures. A
common method for molding three-dimensional
products with complex surface details. This
method gives the designer a lot of control, it is
possible to adjust the wall thickness, and attain
strength where needed, significantly saving
manufacturing costs. Depending on the resin
type, mold complexity, size of the cavity, and
expected output, mold design and tooling can
be very expensive. It is justified only when a very
high volume of production is expected. Injec-
tion molding has very short cycle times and a very
high output volume. Each year 60 billion LEGO
pieces are manufactured with this method. The
success of the final product depends on mold
design as well as resin selection. Injection mold-
ing requires high melt flow and not appropriate
for all types of plastics due to the possibility of
defects. HDPE, Polyolefins, Acrylic, and Nylon
are excellent for molding, whereas PVC, silicon,
and rubber may require various additives for

vid.11/09 Video on the intricacies of
injection molding.



https://www.youtube.com/watch?v=RMjtmsr3CqA

I Fig.11/25 A retired Lego injection mold.

successful implementation. Furthermore, differ-
ent types of plastic have different dimensional
tolerances, and the output of the same mold
can have different dimensions for different plas-
tics. After molding, injection hole artifacts and
resin flash are visible and must be sanded and
removed. It is possible to inject multiple resins
from different injection units into multiple molds
in close sequence with multishot injection
molding; different colors, surface qualities, and
performance properties can be obtained on the
same product. Overmolding involves securing
a previously manufactured plastic or metal
component inside the mold, then injecting resin
to cover part or entirety of the secured object,
bonding both components. Useful for creating
a rigid internal support, embedding electronics,
etc.

Unlike injection molding where melted resin
is injected into a cavity at high pressure; in
compression molding, pre-heated resin is
placed into a heated mold, which is then closed
and compressed. Appropriate for thicker parts
with fewer details, mold costs are relatively lower,
on the other hand, cycle times are slower, output
is low, and cost per piece is higher. Appropriate
when low to medium output volume is required.

Similar to mold-blown glass, in blow molding
air is blown into heated plastic, inflating it into
the mold’s shape; bottles and containers with
consistent thin walls or multiple layers are

T
vid.11/10 Video on the blow molding E
process.

produced with this method. It is possible to utilize
multiple molding techniques on the same plastic
body, permitting some complex form-making.
Some blow molded items start out as extrusions.
It is possible to injection mold some details like
complex handles or spouts with precise details
and then blow mold the rest of the object.

Rotation molding involves continuously rotat-
ing molds while heating powdered resin inside,
essentially coating the surfaces with approxi-
mately equal thickness plastic. It is possible to
mold large objects that are completely sealed
as well as with open ends, while achieving a
constant wall thickness throughout. This method
has low output volume. Large buoyant objects,
inflatables, liquid containers, as well as sizable
furniture pieces can be created with rotation
molding, one famous piece being Marc Newson’s
Plastic Orgone Chair.

Fig.11726 In blow molding, the PET billet is heated, and after they are placed within the
mold air is pushed in to expand the object into the shape of the mold.
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https://www.youtube.com/watch?v=8W6P5KU5ONQ

Fig.11/27 In this rotation molding example an open
flame heat source is utilized.

Dip Molding involves dipping a mold into melted
plastic such as PVC or polypropylene (PP), cover-
ing the mold with a consistent thin layer of plas-
tic with an open end. It is possible to dip-mold
woven backing, which is commonly used in
textile and apparel manufacturing.

Sometimes referred to as “growing” a product,
3d printing is an additive manufacturing
process where the material is deposited in
sequential layers to achieve the final form.
There are many types available, such as laser
sintering and fused deposition or fused filament
printing. It is great for prototyping and very low
volume manufacturing. Various methods can
provide down to 10 microns precision, enabling
some highly intricate details to be achieved only
with 3D printing. However, these high-precision
techniques such as laser sintering and stereo-
lithography can be very expensive, furthermore,
the part might not have the same mechanical
performance as a conventionally manufactured
alternative. With the advent of low-cost 3d-print-
ers directed towards enthusiasts, a potential
health hazard became more apparent. During
the printing operation, the melted and depos-
ited plastic material releases toxic fumes. A
National Institute for Occupational Safety and
Health (NIOSH) study claims the emissions from

200

Fig.11/28 3d printing is great for prototyping. The

performance of the fabricated object is relatively low.
heated ABS and PC feedstock as damaging to
lung tissue.

Plastic Welding involves applying a heated ther-
moplastic or curable plastic to a seam between
two plastic pieces for the purpose of joining
the two. The strength of the bond is dependent
on the compatibility of joined plastics and the
welding plastic. This method is very common
in vinyl flooring applications, enables seams to
be flush and non-permeable which is helpful for
cleanability. It is also possible to join plastics by
applying chemicals or heat to the seam.

COMPOSITES

In materials science, the term composite refers
to the combination of two or more materials
in such a way as to create a new material with
enhanced properties. Composite materials
offer excellent strength-to-weight, dimensional
stability, increased useful life, and added func-
tionalities such as thermal or electric insulation,
etc. Composites have been used throughout
history. Mudbricks, being one of the earliest
examples, involved a combination of straws and
mud to enhance the resistance of bricks against
tensile forces while minimizing crumbling. The
same fundamental principle is seen in the rein-



Fig.11/29 A composite material constitutes multiple
materials that enhance each other’s performance.

forced concrete today. The aggregate in cement
matrix creates a stronger composite material
by resisting compressive forces, however, this
is taken one step further with the addition of
a steel rebar reinforcement, creating a very
strong construction material that can resist
tensile stress as well. Another significant exam-
ple is fiberglass. Developed in the late 1930s,
fiberglass is composed of thin strands of glass,
woven into fabric and then fused with a resin or
plastic. Composites can even occur naturally.
Wood is classified as polymer composite, where
the cellulose fibers are bonded by lignin.

Composite materials can be constructed in
various ways. It is possible to set fibers, flakes,
chunks, sheets, or meshes in a resin to create a
composite. In this type of composite, the resin is
called the matrix and it binds the added mate-
rial that is called the reinforcement. Essentially,
the reinforcement enhances the mechanical
properties of the matrix, while the matrix

vid.1y11 Video on the history of
composite materials.

Fig.11/30 Sandwich panels typically feature a core layer
sandwiched between protective sheets.

holds the material’s shape and determines its
surface quality. For instance, carbon fiber as a
reinforced composite involves woven carbon
fibers set in polymer resin; it can be five times
stronger than steel while having only one fifth of
the mass. In bioplastic composites, fibers can
be added to compensate for inherent structural
weakness. Unlike alloys, the physical and chem-
ical properties of each separate component of
the composite material are maintained. The
naming conventions work both ways to include
either the reinforcement or the matrix, such
as fiber-reinforced composite, or metal matrix
composite. Sandwich panels are also consid-
ered composite materials; they feature a core,
typically lightweight or insulative sandwiched
between two sheets of another material. For
instance, an aluminum honeycomb panel can
be sandwiched between two sheets of alumi-
num, creating a material that is much stronger
and much lighter than an aluminum sheet of
the same thickness. Another example would be
glass wool insulation being sandwiched between
corrugated aluminum panels. In this case, the
corrugations give strength to the composite,
while glass wool creates a heat barrier.

Composite materials have two significant short-
comings. First is the long and costly research
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https://www.youtube.com/watch?v=VS_Kg-VEvzE

Fig.11/31 Typical carbon fiber implementation involves
plain woven carbon fibers set in epoxy resin matrix.

and development processes. It is exceedingly
difficult to achieve a perfect combination of
materials that will work in harmony without dete-
riorating each other’s performance while improv-
ing the overall mechanical and chemical proper-
ties. It is very costly to develop and manufacture
these complex materials. Another downside
is the challenges to recycling due to complex
combinations of dissimilar materials. Compos-
ites are often not feasible to recycle, though for
some components’ prohibitively excessive initial
cost can incentivize the development of efficient
recycling practices, one example being the very
expensive carbon fiber.

INTERIOR SPECIFIC POLYMER PRODUCTS

RESILIENT FLOORING @ In materials science, the term
resilient is used to refer to materials that are
strong, durable, and flexible enough to absorb
impact and endure deformations, and return to
their original shape following the removal of the
load without experiencing creep. This group of
materials are either come in sheet or panel form,
typically with a thin profile, they are relatively
cheap. Materials such as vinyl, rubber, linoleum
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Fig.11732 Cork is categorized as resilient flooring, though
it cannot perform as well as polymers alternatives.

are considered in this category and show high
resiliency. Compared to polymer-based alterna-
tives, some natural materials in this category are
less resilient such as cork or leather.

The history of resilient flooring starts with
Linoleum in 1894, which was the precursor to
modern resilient flooring materials. Between
1894 and 1904 various other tile floorings were
introduced to the market, including rubber and
cork. Vinyl composition tile wasn’t introduced
until 1943, though, it became increasingly
popular as new variations on the material are
introduced and the material became cheaper,
more durable, and functional.

Today a number of material compositions are
available with some variation in performance
and sustainability characteristics. A printable
layer enables any material to be imitated, or
pigments and colorful flakes can be intro-
duced, not only for aesthetic value but also for
hiding soiling and scuffing. A strong wear layer
enables the already resilient and durable mate-
rials to perform very well under heavy traffic
loads. Various seaming techniques such as hot
rod melting and chemical welding with a variety



of baseboard and threshold details enable a
consistently impermeable floor, highly suitable
for wet spaces and rigorous cleaning practices.

Building static charge is a significant problem
with polymer-based flooring products, especially
in spaces where flammable materials are stored
or used, such as hospital operating rooms,
or where electronic hardware is housed such
as server rooms. For such environments, the
designer should consider inherently antistatic
solutions such as conductive rubber, or static
dissipative tile.

SOLID SURFACE & QUARTZ @ The term solid surface
refers to a category of composite sheet prod-
ucts that utilize a polymer resin matrix such as
acrylic, epoxy, and polyester, various fillers, and
complex pigmentation that offer a wide range of
colors and textures. Some examples can even
accurately imitate natural stone counterparts.
These products are highly workable and can be
processed with widely available woodworking
techniques; they can be sawn, milled, and even
bent with the application of heat. Solid surfaces
are typically specified for countertops, however,
the application possibilities are virtually limitless
due to their high workability provided by the ther-
moplastic matrix. Application examples include
high-end complex front desks, sculpted seating
units, residential countertops with integrated
sinks and functionality, wall paneling with depth,
and flowing ceiling elements. On the other hand,
the same polymer matrix carries most disad-
vantages of the original polymer, for instance,
an acrylic matrix will be susceptible to surface
scratching, or heat can cause damage. Acrylic,
epoxy, and polyester matrices are not completely
chemically inert, so when a solid surface material
featuring these resins is to be specified, possible
chemical exposure to strong acids, chlorinated
solvents, and acid drain cleaners should be
considered. Longer exposure means stronger
staining and harder removal. However, thanks
to their homogeneous color-through constitution
the material can be easily repaired and patched,

I Fig.11/33 Solid surface product being bent around a plywood mold, through utilizing a

mixture of heat treatment and kerfing techniques.

many times over.

Solid surfaces are available in ¥” thickness for
vertical applications, ¥2” and 34” for other appli-
cations. The sheet size varies between manufac-
turer and product, but they are typically around
30”7 x 144" for thicker and 30” x 98” for thinner
sheets. One great advantage of solid surfaces
is, despite the limited sheet sizes, seams can
be completely hidden with the application of
heating and buffing, which enables continuous
stretches.

The National Sanitation Foundation, or currently
known as NSF International, is an independent
organization that publishes various health,
sanitation, as well as food and water safety stan-
dards. Part of the standard NSF 51 outlines vari-
ous resin-based countertop materials that are
deemed safe for commercial food production.
The designer should check if the solid surface
material is NSF 51 compliant or not, especially in
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Fig.11734 With complex pigmentation techniques quartz
panels can imitate natural stone convincingly.

cases where food contact is expected.

Engineered stone, also commonly referred to
as quartz, is similar to solid surface, however,
around 90% of the material composition
is quartz used as filler. Epoxy, polyester, or
other resins are used to make up the matrix
component. Quartz and quartzite are different
materials. Quartz is an artificial panel product
and quartzite is a metamorphic stone with a
granular texture and impressive hardness. The
hardness of quartz particles renders engineered
stone highly resistant to abrasion and scuffing,
equal to granites with the highest resistance.
Moreover, the material does not require any
sealing or other periodic maintenance. It is
inherently NSF 51 compliant. Quartz is available
in 2cm (3/4”) and 3cm (1-1/4”) thicknesses,
and its workability is similar to granite, however,
due to their homogeneous, or isotropic nature
the possibility of breakage is much lower. One
disadvantage of quartz over solid surfaces
is that the seams cannot be hidden, also,
cracks and other damage over time cannot be
patched in a straightforward manner. Some
quartz panels are marketed as heat resistant;
however, excessive heat exposure is known to
cause cracks and at the very least discoloration.
Undiluted use of acidic cleaners can also cause
discoloration over time.
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Fig.11/35 Plastic laminates can feature solid colors,
natural textures, as well as bespoke graphics.

PLASTIC LAMINATES @ Plastic laminates are thin
sheet products that comprise several layers
of paper bonded together with formaldehyde
resin, followed by a decorative layer that can
feature any image, and a clear wear layer that
provides protection against abrasion. Owing to
the combined effect of the visual decorative and
tactile top layer, any material can be imitated to
an extent, such as all solid woods with high-gloss,
satin, or matte texturing; granites, marbles, trav-
ertines, metals with a variety of sheen levels.
Bespoke designs are also possible, services
provided by almost all laminate manufacturers.

Plastic laminates are intended to adhere to
various substrates such as particleboard, MDF,
plywood, cement board. Laminates are just
thin sheets of material and unless the edge is
continuous, i.e. rounded/filleted, the sides of the
substrate will be exposed. These exposed areas
can be closed off with edge bands appropriate
for specific panel thicknesses or the same plas-

vid.11y12 Video on laminate
countertop application.



https://www.youtube.com/watch?v=fvthmsVnua0

Fig.11736 Plastic laminate edges and seams are prone to
heat and moisture damage.

tic laminate can be applied.

Plastic laminates can be used for countertops,
as long as the substrate’s behavior against
moisture is stable. Plastic laminates have
size limitations, typically matching common
substrate sizes such as 4’ by 8 or 6’ by 12’
when there are turns, corners, or extended
areas involved a seam is needed. Typically,
these seams represent weak points on the
surface. The seam needs to be far away from
water sources and all edges need to be sealed.
In addition to moisture concerns, the designer
should be concerned about heat exposure as
well, as continual exposure to heat can cause
plastic laminates to delaminate especially at the
seams and edges.

High-pressure laminates (HPL) feature multi-
ple layers of kraft paper, impregnated with resin
consolidated via the application of high heat
and pressure. Compared to standard plastic
laminates they contain 3 to 4 times more layers,
providing extra durability and impact resistance.
Similar to standard plastic laminates, HPL's also
require a stable substrate. Compact laminates
feature a core that is completely consisting of
resin-impregnated kraft papers, sandwiched
between laminated sheets, via the application
of intense heat and pressure. Even though
slightly expensive, compact laminates are highly

durable and moisture resistant, very suitable for
use in wet spaces as well as outdoors. Various
compact laminates available in the market make
use of colored core layers, enabling the design-
ers to create various profile effects that work
very well with CNC machined parts.
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For an interior architect or designer, design skills
and technical knowledge only partly contribute to
career building. The professional is also expected
to build and maintain reputation, integrity, and
credibility; always holding themselves to a high
ethical standard. Networking, creating, and
maintaining a team of professionals, including
representatives, vendors, contractors, installers,
as well as a number of consultants from speci-
fication writers to acoustical engineers, are also
highly important.

In the context of interior architecture and design,
a contractor is an individual or a company that
coordinates and supervises a project, develops
a schedule, handles permit processes, acquires
materials and services, ultimately ensuring that
the design intent is realized accurately and on
time. Typically, the client hires the contractor,
though it is possible for the design professional
to hire the contractor or function as the contrac-
tor. Local laws might require licensure to perform
contractor duties, for instance, the State of



Kansas requires the individual to be pre-quali-
fied to work as the prime bidder. State laws for
qualification and licensing requirements for
contractors should be checked before commit-
ting to any contractor duty. The designer should
understand that even though the contractor is
responsible for realizing the design intent, the
designer will ultimately receive the credit or
the blame for the finished design product, and
should be ready to assume responsibility and
act accordingly.

As long as there is healthy competition in
the market, with regard to the materials
specified and the contractors and install-
ers hired, the designer almost always gets
what they pay for.

Contractors hire qualified professionals such as
subcontractors and installers to finish various
tasks required by a project and they also ensure
that all teams are scheduled efficiently and
working safely. Subcontractors are specialized
professionals who are hired by contractors
to perform a specific group of tasks, such as
electrical, plumbing, demolition, etc. work. If the
designer is the person hiring a subcontractor,
beyond looking at a website or portfolio and
reviewing photos of previous work, they should
make sure to examine previous or ongoing
work by visiting a job site as well as speak to
references to assess credentials, work ethic,
and quality of output. The designer should
always clearly communicate expectations to
the sub-contractor. Installers are employees
performing work on site, such as assembling
and installing furniture, applying paint, or laying
tiles. They may be hired separately, through a

Link 12/01 Additional {n_forr_nation on
contractor pre-qualification.

Fig.12/01 Realizing a project involves a large team of
professionals coordinated by the designer.

contractor, or a sub-contractor. Whether they are
directly hired by the designer or not, installers
represent the designer on-site. Consequently,
their attitude and manner of communication
bears significance.

In the most simplistic sense, manufacturer
representatives, also referred to as sales
representatives or “reps”, act as intermediaries
for manufacturers, promoting and selling their
products to professionals. Reps can represent
a single product line for a company or multiple
non-competing products from several compa-
nies. Representatives have extensive knowl-
edge and experience about the materials they
promote and can be a true ally to the designer.

Manufacturer representatives help design-
ers by providing product knowledge,
alerting them about discounts, provide
pricing information, guidance and tips,
suggest sub-contractors for processing
and installing the materials as well as
aiding in troubleshooting issues.

Establishing a dialogue with manufacturer repre-
sentatives is one important way to learn about
and get help on material specifications. However,
various other sources of information are also
available to the designer. Dealers, distributors,
and vendors offer a selection of materials, prod-
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https://admin.ks.gov/offices/ofpm/dcc/cont-pre-qual-info

ucts, and supplies as well as related services in
some cases often only to professionals. On the
other hand, resellers and retailers sell products
directly to end-users; designers can also assume
this role. The contract for Furniture, Fixtures
& Equipment (FF&E) is separate from the
contract for construction. It includes services
pertaining to storage, delivery, assembly, and
installation of the products, signed between the
vendor and the client. Showrooms are whole-
salers who promote product lines from multiple
manufacturers. A close relationship with these
businesses is important as they can be helpful
in securing trade discounts and solving issues
with orders. Custom items such as window
treatments, bespoke furniture, and casework
are often fabricated in workrooms. Since
workrooms provide specialization in one aspect
of interior space, their feedback and advice are
often highly valuable.

The designer can request samples from a wide
selection of sources, including but not limited
to, manufacturer representatives, vendors, and
showrooms. Material samples provide a rela-
tively small section/piece of the actual material,
generally around 2” by 2” to 8” by 8” in size,
though the sizes vary substantially between

I Fig.12/02 Showrooms enable side-by-side comparison of multiple products.
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vid.12/01 Video on how workrooms
function.

manufacturers and products. Samples are very
helpful in assessing the exact look and feel of
the material. An additional benefit is seeing the
representation of the effect of various materi-
als together. Designers can prepare material
boards to assess the synergy and impact of vari-
ous materials in combination. Material boards
are also a great way to communicate ideas with
clients as well as collaborators.

When building a material board, the
designer should pay close attention to
the visual composition;, how the nega-
tive space is employed, how the sample
relationships are defined via adjacency
and overlaps, and how the organization of
samples represents the final product.

An important aspect of becoming an efficient
designer is understanding that interior design
involves far more than the individual effort of
the designer. On the contrary, it involves the
totality of expertise and efforts of many profes-
sionals throughout the process. Consequently,
the successful completion of any project heavily
relies on a healthy team dynamic. Keeping
professional relationships in good standing is
crucial for ensuring project success.

SPECIFYING MATERIALS

Within the context of spatial design, the act of
specifying refers to determining the materials,
furniture, fixtures, and equipment involved in
realizing the design intent. On the other hand,
the term specification, or spec, refers to a clear


https://www.youtube.com/watch?v=Bt6qR6vZnvA

I Fig.12/03 Material boards provide an abstract representation of the look and feel of the space (work by Darianne Conley).

and detailed written description of the materials,
standards, tools, labor, and procedures required
to fabricate and install the designed project.
Specifications are provided as an intrinsic part
of the construction document set and used in
conjunction with construction drawings to accu-
rately execute the designer’s vision.

The construction drawing set and the
specification documents should coordi-
nate perfectly. In case there is a conflict,
the specification document supersedes
drawings according to the typical order of
precedence.

Like any other component of the construction
document set, specifications are integral to

the signed contract and are legally binding.
Unclear expectations might return as subpar
work or mistakes that might result in lawsuits.
Badly written specifications are a major source
of liability and a common source of legal claims.
There are dedicated specification writers in
the industry who can be hired as consultants,
however, it is essential for every interior archi-
tect and designer to understand what good
specification writing entails; the designer is still
responsible for the errors and omissions, as the
consultant is working under an agreement with
the designer, and not the client.

There are 2 fundamental specification types,
tailored towards two different purposes:

An open specification outlines the expected
properties of materials/products and results,
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gives bidders the flexibility to decide on the
specific manufacturer or variation among possi-
ble alternatives, determines the way the mate-
rial/product will be processed and implemented
based on the given description. It is open for
alternatives and substitutions. Government
contracts are required to be open.

A closed specification states specific materi-
als/products and their specific model and varia-
tion, requires specific processes, and declares
the expected results. It does not typically allow
for competitive bidding. It is typically closed for
alternatives and substitutions, however, it is
possible to bypass this with specific wording, for
instance, “equal products can be used with the
approval of the designer and client”.

The fundamental specification types can come
in different formats customized to serve differ-
ent needs. 4 most common types are as follows:

Performance specification is an open type
spec that describes a number of criteria and
sets up expected results, what the finished
installation is expected to accomplish. e.g. fire
resistance ratings, VOC emission levels, or ther-
mal insulation values.

Reference specification is another open type
spec that references standards and test meth-
ods set by widely recognized authorities, such
as ASTM E648, NFPA 701, or UL 1715. Since
these standards are so clearly defined, errors
and liability are minimized.

Proprietary specification is a closed type
specification where exact manufacturer name
and products, even specific suppliers, can be
stated. It is straightforward to write, relatively
shorter and the designer is given absolute
control.

Base-bid specification is another closed type
specification; specific products are called out,
however, the contractor is allowed to substitute
other products. These substitutions should be
subject to the designer’s review and approval.
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vid.12/02 Video on specification
types and their uses.

Developed and published by the Construction
Specifications Institute (CSI), widely adopted
by the construction industry, MasterFormat® is
a guidebook that provides a standardized and
systematically structured framework for spec-
ification, contract, and manual writing, helping
to create a common language across the indus-
try and setting-up a reference that minimizes
misunderstandings. MasterFormat® features a
six-digit indexing system to simplify searching
for relevant information. In the latest version,
there are 48 divisions relating to many aspects
of construction including materials, equipment,
furnishing, etc., but also, services, site and
infrastructure, and processes. This organiza-
tional methodology is especially relevant when
writing specifications, and the content is tailored
accordingly. E.g. 09.21.16 refers to “Gypsum
Board Assemblies” - or - 06.18.13 refers to
“Glued Laminated Timber”.

SectionFormat®, or PageFormat® in Canada, is
a specification formatting standard, also devel-
oped by Construction Specifications Institute
and widely adopted by the construction industry.
SectionFormat® divides the specification content
into the following three parts:

General information about the project - this
part is the general summary of the job, including
which MasterFormat® division/section it relates
to, references, the extent and frequency of
submittals, shop drawings, mock-ups, also, site
conditions, access to amenities such as elec-
tricity and heat, delivery, storage, and handling
expectations, as well as warranty conditions.

Information pertaining to products - this
part outlines which material will be installed


https://www.youtube.com/watch?v=-FfOUfIbfF4
https://06.18.13
https://09.21.16

where, specific features, work to be performed
prior to installation such as cutting, polishing,
sealing; compliance with standards, certifica-
tions, and the general condition that the mate-
rial should be in before installation.

Information pertaining to execution - this
part outlines the implementation, including
the examination of the application substrate,
expected work to be completed by other teams
prior to installation, substrate prep work to be
completed, intended installation result, allow-
able tolerances and deviances, quality control,
what will be done with the scraps, debris, and
waste; cleaning, sealing, and protection, and
lastly the general condition the installation
should be in before substantial completion, in
other words, before the owner takes possession.

The contractor uses the outlined specification
information as well as the provided construction
drawings, schedules, manuals, and catalogs
supplied by the designer to realize the project.
Specifications might also include a clause dictat-
ing that the installation must be signed off by
the designer.

COST ESTIMATION

For an interior design professional, project cost
estimation is an important skill for two reasons.
First, there often is a limited budget associated
with virtually every project, and knowing how
much a design decision will cost can prevent late
revisions that can possibly alter the aesthetics
and impact of a project. Second, the client might
be interested in learning the cost of a project
early on, to plan ahead. A ballpark estimate
or ballpark figure is the approximate cost of
a project, can be given as dollar amount per
square foot. Contractors and subcontractors can
always give the designer a quote upon request,
however, depending on the complexity of the bid
and how busy their schedules are, this process
might take days or weeks.

A quick cost estimate turnaround is
often important, especially in the initial
stages of a project. This emphasizes the
importance of the ability to self-estimate.

There are many small but crucial aspects of esti-
mation that require careful attention. First, an
estimation includes more than the materials and
workmanship; possibly transportation, handling,
processing, purchase of various components,
hardware, perishable tools, etc. Furthermore,
the pricing of some of the items might fluctuate,
one significant example being the threefold
increase in lumber prices during the COVID-19
pandemic.

Smaller costs add up to considerable
amounts, therefore creating a detailed
spreadsheet and keeping track of all
possible costs is extremely important.

The possibility of wastage and breakage should
always be accounted for as unforeseen situa-
tions and indirect costs can add to substantial
losses. Before making any calculations, learn-
ing about the standard increments of material
orders, such as sheet size, roll width, linear feet/
yard, tiles per box, coverage per roll, box, gallon,
etc. helps with estimating possible wastage.
Mark-up is used to cover the highly probable
contingent cost, it should not be treated as a
way to maximize profit. Accurate estimation
requires significant experience and it is a skill
that develops over time, as it is practiced.

Take-off involves identifying and quantifying
all the materials and items needed to complete
a construction project in order to prepare the
cost estimation. Even though it is possible to
obtain drawings of a project site, with some
luck and good will, from various sources such
as local building department, realtors, previ-
ously involved contractors, or architecture
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offices. However, these drawing sets might be
incomplete, or they might lack crucial informa-
tion. Moreover, for understanding the current
state of the project site, a visit is mandatory.
Accurate and detailed field measurements
are an essential requirement for reliable cost
estimations. Also referred to as field surveys
or site surveys, field measurements are useful
in creating a detailed understanding of the
physical context of the design project by clearly
documenting existing site conditions. The very
first thing to understand before attempting any
field measurements is that no building is built
perfectly. There are always slight deviations
from the actual architectural drawings, whether
due to imperfect construction practices or
simply because the building settled over time.
Such deviations have the potential to affect
fabrication and installation processes, during
which mistakes and oversight can be very costly.

Fig.12/04 Points to measure: opening widths and distances to prominent features (A),
total wall lengths (B), positions of electrical/mechanical details (C), diagonal lengths (D).
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Fig.12/05 In order to reliably function, laser tapes require
a flat surface to bounce the laser off of.

The designer should not rely on a single
set of measurements; they should make
sure to have the contractor, or if appli-
cable, subcontractors and installers take
their own measurements.

The tools required for field measurements can
be as brief as the following: a tape measure,
clipboard, papers, pencils, and a camera. Tape
length should be above 30’ if possible and if long
distances are anticipated a reel tape may be
included in the inventory. Laser tapes are fast,
precise, and very efficient in measuring long
distances, on the other hand, there is always a
need for a surface to bounce the laser off and
one cannot work around every obstruction or
smaller detail. By themselves, laser tapes are
not sufficient and should always be accompa-
nied by a manual tape measure.

When conducting field measurements, one
should always consider taking as many photo-
graphs as possible for further reference, as

vid.12/03 Video on taking site
measurements.



https://www.youtube.com/watch?v=OYD9u2HtOlQ

details and quirks of any space can be easily
forgotten. These photographs should be
augmented with specific notes. For instance,
writing down if there is blocked site access,
damp spots and mold growth on walls, or
damaged electrical wiring, etc. Reference points
and diagonal measurements are other seem-
ingly redundant and often overlooked methods
of measurement. Reference points can be any
fixed point on site from which extra measure-
ments can be taken and later compared. As
buildings are not built perfectly, multiple-point
measurements and corner-to-corner diagonal
measurements give the designer more data to
work with, therefore increasing accuracy. Lastly,
smaller details such as switches and outlets,
small niches, or protrusions should not be
ignored and should be measured like any other
general detail, as information pertaining to such
details might later be needed.

When conducting field measurements,
refraining from spending 10 extra minutes
might cost hours later on.

There are two different methods to approach
cost estimation: one involving a simpler “total
application area divided by coverage per
material unit” formula, and the other involving
detailed calculation of coverage and wastage
per material unit. The first method will not be as
accurate as the second, as wastage can be fairly
significant for some applications. The second
method is time-consuming, prone to mistakes
due to its complexity, and the designer will still
need to make room for various contingencies;
but the designer will know what they are getting
into and design in a way to make better use of
the materials, which can be a huge benefit and
a learning experience. When working on cost
estimation, planning for contingencies is always
important. It is common practice to add a 10%
allowance over the material needed, however,

I Fig.12/06 The imaginary space used for the example estimations.

if the application is complicated with multiple
unknowns, it may be a better idea to increase
the allowance up to 20%.

The actual cost of the installation is more than
the cost of material alone; the designer should
add labor costs which will include job supplies,
transportation, demolition, communication, etc.
It is often possible to find out a price range for
labor per square foot; or per hour, which can be
a little less useful unless how much work is done
per hour is known.

The labor cost will be higher than aver-
age if the job is complex, or slightly lower
than average if it is straightforward.

The following are simplified estimation steps for 3
different materials: paint, wallpaper, and carpet.
In this example, the client wants to update their
great room, which is 18’ by 26’, with a ceiling
height of 12’; the room has a cased opening (12’
by 10’), window opening (12’ by 8’), and a door
opening (36” by 847).
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PAINT ® The room is expected to be painted with
3 coats of paint, with an average coverage of
350sqgft per gallon. The amount of paint needed
can be estimated with the following 5 steps.

First, the perimeter length of the room needs
to be calculated. The perimeter of the room will
be the total interior length of the given walls. In
this case it is the length of two longitudinal walls
(2 x 18’) + two latitudinal walls (2 x 26’) = 88’
total perimeter. Following the perimeter calcu-
lation, the next step is finding the total area of
the walls without considering any openings or
details. The calculation is relatively straightfor-
ward for this room, which is a rectangular prism
with a flat ceiling. The perimeter measurement
of the room will be multiplied by the ceiling
height. In this particular example, it is 88’ x 12’
= 1056sqft. In the case of an angled/vaulted
ceiling this calculation methodology should be
modified to incorporate the irregular wall area.

The third step is about determining opening
deductions. The height and width of each open-
ing should be multiplied and the result should
be subtracted from the total are calculated in
the previous step. In this case, there’s a cased
opening (12’ x 10’ = 120sqft), a window opening
(12’ x 8 = 96sqft), and a door opening (36”7 x
84" or 3’ x 7’ = 21sqft). The total opening area
is 120 + 96 + 21 = 237sqft. This is the area that
won’'t be covered by any material. The actual
wall area to be covered is 1056sqft (assumed
total wall area) - 237sqft (minus the openings)
= 819sqft. The next step involves finding out the
total coverage needed based on the number of
paint coats. If the number of coats required is 3,
the total resulting area to be covered would be
819sqft x 3 = 2457sqft.

The last step involves dividing the coverage of the
material per unit by the total area to be covered.
In this case, the amount of coverage is given as
350sqft per gallon, so 2457sqft / 350sqft =
7.02 gallons of paint will be required. As previ-
ously mentioned, it is common practice to add
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a 10% allowance to most materials, as there
will be mistakes and wastages. 7 gallons x 1.1
(10% added) = 7.7 and rounded up to 8 gallons
should suffice for the project. If you assume a
high-quality eggshell paint is $35 per gallon, 8 x
35 = $280 worth of paint will be needed.

The total labor cost can be calculated based
on the total painted area, which was previously
calculated as 819sqft on the third step. For prac-
ticality, paint labor is assumed to be between $1
to $3 per sgft. Considering the job at hand is
fairly straightforward, 819 x $1 = $819. A 10%
additional budget can be dedicated for various
other costs associated with the application, 819
x 1.1 (10% added) = $900. The total expected
cost for the paint application including labor is
280 + 900 = $1180, approximately.

WALLPAPER @ The next problem is calculating the
required materials for a wallpaper application
for the same room. This is a residential project,
so researching and finding out the common
dimensions for available products should be
the initial task. For simplicity, it is assumed that
there are two wallpaper types available: 20.5”
wide rolls with 33’ double roll length, covering
approximately 55sqft. The alternative roll is 27"
wide rolls with 27’ double roll length, covering
approximately 60sqft.

Wallpapers are typically cut into strips and then

Fig.12/07 Wallpaper roll length determines how many
useful strips can be extracted as well as the wastage.



applied. The height of the space is 12, therefore,
it is possible to extract 2 strips per double roll on
the 20.5” wide type, covering 41” wall length per
roll, with a 9’ strip left to spare; and 2 strips on
the 27" roll with a 3’ strip to spare, covering 54”
wall length per roll. However, considering that
pattern matching might require 12”7, 18”, or 36”
strip offsets, the 3’ extra length might or might
not be adequate.

The perimeter of the room is 88’, and there are
two 12’ wide and one 3’ wide openings. 88’ - (2
x 12’) - 3’ = 61’ of the wall perimeter need to
be covered with full height strips. Additionally,
there’s a 2’ by 12’ area over the cased opening,
3’ by 5’ area over the door, and 4’ by 12" area
around the window to be covered. 61’ x 12 =732"
perimeter to be covered by 20.5” wide strips,
requiring approximately 732 / 20.5 = 36 strips,
which will be extracted from 18 double rolls each
with a 9’ strip to spare. The area above the door
will require two 5’ high strips. The cased opening
runs for 12’, that is 144" requiring seven 2’ high
strips to cover. The area below and above the
window are 12’ long, similarly, there’s a need
for seven 2’ high strips to cover the top and the
bottom section. All these strips can be extracted
from the eighteen 9’ high leftover strips. If 10%
contingency allowance is added 18 x 1.1 (10%
added) = 20 double rolls, rounded up to the clos-
est even number as wallpapers are commonly

Fig.12/08 Seaming iron is one way to join carpet seams.
More seams mean more labor and increased cost.

sold in double rolls.

A simpler but less accurate calculation would
involve dividing the area coverage per double
roll by the total area to be covered. Accord-
ing to step 3 of the paint calculation, a total of
819sqft needs to be covered. Considering the
chosen wallpaper covers 55sqgft per double
roll, 819sqft / 55sqft = 14.8 double rolls will be
needed at a minimum. However, considering the
room height is higher than the average and there
are numerous openings, substantial wastage
should be expected. So instead of the usual 10%
allowance, a 20% allowance will be added, 14.8
* 1.2 (20% added) = 18 double rolls, rounded
up to the closest even number. As seen in this
example, basing calculations on simple square
footage might be slightly inaccurate and risky.

CARPET e Finally, a carpet calculation will be done
for the same room. A standard broadloom carpet
roll is 12’ wide. Since the room for the applica-
tion in question is 18’ by 26’, it is possible to set
the carpet run on the longitudinal axis and get
away with a single seam but there will be some
wastage. For this particular room, a 12’ wide
carpet roll and a 6’ wide carpet roll with a length
of 26’ should suffice, at least in theory. However,
each time the carpet is cut, 6” width should be
added along the length of the cut for a clean
edge. As a result, 27’ x 2 = 54’ long broadloom
carpet will be needed. There will be a 27’ by 5.5’
(due to 6” loss per cut) wastage from the appli-
cation. So, with the 10% allowance, 54’ x 1.1
(10% added) = 60’ long broadloom carpet will
be needed, rounded up to the closest number.
With a single seam it is easier to adjust the nap,
however, it is also possible to apply the carpet on
the perpendicular, latitudinal axis, creating more
than one seam. This time three 18’ long carpet
rolls will be needed, still amounting to the same
length of carpet, 18’ x 3 = 54’. The wastage will
be 18’ long and 9.5’ wide as opposed to the
27’ by 5.5’ previously calculated, an additional
22.5sqft carpet will be wasted and there will be
more seams adding to the labor costs.
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SPECIFICATION CRITERIA

When specifying materials, a wide selection of
criteria need to be considered; and for each
criteria, there are various questions, the answers
of which affect the experience, impact, longevity,
and overall success of the material choice. The
specification criteria can be grouped under three

Concept / Budget / Perfor-

Health / Safety / Accessi-
Sustainability / Maintenance
Concerns. These categories contain several
subcategories each with associated questions
that can guide the designer to a more efficient

broad categories:
mance Concerns,
bility Concerns,

material specification.

The designer should understand that, due to the

complexity of the material specification process,
a holistic approach to the content is more
appropriate than a sequential approach. For
instance, a seemingly suitable material might
tick all the boxes but might fail to withstand
the required cleaning practices, or it might be
impossible to import, or it might release toxic
fumes when combusted; basically a single
criterion rendering the otherwise perfect match
unsuitable.

The criteria provided here aim to remind
the designer of the comprehensive and
complex nature of material specification
process, help prioritize between alterna-
tives, and prevent any oversight.

SPECIFICATION CRITERIA

[ CONCEPT / PERFORMANCE / BUDGET |

| HEALTH / SAFETY / ACCESSIBILITY |

| susTAINABILITY / MAINTENANCE |

| CONCEPT/BRAND CONCERNS | |

HEALTH AND SAFETY CONCERNS

DESIGN CONCEPT
SPATIAL CONTEXT
BERAND IDENTITY
STYLE
TREMDS
CULTURAL ASSOCIATIONS

CODE COMPLIANCE
RED LIST CHEMICALS
EXISTING CONTAMINANTS
CONTACT SAFETY
VOC RELEASE
MOISTURE PRESENCE

BASE BUILDING STANDARDS |

ACCESSIBILITY CONCERNS

PERFORMANCE CONCERNS
MATERIAL GRADE

ADA GUIDELINES
UNIVERSAL DESIGN

PERFORMANCE DATA |
EXPECTED LOADS/WEAR

ACOUSTICS CONCERNS

WEATHERING/AGING
WORKABILITY/INSTALLATION
WARRANTIES

BUDGET/ACQUISITION CONCERNS
BUDGET AVAILAEBILITY
STOCKS AND ACQUISITION

REVERBERATION
SPEECH INTELLIGIBILITY

SPEECH PRIVACY

| SUSTAINABILITY CONCERNS ‘
LIFE EXPECTANCY
RATINGS/CERTIFICATIONS
ENVIRONMENTAL IMPACT
MANUFACTURER
TRANSPORTATION
END-OF-LIFE

MAINTENAMNCE CONCERNS
CLEANING
MEAINTENANCE
EASE OF REPLACEMENT

I Fig.12/09 A holistic approach to the categorized map of material specification criteria is more beneficial for most projects.
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CONCEPT/BRAND CONCERNS

DESIGN CONCEPT @ Concept is useful for creating a
consistent and coherent design language, and
materiality is one part of it. The designer should
ask what category and type of material would
strengthen the overall expression of the design
intent, in a manner that would work with the rest
of the design decisions. The designer should
further consider that the impact of the material
is also dependent on where and how much it
is used. The same material used as an edge
accent won’t have the same effect as covering
large surfaces. Moreover, materials have to work
in conjunction with others and the total effect
might enhance or weaken the impact.

Tab.12/01 Questions regarding design concept.

(1) What type/category of material does the concept suggest?

(2) What surface quality does the concept suggest?

(3) What kind of finish does the concept suggest?

(4) What material combinations does the concept suggest?

SPATIAL CONTEXT @ The designer should consider if
the material specification is appropriate for the
given spatial context. The features of the space
impact how the material will be perceived,
the context can highlight positive qualities of
the material, as well as exacerbate negative
features. For instance, large format tiles might
work better in larger spaces compared to the
standard 12” by 127" tiles, due to a more sensible
proportional relationship. Or a space with large
south-facing windows might suffer from excess
glare if the materials specified are mostly dark
and polished.

Tab.12/02 Questions regarding spatial context.

(1) Does the space have any unique features to influence
material perception?

(2) How will the material synergize with other materials that
make up the space?

BRAND IDENTITY ® When working within a commer-
cial context, the communication of corporate

image and branding carries significant impor-
tance. Branding is not limited to using the colors
or forms implied through branding elements,
such as logos, typeface choices, web design
packaging, etc. but it is also about finding the
right materials to communicate and reinforce
the message, position, and reputation of the
brand. For instance, for a luxury apparel brand,
using exposed OSB panels as part of a material
scheme might be a wrong decision, unless some
industrial and carefree brand implication is in
place.

Tab.12/03 Questions regarding brand identity.

(1) Does the material choice enhance or weaken the brand
message?

(2) Does the material scheme reference the branding elements?

(3) Does the material choice agree with user/client expecta-
tions?

STYLE e It is very likely for an experienced
designer to develop a formal style over the
years, based on what they believe works and
distinguishes their work from the competition.
However, stylistic specification choices should
not clash with other design considerations as
they are primarily serving the designer and not
so much the design product, user, and in most
cases the client.

Fig.12/10 The logo is a great source for color, texture, and
finish inspiration when specifying materials.
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Tab.12/04 Questions regarding style.

(1) Do the stylistic choices enhance or hinder the design intent?

(2) Are the stylistic choices serving the designer or the design
product?

TRENDS @ Trends help the designer to identify
what is generally accepted as a desirable design
choice at a certain period in time. Some trends
last 10 years, others might last a season. The
designer should follow what the current trends
are, which materials or color schemes will be
“in” at the time of project completion. However,
trends do not apply to all projects. For a residen-
tial project, the trending paint colors might be a
good choice depending on the client’s wishes,
but when designing the headquarters for a finan-
cial corporation, a more timeless and lasting
choice might be better justified.

Tab.12/05 Questions regarding trends.

(1) How significant are the trends on the perception of the
design product?

(2) Does the overall effect intended to be contemporary or
classic?

(3) How well do the prominent trends overlap with client's
identity and message?

(4) How much value is put on trends by the client and the
targeted users?

CULTURAL ASSOCIATIONS e Some materials have
strong cultural associations and implications
that can substantially affect user experience, in
a positive as well as negative way. The designer
should be especially careful when working within
a new cultural context they are not familiar
with, continuously calculating the possible nega-
tive and positive meaning that can be derived
from material choices.

Tab.12/06 Questions regarding cultural associations.

(1) What are the cultural/sub-cultural sensibilities of the target
users?

(2) Are there any religious/cultural values that disqualify certain
materials?
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BASE BUILDING STANDARDS @ The space to be designed
might be located within a larger building or
community, and it is possible that some stan-
dards have been established by the owners/
members; such as signage sizes, or style of the
exterior facade, or the approved window treat-
ments, or types of ceilings on the interior, or
the times of day work can be done, or the size
of materials, furniture, and fixtures that can be
delivered, or how the construction waste will be
removed.

The designer should request the associated
base building manual and carefully
inspect it before starting to specify matei-
rals and finishes.

Tab.12/07 Questions regarding base building standards.

(1) Is there a base building manual available, and if so, how can
it be obtained?

(2) Are there any items in the base building standard impacting
material choices?

PERFORMANCE CONCERNS

MATERIAL GRADE e A very straightforward way to
classify materials according to performance
is indicating if they are manufactured for resi-
dential or commercial use. Residential grade
products are typically less durable and more
prone to failure as they are expected to receive
lighter traffic, abuse, and cleaning. On the other
hand, commercial grade products are developed
to withstand heavier traffic, abuse, and cleaning
practices. The designer should be very careful
in determining if the material being considered
appropriate for the intended use.

Tab.12/08 Questions regarding material grade.

(1) Is the designed space categorized as residential or
commercial?

(2) Can the traffic load be described as heavy, medium, or light?




PERFORMANCE DATA @ The measured performance
data of materials, often provided on the product
label, are a crucial indicator of the suitability
to the intended situation. Hardness, colorfast-
ness, UV resistance, lightfastness, expected
deformation, or warping should all be consid-
ered carefully for the specific use context. The
designer should be familiar with various tech-
nical terms, what they indicate, and how they
might compare. For example, the Wyzenbeek
Double Rubs, indicate the resiliency of a piece
of textile-based on a particular abrasion method.
On the other hand, the Martindale Abrasion Test
involves a lighter abrader and a different move-
ment pattern, and it takes more cycles for the
fabric to fail. The designer has to know this infor-
mation in order to make a healthy comparison.

Tab.12/09 Questions regarding performance data.

(1) How much the material can withstand the expected
compression, tension, and shear forces?

(2) Is the material dimensionally stable, resistant against
cupping, warping, bowing?

(3) What is the hardness, abrasion resistance, surface resilience
of the material?

(4) How do the UV resistance, colorfastness, and lightfastness
data of the material look?

EXPECTED LOADS/WEAR ® Performance data is closely
tied to the expected loads and wear and the
designer should interpret them in conjunction.
For example, the hardness of the product makes
sense when it is considered in relation to the
expected circulation traffic or rolling loads such
as carts, task chairs, dollies, or wheelchairs. The
abrasion resistance numbers make sense when
the frequency of cleaning and the expected
abuse is considered. Crocking resistance is simi-
larly connected to expected abrasion and wear
but refers to how well the color will be main-
tained on a textile. If UV exposure is expected
UV resistance and lightfastness are values to
carefully consider.

Products with higher performance values
can be proportionally expensive and find-
ing the most appropriate product is also a
budget issue.

Tab.12/10 Questions regarding expected loads/wear.

(1) Is there an expectation of heavy cleaner or other chemical
exposure?

(2) Is there an expectation of prolonged UV exposure?

(3)Is there an expectation of heavy foot traffic, rolling, and
persistent loads?

WEATHERING/AGING ® Materials weather and age
depending on environmental conditions, but
also how they are finished and protected. The
designer should consider conditions like UV expo-
sure patterns, intensity of snow and rain, proxim-
ity to saltwater bodies, adjacent materials, etc.
Weathering and aging happen over time, and
unless the material is chemically pre-weathered,
and the designer should consider the imminent
transformation. Another issue is the mainte-
nance and replacement of components, which
might cause undesired visual inconsistencies.

Tab.12/11 Questions regarding weathering/aging.

(1) What is the expected weathering after 2, 5, and 10 years?

(2) How will weathering discrepancies impact adjacent
materials?

(3) Will the weathering leave irregular patterns when fully
exposed over extended periods?

(4) How often will the weathered components require
replacement?

WORKABILITY/INSTALLATION e The workability of a
product directly affects fabrication and instal-
lation costs, but also the amount of wastage.
Low workability can negatively impact budget
management while limiting possible design
choices. For instance, travertine is fragile and
has a slow setting time, making it time-consum-
ing and expensive to install. Complex matching
patterns in upholstery can increase wastage
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while complicating the fabrication processes
and straining the budget.

Material manufacturers typically suggest appro-
priate adhesives, finishes, etc. to be used for
each product and the designer should make
sure to review fabrication and installation
instructions, moreover, they should also make
sure these are noticed by the fabricator and
installer. Not all materials are suitable for all
available fabrication and installation methods.
For example, a CNC cut carpet inlay won’t work
with a stretch-in installation.

The designer should consider how much risk
they can afford when specifying an unpredict-
able product. Furthermore, finding and sched-
uling the right craftsperson or installer might
be another challenge when specifying less work-
able materials. Another important consideration
when specifying materials is the roll, sheet, tile,
etc. sizes. Most materials are manufactured
according to industry-wide size standards.
Knowing these and designing accordingly can
minimize wastage significantly.

Fig.12/11 Complex details with low tolerance require impeccable workmanship, often
stressing project schedule and budget.
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Tab.12/12 Questions regarding workability/installation.

(1) Is the material predictable or risky, in relation to fabrication
complexity?

(2) What are the typical workmanship costs and craftsman
availability?

(3) What are the manufacturer’s suggested fabrication and
installation methods?

(4) Will there be a need for test applications or prototyping?

(5) What is the typical roll, sheet, tile sizes for the material and
expected wastage?

WARRANTIES @ The designer should consider the
express and implied warranties associated with
the materials and products being considered.
Warranties should be thought in relation to the
expected term of use. For a pop-up retail that will
be torn down after 12 months, using a product
with a 10-year warranty may not be well justified.
It is important to understand the conditions and
guidelines that make up the warranty, including
the conditions that void the warranty.

Longer warranties often indicate the
manufacturer’s confidence in a product,
but the initial cost of the product will be
naturally higher.

Tab.12/13 Questions regarding warranties.

(1) What are the manufacturer's warranty conditions and
guidelines?

(2) Are the warranty conditions and period overlap with
intended use?

(3) How stringent are the listed conditions that void the
warranty?

BUDGET/ACQUISITION CONCERNS

BUDGET AVAILABILITY @ Itis always a good idea for the
designer to know the budget they will be work-
ing with and assess what they can and cannot
afford. Failing to be conscious about the budget
might result in over-promising and under-de-
livering. The designer should consider if they
are aiming for visual impact or longevity of use.



Usually there’'s a more budget-friendly material
alternative available, but one needs to consider
that the cheaper alternative might not last as
long, or it may contain more defects on average,
or lack comprehensive warranties, or be less
workable overall. There’s also the possibility of
receiving discounts, which might affect what
can ultimately be done with the budget.

The designer should consider that elaborate
designs with intricate details will end up inflating
workmanship costs, might require higher quality
materials, and in some cases drive up wastage
as well. Such intricate and expensive ideas
should be reserved for higher-priority spaces
that are expected to receive heavy foot traffic
and act as a showcase. Straightforward designs
realized with commonly used materials can cut
costs significantly. Lower priority spaces with
minimal foot traffic such as storage or printer
rooms can feature relatively lower quality mate-
rials to balance the budget.

Tab.12/14 Questions regarding budget availability.

(1) Are there any discounts available for the intended materials
or alternatives?

(2) Will the overall impact of the implementation justify the
associated costs?

(3) Can the design details be simplified and streamlined to
control costs?

(4) What are the costs in the long run, regarding maintenance
and replacement?

STOCKS AND ACQUISITION e Besides the limitations
posed by the budget, the designer should also
pay close attention to stock availability, lead
times, delivery times, and the possibility of
backorders. Transportation and handling will
add to the unit costs; for some materials and
for some products this cost difference can be
considerable. If the order is custom made, there’s
a possibility of delivery dates being pushed for
weeks. Lastly, there’s always a possibility of a
product being discontinued. Even though most
of the time alternatives are available, availability

and delivery times still need to be considered
for the alternatives as well. It may be important
to order extra materials for future repairs and
replacements, as products may discontinue or
future orders might fail to match the calibration
code or dye lot. This extra order of materials is
sometimes referred to as the “attic stock”.

Tab.12/15 Questions regarding stocks and acquisition.

(1) Is the material in stock and immediately available upon
order?

(2) What are the associated shipping, transportation, and
moving costs?

(3) What is the expected delivery time and are there any
contingencies?

(4) If the material is rare or custom-made, what is the expected
lead time?

(5) For a non-US manufacturer, is there a distributor or is
importing possible?

(6) If the material acquisition is problematic, what are the
alternatives?

(7) Should extra materials be ordered for future repairs and
replacements?

Fig.12/12 Frequently ordered producs are often kept in
stock and can be delivered relatively quickly.
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HEALTH AND SAFETY CONCERNS

CODE COMPLIANCE @ It is important to know if the
designed space is heavily or lightly regulated
and if there will be risky activities performed
or hazardous materials to be present, This is
important to know from the get-go, to balance
the budget and learn about material availability
for some applications.

It is imperative to check the code requirements
for the occupancy type(s) associated with the
designed space (see IBC Chapter 3) as they
dictate what standards need to be met (see
IBC Chapter 8). For instance, a machined MDF
panel application on a fire exit access corridor in
a non-sprinklered multi-story restaurant (Occu-
pancy Type A-2), needs to be rated ASTM E84,
Class A. However, a typical MDF board is Class C.
Class A boards are not only more expensive, they
are also not immediately available. Therefore,
planning early on for the code requirements can
save costs and time.

It is always very useful to discuss critical
codes with the local building depart-
ment to understand how they will be
interpreted.

Tab.12/16 Questions regarding code compliance.

(1) Is the space lightly regulated (low risk) or heavily regulated
(high risk)?

(2) What is the code requirement for the determined occupancy
type(s)?

(3) When in doubt, has the local building department been
contacted for clarification?

RED LIST CHEMICALS ® The designer should know
about harmful chemicals potentially found in
materials. The Living Futures Red List is a great
source to learn about these chemicals, though
there are other sources such as the Transpar-
ency Database by Perkins + Will. Some of these
chemicals are deemed safe by the EPA when
the exposure is limited, such as BPA and Form-
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Link 12702 Visit the Living Future Red
List database.

aldehyde. However, it may be a better practice
to refrain from specifying materials containing
these chemicals, especially when sensitive user
groups are involved such as developing children
and pregnant women.

Tab.12/17 Question regarding Red List chemicals

(1) Does any chemical component of the material included in
the Living Future Red List?

EXISTING CONTAMINANTS e It is highly likely that
buildings that were built before the 1980s
contain harmful contaminants such as lead
and asbestos. Consequently, any project to be
conducted in such buildings demands careful
planning. Materials requiring the substrate to be
demolished, replaced, scraped, or sanded may
cause unwanted chemicals to resurface and
be released to the environment in the form of
invisible particles.

If the building is built before 1978, there’s a
chance that lead paint and plumbing compo-
nents might be present. If the walls are expected
to be demolished or at least scraped, it is import-
ant to get a lead removal professional involved.
Similarly, for buildings built before 1986, there’s
a possibility of asbestos insulation materials
and/or asbestos composite finishes being
present. According to the current research, it is
safe to leave asbestos sealed and undisturbed.
However, as soon as a disruption is planned, it
is important to get asbestos abatement profes-
sionals involved.

Tab.12/18 Questions regarding existing contaminants.

(1) Was the building to be remodeled constructed before the
1980s?

(2) Will any substrate be demolished, replaced, scraped, or
sanded?



https://living-future.org/declare/declare-about/red-list/

CONTACT SAFETY @ Certain user groups and activi-
ties require careful consideration when specify-
ing materials. If infants or small children are
expected to be present in a space, the impact
of harmful chemicals can be severe, and the
designer should plan accordingly. The US
Consumer Product Safety Commission (CPSC)
has published a broad range of guidelines on
children’s products.

If food contact and preparation are expected
on a surface, the material should be carefully
specified. For commercial food production, the
designer should refer to industry regulations.
For instance, Corian meets NSF/ANSI Standard
51 for food contact surfaces and safe to specify,
but some alternative solid surfaces that may not
meet the same standard and won’t be suitable.

Tab.12/19 Questions regarding contact safety.

(1) Will there be developing children be present in the
environment?

(2) Is frequent food contact expected with the specified
surface?

VOC RELEASE @ Even though the intensity may vary
considerably, the designer should acknowledge
that all materials release VOCs, whether directly
orthrough utilized adhesives or sealers. For most
materials, it is often possible to find and specify

Fig.12/13 Being in frequent contact with harmful chemi-
cals significantly impair child development.

alternatives that have lower VOC emissions
that occur over a shorter period. Greenguard
certification is a good reference for assessing
VOC emissions. The designer should be careful
that some materials can first absorb and then
emit VOCs over a longer period than the origi-
nal source. Drapery and upholstery often carry
this particular risk, and it is better practice to
introduce such materials to the space after an
initial off-gassing period. Heat and humidity of
the environment can also boost VOC emissions,
and the designer should carefully consider the
material’s proximity to these elements.

The ventilation conditions of the environ-
ment affect how well the VOC emissions
can be tolerated, however, the designer
should know that the average occupant
does not ventilate as often as advised.

Tab.12/20 Questions regarding VOC release.

(1) What is the expected VOC release intensity and fall-off over
time?

(2) Is the schedule planned to accommodate an initial
off-gassing period?

(3) Are there any absorptive materials expected to be present in
the environment?

(4) Is the material in proximity to heat and moisture sources?

(5) Does the environment provide automated or easy-to-use
ventilation?

MOISTURE PRESENCE @ The designer should always
consider that the presence of moisture and
unprotected organic content create a risk for
unwanted organisms to thrive. Therefore, mate-
rials that might absorb, retain, and transfer
moisture should be specified carefully, in
relation to their environment. The presence of
moisture is not always obvious, it could be the
water vapor produced during cooking, splashes
of water when bathing, a leaking pipe behind a
wall, or condensation through thermal bridges.
The designer should pay attention to the mois-
ture condition of the substrate, the amount
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of work needed to direct water away , curing
requirements, corrosion or deterioration expec-
tancy, etc. Below-grade applications should
always assume moisture exposure and incorpo-
rate a moisture barrier.

Tab.12/21 Questions regarding moisture presence.

(1) Will there be excess moisture building up in the environ-
ment?

(2) Can the material absorb, retain, and transfer moisture?

(3) Can the material content be consumed as food by
household pests?

ACCESSIBILITY GUIDELINES

ADA GUIDELINES ® The designer should be aware of
the various ADA accessibility guidelines that
specifically apply to materials, such as height
difference between two flooring materials,
transitions, slip resistance, pile depth, etc. Even
though ADA guidelines outline the minimum, it is
always possible to go beyond and exceed these
requirements. For example, utilizing color and
texture to enhance wayfinding for users with
limited cognition or subduing reflected glare
to accommodate people with declining visual
acuity.

Tab.12/22 Question regarding ADA guidelines.

(1) Are ADA accessibility guidelines pertaining to materials met
and exceeded?

UNIVERSAL DESIGN e Universal design principles
call for an awareness of the fact that there are
individuals with widely varying abilities, and a
fully healthy person is never a good archetype to
base design decisions on. The designer should
consider the impact of material specifications
on a range of individuals, whether they are
disabled or not. For example, forcing the elderly
in a public building to walk and wait on granite
flooring is hard on their joints, so a material that
introduces some flexibility is justified. Further-
more, universal design often accomplishes
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higher comfort and enjoyment for all members
of the society. It is very possible that this flexible
flooring material will be comfortable for the fully
healthy individual as well.

Tab.12/23 Questions regarding universal design.

(1) Are there any occupants with limited or different abilities
expected to be present?

(2) Will there be elderly, or children present who can benefit
from unique material properties?

ACOUSTICS CONCERNS

REVERBERATION @ Acoustic properties of a room are
important for the comfort and wellbeing of the
user and should be considered in conjunction
with the function and activities. An excess of
reflective surfaces within a high/deep volume
would encourage the sound to travel farther
before diminishing, reverberating for many
seconds. Even though some amount of rever-
berance can be desirable in an environment like
a chapel or a live concert hall, it is usually not
desirable as the overlap of the reflected sound
with the original source causes intelligibility
problems. The designer should consider the
size and shape of the room and envision how to
balance reflective and absorptive materials to
achieve a desirable acoustic environment.

Tab.12/24 Questions regarding reverberation.

(1) Is the shape of the room expected to intensify reverbera-
tion?

(2) What is the proportion of reflective surfaces to absorbent
surfaces?

(3) Is there any expectation of live music to be performed in the
space?

SPEECH INTELLIGIBILITY @ Most spaces will feature
a speaker and a listener, and how clearly the
sound is transmitted in between the two can
be a significant concern. The designer should
first consider the distance at which the speech
should be intelligible and employ reflective as
well as absorptive materials to carefully direct



the sound. For example, in a large classroom,
one would expect the sound to reach the back of
the room but not reflect and come back. On the
other hand, in an open office one might want to
hear what their close-by team member is saying
but wouldn’t want the sound to travel far. In
complicated cases such as conference halls or
live music venues, it is highly beneficial to hire
acoustics consultants.

Tab.12/25 Questions regarding speech intelligibility.

(1) Is the space open plan and is sound clarity at a distance a
concern?

(2) Will there be a large audience to eb addressed from a
distance?

(3) Is the acoustic quality of the environment vital, justifying a
consultant?

SPEECH PRIVACY @ The designer should consider if
there will be any private conversations occurring
in the environment to be designed. For some
environments, where confidential information
is exchanged such as examination rooms, meet-
ing rooms, or bank booths, the conversation
should only be intelligible to the people involved
and should not be understood by anyone else.
The designer should consider utilizing absorp-
tion, blocking the path of the sound, minimizing
flanking, and when needed, incorporating an
ambient sound source for masking.

Tab.12/26 Question regarding speech privacy.

(1) Will the space feature an exchange of sensitive information?

SUSTAINABILITY CONCERNS

LIFE EXPECTANCY ® When specifying a material, the
designer should always consider the expected
useful life of a material/product and the main-
tenance requirements to achieve the longest
possible service. The maintenance aspect is
important because one might expect a wood
countertop to last decades with good care.
However, users can be neglectful or lack the
knowledge and expertise for proper mainte-

I Fig.12/14 Both speech intelligibility and privacy is an important concern in the modern

office environment.

nance. For some cases, an extended life expec-
tancy forthe material is not justified. Forinstance,
in spaces that are remodeled frequently, such
as expo stands or retail displays. In these cases,
recyclability and minimizing landfill contribution
should be the goal.

Tab.12/27 Questions regarding life expectancy.

(1) What is the expected useful life of the material under
normal use?

(2) Will the material deteriorate quickly without strict
maintenance?

(3) Is the material intended for temporary or permanent use?

RATINGS AND CERTIFICATIONS @ Most contemporary
materials feature one or more of the many
sustainability, health, and safety labels that
are widely recognized. The designer should be
willing to learn what each label implies and use
them as a comparison tool to make the best
decision. Another important concern related
to material specifications is the sustainability
certifications such as LEED, Living Building
Challenge, and WELL Building Standards, all
of which require a set number of credits to be
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earned or minimum criteria to be met. Materials
often play an important part in achieving these
certification goals.

Tab.12/28 Questions regarding ratings and certifications.

(1) Does the material feature any sustainability, health, and
safety labels?

(2) Are the featured ratings and certifications recognized by the
industry?

(3) Does the material contribute credits towards sustainability
certification?

ENVIRONMENTAL IMPACT e The designer should
consider the impact of how the material is
sourced, refined, and processed. Some mate-
rials are rapidly renewable and do not deplete
existing resources, whereas others cause defor-
estation, loss of habitat, and biodiversity. Some
mining byproducts are bio-accumulative and can
move up the food chain, whereas others can be
filtered and reused within a closed-loop system.
The designer should be careful when specifying
materials that support destructive industry prac-
tices.

Tab.12/29 Questions regarding environmental impact.

(1) Is it possible to track how the material is sourced, refined,
and processed?

(2) Is the source of the material rapidly renewable, or at least
renewable?

(3) At any stage, does the material cause bio-accumulative
residue output?

(4) Does the manufacturing of the material cause environmental
destruction?

MANUFACTURER CONCERNS e The designer should
always research and assess the manufacturer’s
commitment to sustainability. This ultimately
reflects how much money, care, and attention
has been invested in manufacturing a product
in an environmentally friendly manner. Another
issue is if the manufacturer provides humane
working conditions or not. Some manufacturing
processes can be especially toxic, even though
the final product is not.
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Continuing to specify products from
manufacturers that employ unsustain-
able and unhealthy practices might
encourage others to follow suit.

Tab.12/30 Questions regarding manufacturer concerns.

(1) Does the manufacturer clearly express commitment to
sustainability?

(2) Does the manufacturer provide humane working condi-
tions?

TRANSPORTATION CONCERNS e The designer should
know that a material can be rapidly renewable
and sourced with minimal embodied energy,
however, if it is being transported from the other
side of the globe, it still generates a consider-
able carbon footprint. The designer should
employ a holistic view and consider the overall
impact rather than focusing on a single facet
of sustainability at a time. Packaging is also a
concern for some products. Manufacturers that
employ fully recycled packaging practices gener-
ate much less landfill contribution compared to
those that don't.

Fig.12/15 Transportation accounts for 21% of the global
carbon emissions.



Tab.12/31 Questions regarding transportation concerns.

(1) Are there local alternatives for the material (within a
500-mile radius)?

(2) Does the manufacturer employ fully recyclable packag-
ing?

END-OF-LIFE CONCERNS e It is crucial for the designer
to think about what is going to happen to a mate-
rial/product when it concludes its useful life.
Some materials can be refinished and reused,
others can be repurposed, and others can be
recycled at varying success rates. The designer
should try to specify materials that have estab-
lished and feasible recycling practices in place.
For instance, inappropriately specified nylon
carpet under heavy traffic would wear down
quickly, and with no option to be repurposed and
only partially recycled it will end up in a landfill.

Tab.12/32 Questions regarding end-of-life concerns.

(1) Can the material be reused or repurposed at the end of its
useful life?

(2) Are there established and feasible recycling practices for the
material?

MAINTENANCE CONCERNS

CLEANING CONCERNS ® The designer should consider
if the cleanability features of the material
are appropriate for the specified context. For
instance, if mud tracking, spills, and staining is
expected, a porous and absorbent material like
cork would not be appropriate. Furthermore,
some cleaning practices are highly abrasive
and rely on the use of heavy-duty chemicals,
such as those utilized in healthcare. These
cleaners might corrode or disintegrate some
materials.

As a rule of thumb, complex/organic/random-
ized patterns tend to hide soiling and wear
better than solid flat colors/geometric patterns.
This is especially useful when heavy traffic loads

Fig.12/16 A complex organic texture can help in hiding
dirt and wear.

are expected. Additionally, carpets with dense
piles and fuzzy appearance help hide soiling and
track marks.

Tab.12/33 Questions regarding cleaning concerns.

(1)Is the material compatible with common green cleaning
strategies?

(2) Does the expectation of spills, dirt tracking, and staining
justify high cleanability?

(3) Will the material undergo heavy cleaning with highly
abrasive cleaning chemicals?

MAINTENANCE CONCERNS @ Some materials require
very specific care and periodic maintenance
over their lifetime, in order to sustain their look
and performance. For instance, silk is famously
hard to care for, on the other hand, cotton can
take significant neglect and abuse. The same is
true for hardwood flooring vs. porcelain flooring.

The average user is not very capable of
maintaining materials, and professional
attention can be costly and should be a
factor when deciding material specifica-
tions.
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Tab.12/34 Questions regarding maintenance concerns.

(1) Can the client afford the time and money required to
maintain the material?

(2) Will there be a need to store additional materials (attic
stock) for future repairs?

EASE OF REPLACEMENT @ Some parts or sections of
an application can abrade under load or break
quicker than other parts, requiring replacement.
If it is possible to easily remove and replace
worn sections with little effort and visual incon-
sistency, it can save the cost of replacing the
entire surface. For instance, solid surfaces can
be spot patched and buffed repeatedly, and gain
a new look without limitations posed by unit size
or color calibration. On the other hand, patch-
ing a laminate is countertop is not possible, at
least in a reliable and desirable manner. It is
also important to consider that in some cases,
replacement or disassembly might be necessary
and design details should also be developed
accordingly, without compromising the integrity
of the application. For example, the peelability
and strippability properties of wallcoverings can
determine how much damage the substrate will
sustain during removal.

Tab.12/35 Questions regarding ease of replacement.

(1) Can the design benefit from modular units and installation?

(2) Can the worn parts or sections be repaired, patched, and
buffed repeatedly?

(3) Can the material be removed without damage to the
substrate or assembly?

(4) Can the materials be disassembled and repurposed for
another project?
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mount with fasteners elements of spider
glass system for glass walls. Shutterstock®
#1009759501.

Fig. 08/14 - Robert Knapp, Old, dry and
cracked window sealing peeling off between
the glass and the metal frame. iStock®
#1264674611.

Fig. 08/15 - Kuprynenko Andrii, Shower with
glass partition in bright white bathroom.
Simple and elegant interior, 3D render.
Shutterstock® #367452134.

Fig. 08/16 - chinahbzyg, Ceramic toilet
semi-finished products in the kiln, in
a ceramic enterprise. Shutterstock®
#174534077.

Fig. 08/17 - R Skilton, Interior at Alhambra,
Spain. Shutterstock® #117706282.

Fig. 08/18 - Bevis Chin, Park Guell. Licensed


https://Photographee.eu

under CC BY-ND 2.0.

Fig. 08/19 - nontthepcool, Orange marble floor
texture pattern background. Shutterstock®
#1338988526.

Fig. 08/20 - Puripat penpun, Old blue tile wall.
iIStock® #975066534.

Fig. 08/21 - olegbreslavtsev, Four clean white
towels on holder in hotel bathroom with
textured black wall. Modern minimal style.
iStock® #1064350620.

Fig. 08/22 - Ozgur Yaman, Wet floor sign.
iIStock® #937685688.

Fig. 08/23 - narvikk, Professional tiler
installing new tiles on the floor. iStock®
#1319403507, #1319403503,
#1319403502.

Fig. 08/24 - Alphotographic, Yellow square
and blue dot tile background. iStock®
#1218931632.

Fig. 08/25 - Horsche, Man applying blue grout
to white tiles. iStock® #613788600.
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Fig. 09/01 - Chilanga Cement, Looms.
Licensed under CC BY-SA 2.0.

Fig. 09/02 - N/A, Polyester clothing label.
Shutterstock® #795872566.

Fig. 09/03 - Kutay Guler, Common fiber cross
sections.

Fig. 09/04 - Kutay Guler, Yarn construction
- based on Elkagyé, Thread made from two
threads plied together, each consisting of
three yarns. Public domain.

Fig. 09/05 - t-mizo, Cotton plant (Matsudo,
Chiba, Japan). Licensed under CC BY 2.0.

Fig. 09/06 - Marta Maziar, Natural jute twine
roll, burlap on black background. Supplies
and tools for handmade hobby leisure
close-up. Shutterstock® #1019058865.

Fig. 09/07 - Baishiya_, Silkworm. Licensed
under CC BY-SA 2.0.

Fig. 09/08 - buteo, A heard of sheep in
Patagonia. Shutterstock® #42158764.

Fig. 09/09 - Kittibowornphatnon, Process of
rolling plastic fiber for plastic sack. Shutter-
stock® #621545768.

Fig. 09/10 - TLaoPhotography, Carbon
aramid kevlar background. Shutterstock®
#352513007.

Fig. 09/11 - Detlef Schobert, Basel, Schaul-
ager, Metal Mesh. Licensed under CC BY-ND
2.0.

Fig. 09/12 - Kutay Guler, Weave types.

Fig. 09/13 - N/A, DMM 29263ab Jacquard-
webstuhl. Licensed under CC BY 3.0.

Fig. 09/14 - dutourdumonde, Natural wool
dyeing in a carpet factory, Nepal. iStock®
#543352720.

Fig. 09/15 - sunwards, Closeup downward
arrow lines knitted texture. iStock®
#1212713613, #1256744867,
#1199069389, #1197079705.

Fig. 09/16 - r.classen, Lotus effect with
water drops on black textile. Shutterstock®
#108423431.

Fig. 09/17 - Kutay Guler, Sample textile
information card.

Fig. 09/18a - russaquarius, Lint balls/fuzz
balls on fabric. iStock® #519654670.

Fig. 09/18b - N/A, Fraying fabric. Public
domain.

Fig. 09/19 - www.davidrosenphotography.com,
Above Fez tannery. Licensed under CC BY 2.0.

Fig. 09/20 -Adil Abdrakhmanov, Brown
damaged artificial leather texture back-
ground. Bad quality artificial leather, weath-
ered leather. iStock® #1288044356.

Fig. 09/21 - Hitdelight, Natural brown leather
texture background. Abstract vintage cow
skin backdrop design. Shutterstock®
#114140692.

Fig. 09/22 - fmajor, A tailor is cutting leather.
iStock® #478407202.

Fig. 09/23 - kucko, Sample - a good
quality leather in various colors. iStock®
#453550893.

Fig. 09/24 - Rawiz, Interior of carpet floor in
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the office. Shutterstock® #569416768.

Fig. 09/25 - pastorscott, Luxury lobby. iStock®
#157685017.

Fig. 09/26 - Kutay Guler, Tufted pile types.

Fig. 09/27 - Pholon, Carpet texture. Shutter-
stock® #262943783.

Fig. 09/28 - Erick Nielsen Photography, Where
old carpet meets old carpet. Licensed under
CC BY-ND 2.0.

Fig. 09/29 - Andy Dean Photography, Pulled
Back Carpet and Padding in Room of House.
Shutterstock® #491386858.

Fig. 09/30 - Gordon Ball LRPS, Open plan
office lit by natural and artificial light. Shutter-
stock® #10887529.

Fig. 09/31 - Ninara, Persian Carpet, Ravar,
Kerman Province. Licensed under CC BY 2.0.

Fig. 09/32 - Bill Oxford, Installing carpet at
home. iStock® #639282100.

Fig. 09/33 - fullvalue, Gluing carpeting down
on concrete floor. iStock® #172730598.

Fig. 09/34 - Offscreen, Installation of carpet,
the installer does the seams. Shutterstock®
#115835425.

Fig. 09/35 - Noobiel, Laminate and tile tran-
sition with aluminium profile. Shutterstock®
#440176615.

Fig. 09/36 - Kutay Guler, Sample seaming
diagram.

Fig. 09/37 - Kutay Guler, The individual
constituents of a furniture piece.

Fig. 09/38 - N/A, Polyurethane foam. Shutter-
stock® #1061026994.

Fig. 09/39 - Sebastian ter Burg, Chesterfield
four seater sofa. Licensed under CC BY 2.0.

Fig. 09/40 - Kutay Guler, Common pattern
alignment methods for upholstery.

Fig. 09/41 - Juris Kraulis, Antique Biedermeier
style sofa with authentic fabric and wood
carving before and after restoration, in a
single photo. Shutterstock® #726372607.

Fig. 09/42 - Vineyard Perspective, Shuttered
window with one pane open letting through

240

rays of light and a faint image of autumn
leaves outside. Shutterstock® #757019359.

Fig. 09/43 - Tunatura, Window roller, duo
system day and night, detail. Shutterstock®
#1277900365.

Fig. 09/44 - Kutay Guler, Pleating types.

Fig. 09/45 - Svetlana Vasilyeva, Luxurious
lace curtains with frill and pelmet. iStock®
#1194130844.
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Fig. 10/01 - SuperPuay, Close up image of
textured hammered brass in rustic style.
Shutterstock® #1370583458.

Fig. 10/02 - SixTwo Point of View, Gateway Arch
St Louis. Licensed under CC BY-ND 2.0.

Fig. 10/03 - D3j4vu, Stainless-steel-mild-steel.
Licensed under CC BY-SA 3.0.

Fig. 10/04 - SJ Pinkney, Statue of Liberty, New
York. Licensed under CC BY 2.0.

Fig. 10/05 - kyOnch3ng, Forging hot iron.
Licensed under CCO 1.0.

Fig. 10/06 - Phuchit, The table spindle tilt
type 5-axis CNC milling machine. iStock®
#948602592.

Fig. 10/07 - Ake Dynamic, Close-up Welded
Threaded Lug on Metal Frame at Workshop.
iStock® #1286801758.

Fig. 10/08 - V_Sot_Visual_Content, Steel
structure of the bridge on bolted and riveted
joints. Shutterstock® #1334228015.

Fig. 10/09 - Detlef Schobert, Vaduz, Belvedere,
Wall Cladding. Licensed under CC BY-ND 2.0.

Fig. 10/10 - AlexWang_AU, Oven settings panel
closeup. iStock® #1312907026.

Fig. 10/11 - ELENAPHOTOS, Prague subway.
iStock® #508789937.

Fig. 10/12 - AmaliaL, Hoba majestic prehistoric
60 ton largest metorite known in Earth.
Landmark located at Grootfontein in Namibia,
Africa. Shutterstock® #1049269904.

Fig. 10/13 - Maxime Guilbot, Eiffel Tower
Close-up. Licensed under CC BY 2.0.



Fig. 10/14 - David Dixon, Bessemer Converter,
Kelham Island Museum. Licensed under CC
BY-SA 2.0.

Fig. 10/15 - ballykdy, Steel roof truss with zinc
gutter and roof insulation, black and white.
Shutterstock® #289866224.

Fig. 10/16 - SimplyCreativePhotography,
Green coated reinforcing rods. iStock®
#517928722.

Fig. 10/17 - seier+seier, tegnestuen vandkun-
sten, IKEA, Gentofte, Copenhagen 1995.
Licensed under CC BY 2.0.

Fig. 10/18 - A_Lein, University of Economics in
Vienna. iStock® #462402361.

Fig. 10/19 - Ra Boe, Red mud dump close to
Stade, Germany. Licensed under CC BY-SA
3.0.

Fig. 10/20 - Kutay Guler, Folding, corrugating,
and ribbing increases strength of the sheet
metal.

Fig. 10/21 - Goncharovaia, Contemporary
architecture. Modern building facade of
sports venue with perforated and polished
aluminium plates. Texture of metal structures
close-up, steel background. Abstract technol-
ogy. Shutterstock® #1303317253.

Fig. 10/22 - N/A, Polished bronze at main
gate, Duomo di Milano. Licensed under CC BY
2.0.

Fig. 10/23 - Maryna Andriichenko, Woman
washing hands under water tap. Self care and
hygiene. Close up of female hand. iStock®
#1225823497.

Fig. 10/24 - Jebulon, The mosaics of the dome
of the Cappella Chigi, by Luigi da Pace (1516)
after cartoons by Raphaél, church Santa
Maria del Popolo, Rome, Italy. Unique mosa-
ics due to Raphaél. Public domain.

Fig. 10/25 - TheSeafarer, Pressed tin ceiling
Giddings TX Chamber of Commerce. Licensed
under CC BY 2.0.

Fig. 10/26 - Philip Openshaw, Metallic cladding
on modern industrial building. Shutterstock®
#658965985.
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Fig. 11/01 - N/A, Celluloid film. Shutterstock®
#749854042.

Fig. 11/02 - mbrphoto, Colourful glass samples
- kitchen splashback samples. Shutterstock®
#1249843873.

Fig. 11/03 - Ali Cobanoglu, A scrap heap of
plastics in Turkey. iStock® #1312533280.

Fig. 11/04 - Dirk Wahn, Microplastics in the
Mediterranean. iStock® #1263568234.

Fig. 11/05 - Kutay Guler, Resin identification
codes.

Fig. 11/06 - Brentano Fabrics, Brentano - Sput-
nik, Portfolio Collection Fall 2011. Licensed
under CC PDM 1.0.

Fig. 11/07 - VDCM image, VDCMOO2 shark in
the ocean aquarium. iStock® #1050659708.

Fig. 11/08 - N/A, Polycarbonate panels. Public
domain.

Fig. 11/09 - photovs, Male builder measuring
plastic pipes with new home construction in
hot and cold blue and red PEX pipe layout
in pipes and exposed beams. iStock®
#1231879659.

Fig. 11/10 - R/DV/RS, Abstracts - a smoke
detector. Licensed under CC BY 2.0.

Fig. 11/11 - baona, Empty corridor in hospital
operating room. iStock® #1124681231.

Fig. 11/12 - Olga Popova, The samples of
collection natural linoleum. Shutterstock®
#121160977.

Fig. 11/13 - Palatinate Stock, Man laying
PVC-floor. Shutterstock® #582115630.

Fig. 11/14 - Luckeyman, CADZAND, NETHER-
LANDS - MARCH 14, 2018: Modern beach
pavilion with mixed flooring. Shutterstock®
#1106191376.

Fig. 11/15 - akhouseproject, Installing XPS
foundation insulation. Licensed under CC BY
2.0.

Fig. 11/16 - Bernard Spragg, Fishing nets,
Alaska. Licensed under CCO 1.0.
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Fig. 11/17 - faboi, Installation of fiberglass:
worker manually realizes a component in
glass fiber for automotive use. Creating a
spoiler for cars using a mold. View from
above. Shutterstock® #272025272.

Fig. 11/18 - serts, Modern and big gym.
iStock® #515836484.

Fig. 11/19 - Rusty Clark ~ 100K Photos,
Brevard County Landfill, Cocoa FL. Licensed
under CC BY 2.0.

Fig. 11/20 - BanksPhotos, Construction
Worker Spraying Expandable Foam Insulation
between Wall Studs. iStock® #185211977.

Fig. 11/21 - N team, A cable under table legs
on wheels at green epoxy floor. Shutterstock®
#1050762770.

Fig. 11/22 - Komsan meanglang, Melamine
colorful, melamine sphere. Shutterstock®
#661446760.

Fig. 11/23 - Jordanhill School D&T Dept, The
vacuum forming machine, forming the dome
for Calvin’s model. Licensed under CC BY 2.0.

Fig. 11/24 - sergeyryzhov, Sectional frame
of plastic insulating glass unit. iStock®
#1312700858.

Fig. 11/25 - jurvetson, Breaking the Mold.
Licensed under CC BY 2.0.

Fig. 11/26 - ake1150sb, Automatic PET/
Plastic bottle blow moulding machine working
in factory. iStock® #805233212.

Fig. 11/27 - Sustainable Sanitation, Rotation
moulding process. Licensed under CC BY 2.0.

Fig. 11/28 - Prescott09, 3d printer closeup.
iIStock® #869465418.

Fig. 11/29 - laremenko Sergii, Several layers
of composite self-healing material. 3D
illustration isolated on white background.
Shutterstock® #494924185.

Fig. 11/30 - Peter Sobolev, Metal honeycomb
panel. Shutterstock® #136160294.

Fig. 11/31 - COR_Wheels, Closeup of one of
our real carbon wrapped step lips. When
it comes to wheels, we can do it! Licensed
under CC BY-SA 2.0.
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Fig. 11/32 - VanoVasaio, Master class for
laying cork flooring, installation of a cork
floor by a floating method, connection of
a series of cork flooring. Shutterstock®
#1072630871.

Fig. 11/33 - Associated Fabrication, Olympic
Athlete Village Benches. Licensed under CC
BY 2.0.

Fig. 11/34 - Papah-kah, Beautiful Quartz
Stone Counter top in kitchen room with
black wooden cabinet. Shutterstock®
#1162687987.

Fig. 11/35 - Vlue, Swatch of plastic counter
top samples on a white background. Shutter-
stock® #69116572.

Fig. 11/36 - Tim Bingham, Damaged Formica
counter top. iStock® #1221709049.
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Fig. 12/01 - N/A, Professionals around a table.
Shutterstock® #1360296581.

Fig. 12/02 - Kingsman Asset, Thailand -
January 01,2007 : The interior of showroom
Ceramic Materials display. Modern Ceramic
tiles Display in the Luxury Shopping Mall.
Shutterstock® #648115495.

Fig. 12/03 - Darianne Conley, Material board,
student work.

Fig. 12/04 - Kutay Guler, Important points to
measure for the interior space.

Fig. 12/05 - Shutter Baby photo, Measuring
tape, calculator, laser rangefinder and water
level on plans. Shutterstock® #246668446.

Fig. 12/06 - Kutay Guler, The example space
used for the estimations.

Fig. 12/07 - Onzeg, Close up image of rolls of
paper. iStock® #854370760.

Fig. 12/08 - BanksPhotos, Carpet Installer
Joining Two Pieces with Seam Iron. iStock®
#183836096.

Fig. 12/09 - Kutay Guler, Criteria chart for
material specification for interiors.

Fig. 12/10 - gorica, Brand identity style font.
iStock® #1141258188.



Fig. 12/11 - timltv, Beautiful modern glass
railing for wooden staircase with wooden
handrail. iStock® #1137905774.

Fig. 12/12 - Sergey Zavalnyuk, Warehouse of
building materials. iStock® #94103751.

Fig. 12/13 - Tetiana Soares, ow. Child motor
skills, creativity and imagination development
game. Loneliness at self isolation period.
iStock® #1217181629.

Fig. 12/14 - alvarez, 3D image of an environ-
mentally friendly coworking office space.
iStock® #1273978367.

Fig. 12/15 - AvigatorPhotographer, Aerial top
view container ship at terminal seaport,
Global business cargo freight ship import
export logistic and transportation by
container vessel ship company worldwide.
iStock® #1276570868.

Fig. 12/16 - caoyu36, Tiles and backlight.
iStock® #818358948.
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A

Abrasion resistance - 219
ceramics - 128, 130, 131

paint - 67, 68
plastic - 190, 192
stone - 92

textile, 139, 141, 142, 143, 147
wallcovering - 78, 79
wood - 98,
Access - 156, 172, 210, 222
Accessibility - 33, 37, 38, 39, 224
Acclimatizing - 98, 99, 108, 110, 115,
Acoustic - 47, 48, 49, 50, 51, 52
concerns - 224, 225
engineer - 206
glass - 124, 127
gypsum - 74
performance - 41
textile - 145, 155, 162, 164
wallcovering - 79
Acrylic - 17, 142, 183, 187, 188, 189, 198, 203
fiber - 142, 143
latex - 70, 133
paint - 70
resin - 110
sealer - 95
sunlight - 17
Acrylonitrile butadiene styrene, ABS - 184, 200
Adhesive - 45, 59, 60, 156, 157, 158, 172, 187, 196, 220, 223
Aggregate - 82, 84, 86, 90, 201
Air quality - 41, 42, 55, 62, 64
Alloy - 167, 171, 175, 178, 184, 201
Alkaline - 16, 83, 87, 140, 178, 179, 192
Alkyd - 68, 70, 78
Alpaca - 140
Aluminum - 15, 19, 58, 88, 125, 167, 168, 170, 178, 179, 201
American National Standards Institute, ANSI - 34
American Association of Textile Chemists and Colorists, AATCC - 149
American Society for Testing materials, ASTM International - 34, 35, 61
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American Soc. of Heating, Refrigerating, and Air-Cond. Eng., ASHRAE - 41 Carpet - 152, 153, 154

Americans with Disabilities Act, ADA - 33, 38 backing - 140, 155
Anchor - 95 construction - 152, 153, 154
Annealing manufacturing - 142, 152

glass - 123, 124 installation - 155, 156, 157, 158

metal - 169 pad - 140, 155, 157, 195
Anodize - 173 recycling - 156, 157
Antimicrobial - 102, 103, 140, 180 tile - 49, 60, 155, 156, 158
Antimony - 193 Carpet and Rug Institute, CRI - 156
Aramid - 143, 193 Carpet Stewardship Program - 157
Architectural Barriers Act, ABA - 38 Casework - 8, 108, 116, 117, 189, 208
Area rug - 101, 140 Cashmere - 141
Arsenic - 44, 62, 180 Casters - 41, 60
Asbestos - 43, 44, 62, 141, 191, 222 Cedar - 107
Asbestosis - 43 Ceiling - 35, 43, 48, 52, 69, 71, 181, 203, 214, 218
Association for Contract Textiles, ACT - 137 tile - 42,52, 181
Attenuation - 50, 52, 124 Cement - 9, 35, 73, 82, 83, 85, 133, 178,
Axminster weave - 153 Cementitious

material - 86
B paste - 87
Ceramic - 9, 51, 95, 128, 129, 130, 131,132, 134

Backing - 72, 74, 78, 81, 127, 130, 153, 155, 158 Chain-of-custody - 97
Backer board - 132 Chatoyancy - 107
Backorder - 221 Cherry - 15, 104, 106, 112
Bacteria - 59, 63, 95 Chestnut - 108
Bakelite - 11, 183 Chintz - 147
Bamboo - 20, 56, 97, 140 Chrome plating - 20, 173, 180, 181
Bark - 102, 151 Chromium - 44, 125, 150, 151, 173, 175, 180
Baseboard - 133, 203 trivalent - 151, 180
Basecoat - 75 hexavalent - 44, 173, 180
Batting Cigarette - 37

acoustic - 48, 49, 52 Cinder block - 87

upholstery - 160 Cladding - 20, 130, 168, 173, 181
Ballpark estimate - 211 Clay - 9, 67, 82, 87, 88, 128, 129, 130
Bauxite - 178 Closed-loop - 55, 137, 226
Bedding - 162 Coefficient of Friction, COF - 38, 131, 132
Beech - 105, 109, 116 Coffered ceiling - 48
Bessemer conversion - 12, 175 Colorway - 146
Binder - 66, 68, 69, 73 Column cover - 176, 210
Bioaccumulation - 55, 56 Composite - 8, 12, 115, 200, 201, 202
Biodegradable - 56, 59, 63, 139, 187, 192 Compressed earth block, CEB - 88
Biodiversity - 97, 226 Compression - 13, 14, 120, 176
Biomaghnification - 56 Compression molding - 199
Bioplastic - 186, 187, 201 Concrete
Birch - 105, 109, 116 flooring - 51
Bisphenol A - 45, 185, 188, 193, 196 polished - 85, 87
Blackout shade - 37, 164 precast - 86
Blast furnace - 174, 175 reinforced - 14, 51, 83, 86, 176, 201
Bleach - 101, 103 translucent - 9
Bleed - 75, 78, 101 Concrete Masonry Unit, CMU - 87, 95
Blind - 163, 179 Coniferous - 107
Bolting - 171 Copper - 8, 15, 167, 168, 178, 179, 180
Book matching Cork - 56, 102, 103, 202

veneer - 114 Cornice - 1164

stone - 93 Corrosion - 168, 172, 173, 175, 178, 181, 224
Border - 20, 24, 156 galvanic - 168,
Brick - 8, 9, 87, 88, 89 Corrugated - 176, 177

bonding types - 88, 89 Construction type - 33, 34
Broadloom - 155, 156, 158, 189, 215 Cost estimation - 211, 212, 213
Bronze - 167, 179, 180 Cotton - 77, 139, 140, 142, 143, 227
Brushed - 23, 172, 176 Cradle-to-Cradle, C2C - 62, 64
Budget - 67, 162, 171, 211, 214, 219, 220, 221 Crimped - 1139, 142, 143, 152
Building code - 32, 33, 38, 72 Cullet - 58
Bullnose - 127 Cupping - 99, 219
Burl - 98, 99, 114 Curtain - 37, 49, 50, 147, 164

Cyanide - 55, 180, 195

C D

Cabinetry - 60, 70, 118, 181

Calendering - 136, 198 Daylight - 17, 24, 69, 162
Calcium Decibel, dB - 48
carbonate - 9, 67, 71 Deciduous - 97
chloride -84 Decking - 102, 107, 110, 118
sulfate - 67 metal - 176
California Technical Bulletin - 37 Deforestation - 11, 55, 56, 57, 71, 97, 140, 141, 187, 226
California Air Resources Board - 45 Delaminate - 81, 132, 155, 191, 205
Carbon Demolition - 44, 61, 77, 102, 167, 188, 207, 213
dioxide, as CO2 - 55, 56, 57, 60, 83, 97, 185 waste - 71
monoxide, as CO - 37 Denier - 138, 139
steel - 175 Denim - 144
Carcinogen - 43, 44, 45,46, 68, 77, 141, 180, 185 Diffuser - 49
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Dimensional
lumber - 96, 100
stability - 78, 79, 98, 99, 103, 153, 157, 187, 200
stone - 90
Dioxin - 46, 193
Discoloration - 204
Divider - 51, 52
strip - 86, 133
Dome - 9, 83, 87
Drapery - 147, 149, 163, 164, 223
Drywall - 71, 72, 74, 75

Duct - 52
Dyeing
carpet - 155
leather - 151

textile - 145, 147, 148
Dye-lot number - 80

E

Earthenware - 128, 130
Eco-labels - 62, 63, 64
Ecosystem - 55, 63, 178
Elasticity - 15, 70, 142, 193, 194
Elastomer - 186
Electroplating - 173, 181
Embodied energy - 55, 58, 61, 226

brick - 88

stone - 90

wood - 97

engineered wood - 116

glass - 122

ceramic - 129

steel - 175

aluminum - 178

plastic - 184

PVC - 191
Embossing - 80, 123, 133, 150, 151, 152, 181, 191
Enamel - 173
Endocrine disruptor - 44, 77
Energy Star - 63
Engineered

stone - 92, 204

veneer - 108, 113, 114

wood - 34, 45, 96, 115, 116, 118
Environmental Movement - 54
Environmental impact

aluminum - 178

ceramic - 129

concrete - 83

leather - 150

plastics - 184

stone - 90

wood - 97
Environmental Protection Agency, EPA - 41, 44, 62, 63
Epoxy - 195, 196

resin - 45, 183, 202
Estimation - 211, 212, 213
Ethylene-vinyl acetate, EVA - 124
Exotic woods - 97, 101, 107, 113

Extrusion
metal - 175
plastic - 198

Expansion joint - 17, 84, 85, 86, 133

F

Fabric - 136, 137, 138, 139
construction - 148, 149
weight - 147

Fading - 78, 98, 103, 122, 149

Faux finish - 76

Faux leather - 191

Felt - 136, 145, 155

Ferrous Metals - 173, 174

Fiber
filament - 138, 139, 140, 148, 152
natural - 139, 140, 141
staple - 138, 139, 141
synthetic - 141, 142, 143

Fiberglass - 72, 74, 93, 201

Fieldstone - 92
Figuring - 98, 105
Fire safety - 35, 36, 37
Fire-rated - 124
Fire resistance - 35, 36, 46, 68, 72, 143, 173, 184
Flame retardant - 37, 46, 62, 146
Flagstone - 92
Flanking - 51, 52, 225
Flash coving - 189, 190
Flax - 139, 140, 191
Flitch - 113,
Float glass - 58, 121, 122, 123, 125
Floating
screed - 84
slat - 48
Flocked wallpaper - 77
Fly Ash - 15, 59, 82

Foam
aluminum - 14, 179
glass - 123

polyurethane, PU - 37, 46, 160, 186, 195
Foil - 170, 173
Foil-backed gypsum board - 72
Forest Stewardship Council, FSC - 97
Formaldehyde - 11, 45, 62, 115, 196, 197, 204, 222
Fossil fuel - 55, 56
Frieze - 154
Frit - 126, 173
Frost resistance - 87
Frosted glass - 126
Fungal - 78, 98, 99, 134
Furniture - 37, 46, 109, 112, 116, 160, 161, 162. 208
frame - 162
upholstered - 34, 37, 160, 162
Furring - 52

G

Genetically modified - 56, 187
Gilding - 180

Glass - 9, 10, 12, 58, 121, 122, 123, 124, 125, 126, 127, 128

Glass fiber reinforced
concrete - 86
plaster - 74
plastic - 182, 193
Glaze - 128, 130, 131
Glazing - 9, 35, 121, 123, 127,128
Gothic - 10
Grain - 14, 15, 30, 75, 85, 98, 99, 101
open - 101, 106, 111
tight - 101, 104
Grasscloth - 77, 79
Greige goods - 146
Green Building Certification - 56, 61
Greenhouse effect - 122
Greenhouse gas - 55, 57, 62, 141
Greenwashing - 63
Grout - 16, 94, 95, 130, 131, 133, 134
Growth rings - 98, 99
Gum Arabic - 68, 69
Gypsum - 50, 71, 72, 73, 81

H

Hand - 144

Handrail - 19, 35

Hardwood - 97,

Hardboard - 118

Heartwood - 98, 103, 104, 105, 106, 107, 109
Heating, ventilation, air-conditioning, HVAC - 42, 63
Hemp - 49, 140

High density polyethylene, HDPE - 182, 189, 198
High efficiency particulate air filer, HEPA filter - 42
High-pressure laminate, HPL - 205

Hickory - 102, 104, 105

Hide - 150, 151

Honeycomb - 179, 201

Honing - 94, 172

Humidity - 16, 45, 72, 84, 98, 109, 140
Hygroscopic - 98, 140

Hypoallergenic - 139, 140, 197



Miter - 109

Mohair - 141
I Moisture - 15, 16, 17
Igneous - 91, 92 absorption - 83, 142
Impact insulation class, IIC - 51 exposure - 15, 72, 73, 84, 130, 132, 148, 224
Impact resistance - 72, 102, 123, 124, 128, 193, 205 resistance - 44, 88, 116, 146
Indoor air quality, IAQ - 41 resistant - 72, 110, 205
Insect Mold - 16, 19, 42,43
attack - 140 resistant - 72
resistance - 142 Molding - 11, 13,
Insulation - 15, 49, 57, 83, 84, 121, 149, 163, 189, 192, 195, 201 blow - 193, 197, 199
International Building Code, IBC - 33, 38 ceramic - 128
International Code Council, ICC - 33 compression - 199
International Green Construction Code, 1gCC - 61 injection - 13, 197, 198, 199
Iron - 10, 125, 174, 175 over - 199
rotation - 199, 200
metal - 174

J

Jabot - 164

Jacquard loom - 144, 145
Janka hardness rating - 101
Joint compound - 73, 75

Moldability - 74, 184, 186
Moldavite - 10, 121

Monomer - 182, 192, 197

Mortar - 86, 87, 89, 95, 132, 133

Mullion - 127
Jute - 140 Murano - 121
K Mylar - 79, 193
Kerfing - 72, 109, 118, 203 N

Kil ing - 1
Khﬂt?r:grlgl 2 4?f45 National Sanitation Foundation, NSF International - 34, 156, 175, 203

Natural - 10, 16, 27, 71
Knot - 14, 75, 101, 102, 106, 107 fiber — 139, 140, 141, 142

resource - 54

I. rubber - 11, 194
stone - 90, 91, 92, 93, 95, 203
Lacquer - 111, 112, 115 Nickel - 125, 174, 181
Laminate - 45, 115, 117, 196, 204, 205, 228, Nickel-sulfide accumulation - 123, 124
Latex - 10, 52, 70, 133, 192 Noise reduction coefficient, NRC - 49, 50, 79

Lath - 73, 74, 133 Non-ferrous metals - 178

Lathe - 170 X

Life-cycle assessment, LCA - 55, 156 mg”m}’:arffufoo 181
Lead - 44, 62, 77, 121, 129, 180, 222 Nylon - 186, 192
Leadership in Energy and Env. Design, LEED - 61, 62, 63, 64, 65, 225 carpet - 152, 153
Leather - 149, 150, 151, 152, 190, 191, 202 fiver - 142

Limestone - 9, 82, 83, 91, 94, 123
Linen - 37, 140, 147, 162

Liner - 78, 81

Linoleum - 22, 56, 191, 192, 202
Linseed oil - 118, 191

Local materials - 55

Loom - 10, 144, 145, 155

Oak - 97, 101, 102, 103, 104, 108, 111, 116
Occupancy type - 33, 35, 222
Off-gassing - 42, 55, 223

Lucite - 183, 187 o - 184,185
Lumber - 96, 99, 100, 102, 107, 108, 110 fber _ 142
Luster - 22, 23, 138, 139,145, 166, 167 bolyolefin - 188, 189
Onyx - 91, 92
M Osnaburg - 79
Oxide - 125, 168, 173, 178, 180
Magnesium - 167, 178, 180 Orone 1o

Magnetism - 80, 173, 178

Mahogany - 8, 104, 106, 107, 110

Maple - 104, 111 P
Marble - 8, 15, 24, 86, 90, 92 .

Martindale abrasion test - 147, 219 Paint 7|.66'.67‘ 668’8729 74. 75, 214
Masonry - 87, 94, 95 application - 68, 69, 74, 75,

i ity fi - disposal - 76
Medlum density fiberboard, MDF - 15, 115, 116, 117, 118, 222 Paneling - 8, 20, 48, 102, 112, 178
Melamine - 11, 45, 115, 196, 197
Paper - 71, 79, 204, 205
Membrane - 86, 133 Particleboard - 45, 115, 117, 204
Mercerizing - 138, 145 articleboard - 45, , s

Metal - 166, 167, 168, 169 Partition - 51, 52

. Passive house standard - 57, 58
isf:&%it;j ?9i71g4’17177 9201 Patina - 16, 17, 101, 150, 168, 169, 179, 181
plating - 173, 180, 181 Pattern matching - 80, 93, 94, 114, 161
Metallic - 167, 181, Paver - 123, 130
Metalloid - 167 Penetrat_lng sealers - 95
Metamorphic - 91, 91, 204 Perforation - 49, 150, 179
Methane - 57, 141, 1é4 Petrochemicals - 182

Phenolic - 45, 113, 115, 196

Methenamine pill test - 36 Pigment - 8, 26, 66, 67, 68, 71, 85, 145, 183, 191

Microfiber - 138, 143

Microplastics - 59, 184, 185 P!Ie_— 38, 41, 153, 154, 159, 224
Mildew - 19, 42, 68, 72, 78, 130, 140, 192 Pilkington - 121

Mineral - 23, 82, 90, 92, 139, 141 Pill test - 36, 37

Mineral streak - 102, 106 Pilling - 140, 142, 145, 148

Mirror - 121, 122, 125 Pine - 100, 107, 111
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Phthalate - 45, 46, 62, 185, 193
Pietra dura - 90
Pitting - 168, 175
Plaster - 71, 73, 74

board - 71

of Paris - 73
Plastic laminate - 45, 114, 115, 117, 204, 205
Plasticizers - 85, 183, 184, 185
Plexiglas - 182, 183, 187
Plywood - 45, 105, 114, 116, 196, 203
Polyamide, PA - 142, 143, 192, 193
Polycarbonate, PC - 45, 124, 187, 188
Polyepoxide - 195
Polyester, PE - 143, 193, 203
Polyethylene terephthalate, PET - 59, 193, 194
Polyisoprene - 194
Polylactic acid, PLA - 56, 187
Polymerization - 45, 46, 184
Polymethyl methacrylate, PMMA - 143, 187, 188
Polyolefin - 184, 188, 189
Polypropylene, PP - 142, 184, 188, 200
Polystyrene, PS - 192

Polyurethane, PU - 46, 95, 99, 112, 150, 160, 177, 186, 195

Polyvinyl chloride, PVC - 46, 143, 189
Porcelain - 128, 129, 130, 131, 132
Porcelain Enamel Institute, PEI - 131
Portland cement - 73, 82, 83
Pottery - 9, 128
Powder coating - 16, 147, 173
Pozzolana - 82
Precautionary List - 64
Prefinished - 72
Pre-weathered - 17, 169, 181, 219
Primer - 75, 81
Printing

3d - 129, 200

textile - 146,

wallcovering - 79, 80

Quarry - 55, 90, 91

Quarrying - 71, 83, 90, 91
Quarry tile - 130

Quartz - 45, 92, 120, 203, 204
Quartzite - 204

Quenching - 169

R

Radiant panel test - 36,
Railing - 30, 124
Railroaded application - 161
Rammed earth - 88
Rapidly renewable - 56, 102, 140, 141, 149, 226
Rawhide - 150, 151
Rayon - 142, 143, 183
Reclaimed - 56, 60, 62
wood - 60, 108
brick - 88
Reconstituted veneer - 113, 114
Recycling - 58, 59, 60, 61, 225, 227
aluminum - 178
carpet - 155, 157
glass - 122
gypsum - 71
leather - 150
metal - 167
paint - 76
plastic - 184, 185, 186
PVC - 191
textile - 137
thermosets - 195
Red List - 62, 63, 64, 222
Red oak - 35, 104

Reflection
acoustic - 47, 48, 49, 50
acrylic - 187

glass - 125, 126
light - 19, 22, 23,95
metal - 172
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Regulations - 4, 33, 47, 137, 151, 223
Reinforced concrete - 14, 51, 83, 86, 176

Relief - 27, 47, 80, 118, 131,
Renovation - 44, 61

Resiliency - 127, 139, 190, 202, 219

Resilient

finish - 51

flooring - 36, 188, 189, 202
Resin - 183, 185, 186, 198, 199

Resin identification code, RIC - 185, 186

Retting - 139

Re-upholstery - 162

Reuse - 55, 64, 226, 227
Reverberation - 19, 48, 224
Riveting - 171

Room corner test - 36
Rubber - 186, 194, 195, 202, 203
Run-right application - 161
Running bond - 88

Rug - 101, 156

Rust - 108, 177

Rustic - 102

S

Safety glass - 124
Sandblasting - 23, 75, 94, 126,
Sandstone - 91, 94

Sapwood - 98, 102, 103, 104, 105, 106, 107, 109, 112, 113

Satin

metal finish - 172

laminate - 204

sheen - 69
weave - 144
Scrim - 79
Sealant - 98,
Sealer - 78, 79

glass - 127, 128

grout - 134

topical - 95

penetrating - 95
Seam slippage - 144, 148
Security

film - 193

glass - 124, 125, 188
Sedimentary - 91, 94
Selvage - 148
Semi-vitreous - 131
Shade - 163
Shading coefficient - 162
Sheen - 23, 69, 73, 111,112, 204
Sheep - 140, 141, 149
Shellac - 111, 112
Shelving - 60
Shop drawings - 210
Shop-sawn veneer - 113
Shrinkage - 106, 145, 146
Shutter - 162, 163
Sidelight - 73
Silica - 10, 67, 82, 123, 128, 197

Silicone - 95, 127, 186, 187, 194, 197

Silk - 138, 139, 140, 141

Silkworm - 140, 141

Silver - 15, 125, 169, 180, 181,
fiber - 143

Sink - 64, 76, 176, 184, 203

Sizing - 81

Skim coating - 73, 74, 75

Skylight - 188

Slate - 92

Slip resistance - 38, 85, 94, 132, 156, 194, 210, 224

Smolder resistance - 37

Soda ash - 123

Softwood - 97, 107, 116, 117,
Soiling - 154, 202, 227

Solid surface - 45, 203, 204, 223

Solid wood - 96, 97, 98, 99, 100, 102

Solution dyeing - 145
Sound
attenuation - 50, 52, 124

absorption - 48, 49, 50, 155, 163, 164



transmission - 50, 51, 124

Sound transmission coefficient, STC - 48, 52, 224, 225
Specification - 208, 209, 210, 216 V
Speech intelligibility - 48, 52, 224, 225 Valance - 164
Speech privacy - 52, 225 Vapor barrier - 132
Springs - 161 Varnish - 16,111, 112
Sprinkler - 35, 36, 222 Velvet - 19, 78
Stain resistance - 78, 79, 87, 145, 146 Veneer
Stained glass - 10, 121 reconstituted - 113, 114
Stairs - 86, 124, 132, 157 stone - 95
Standards - 16, 32, 34, wood - 98, 77, 112, 113, 114, 115
Steel - 11, 12, 167, 168, 174, 175, 176, 177, 180, 181, 201 Vertical ignition test - 37
stainless - 16, 167, 168, 172, 175, 176, 180 Vinyl -
Steiner tunnel test - 35 asbestos tile, VAT - 191
Stitches per inch - 148, 154 composition tile, VCT - 189, 190
Stoneware - 128, 130 Vitreous - 128, 131
Stucco - 73 Volatile organic compounds, VOC - 42, 45, 56, 63, 64, 210, 223
Styrofoam - 192 carpet - 156, 157, 158
Subfloor - 84, 86, 95, 102, 116, 132 paint - 68, 70
Suede - 150 plastic - 196, 197
Suspended ceiling - 52 wood - 110, 112, 115
Sustainable
design - 54, 55
thinking - 12, 20, 60 ]
Wallboard - 73
T Wallcovering - 73, 77, 78, 79, 80, 81
Wallpaper - 27, 28, 44, 77, 80, 213, 214, 215
Tack strip - 157 Walnut - 103, 106, 110
Tanning - 149, 150, 151, 180 Warp - 144
Teak - 16, 102, 107 Warping - 17, 99, 106, 108, 109, 115, 219
Teflon - 182 Water resistance - 72, 112, 116, 130, 132, 197
Tempering Wax - 101, 111, 112
glass - 123, 128 Weave - 144, 148
metal - 169 carpet - 152, 153
Tension - 13, 14 Webbing - 160, 161
Tensile force - 120, 200 Weft - 144
Terracotta - 130 Welding
Terrazzo - 16, 86, 87 metal - 170, 171, 172
Tesserae - 121 plastic - 190, 200
Tex - 138 Wheelchair - 37, 39, 219
Texture - 20, 21, 22, 27, 28, 29, 47, 68, 104, 105, 144, Wilton weave - 153
Thermal Window treatment - 37, 137, 162, 163, 165, 208, 218
bridge - 30, 43, 78, 223 Wire mesh - 74, 123
comfort - 62 Wood finish - 111
expansion - 133, 176 Wood flooring - 51, 101, 104, 110, 227
insulation - 15, 43, 49, 149 Wool - 19, 56
Thermoplastic - 186, 197, 198, 200 fiber - 140, 141, 142, 152, 153
Thermoset - 11, 186, 194, 195, 197 Woven - 136, 137, 144, 145
Thickset installation - 95, 133 Wrought iron - 174
Thinset installation - 95, 133 Wyzenbeek abrasion test - 147, 219
Third-party
testing - 34
verification - 64 Y
p:e Council of North America, TNCA - 34, 131, 132, 133 Yarn - 138, 139, 145, 148, 152, 153, 154
ile
carpet - 49, 60, 155, 156, 158
leather - 152 Z
Timber - 12, 107, 160 N
cross-laminated, CLT - 97, 117 Zinc - 167, 168, 176, 181

Tin - 167, 179, 181

Titanium - 167, 170, 180, 181

Topcoat - 42, 71, 75, 101, 111, 152, 176
Toxicity - 35, 41, 45, 55, 68, 70, 178, 185
Travertine - 20, 91, 92, 95, 204, 219
Trim - 35, 41, 70, 74, 102, 117,

Trim strip - 159

Tufted - 153, 154

Twill weave - 144

Twist pile - 154

Twisting - 137, 138, 139, 143

Type-X gypsum board - 72

U

Urea-formaldehyde - 45, 117, 196, 197
Underlayment - 51, 102, 116, 118, 155
Underwriters Laboratories, UL - 34, 35, 36, 63
Universal design - 37, 39, 224

Upholstery - 160, 161, 162

Ultraviolet - 120, 122

UV resistance - 140, 142, 143, 164, 184, 187, 219
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