


APPENDIX A

CALCULATION OF OVERALL THERMAL TRANSFORM VALUE (OTTV)



To prove the calculation steps of OTTV (Over Therma! Transfer Value) from

house in piece A2 follows (Figure 39):

Figure 39 This is a side of wall (A2) that is showed detail about wali and glass

window and section of wall and glass window.

In this case of OTTV calculation, the direction of wall, area of wall and detail of

wall is necessary for the caiculation process.

The reference conditions for the caiculation are as follows (Figure 39):
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Direction of wall is kast

Total area of wall (A) = 17.68 m’

Area of windows and doors (A} =7.99 m’

Area of wall (A,) = 9.69 m’

Ratio of areas between glasses and walls = 0.4519
Temperature ouiside = 35 °c

Temperature inside(Room temperature) = 25 °c
Shading coefficient of clear glass = 0.92

Color of wall is white

10 External shading is not considerate for walls (SC, = 1.00)




Stéps of calculation
Step 1: Find U, (Thermal transmittance of wall (W/m2 °C)), Walls and roofs usualty
involve a composite of materiais. The thermal transmittance of an opague wall,

transparent wall or roof should be derived by the following equation 2.6:

Figure 40 Section of brick with cement coated wall, thickness 0.10 m

So that U,, =3.4733 e

Step 2: Find TD,, (Equivalent temperature difference for wall {°C)) by finding m, and ¢

(absorptive) of wail from Table 8 and get TD,, from Table 9
Then m, =176 kg/m’
Thus, Absorptive of the wall (Q)} is

=03 {Table 8)

So that D, = 12 °C (Table 9)
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Figure 41 Section of giass window, thicknass 0.008 m

Step 3! Finding the U, {Thermal transmittance of glass (W/m2 °C)) use the

equation 2.6

Then U, = 5.8276 wim® °C

Step 4. Finding the AT (Equivaient temperature difference for glass ")

AL=T,, =T,
where T,,. = Temperature outside of wall = 35 (°C)

T, = Temperature inside of wall {room temperature) = 25 (OC)

o)

Then AT =10 C

Step 5: Finding the SF {Solar factor for the vertical surface (W/mz))

SF=160-CF

where CF = Correction factor {Tabie 12)



- Slope of wall from horizontal to vertical axis = 90 ©
- Orientation of wall is East
So CF=1.12

Then SF=1798.2 W/m®

Step 6: Calcutation to finding the OTTV (Over Thermai Transmission Value)

[(4, U, ID,)+ (4, -U,-TD,)+ (4, - SC-SF)]

OTTV = (2.3)
4
where Ay, = Area of wall = 9.69 (mz)
U,,,= Thermal transmittance of wall = 3.4733 (W/m" °C) (Step 1)

TD,= Equivalent temperature difference for wall = 12 ("C)  {(Step 2)
A = Arega of glass = 7.99 (m?)

U,,= Thermal transmittance of glass = 5.8276 (W/m” °C) (Step 3)
D, = Equivatent temperature difference for glass = 10 CC) (Step 4)
SC= Shading coefficient of clear glass = 0.92

SF= Solar factor for the vertical surface = 179.2 (W/mQ) {Step 5)
A= Area of external walls, i.e. A+ A = 17.68 (m®)

2

Then OTTV =123.6875 W/m

The value of OTTV, (original) from processing of calculation is equal 123.6875
Wim’ more than value from standards stipulated by law in Thailand. The current OTTV

iirhits are for new building, OTTV<45 w/m’ and for old building, OTTV < 55 wim®. So
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that we can change the result of OTTV to base on standard by install insulation for wall

and change glass of window as following:

Finding the U,,, after install insulation with wall, finding the U, after change glass
from clear glass to heat stop glass, finding the mass of materials of wail and finding the

o1V,

Figure 42 Brick with cement coating wali are installed glass fiber insulation

Therefore, constant values are A, Ag A To 1, and SF

in?

Step 7: Finding the U, (Thermal transmittance of wall (W/mz °C)) after install insulation

with walt (Figure 42)

Then U, =0.57636 Wim® °C

Step 8: Find TD,, (Equivalent temperature difference for wall 9)! by finding m,,

and O of wall color from Table 8 and get TD,, from Table 9

2. my =2 Ax)

Then Z m, = 186.3584 kg/m®
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Thus, Absorptive of the wall {(Tl) is
=03 (Table 8)

So that D, =12 °C (Tabie 9)

Heat stops glass that the air between the glass panes that does the insulating,
while the panes stops the movement of air (Figure 43). Too close and heat will be
transferred between panes. Too far and internal convection reduces the effectiveness.

Standard Certain Teed panes are spaced at an optimum 16 mm and SC=0.19.

Figure 43 Heat stops glass that the air between the glass panes

Step 9: Finding the U, (Thermal transmittance of glass (W/m2 °C)) again after

modify materials.

Then U, = 11518 w/m® °C

After change the processes of caiculation we can the new result of OTTV, follow:

Then OTTV,= 24.3830 Wim?
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The value of OTTV from processing of calculation is equat 24.3830 w/m’ not
more than value from standards stipulated by law in Thailand. The current OTTV limits
are for new buiiding, OTTV <45 W/m’ and for old building, OTTV <55 W/m’.

This is the'fioor plan which showed the detail of room in house model.

The value of OTTV from Table 19 before install insulation and change glass have

high mdre than after modify materials. So that, Totai of Overall Thermal Transfer Value of

an external wall is calculated by

A ~OTTV, + A, -OTTV, + ..+ 4,, - OTTY,

orTV, =
A, + A, +o ¥ 4,
where OTTV,; = Total of Over Therma! Transmission Value, (W/mz)
A = Area of external walls, L.e. A+ A, in each side, (m%

OTTV, = Over Thermal Transmission Vaiue of each side, (W/mz)

Value of OTTV, before install insulation and change glass of windows and doors for living

and parlor room

2

OTTV, =115.8963 Wim
And OTTV, affer install insulation and change glass from clear glass to insutation glass
for living and parlor room

OTTV, =26.3154 Wim?®
Value of OTTV; before install insulation and change glass of windows and doors for bed
room No.1

OTTV, =71.2587 wim?
And QTTV, after install insulation and change glass from clear glass to insulation glass
for bed room No.1
OTTV, =20.5455 Wim®
Value of OTTV, before install insulation and change glass of windows and doors for bed
room No.2

2

OTTV, =70.1926 Wim
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And QTTV? after install insulation and change glass from clear glass fo insulation glass
for bed room No.2

OTTV, =19.8327 Wim’
Value of OTTV, before install insulation and change glass of windows and doors for bed
room No.3

OTTV, =68.8971 W/m®
And OTTV, after install insulation and change glass from clear glass to insulation glass
for bed room No.3

OTTV, =18.9161 Wim’



APPENDIX B

CALCULATION OF ROOF THERMAL TRANSFORM VALUE (RTTV)




Roof Thermal Transfer Value (RTTV)

In the case of RTTV calcuiaticn, the ceiling reference conditions for the
calculation are paralle! with floor. The RTTV equation for roofs is similar to wall, but
external shading is not considerate for roofs. The terms and coefficients (TDeqr and SF)

may very different QTTV standards

Layers of ceiling are built in a variety of shapes. A conventional ceiling is parallel
with floor. Some ceilings depart from these norms for structural, spatial or decorative
reasons. Perhaps the most familiar departure is the cathedral ceiting that angles upward

from walls to peak, following the roof's pitch.

1. Parallel with floor

Figure 44 Show the ceiling that build to parailel with floor.

2. Cathedral ceilings are ceilings which follow the roofiing

Figure 45 Show the ceiling that build to {ollow the roofline.



3. Buill-up 90° are the cellings that buiit under the flat roof.

Figure 46 Show the built-up roof.

4. No ceiling

Figure 47 Show the roof that no ceiling.
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We can reduce the RTTV equation if we not considerate the transparent roof, A,

will equai 0 and the equation as follow:

RTTV =U, -TD,,

In the case of RTTV calculation, the ceiling reference conditicns for the

calculation are paraliel with floor {(Figure 47).

Steps of calculation RTTV

Step 1: Find U, {Thermal transmittance of roof (W’Im2 °CH

1
UrO =

X. X
R+=1L+. . +~2+R +R,
k
1

n

Then U, =141153

w/m’ °C



Step 2: Find TD, (Equivaient temperature difference for roof °C)) by fénding m,

and O of wall color from Table 8 and get 7D, from Table 13
2. =2 (pAx)
Where Z m,, = Mass of materials of roof or ceiling (kg/mz)
P, = Density of material (Gypsum) = 880 (kg/m®)

Ax, = Thickness of building material of the wall = 0.008 {m)

Then me =792 kg/m2
So that TD,, =32 °C (Table 13)
Then RTTV = 45.1690 w/m®

The value of RTTV from processing of calculation is equal 45.1690 W/m® more

than value fram standards stipulated by taw in Thailand. The current RTTV limits are for
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roof, OTTV < 25 W/ m”, So that we can change the result of RTTV to base on standard by

install insulation for roof as following (Figure 48):

Figure 48 Show the insulation of ceiling

Step 3: Finding the U, (Thermal transmittance of roof (Wim” °C)) after install

insulation on ceiling

Then U, =0.4743 wim’ °C



Then

Then

Step 4: Find TD

eqr

(Equivalent temperature difference for roof (C))

> m, =9.5328 kg/m’

RTTV = 15.1776 Wim

2
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APPENDIX C

ESTIMATE OF SOLAR RADIATION

THE HOURLY MEAN RADIATION ON A TILTED SURFACE
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APPENDIX D

CALCULATION OF HEAT FLOW RATE FOR BUILDING MATERIALS



This calculation example is heat flow rate from building materials. In the

calcutation follows these calculation steps.

For this appendix, the example which used the steps of calcuiation consists of

the foliowing conditions:

1. Direction of walls that absorbed radiation are North, East and South
Shading coefficient of clear giass = 0.92

External shading is not considerate for walls (SC, = 1.00)
Temperature outside = 35 °c)

Temperature inside(Room temperature) = 25 (OC)

Number of occupants = 4 {people)

N e A~ N

Volume of room = 5X7X2.88 (m) = 100.8 (m")

This method does not account the effect of heat capacity of building materials.

The heat balance under this approach can be written as:
0, =0, +0,+0, +0,
where () = Heat balance Ioéd (W)
Q, = External load (W)
Q, = Internal load (W)
0, = Ventilation load (W)
Q,, = Storage load (W)

First step: finding the external load ((,) consists of load due to condition (0.}

and load through transparent openings (Q, ) and hence can be wrilten as:

Q,=0Q. +0,
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The conduction (Q, ) heat fiow rate through a building component (e.g. wall,

roof, glass, etc.) is given by the following equation 2.24:
For this case is not considerate heat from ceiling.

So that 0, = 2,095.4541 W

The radiation through fransparent elements (0, ) are the sofar gain through

transparent elements can be written as following equation 2.25:

Then 0, =5877.9522 W

Next step Is finding the storage heat load of a room intermitiently air conditions

(Q,,), (2.26)

Then Q. =1,594.6813 W

Next step is finding the internal heat gain (Q,) is estimated as follows equation

2.27:

Calculation of heat load in interior zone is transmission heat load of partition and

ceiling but this case not considerate heat load from ceiling.

- Transmission heat load of partition
Qp = z(Apf 'Upi)'(Tour -T.) (2.28)
i=]
Where Qp = Transmission heat gain through partition (W}

A, = Area of partition (mz)

= Area of concrete wall + Area of wood + Area of glass



=11.79+1.52+437 =17.68m’
U, = Thermal transmittance of concrete = 2.7479 (V\Mm2 OC)
U,, = Thermal transmittance of wood = 2.1863 (W/m* °C)

U,, = Thermal transmittance of glass = 4.03682 (Wim® °C)

Then Q, = 266.8528 W
So that 0, = 4X80 + 266.8528
= 586.8528 W

Next step is finding the ventilation {Q, ) of air between the interior of a building

and the outside depends on the rate of air exchange. it is given from equation 2.29:

if the number of air changes is known, then

NV
T 3600
where N= Number of air change per hour =3

V = Volume of the room or space = 100.8 (m*)
Then V, =0.084 m’is

So that 0, =1,013.04 W

Then the balance heat load of this room can calculated from equation as follow:
So that Q. =11,167.9804 W

= 38,102.9155 Btu/hr

104
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This is the calculation step after install insulation and change the glass. The

heat load will change the value as follows:

Step 1: finding the external toad {Q,) consists of load due to condition (., } and

load through transparent openings (Q,) and hence can be written as:

So that Q, = 445.6503
Then Q, =1,439.6123
Then Q, = 377.0525

The others value of heat flow rate is constant.

So that 0, =3.862.2079
=13,177.081C

The heat flow rate difference equal = 7,305.7725

= 24,925.8346

W

W

W

Btu/hr

W

Biu/mr
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APPENDIX E

CALCULATION OF ENERGY SAVING AND PAYBACK PERIOD



After finding the reducing heat load you can calculate power saving by:

1
Average EER of Air Condition

Power Saving = Heat Difference -

when EER of air condition = 8,17 Biufmr-W

Then Power Saving = 3.0508 kw

When you find power saving, you can find energy saving by: (Assume time of
wall and glass receive solar energy 10 hi/day, efficiency of air condition is 80%, day use

air 365 day/yr and cost of electric = 3 Bath/Unit)
Energy Saving = Power Saving X Time X Daylyr. X Efficiency
Then Energy Saving = 8,908.6214 KWhiyr.

So that Cost of Energy Saving = 26,725.8643 Baht/yr.

And the calculation of percentage of energy saving is determined by:

Qm - Qm]

"

Energy Saving =

Where @, = Heat balance load before install insulation W)
Q.. = Heat balance load after install insulation (W)

Then Energy Saving = 65.4171 %
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Economic analysis

The economic analysis for this study is only Pay Back Period method. The calculation of

Pay Back Pericd is determined by:

Investment Cost

71 o
Cost of Energy Saving

Where n = Pay back period (years/months/days)

investment cost of insulation for wall and glass

- Cost of fiber glass 2 inch. = 250 Baht/m’
- Cost of laminated glass = 900 Baht/m’
- Cost of heat stop glass = 1200 Bahym’
- Total area of fiber glass in this rocom = 85.57 m”

- Total area of laminate glass in this room = 18.75 m’
_Total area of heat stop glass in this room = 14.23 m’
Then Investment Cost = 55,345 Bant

And Pay Back Period = 2 Year and 26 Days



APPENDIX F

PROPERTIES OF INSULATION




Thermal Insulation

Insulation is an essential part of ali modern buildings; it performs many functions,
all of the cost of the building and its operating expenses. it is essential not only in the
floors, walls, and ceilings of the buildings, but also in their mechanical systems such as
heating, cooling, plumbing and air-conditioning, as well. Most of all insulations installed

in buildings are installed at the time of the original construction.

The characteristics of a thermal insulation are mainly determined by its
composition. For that reason thermal insulations are divided into five major types,

although in many instances particular insulations are hybrids of these types.

1. Flake is composed of small particles or fiakes which finely divide the air
space. These flakes may or may not be bonded together, Vermiculite, or expanded

Mica is commoniy used for flake insulation.

2. Fibrous insulation is composed of small diameter fibers which finely divide the
air space. These fibers may be organic or inorganic and may or may not be bonded
together. Organic fibers may be - hair, wood, cane, wool or synthetic. Inorganic fibers

may be Glass, Rock wool, Siag wool, alumina silica, asbestos or carban.

3. Granular insulation is composed of small nodules which contain voids or
hollow spaces. It is not considered a true cellular material since gas can be transferred
between the individual spaces. The material may be Magnesia, Calcium Silicate,

diatomaceous earth and vegetable cork.

4. Cellular is composed of small individual cells sealed from each other; it is

produced of Glass, rubber and plastic.

5. Reflective insulation is composed of parallel thin sheets or foil of high thermai
reflectance and spaced to reflect radiant heat back towards its source. The spacing
also is designed to provide restricted air (or gas) spaces. The restricted air space

reduces heat transfer caused by convection and conduction.
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Laminated Glass

Insutating Laminated Glass provides the solar controlling properties of an
insulating unit along with the safety features of the laminated inboard component. This
allows the flexibiiity to design with hundreds of combinations of tinted glass, high-
performance coatings, silk-screen patterns and pigmented interlayer, together or alone.
In addition, insulating Laminated Glass enhances acoustical performance, uitraviolet
light protection, and the laminated component is designed fo remain integral inthe

opening should glass damage occur.

The laminated component features a strong, PVB interlayer bonded between two

or more glass plies using heat and pressure.

Often the laminated inboard component is required to provide protection against
man-made threats or natural disasters such as hurricanes, bomb blasts or forcible-entry.

For detailed information on these applications please see the Protective Glass section.

Solar Reflective Glass

This is an ordinary float glass with a metallic coating to reduce solar heat. This
special metallic coating also produces a mirror effect, preventing the subject from seeing

through the glass. it is mainty used in fagades.

Solar Reflective Glass helps the architects provide more option for design and
energy saving requirements. With solar control, solar reflective glass controls heat that
transmits through buildings and, therefore, makes rooms more comfortable. Solar
Reflective Glass helps extend the lifetime of air conditioning system and helps reduce
power consumption by obtaining optimum efficiency. The solar reflective glass also
helps create colorful architecture with reflective properties of mirror-like surfaces. 1t
provides several different shades of color for the purpose of decoration. itis easy 1o
install and to maintain. Because of highty advanced technology, it has been highly

accepted for its strength and endurance.
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For use in:

« Buildings such as offices, hotels, condominiums and residential houses which
require energy saving and splendid appearance.

» A place that requires light or heat transmittance controt such as gymnasiums,
fibraries, and museums.

e Places such as hotels and department stores which require uniquely luxurious

image.

L.ow-Emissive Glass

Energy conservation, maximum daylight transmittance and minimal reflectance
are the benefits of Low-Emissive coated glass.

Sealed within an INSULITE unit, Low-Emissive coatings substantially improve the
unit's energy efficiency by selectively transmitting the sun's visible light (short-wave
radiation) white reflecting a majority of radiant heat (long-wave infrared radiation). In cold
weather conditions, both coatings transmit the sun's energy while it retains radiant heat
inside the building. In warm weather conditions, the sun's high angie resulis in an
increase of exterior radiant heat. The coatings reflect the radiant heat thus reducing heat
gain into the building.

Additional thermal insulation and sound transmittance reduction can be achieved
through special gas-filiing in the INSULITE uniis.

Aesthetically, Low-Emissive coatings appear transparent from the interior and
similar to uncoated glass on the exterior. The Low-Emissive coating is applied to glass
substrate through state-of-the-art magnetically enhanced vacuum deposition (sputtering)

technology.

Heat Stop Glass or Insulating Glass

Heat stop glass is an insulating glass made of two glass light {or three glass light

in special cases) hermetically sealed with an aluminum spacer bar between the
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individual light. The spacer bar is filled with a special desiccant to absorb moisture
within the air space. The air space between two glass light can De filled with a
special gas for an application that requires improvement of noise reduction and thermal

performance.

Ciear and fresh vision for condensation can occur on the glass surface and
obstruct your views of the outside scenery. This phenomenon generally occurs with

single glass due to the temperature difference between the inside and the outside.

Heat stop glass reduces the temperature differences between the inside and the

outside and, therefore, prevents condensation on the glass surface,

Heat stop glass has a high thermal insulating performance due to the insulating
effect of the air space between the two light. The coefficient of overall heat transmittance
(U-Value) is reduced by approximately 50% or more, as compared to single glass light.

Consequently, your air-conditioning load will be reduced.

Various Applications of insulation

¢ Windows of general office buildings

» Residential houses in tropical and cold climates

o Places such as factories, laboratories, conference rooms or buildings near
airports or railways which require environmental control (temperature, humidity, socund)

¢ Freezers and refrigerators

Recommendations for heat stop glass

e Specify and verify the correct size when ordering since the size and specification
of heat stop glass cannot be changed after production.

s Store heat stop glass inside a well ventilated room without direct sunlight.

s Avoid using heat stop glass in places with temperature exceeding 70 degrees
Celsius since the lifetime of the seals of heat stop glass will be shortened.

« Do not allow air ftow from air-conditioners to blow directly onto heat stop glass
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Fiber Glass

Fiberglass is a man-made mineral fiber that is widely used in America. First
produced in the 1920's, fiberglass became a popular substitute for asbestos in the
1050's when some of the deleterious health effects from asbestos were first becoming
apparent. Due to the similarity in shape between the fiberglass and the asbestos fibers,
finerglass was able to effectively replace asbestos in many applications such as in
electrical, thermal, and acoustic insulation and in adding structural reinforcement and

heat resistance o a material,

The similarities to asbestos, which have allowed fiberglass to be so versaltile, are
also sources of concern for some who suggest that fibergiass may also exhibit similar
deleterious health effacts. There are three main types of fiberglass. Each type has
different physical dimensions and properties which affect the suitability for specific
applications and may aiso impact human health in different ways. These types are
continuous fibers (used in electrical insulation, cement and plastics reinforcement},
insulation wool (for thermal and acoustic insulation), and special purpose fibers {used for

heat resistance and light-weight materiais).

There are many ways to protect yourselif and lower your exposure if you are
working with fibergiass. Always wear goggles and appropriate work gloves. Be sure to
cover all exposed skin with long sleeve shirts and long pants. During low level exposure
to airborne fibers at least a dust mask should be worn to protect your throat and lungs.

After the work is done always wash your hands and face thoroughly.

Fiberglass is extremely useful in workplace and residential applications, butit
should be treated with care to avoid some of its irritating properties. In the future more
scientific studies will be conducted to determine if there are truly any far reaching heaith
effects. For now, safe handling and work practices will go a long way toward insuring a
safe and healthy treatment of fiberglass. Fiberglass bats are the most common materials

for insulating walls and ceilings
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Rock wool insulation

Rock wool manufactures a wide range of products for all kinds of insulation
purposes, including insulation for the offshore sector. On account of the unique
properties of the rock wool insulation and speciaily developed products, rock wool

insulation can be used everywhere. This applies, for example, to:

e Hand A constructions

s Deck and bulkhead constructions
e Engine rooms

¢ Pipe and air ducts

e Doors and panels

e Floating floors

e Co'mfort insulation

e Sub sea pipe lines

Cellulose Insuiation

Having a well-insulated building envelope is ¢crucial to creating an
environmentally sound bulilding. By minimizing heat transfer through the envelope,
energy used to maintain the interior climate is similarly minimized, reducing both utility
bills and the environmental costs of fossil fuel use. Cellulose insutation is made from
recycled paper that is appiied as either loose fill into attics and closed wail cavities or
damp-sprayed into open wali cavities. Due fo its recycled content and potentially higher
energy and acoustic performance, cellulose is an environmentally-preferable product.

Although ceilulose insulation’s R-value of roughly 3.7 per inch is similar to high-
density fiberglass bats, it has a significant advantage over fiberglass. Because of its
method of installation, it seals all cavity spaces very effectively, greatly reducing air
infiltration and higher frequency sound transmission. The overall R-value of bats, on the
other hand, can be significantty lower than its idealized rating due 1o typically deficient

installation. Loose-fili cellulose setties over time, requiring it be installed at its predicted
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settled density to achieve its rated R-value. Some manufacturers have created

“stabilized” producis that reduce settling.

Polyurethane

Polyurethane foams are used as insutation in garage door panels, roof insulation
on commercial buildings, wall insulation in newer high efficiency homes, office chairs,
refrigerators, freezers, walk in coolers, furniture and in automobiles for dashboards,
armrest’s, suspension bushings and many other areas. Polyurethane foam is a two-part
system. {t begins with two chemical blends that when mixed together expand and cure to
fill the garage door panel, During the expansion, the foam flows and completely fills the
inside of the panel and comes in complete contact with and becomes fully adhered to
the steel skins of the garage door panel to form a composite structure {hat is of

exceptional strength and rigidity.

Polyurethane foams are very stable when encapsutated (fully enclosed) inside a
garage door sectian. The polyurethane foam in a Haas garage door section is fully
enclosed inside the steel skins and therefore protected from R-Value loss! This design
puts the insulation properties of polyurethane foam way ahead of polystyrene foam for

performance and vaiue

Polystyrene

Polystyrene foam board is used as insulation in garage door panels, houses, as
vapor barriers, and most commonly as an inexpensive packing material. Polystyrene
foam board must be attached to or inserted into the door sections. The foam must be
held in place by mechanical means or by bonding the foam to the door skins by using

adhesives (glue).
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Perlite

Perlite is a light gray, giassy volcanic rock with a vitreous, pearly luster and a
characteristic concentric or periitic fracture. it differs from other volcanic glasses
principally in its combined water content, which produces the unusual characteristic of
expanding up to 20 times its original volume upon being exposed to rapid, controlled
heating. The resulting expanded particles are spherical in shape, usually fiuffy or frothy,
highly porous due to a foam-like cellular internal structure, and have a very low
density. Expanded periite exhibits very low thermal conductivity, low sound
transmission, high fire resistance, a targe surface area and low moisture retention. it is
chemically inert, sterile, non-toxic and non-fibrous, free of organic impurities and has a
neutral pH. Perlite, obsidian perlite, and a related product, pumice are regarded as
essentially "environmentally safe” building materials. Expanded perlite can be
manufactured to weigh as littie as 2 pounds per cubic foot {32 kg/m?) making it

adaptable for numercus applications.
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Table 32 ASTM Standard and Properties of Insulation
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Type of insulation R k P ASTM Standard
(m."C) Wim."C (kg/m')
Fibrous materials
- Fiper Glass 224 0.045 9.6-16.0 553, C592 CEB5, C802
- Rack Wool 224 0.045 24.0-40.0 5538, C592 C665, C92
Lose fiil
- Cefiulose 22.4-25.7 0.039-0.045 35.2-51.3 C73%
- Fiber Glass 19.8 0.05 9.6-16.0 G764
- Rock Wool 21.7 0.046 24.0 C764
- Perlite 17.4-25.7 0.039-0.058 32.0-176.2 Ch49
- Vermiculite 14.8-15.8 0.063-0.088 64.1-192.2 C516
Spay Foam
- Polyurethane 40.8-43.4 0.023-0.024 3z
Block, Plate
- Polystyrene kv 0.029 28.8-41.6 CE&78






