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Abstract — Window frame material has noteworthy effect on the thermal performance of the window.
Additionally, with economical design turning into a need, window frame materials need to have larger
amounts of natural performance to be recognized supportable. Subsequently, a comprehensive
performance metric is required to evaluate window frame material. Three comparable frames were
recognized, produced from aluminum, polyvinyl chloride (PVC), and wood. To begin with their thermal
performance was assessed and thought about utilizing a heat transfer model. At that point, carbon foot
shaped impressions of the three materials were acknowledged for 1m2 of window area with a comparable
thermal performance. It was discovered that the thermal, and in addition the ecological, performance of
the wooden window frame was better than those of aluminum and PVC. Then again aluminum frames had
high natural sways and nearly lower thermal performance. This study furnishes an all-encompassing

perspective on window frames by recognizing both ecological and thermal performance.

INTRODUCTION

The pervasive prevalence and acknowledgement of
the green building rating framework is demonstration
of the expanded energy mindfulness and natural
cognizance from the stakeholders. The energy
utilization of structures records for 40% of sum energy
devoured in the improved planet. The green building
rating frameworks (e.g., Leadership in Energy and
Environmental Design—LEED) and green codes
around the globe, for example, International Green
Construction Code (IGCC), Energy Performance of
Building Directive (EPBD), and so forth., presents
stringent necessities for diminishment of energy use in
structures. Windows are normally answerable for a
vast portion of heat misfortune in a building. This is in
light of the fact that the mix of glass and frame in
windows by and large has a higher degree of heat
transmission, i.e., higher U value than alternate
segments of a building.

Advancement of engineering has accelerated an
extensive lessening in heat misfortune through
windows. Some cases are glazing of the glass, which
helps in lessening the heat misfortune and likewise
helps sun oriented heating of the building. Different
innovations, for example, lazer glazing, low emissivity
coatings, electrochromic materials, and thermochromic
materials utilized within windows, have showed
mechanical advancement and decreased the
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misfortune of heat. Most innovative advancements,
notwithstanding, have kept tabs on window sheets,
while ignoring the frames. A significant segment of a
window is the window frame, which can blanket 20%—
30% of the area of a window and has a negative
effect on energy performance. The most well-known
window frames utilized instantly are either materials
with high conductivity, for example, aluminum for
office structures, or materials with low conductivity
like wood also polyvinylchloride. Some contend that
frames made of low conductivity material generally
have low quality obliging wide frame profiles that
decreases the sum transmittance of the window.
While these cases have not been approved, it
remains correct that window frame sways the energy
performance of the structures fundamentally.

With reasonable design being a need, it is imperative
to not just think about the energy performance of a
window frame, additionally think about other
performance  measurements to increase a
comprehensive thankfulness. These performance
measurements are exemplified energy over the item
lifecycle, thermal performance and structural
performance. Manageability constrains us to think
about all-encompassing methodologies, which have
long ago not been tended to completely. A window
frame that performs better than an alternate from an

energy outlook, may have altogether higher
encapsulated energy over its lifecycle—crude
material extraction, preparing, assembling,
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transportation, and establishment. This might hence
settle on it an awful decision from a natural angle. A
standout amongst the most vital decisions that
confronts anybody commissioning or trading windows
will be the materials utilized within the frames.

While the shape, size and operation of a window is
stylishly huge, the material from which a frame is
developed is essential when acknowledging cost and
energy effectiveness. While the sheets themselves are
normally built of glass, there are three most regular
sorts of window frame materials, wood, aluminum, and
un-plasticized Polyvinyl Chloride. All these materials
have their preferences and relative inadequacies.
Diverse property holders settle on their choices
dependent upon offers and factors that are specific to
their lifestyle, tastes, and inclination. The material from
which a window frame is developed can incredibly
influence in general establishment require and energy
effectiveness.

With supportability being the main impetus in the
formation of a building, natural effect of chose
materials ought to be incorporated in arranging,
recognizing the life cycle and epitomized energy of the
materials utilized. Along these lines, the Life Cycle
Assessment (LCA) methodology ought to be utilized to
uncover the ecological and energy performances of
the utilized materials, and also the improved items
through the entire life cycle. Since the 1980s, when
LCA analysis was created, until today, various
methodologies to order, portray, and standardize
ecological impacts were advanced. The most well-
known, for instance CML 2 (2000), IPCC Greenhouse
gas emanations, Ecopoints 97 and Eco-marker 99,
keep tabs on the following pointers: fermentation,
eutrophication, diminishing the ozone layer, different
sorts of ecotoxicity, air taintings, use of assets and
nursery gas outflows. From the start, LCA analysis
was for the most part concentrated on natural impacts
like fermentation and eutrophication, while in the
previous year's basically on nursery gas outflows,
which are likewise called carbon foot shaped
impression. The carbon foot shaped impression is
communicated regarding the measure of emitted
carbon dioxide or its likeness other nursery gases. In
Europe, carbon foot shaped impression is picking up
enormous essentialness and anticipated that will be
commanded to go with items and administrations. As
results are looked to diminish the effects of edifices,
LCA is seen as a goal measure for looking at building
designs. Not many studies have examined window
frames structure a supportability point of view utilizing
LCA. Lawson and Asif etal. performed LCA on
different window frames and watched that aluminum
frames had the most astounding natural effects.

In  reasonable design, "toughness" is likewise
progressively being incorporated on necessity records
under the presumption that designing for life span is
an ecological basic. Then again, this is unsupported
without LCA and precise lifespan forecasts. In the
most noticeably bad case, designing for life span can

expedite design decisions that are well meaning
however, truth be told, yield poor natural outcomes.
Rather than endeavor to anticipate the future and
design perpetual structures with an infinite lifespan,
design for simple adjustment and material
recuperation ought to be acknowledged.

This study intends to give an all-encompassing
performance measurements for window frames by
looking at three generally accessible window frame
materials, wooden, PVC, and aluminum. In the first
place a window was designed having the same
volume of material, spacer, and glazing framework.
Hence, their U values and thermal performances were
ascertained and looked at. Besides, carbon foot
shaped impression of the three window frames was
ascertained, centering just on beginning epitomized
energy non-renewable energy depleted simultaneously
from the obtaining of crude materials to the
development of the building.

At long last, carbon foot shaped impressions and
performances were contrasted with distinguish the
best comprehensively performing window frame
material for a given U value.

WINDOW FRAMES

Five separate frames were chosen: one thermally
broken aluminum (Frame A), two thermally broken
wooden (frames B and C), one in part thermally
broken wooden (Frame D), and one frame made of
PVC (Frame E). The two thermally broken wooden
(Frames B and C) had a thermal break of
polyurethane amidst the ledge, pillars, and head. The
mostly thermally broken wooden (Frame D) had a
thermal break in just the pillars and the head. All the
frames were of the internal opening casement sort.
The windows were decided to incorporate the impacts
that may convolute average computer simulations of
thermal performance  utilizing ISO standards:
cladding, thermal crossing over, utilization of various
materials, convection and radiation in hollow cavities,
and working equipment.

Table 1. Frame Materials and Sill, Jamb, and Head

Sizes
Thickness of
sioht. Wi E
Frame Kiwheht R Insulation Panel,
m m
mm
A 1.19 1.19 36
B 1.19 1.19 44
C 1.19 1.19 +4
D 1.19 1.19 24

E 1.19 1.19 36
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Table 2. Total Size of Window Samples Tested in
Hot Box, as Well as the Thickness of the Glazing
and EPS Insulation Panel.

Sill/Jamb/Head

Structural Insulation

KEs. Material Material Heights,
mm
A Aluminum Polyurethane 110/110/110
B Wood Polyurethane 138/119/119
& Wood Polyurethane 101/94/105
D Wood Polyurethane 101/94/105
E PVC Polyurethane 117/117/117

Frames A, B, and C were tried both with a glazing and
with a developed polystyrene (EPS) froth board (rather
than glazing) in the hot box. Frame D was tried with a
double glazing also Frame E was tried with an
isolation board. Frame materials and frame sizes are
indicated in Table 1. All out window sizes and
thicknesses of EPS protection boards are appeared
Table 2. The window sizes were chosen because of
the dimensions of the hot box at SINTEF Building and
Infrastructure in Trondheim. The frames are further
portrayed in the following segments, with figures
demonstrating the geometry and insulating elements.

Frame A (Foam-Broken Aluminum) - Frame An is an
aluminum frame where the thermal breaks are put
between frame and scarf elements (see Figure 5). A
thin layer of aluminum cladding is deliberately
designed to minimize guide connections between
inside and outside, over polyurethane solid elements.

The frame Uf -factor is accounted for to be 1.0

W/(m2+k) (a measured value as per En 12412-2 [cen
2003]), gave by the producer.
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Figure 1 Cross section of Frame A. The frame has the
same cross section for sill, jambs, and head. The steel
arrangements for opening and closing the window are

Journal of Advances in Science and Technology
Vol. V, Issue No. X, August-2013, ISSN 2230-9659

not shown in the figure but are taken into account in
the simulations. The units in the figure are mm.

Frame B (Foam-Broken Wood) - Figure 2 shows the
different cross-segments for Frame B, which is a frame
with thermal breaks of polyurethane between wood in
frame and scarf elements. The thermal short circuits
from fittings have been minimized. The frame Uf -
factor is appeared for be 0.73 W/(m2+k), consistent
with the maker.
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Figure 2 Cross sections of Frame B. This is a wood
frame with polyurethane thermal break. The left figure
shows the sill while the right figure shows the head
and jambs cross-section. The steel arrangements for
opening and closing the window are not shown in the
figure, but are taken into account in the simulations.
The units in the figure are mm.

Frame C (Foam-broken Wood) - Window frame C is
additionally a thermally broken wood frame (see
Figure 3). Polyurethane is utilized as the thermal
break material. As per the maker, the aggregate
window Uw-factor is 0.7 W/(m2+k) with a three-layer
glazing (it ought to be noted that the window Uw-
factor for the most part hinges on upon window
estimate). Uf is not expressed. The thermal
shortcircuits from equipment have been minimized.

105
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Figure 3 Cross sections of Frame C. The left image
shows the sill cross section, the middle image shows
the head, and the right image shows the jamb. The
hardware for opening the window is minimized and
not continuous throughout the frame section and is
not modelled. The units in the figure are mm.

Frame D (Foam Partially Broken Wood) Frame D is
like Frame C with the exception of the missing
thermal softens up parts of the frame/sash (see
Figure 4). The thermal shortcircuits from fittings have
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been minimized. The window Uw-factor is 0.9-1.2
W/(m2+k) consistent with the maker. The Uf -factor is

Table 3. Materials used for window frames,
casement, and glazing systems and their

not expressed.

conductivities

Material Conductivity (W m' kY
i Softwood 0.11
Glass 1

Aluminum 237
8 " PVE 0.14

s L | Glazing System 0.049
| — ‘ A )38 Silica Gel 0.03
1 — Butyl Rubber 0.24

Cavity 0.029

- Spacer 0.1264

41 |
92 I 2 . L N

Figure 4 Cross sections of the partly insulated wooden
Frame D. The sill is shown in the left image, the head
cross-section is displayed in middle image, and the
jamb is shown in the right image. The hardware for
opening the window is minimized and not continuous
throughout the frame section; it is therefore not
modelled. The units in the figure are mm.

Frame E (Multi-Cellular Pvc) - Window frame E is a
Pvc window with deliberately put air cavities. A
percentage of the cavities are loaded with froth. The
frame/sash profile area has been minimized. Also, the
thermal short  circuits from fittings have been
decreased. As per the frame maker, the frame Uf -
factor is 0.71 W/(m2+K).

EXPERIMENTAL SEGMENT

1. Window Frames- Three distinctive window
frames having the same layout, design, and
thickness however distinctive surrounding
materials were designed. The window
framework included a two-glass glazing
framework, an air hole, and a filler material. A
frame must furnish high thermal isolation and
uphold the structural quality and inflexibility
important to underpin a cleared glazing over
its serviceable life. The material utilized for
window frame and casement were wood,
aluminum, and unplasticized polyvinyl chloride
(uPVC), individually for three diverse window
sorts. Consequently, an alternate
consolidation of materials was modeled, where
the window frame is made out of wood, while
the casement is developed out of aluminum,
uPVC, and wood. The material utilized and
their separate conductivities are recorded in
Table 3. The glazing framework utilized was a
double layer glass framework with low
emissivity layer on within the outside glass.
Thickness of the glasses was 4.7 mm every
and the air cavity had a thickness of 16.5 mm.

Thermal Performance of Window Frames- In
the wake of designing the window frame and
the glazing frameworks, an execution
assessment of the window frames and
window framework was led. Figuring of
thermal properties and vigor execution was
utilized to assess and analyze every window
sort. In the first place, the stand alone U
values of the window frames were figured.
The U value of all frames was figured
according to EN ISO 10077-2 with the
recreation program Therm, which utilizes heat
transfer coefficients recommended by 1SO
15099 to illuminate for conductive heat
transfer. The geometry of the profile was
drawn utilizing computer aided design
programming and utilized as an underlay as a
part of Therm. Therefore, the U value of the
entire window framework for the three diverse
window sorts was ascertained. Therm is
based on the equations furnished in the
standard to ascertain downright U value for
the window.

glazng system

Figure 5. Schematic of the designed window

frame with double glazing system
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3. Methodology of Carbon Footprint Calculation:
Following the regular Lca methodology the
degree and objective of the study was to look
at the ecological effect of three most regular
windows frames. Ecological effect of window
frames was investigated with the "Cradle-to-
door" variant, an appraisal of an incomplete
item life cycle from assembling ("support") to
the factory door (i.e., before it is transported to
the buyer). The utilization stage and transfer
stage of the item were precluded. The
ecological troubles connected with each
window frame were recognized from crude
materials obtaining, through the
manufacture/processing stages, representing
the creation and utilization of energizes,
power, and heat, and in addition taking into
account transportation/distribution  affects
whatsoever focuses along the item production
network. Useful unit for the figuring was dead
set to be 1 m2 of a window frame with the U
value of 1.6 W/m2k. In light of the dead set
objective and extent of the study the life cycle
stock of input/output information for the Lca
figurings was assembled. Information of vigor
inputs, crude materials, items, co-items,
waste, and discharges to air, water and soil
and the upstream life cycle effects of data
materials were not broke down particularly for
this extend. Rather, sound auxiliary life cycle
information were sourced from Eco invent
database 2.0. The information gathered were
modeled in Simapro.

The dataset incorporated exceedingly mechanized
innovation forms in window frame assembling, in
Switzerland and Germany. For the wood window frame
all the techniques and material inputs required to
produce a wood window weighing 80.2 kg were
incorporated. Forms that were incorporated were
timber sawing, varnishing (first stage, solvents, paint),
determination bar moving for steel fittings, joining,
fitting, all the street transport at diverse generation
stages and the transfer of the paint remains. The Pvc
window frames weighed 94.5 kg, incorporated the
following techniques: infusion trim and expulsion of
Pvc, segment bar moving for steel fittings, area bar
expulsion for aluminum parts, all the way transport at
distinctive handling stages and the methodology heat
waste. For the aluminum window frames the weight
was 50.7 kg, incorporated  the  following
methodologies: area bar moving for steel parts and
fittings, segment bar expulsion for aluminum parts,
expulsion of Hdpe plastic, surface medication (powder
covering), all the way transport at diverse preparation
stages, the heat waste and the transfer of the plastic
cuttings.

RESULTS AND DISCUSSION

Thermal and Mechanical Performance- In addition, the
U values for simply the frame alone (Uf) is likewise

introduced. Recognizing the U values of the frames
alone, the best insulated frame was the wooden frame
followed by uPVC, and afterward aluminum. A high U
value of aluminum frame was normal on the grounds
that it is a metal and has high conductivity. Be that as
it may, if the casement is made out of aluminum with a
wooden window frame, then the relating U value of the
frame diminishes essentially, from 11.86 to 3.51
W/m2-K.

The effect on the U value of the window framework,
nonetheless, is insignificant. Contrasting these values
with literary works Appelfield et al., it is discovered that
window frame design for wood in this study has
practically identical thermal performance. Appelfield
et al. modeled a window with wooden frame and
aluminum casement that performed just about
indistinguishably to the one in this study. The window
U values as wanted are lower than the frame U
values, which is in agreement to the writing. As the
glazing frameworks were comparative in each of the
three sorts of windows, the window with wooden
frame performed the best, followed by the uPVC
frame.

, UMWm'K")
Material - - - -
lf U window U f U window
Wood 1.85 1.04 1.85 1.04
Aluminum 11.86 2.68 3.51 240
uPvC 2.11 2.02 1.97 1.68

Table 4. Thermal performance of windows and
frames using Therm (U’ refers to values when the
frame was wooden but the casement materials
varied).

Carbon Footprint - Carbon foot shaped impression
ascertains the measure of nursery gas (GHG)
discharges brought on by a specific movement or
element, usually likewise alluded to as an Earth-wide
temperature boost potential (GWP). It is measured in
tonnes (or kilograms) of carbon dioxide proportional
(Co2eq.). In this study carbon foot shaped impression
of distinctive window frames were ascertained. The
carbon foot shaped impression of the dissected
aluminum window frame was 486.0 kg Co2e, while
the carbon foot shaped impression of plastic window
frame and wood window frames were 258 and 130 kg
Co2e, separately.

CONCLUSIONS

Thermal performance and carbon foot shaped
impressions of three regular window frames, wooden,
PVC, and aluminum, were assessed to furnish an all-
encompassing performance metric for a window
frame. From the reasonable design and numerical
analysis, it was discovered that the wood window
frame performed better than uPVC and aluminum
frames, thermally and additionally ecologically. The
carbon foot shaped impression of aluminum window
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frame is just about four times higher than that of the
wooden window frame. Additionally the PVC window
frame is double that of the wooden window frame.
Moreover, the thermal performance of wooden
windows was predominant. An in general better
performance of wooden window frame makes it the
favored material of decision for window frame
comprehensively. The study demonstrated that
wooden window frames ought to be picked in
economical design, where energy performance and
from the perspective of other performance
measurements, for example, encapsulated energy
over the item lifecycle, thermal performance, and
structural performance. A support to entryway analysis
was performed in this study. Changing the framework
limits might yield distinctive comes about; for instance,
if the effect throughout building operation had been
thought seriously about, the effects might have been
diverse.

Likewise, comes about might have been changed if
the carbon foot shaped impression estimation
represented carbon sequestration of wood, the
utilization of reused aluminum and other comparable
issues correlated to LCA.
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