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ECBC: Building Envelope 12/5/2012

Building Envelope
I

Surface that separates external environment from the interior (occupied) space

1 Opaque Construction: Roof, Walls and Floors
o1 Fenestration: Windows, Doors and Skylights

Unconditioned
space

Attic

The building envelope
Conditioned space ¢ depicted here by the

colored line

NOTE: Floors are not regulated through the ECBC
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ECBC: Building Envelope 12/5/2012

Building Envelope Design Considerations
T

o1 Climate & microclimate
o Temperature, humidity, solar radiation, wind speed/direction, landform,
vegetation, water bodies, open spaces, etc.

= Building Orientation & Form
o1 Orientation of the building, surface-to-volume ratio and exposed surface
area

COMPOSITE CLIMATE MODERATE CLIMATE HOT-DRY CLIMATE COLD CLIMATE

i aRajan Rawal

« CEPT University, Ahmedabad (2, USAID|INDIA [y TU priam
| wnemien Chandigarh, Dec 3-4, 2012 L et




ECBC: Building Envelope 12/5/2012

Building Envelope Design Considerations

/D Building Envelope Component Design \
o1 Area, orientation and tilt of the building envelope components

o1 Roof form design, choice of shading devices, fenestration size, placement of
windows, construction specifications etc.

o1 Building Material Specification

\ o Insulating Properties (U-values, SHGC), emissivity & color/texture /
\\\.r/ \\"f/ I
~B-— Heat Loss through roof -

Heat Gain through roof — - Z
| | |

2 | ™
# Heat Gain ) Heat Loss NOTE:
‘ through wa" Power Ig AC. Light through wall

Power AC. Li ?t g )
Cooling . Heating . . * ECBC requirements affect envelope
: Heat Gain __Solar Heat i | Heat Gain __Solar Heat : . .

i component design & material selection

Gain

Heat Gain Gain v Heat Gain
/ .~ Day Lighting .~ Day Lighting * ECBC requirements impact heat
Heat Gain Heat Galn _____ >
_________ Heat Gain Heat Loss transfer through buildings by
through glass i through glass regulating building insulation, area of
1 . .
Inﬁi:ll';tlon I lnﬁltratlon fenestration and air leakage through

buildings
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- Opaque Construction

ECBC Building Envelope Requirements
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Opaque Construction: Outline
I

7 Heat Transfer
1 R-value (Insulation)
o U-value

1 ECBC Requirements
o Mandatory Requirements
o1 Prescriptive Requirements
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Heat Transfer
O

Thermal Properties of
CONDUCTION Materials & Effectiveness U-factors/ R-values of roofs &
. walls
of Insulation
CONVECTION Air movement at the BU|Id|.ng Envelope Sealing
surface Requirements
- : e R-values of roofs & walls
RADIATION :gjli;iic(’)c:nd direct solar
e Cool Roofs
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Heat Transfer
N

ECBC: Building Envelope

12/5/2012

wreas Chandigarh, Dec 3-4, 2012

CONDUCTIVITY [K] W/m-K For unit thickness (m)
RESISTIVITY [r] m-K/W For unit thickness (m) 1/k
RESISTANCE [R-value] m?-K/W | For thickness of construction (d) d/k
CONDUCTANCE (Single Layer) W/m?%K |For thickness of construction (d) 1/R-value
[U-value]
CONDUCTANCE (Multiple Layers) W/m?-K | For thickness of construction (d) 1/R-
[U-factor] valuerotan
Rajan Rawal
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R-value

= Thermal resistance : R-value

Thickness of the material (d)
R= e e e e e e e e e e e e e e e e e e

Thermal conductivity of the material (k)

Thermal resistances of multi-layered components

<>
1
Rr:$+ﬁ+....+d”=zd” d
K k- k,, n kn : Conductivity

: Indoor surface temperature

k

d :Thicknessinm

0

0., : Outdoor surface temperature

1 Effectiveness of thermal insulation to retard the heat flow

=1 Higher R-value indicates higher insulating properties
o (Units = m2-K/W)
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Building Insulation

= One of the ways to improve energy efficiency, especially in air conditioned
buildings

= Has high R-value

o Increases thermal comfort in cooling & heating mode

=1 Helps in reducing heating and cooling costs

L/ Roof SUMMER GAINS WINTER LOSSES QL\W
_:.;- 25-35%
’/,,l\\ Roof A " —

\ \ \ \ 25-35% VAV e ,”/,"//
AN WAV C S
NV Y\ N g
Windows
25-35% < Walls Windows Walls
15-25% 10-20% 15-25%
// Air Leak i
Air Leakage Ir Leakage Floor
5-15% L 15-25% M_ v 1020%
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U-value
2 p

1 Thermal Conductance (Heat Transfer Coefficient): U-value

-1 Measures heat transfer through the envelope due to a temperature difference
between the indoors and outdoors (Unit = W/m?-K)

o U-factor of composite wall/roof assembly as 1/R;

o1 Rate of the heat flow, therefore, lower numbers are better
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ECBC Requirements: Mandatory
e [

0 U-factors shall be determined from the default tables in Appendix C §11 or
determined from data or procedures contained in the ASHRAE Fundamentals,

2005.
Resistance® (R)
Description Density Conductivity®? Conductance 1/k, For Specific Heat
kg/m? (K), W/(m-K) (C), K-m%/W  Thickness k1/(kg-K)
W/ (m2K) Listed

(1/c),

K-m?/w
BUILDING BOARD
Asbestos cement board............... 1900 0.58 — 1.73 — 1.00
Asbestos-cement board....3.2 mm 1900 — 187.4 — 0.05 —
Asbestos-cement board....6.4 mm 1900 — 93.7 — 0.011 —

Gypsum or plaster board. 9.5 mm 800 — 17.6 — 0.056 1.09
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ECBC Requirements: Prescriptive
e

o For opaque construction, individual building envelope components must
comply with:
o Maximum U-factor or Minimum R-value (Exterior roofs , ceilings and
opaque walls)
1 Solar Reflectance & Emittance (Cool Roofs)

1 Compliance requirements vary according to:
o1 The climate zone of the building location
1 Occupancy of the building (24 hour use or daytime use)
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ECBC: Building Envelope 12/5/2012

ECBC Requirements: Prescriptive (Opaque Walls)
s

1 Maximum U-factor is prescribed for the complete wall assembly

1 Minimum R-value is prescribed for insulation alone (excluding air films)

Table 4.2: Opaque Wall Assembly U-factor and Insulation R-value Requirements

Hospitals, Hotels, Call Centers Other Building Types

Climate Zone
(24-Hour) (Daytime)

Maximum U-factor

of the overall Minimum R-value of Maximum U-factor of the Minimum R-value

assembly insulation alone overall assembly of insulation alone
(W/m?-oC) (m*-°C/W) (W/m?-°C) (m?-°C/W)
Composite U-0.440 R-2.10 U-0.440 R-2.10
Hot and Dry U-0.440 R-2.10 U-0.440 R-2.10
Warm and Humid U-0.440 R-2.10 U-0.440 R-2.10
Moderate U-0.440 R-2.10 U-0.440 R-2.10
Cold U-0.369 R-2.20 U-0.352 R-2.35
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ECBC: Building Envelope 12/5/2012

ECBC Requirements: Prescriptive (Roofs)
e

1 Maximum U-factor is prescribed for the complete roof assembly

1 Minimum R-value is prescribed for insulation alone (excluding air films)

Climate Zone 24-Hour use buildings Daytime use buildings
Hospitals, Hotels, Call Centers etc. Other Building Types
Maximum U-factor  Minimum R-value of Maximum U-factor of the  Minimum R-value
of the averall insulation alone overall assembly of insulation alone
assembly (m2-°C/W) (W/m?-°C) (m*C/W)
(W/m3-2C)
Composite U-0.261 R-3.5 J-0.409 R-2.1
Hot and Dry U-0.261 R-3.5 U-0.409 R-2.1
Warm and Hurmid U-0.261 R-3.5 U-0.409 R-2.1
Moderate U-0.409 R-2.1 U-0.409 R-2.1
Cold U-0.261 R-3.5 U-0.409 R-2.1

7 Recommendations made for proper placement, installation and
protection of insulation
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- Cool Roofs

ECBC Building Envelope Requirements
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ECBC: Building Envelope 12/5/2012

ECBC Requirements: Prescriptive

For roofs with slope less than 20 degree

Initial reflectance/emittance may

=1 Initial solar reflectance of no less than 0.70 decrease over time, depending on
.. ] the product, due to aging, dirt, and
o Initial emittance no less than 0.75 microbial accumulation.

Efficiency Recommendation for Cool Roofing Products (U.S. DOE)

Best Available Solar Reflectance ®

Recommended Solar Reflectance
Roof slope
Initial 3 Years after Installation Initial 3 Years after Installation
Low-slope (<2:12) 65% or greater 50% or greater 87% 85%
High-slopec (<2:12) 25% or greater 15% or greater 77% 60%

a) Following this recommendation will provide the greatest benefit where cooling energy costs exceed

heating costs
b) Roof products must be tested when new and after three years of exposure, according to ASTM E-903

¢) For products that can be installed on both low- and high-slope roofs, “Low-slope” guidelines should be
followed.

o
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ECBC: Building Envelope 12/5/2012

Fenestration: Outline
EN

= Heat Transfer
r1 Solar Heat Gain Coefficient (SHGC)
1 Shading Coefficient (SC) and SHGC
o Visual Light Transmittance (VLT)

7 ECBC Requirements
o ECBC Mandatory Requirements
o1 ECBC Prescriptive Requirements
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Heat Transfer
EN

e U-factors& Solar Heat Gain
Coefficient (SHGC) of glazing

CONDUCTION Thermal properties of
fenestration assembly e Wall-Window Ratio (WWR)

e Skylight Roof Ratio (SSR)
CONVECTION Air movement at the surface | * Maximum Air Leakage

» Solar Heat Gain Coefficient of Glazing
and Skylights
Indirect and direct solar

RADIATION radiation e Wall Window Ratio (WWR)

 Skylight Roof Ratio (SSR)
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ECBC: Building Envelope

Solar Heat Gain Coefficient (SHGC)

O

Ratio of solar heat gain that passes
through fenestration to the total
incident solar radiation that falls on
the fenestration

Indicates how well fenestration
insulates heat caused by direct solar
rays

Lower SHGC means lesser heat
transfers into the building through the
window

Depends on properties of glazing
material & Window Operation (Fixed
or Operable)

In hot climates, SHGC is more
significant than U-factor

Direct and
re-emitted energy

Heat gain due
to direct solar

radiation in an enclosed
space
Outside Inside

(a) incidentsola
radiation

(b) idirectly
transmitted
heat

(d) absorbed heat

(€) re-emitted <¢ » (f) re-emitted

heat . heat

SHGC of 0.4 allows 40% solar radiation
through and reflects 60% away
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ECBC: Building Envelope 12/5/2012

Shading Coefficient (SC) & SHGC

o1 The solar heat gain coefficient (SHGC) has replaced the shading coefficient (SC)
as the standard indicator of a window's shading ability.

=1 Relationship between SC and SHGC
1 SHGC is expressed as a number between 0 and 0.87

o SC as a number between 0 and 1
o SHGC=SC x 0.87

1 SHGC may be expressed in terms of the glass alone or may refer to the entire
window assembly

1 SCis typically indicated for the glass alone, and does not take into consideration the
effects of the frame
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Visual Light Transmittance (VLT)

o Fraction of visible light transmitted through the glazing
o Affects daylight and visibility
o Varies between 0 & 1

o VLT is concerned with the visible portion of the solar spectrum as opposed to
SHGC, which takes into account the entire solar radiation

Day Light

o Typically, lower the SHGC, lower the VLT }“.’{,
o Higher insulating property glass will reduce daylight ™

o Higher the VLT, more light is transmitted
o1 Balance is needed between daylight requirements &
heat gain through windows h
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ECBC: Building Envelope 12/5/2012

ECBC Requirements: Overview
I

1 ECBC regulates heat gain through fenestration through

-1 Size and Orientation
o ECBC regulates maximum glazing area (Window-to-Wall Ratio)

= Shading Devices
1 ECBC takes into account reduction in heat gain through use of shading devices

o Glazing Properties
o ECBC regulates Solar Heat Gain Factor (SHGC), U-value and Visual Light Transmittance (VLT)
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ECBC: Building Envelope 12/5/2012

ECBC Requirements: Mandatory

.69
1 U-factors AND SHGC (Appendix C of the ECBC)

o In accordance with ISO-15099 AND labeled and certified by the manufacturer

o U-Factors and SHGC must be certified by an accredited independent testing
laboratory

Table 11.1: Defaults for Unrated Vertical Fenestration (Overall Assembly including the Sash and Frame)

/ Clear Glash Tinted Glass

Glazing U-Factor U-Factor

Frame Type Type (W/m?-°C) SHGC VLT (W/m?-°C) SHGC VLT
All frame Single 7.1 0.82 0.76 7.1 0.70 0.58
types Glazing
Wood, vinyl,
or fiberglass  Double 3.3 0.59 0.64 3.4 0.42 0.39
£ Glazing

rame
Metal and Double

other frame - 5.1 0.68 0.66 5.1 0.50 0.40
Glazin
type “ \ J \ J
i 5 Rajan Rawal
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ECBC: Building Envelope 12/5/2012

ECBC Requirements: Prescriptive
(Vertical Fenestration)

0 Fenestration area is limited to a maximum of 60% of the gross wall area for the
prescriptive requirement.

0 Maximum area weighted U-factor and maximum area weighted SHGC
requirements

Table 4.3: Vertical Fenestration U-factor and SHGC Requirements (U-factor in W/m2-°C)

WWR=<40% 40% <WWR=<60%
Climate Maximum U-factor Maximum SHGC Maximum SHGC
Composite 3.30 | 0.25 0.20 Je
Hot and Dry 3.30 0.25 0.20
Warm and Humid 3.30 0.25 0.20
Moderate 6.90 0.40 030 [€
Cold 3.30 0.51 0.51
See Appendix C §11.2.1 for Defaults values of Unrated Fenestration
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ECBC: Building Envelope 12/5/2012

ECBC Requirements: Prescriptive
(Vertical Fenestration)
2

0 Minimum VLT defined as function of Window Wall Ratio (WWR), where
Effective Aperture > 0.1, equal to or greater than the Minimum VLT
requirements of Table 4.5.

Table 4.5: Minimum VLT Reguirements Lower VLT

requirements to
offset the increased

Window Wall Ratio Minimum VLT
heat transfer
0-03 0.27 through higher WWR
1.31-0.4 .20
0.41-0.5 .16
[ 05106 013 |

Effective Aperture
o Light admitting potential of vertical fenestration
1 Depends on glazing property and size of opening

Effective Aperture = Visual Light Transmittance (VLT) * Window to Wall Ratio (WWR)
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ECBC Requirements: Prescriptive
(Vertical Fenestration)

ECBC Exception To Vertical Fenestration Requirements

o1 Applies to fenestration with shading devices (Overhangs/Fins)

o Adjustment to window SHGC through a multiplication (M) factor to account for
reduced solar heat gain from windows that are well shaded

o “M Factor” shall be determined for each orientation, latitude of the building site and
unique shading condition

ECBC Exception To SHGC Requirements

0 Vertical Fenestration areas located more than 2.2 m (7 ft) above the floor level are
exempt from the SHGC requirement in Table 4.3 if
o The total Effective Aperture for the elevation is less than 0.25, including all fenestration areas

greater than 1.0 m (3 ft) above the floor level

o0 Aninterior light shelf is provided at the bottom of this fenestration area, with an
interior projection factor not less than:
o 1.0 for E-W, SE, SW, NE, and NW orientations
o 0.5 for S orientation, and
o 0.35 for N orientation when latitude is < 23 degrees.
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M-factor (ECBC Table 4.4)
% 4

1 M-factor captures the effectiveness of shading devices to provide solar
protection

o Varies according to latitude of site, choice of shading option and projection
factor W

FOR EXAMPLE:
Combination of Overhang + Fins

provides maximum solar
protection. Thus, M-Factors are the

lowest
Projection Factors (PF) ov npar Vertical Fin "M” Factors F O\rerhfangl:lfin_“m'_'
need to be calculated Projection Factors | for 4 Projection Factors actors F‘:]r ctorsmlecuun
Project | o. .. [025 050- 0.75- 1.00|0.25- 0.50- 0.75- 1.00 [0.25- 0.50- 0.75- 1.00
Location 049 074 099 + | 049 074 099 + ||049 074 099 =+
North N 8 80 76 73| .74 67 58 52| 64 51 39 31
latitud
o or E/W 79 65 56 50| .80 72 65 .60 | .60 39 24 .16
greater S 79 64 52 43| .79 69 60 .56 || 60 .33 10 .02
N 8 74 69 66| .73 65 .57 50| .59 .44 32 23
Less than
15° North E/W 8 67 59 53| .8 72 63 58| .61 .41 26 .16
latitude
S 78 62 55 50| .74 65 57 50 |\&3 .30 .12 .W
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ECBC: Building Envelope 12/5/2012

Projection Factor (PF) Calculation

© PFis needed to determine M-factor

PF = H (Horizontal) / V (vertical)

. PF= Ratio of overhang projection divided by height from window sill to bottom
of overhang (must be permanent)

H . Solar heat gain Coffecient
. Requirements dependent on:
V ¢ ) q P nae
. Overhang projection factor
. M- Factor from Table 4.3.3-2

. Orientation

. And Climate Zone

Without Overhang: SHGC range 0.25-0.51 based on climate zone.

PF=H/V
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ECBC Requirements: Prescriptive (skylights)

-1 ECBC regulates all fenestration (skylights) with slope of less than 60 Deg.

1 U-Factor and SHGC requirements according to

o Installation of skylight (Flush mounted/curb mounted)
1 Skylight Roof Ratio (SSR)

s through
e.'&\o g’a?’:') Heat loss
? 4 Heat loss through glazing
through glazing Heat loss throug
\.\" frame & curb through frame & curb
N I A A + frame
Ll
| <& »l [P »l [ al
L) L} « La | * »|
Area = Rough Area = Rough Area = Glazing &
Frame Opening Frame Opening frame/curb Site
Curb Flush Built
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ECBC: Building Envelope 12/5/2012

ECBC Requirements: Prescriptive (Skylights)

0 Maximum U-factor and SHGC requirements of Table 4.6
1 Lower U-factors limit for flush mounted installation

0 Skylight area is limited to a maximum of 5% of the gross roof area or Skylight

Roof Ratio (SRR) =< 5%
o Higher the SRR; lower the maximum SHGC required

Maximum U-factor Maximum SHGC
Climate With Curb w/o Curb 0-2% SRR 2.1-5% SRR
Composite 11.24 7.71 0.40 (.25
Haot and Dry 11.24 7.71 0.40 0.25
Warm and Humid 11.24 7.71 0.40 0.25
Moderate 11.24 7.71 0.61 0.4

( ]
Cold 11.24 7.71 L 0.61 0.4 J(
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ECBC: Building Envelope 12/5/2012

ECBC Requirements: Mandatory
s [

-1 Air Leakage through doors and fenestration

o for glazed swinging entrance doors and revolving doors shall not exceed 5.0 |/s-m?.
o Other fenestration and doors shall not exceed 2.0 I/s-m?2.

= Building Envelope Sealing

o The following areas of the enclosed building envelope shall be sealed, caulked,

gasketed, or weather-stripped to minimize air leakage:

m Joints around fenestration and door frames

Openings between walls and foundations and between walls and roof and wall panels
Openings at penetrations of utility services through, roofs, walls, and floors

Site-built fenestration and doors

Building assemblies used as ducts or plenums

All other openings in the building envelope

i 5 Rajan Rawal

. . P, | —
(=,USAID | INDIA i =4
_ CEPT L!mversﬂy, Ahmedabad (Z USAID | -!5 Il{ %
wreas Chandigarh, Dec 3-4, 2012




12/5/2012

ECBC: Building Envelope

ECBC Building Envelope Requirements: Overview

Building Component

Mandatory Requirements

Prescriptive Requirement

OPAQUE CONSTRUCTION
(Roofs and Walls)

Building Envelope Sealing
Requirements
[ ECBC4.2.3]

Maximum U-factors &
Minimum R-values of roofs &
walls
[ ECBC4.3.1 & 4.3.2)

Cool Roof Specifications
[ECBC 4.3.1.1]

FENESTRATION
(Doors, Windows and Skylights)

Calculation of U-factors & Solar
Heat Gain Coefficient (SHGC) of
glazing [ECBC 4.2.1 & 4.2.1.2]

Air Leakage Maximum Limits
[ECBC 4.2.1.3]

Maximum U-factors & SHGC,
Wall-Window Ratio (WWR), &
Visible Transmission (VLT) of
Glazing
[ECBC4.3.3]

Skylight Roof Ratio (SSR);
Maximum U-factors &
SHGC of glazing
[ECBC 4.3.4]
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ECBC Compliance Forms

15.1 Envelope Summary

M Building Permit Plans Checklist ENVELOPE Checklist

Project Info Erojec: Addmss Dat= | 3007 Cargy Coraseaion lulbkding Cocs Corplance Forms
For Budiang Deparimert Use | Froject Address [p=e
The tlowing IRfOMMation IS ReCessary 10 Chack 3 Dullaing parmit appacation for Complance with the bulding SnvEope requinements In the Energy
Apicart Hare: Consarvation Buliding Code Z007.
[ Appiicant Adaresz: Apcicabiky Code Location | Buliding Deparment
[ Appilcant Phione: yEs.n, Earton et irforation Reguied on Plans Mo
MANDATORY PROVISIONS |Section 4.2
IPrujed Desciption ||:| e [ adition [ steraion [ changs of uze | 224 Fanestration ratng
4214 LH-ector Specty whether perd 2 1.1 or default In Appendx ©
|Cump].imm Option |I:| pive [ ] emeope Trace-on isepenasy [ Butaing | s212  fesoe Specty whether per 2 2 1.2 or default In Appendix
2293 |Ar makage Specty leakage maEs
() Hospiial, hoted, call cenber (24 hour) (:) O aliding Sipes (caytme) &2 2 Cpogas UHfactors ‘Specify whaier perdefauk in Appendy C or AEHRAE
423 Eidg. env. sealing incicate sealng. caulking. gasketing. and weather sripoing
Vertical Fenesbafion " o Ve Aoy Troms SeErar ez 00 eamn ™% Vertoal PRESCRIPTIVE COMPLIANCE OPTION [Section 4.3)
i Sanacirafon Wil Area Fenacirafion 231 Roc® Irccats S-valuss on mod sectons
Calmlation A= —
[ — 2319 Cool oot indicaie minimum refectance and emiiance on plans
Nolw: Yerbowl fereaiation sres cwn ool soosed
S0P, of #m groms il sres for premcrictes . ¥ 100 = £33 Cpague Wails Indicale F-values on wal secions
= - 22 ™ |1} Incicate U-tactors e fenesiration schediie.  Indicate # va
i i Tom 9 vioed Tiroes Eximror Tre= 100 equs % ok i1 s en scheis. vaLes
Skylight Arvea Calculation n:'“ e By [t Ehytant are rated or defaus [f valuss are defauit, then spacty frame tpe,
{rogh opening) glazing layers, gap width, low-e.
i 12} Indicate: SHGC or SC on fenestrabion schedule. Indicate i
wmies ane rabed of defaut.
::-:x?x:‘::ﬂmﬂh"_ = x100= 3 Indicate ¥ overtangs or side fins are used for compliance
prposes. 5o, provide projecion facor caiculation.
Hosptal, hobel, all center (24 hour) Crthesr Bullcing type daytime) <24 Siyiight {1} Incicate: UHfactors on fenestration schedue.  Indicate ¥ vaiues
are e or detAUR. If valLeS arE defaut, then spacty frame e,
glazing layes, gan width, Iowe.
OPLQUE ASSEMBLY OPAGUE A5SEMBLY {2} Indicabe EHGC or SC on fenesiration schedale. Indicate If
Rt Adnimum nsvistion R-value Rt Enimur Insuiation R-value| mies ane rabed or defaut
il Adnimarm nsuiation R-value Wal inimar insuiation. R-value BUILDMNG ENVELOPE TRADE-OFF OPTION {Section 4.4)
Prowvide cakcuisbions
FEHESTRATION FENESTRATION
erica Vertcal
Maximm UHacior Masdmom Lo
iimum SHEC baimum SHGC
CoITang (pes oF naj Cwerhang (yes o no)
IF y=5, enfer Progjeclion Facior | If yes, enfer Projeciion Facior|
Side s (yes or nol Edge fins (¥es or nod
Iy, anter Projecion Facir If s, anter Projscion Facior
Sxyight Ekignt
Masimom L-acior | Mo LHacior|
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