Federal Register / Vol. 54, No. 15 / Monday, {anuary 30. 1989 / Fules and Regulaucns

5121 The minimum requirements of
Secion 5.3 are met:

-8.1.2.2 Tte design of the building
envelope complies with either the
rrescriptive criteria of Section 5.4 or the
svstemn performance criteria of Section
3.3. For the design of buildings with high
internal heat gains, unusual operating
schedules, or that incorporate
innovative design strategies,
consideration shall be given to using the
compliance paths set forth in Sections
110 or 12.0.

8.1.3 The prescriptive compliance
aiternative of Section 5.4 provides
requirements for buildings designed to
take advantage of perimeter daylighting,
thermal mass, high performance
glazings, and fenestration shading. The
designer is allowed to make trade-offs
between thermal mass, wall insulation,
amount of fenestration, shading
coefficients, shading projections,
thermal transmittance of the glazing,
daylighting for several different climate
locations,

5.1.4 The systems performance
compliance alternative of Section 3.5
provides calculation procedures that
give credit for the benefits of more
complex energy conserving envelope
desizns.

§.1.5 Information on thermal
properties, performance of building
envelope sections and components, and
beat transfer shali be obtained from the
ASHRAE Handbook, 1985 Fundamentals
Volume. When information is not
available from this source. the data shall
be obtained from lahoratory cr field test
measurements conducted in accordance
with ASTM Standard C-177-85,

“Standard Test Method for Steady-State

Thermal Transmission Properties by
Means of the Guarded Hot Plate,”
ASTM Standard C-518-85, “Steady-
State Thermal Transmission Properties
by Means of the Heat Flow Meter,”
ASTM Stendard C-236-80, “Standard
Test Method for Steady-State Thermal
Performance of Building Assemblies by
Means of a Guarded Hot Box.” and
ASTM Standord C~976-82, “Thermal
Performance of Building Assemblies By
Lleans of a Calibrated Hot Box.”

5.1.8 Daylighting Credit. In this
section. daylighting credit for reduced
energy use resulting from the use of

. automatic lighting control devices in

conjunction with fenestration. is given
cnly for space heating and cooling
loads. Credit for the reduced use of

7. electric lighting energy igcalculated in
" Section 3.5.8. If daylighting credit for

educed electric lighting energy use is
dasired to be applied to other buiiding
systems. such as more {enestration area,
Section 11.0 or 12.0 shouid be used.

5.1.7 Tha requirements of this
section arz not intended to replace
building lcads calculaticn procedures.
5.2 Princiries of Design
5.21 Building Loads

3.2.2.%  Building loads result from
scurces external and internal to the
building. {1} External loads, from
outdoor temperature, humidity, wind,
and insolatior. Quctuate daily and
seasonally. (2) Internal loads from the
activities coaducted within the building,
including heating and moisture produced
by the occupants, lights, and process
equipment (2.g., appliances, computers)
vary with irternal activities. Improving
energy efficiency in a building depends
on achieving a balance between and
among the internal and external loads.
The building design should, therefore,
oifset gains and losses of heat, light, and
moisture between the interior and
exterior of the building, among interior
spaces, and over-time, (daily,
seasonally, and annually).

§.2.1.2 This balance of loads can be
most eificiently achieved if the building
envelope is viewed as, and designed to
be. a controlled membrane rather than
an immutable barrier, The typical design
of a modern building has considered the
building envelope to be a fixed barrier
that restricts heat and air fow to the
maximum extent possible. This will not
tgsutlxlaUy yield the most energy efficient

5213 The desired goal of the enerzy
design of the building envelope shall be
to produce a controlled membrane that
allows or prevents heat, light, and
moisture flow to achieve a balance
between internal and external loads.
Thus the enveiope becomes an integral
part of the building's environmental

.conditioning systems.

85214 To achieve control of the
building envelope as a membrane, and
to simultaneously achieve occupant
comiort in the perimeter zones, many of
the tracitional building skin components
must be used (insulation, mass, caulking
and weather stripping). However, other

~ concepts shall also be considered to

tamper supply air or utilize waste heat
in exhaust air to temper envelope
conditions, such as operable solar
shading devices, and the integration of
glazing systems with the HVAC
distribution system.

52.1.5 Control of External Loads
5.2.1.5.1 Control of Conduction

(a) Controlled conductivity may be
considered through the careful use of
insulation, sensible (mass) or phase-
change storage and movabie insulation
al levels which minimizes net heating

a=d cooling loads oa a time integrated
(annual) basis. :

(b} Uninteational or uncontroiled
thermal bridges shall be minimized and
considered in energy related
calculations since they can radically
alter the conductivity of a buiiding
eavelope. Examples include wall studs.
baiconies. iedges. and extensions of
building slabs.

§.2.1.52  Control of Infiltration (Heat
Loss or Gain)

(a) Infiltration shall be minimized and
all efforts to achieve a zero level shall
be taken. This will minimize fan energy
consumption in pressurized buildings

'during occupied periods and heat loss

{or unwanted hest gain in warm
climates) during unoccupied pericds.
Infiltration reduction shall be
accomplished through design details
that enhance the fit and integrity of
building envelope joints in a way that
may be readily achieved during building
construction. This includes infiltration
control by caulking, weather stripping..
vestibule doors and/or revolving doors
with construction meeting or exceeding
accepted specifications,

{b) The quantity of mechanical
ventilation must vary with the need.
with recommended values at any given
time equal to that required by ASHRAE

" Standard 62-1981. Higher levels of

ventilation (e.g. economizers] shail be
considered to substitute for mechanical
cooling.

{c} Operable windows may be
considered to allow for oczupant
controlled ventilation. When using
operable windows, the design of the
building's mechanical svstem must be
carefully executed to minimize
unnecessary HVAC energy
consumption, and building operators
must be cautioned about the improper
use of the operable windows.

(d) Non-mechanical ventilation can be
enhanced in the shape of the building as
well as the physical elements of the
building envelope, such as cupolas.

(e} For hoteis and high rise dwelling
units and other systems having exhaust
totalling 3000 cfm or more, with annual

.operation in excess of 3000 hours and

within 200 linear ft of simultaneos
make-up air equipment, they shall
incorporate energy recovery or
treatment to ASHRAE 82-1981 quaiity
levels and reuse exhaust air when
allowed by code.

5.2.1.5.3 Control of Radiated Heat
Losses and Gains

(a) Capability for occupant radiant
comiort shall be maintained regardless
of whether the building envelops is
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designed to be a static or dynamic
n:rmbrane. Opaque surfaces shall be
desined so that the overcge inside
suriuce temperatures will remain within
3 °F of room-temperature in the coldest
antcipated weather (i.e., winter design
ccaditions), and the coldest inside
suriace will remain within 25 °F of the
‘Toom temperature, :

{b} In & building with time-varying
internal heat generation, thermal mass.
may be considered for controlling
radiant comfort. In the perimeter zone,
thermal mass is more effective when it
is positioned internal to the envelope
insulation. : :

{c} The effective control of solar
radiation is critical to the design of
energy-efficient buildings due to the high
level of internal heat production already
present in most commercial building
types. In some climates, the lighting
energy consumption savings due to
daylighting techniques can be greater
than the heating and cooling energy
penalties from additional glazed surface
ares, provided that the building
envelope is properly designed for
daylighting and lighting controls are
installed and used. In other climates
they may not. Daylighting designs are
most effective if direct solar beam
radiation is not allowed to cause glare
in building spaces.

{d) The transparent portions of the
building envelope shall be designed to
prevent solar radiant gain sbove that
necessary for effective daylighting and
solar heating. On south-facing facades,
the use of low shading coefficients is
generally not as effective as external
physical shading devices in achieving
this balance. Light shelves offer a very
effective means of admitting daylight
while shading the view glazing and
simultaneously allowing occupants to
manipulate interior shading devices
{draperies, blinds) without eliminating
day light.

{e) The solar spectrum contains &
range of wavelengths including visible
and infrared (hesat). Designers shall
consider which porton of the spectrum
{o admit into the building. For example,
low emissivity, high-visible-
transmittance glazings may be
considered for the effective control of
radiant heat gains and losses. For

stading control designers may consider
the carelful use of vegetation that can
biock excess gain, year-around or
seasonaily depending on the plant
species chosen.

3.3 XNinimum Requirements

£3.1 Overall Thermel Transmittance
U,)

5.3.1.1 The overall thermal
transmittance of the building envelope
above grade assembly shall be
calculated as follows:

U IUA/Am([UiA1+UiAs
e UNAL A

Equetion 8.3-1

Where:

U,mthe ares weighted average thermal

© transmittance of the gross srea of the
building envelope assembly, e.g.. the
exterior wall assembly including
fepestration and doors; roofs and ceiling
assembiy; or the {loor assembly, Btu/
h.ft 2.°F,

Agm 1:lhe gross area of the envelope assembly..

2

Uim=the thermal transmittance of sach
individuai path of the envelope assembly
{see Section 5.3.2), Uym1/R, (where R, is
the total regsistance to heat flow of an

- individual path through an envelope
assembiy).

A,mthe ares of each individual element of

. the eavelope agsembly, f# 3,

5.3.2 Thermal Resistance of Below
Grade Components (R)

83.2.1 In calculsting the thermal
resistance of all below grade
components, the thermal performance of
the adjacent ground shall be excluded.

53.2.2 Slabs

§.32.21 The R-value required.for
siabs refers only to the insulation
materials. Insulative continuity shall be
maintained in the design of slab edge
insulation systems. Continuity shall be
maintained from the wall insulation
through the slab/wall/footing

intersection to the body of the slab edge -

insulation. . .

5.3.2.22 Slab-on-grade floors shall
have insulation around the perimeter of
the foor with the thermal resistance (R}’
of the insulation specified in accordance

with Figure 5.5-2. The slab insulation
specified shall extend either in a vertical
plane downward from the top of the
slab for the minimum distance shown or
downward to the bottom of the siab
then in a horizontsl plane beneath the
slab or outward from the building for the
minimurm distance shown. The
horizontal length, or vertical depth, of
insulation required varies from 24 in. to

© 48 in. depending upon the R-value

selected. For heated slabs, an R of 2
shall be added (o the thermal resistance

. Tequired.

5.3.22.3 Vertical insulation shall not
be required to extend below the
foundation footing. There are no
insulation requirements for slabs in
locations having less than 3,000 HDDSS
or for footings extending less than 18 in.
below grade,

5.3.224 The dimensional
requirements for horizontal insulation
refers to the insulation materials only.
Horizontal applications shall have a
thermal break in the slab edge that
‘provides continuity between the wall
insulation on the slab and the horizontal
insulation. .

Below Grade VWalls

5.3.23.1 The R-value required for
Below Grade Walls refers to the oversll
R-value of the wall assembly excluding
air film coefficients and the thermal

- performance of the adjacent ground.

$.33 Thermsl Trensmittance (U) of an
Envelope Assembly .

5.3.3.1 The thermal transmittance of
each enivelope assembly shall be -
determined with due consideration of all
major series and parailel heat flow
paths through the eiements of the
assembly. Compression of insulation
shall be considered in determining the
thermel resistance.

5.3.3.2 The thermal transmittance of
opaque assemblies U, shall be :
determined using & series path’
procedure that corrects parallel paths,
such as insulation and studs in a wall
cavity or the roof assembly shown in
Figure 5.3-1. Table 5.3-1 prescribes the
-procedure to be used for Subsections
5.3.3.2.1 and 5.3.3.2.2.

BILLIND CODE 4800 vl



. January 30, 1589 / Rules and Regulations -

v

4, No. 18 / Monda

5

oe

!

Federal Register ; Vo

L1INDYID AINTIVAINOI

sluowe (3] douelsjsey

NOLLONYISNOD

2 =
.
F qc <=
= S =
== uojivineuy )
v :
i~ :::G = w o " . Ty
— T W =~ edwds s} .I/ :
. H . .
M AR AN e QU g o8

gy P | I
= = e
e {ueggognoug weggagnoug

\—\ ‘ pus essde
. | 4 e 510 *oona) B
= .Y = : v sonsy goson
n\—\ ‘I.'ulln o20dg igy
= nI ..%H\l fu u3eq pooy

.—\01 T vy A Nl woisognong goey
= Oz Oy 2 =t |—— sussesey goey
Il - -

© o | . r.. |

AR

«:o_c>.=cm Yied fogivsng pue sduejsjsey soefJeg Bujpniouj
Ajquessy aac_o>cm Ur jo eduwisjsoy [ejo) §O ejdwexy
I-€°g :za.m




Federal Register / Vol. 54. No. 18 / ‘Monday, January 30, 1989 / Rules and Regulations

4580

5-19-05#9 300D DNITHE .

At Al o W T -
sajJas/iayjeded - 1819}-UON

|

_

_

|
Gv.mmnms.SV,Nmmm_. .
Uoj39344o) 2} }4oads ase) - | ALY

_

|

_

2°2EES \ o
s3}49s/19))eded  J8I9H-UON
S (P) 172°€°€°G "uoil1dnaysuod

133 193Ys | .
sabpag jewsayy | 1839H

1819H-UON
18319H-UON

..auuz

1833

———————-——-—“q———“_q

(s)ainpadoid uojlenajeld ._a_uoumz.omn_;m jeuaayy

jej4aied amﬁ_;m _wsgv:_
LJ! vwzoeuu< _a_;oumz

au_—naumm< adojaaugz anbedg ybnodyj

aoue}}jwsued] w3yl Joj S3INPalod :o_uad:udnu

1-£°6 91981



Federal Register / Vol. 54, No. 18 / Mondav. January 30. 1988 / Rules and Regulations 1351

%221 For envelope assemblies procedures specified in Section 5.1.5. Tables 5.3-2 and 5.3-3. is available. ihe
conta:ung metal framing, the U, shall be (b) For non-metal surfaces attached to  10tal resistance of the series path mav
« determured by using one of the foilowing  metal framing. where data from ‘ests be calculated using Equations 5.3~2a
wnethods: conducted using drocedurss specified in  and 3.3=2b, and iliustrated in Figure 3.5~
a) Results from laboratory or fleld Section 5.1.3, such as those provided in 1t

iest measurements, using one of the

Table §.3-2

parallel Path Correction Factors"

¥ + ] i Tt i L o i B i . [ N . 1
|* 8ridged | l I | | l b | For |
| R-value | o] S |10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | SO | S5 |
N e} 1 ] ] 1 et 7 ; 7 7 i i
| Cerrection | I | | ! } I | I L~
| Fecter ~ | 1.0 | 0.96 | 0.92 | 0.83 | 0.85 | 0.81 | 0.79 | 0.76 | 0.73 | 0.71 | 0.69 | 0.67 |
| l l | l | | | | I l | | |
L '_. ! L] ! ! ! 1 I { | | 3 )’
1. Table 5.3-2 values are based upon metal trusses with & ft spacing that penetrate the
insulation, and 0.65 in. dismeter crossmembers every 1 ft.
_ Table 5.3-3
: Wall Sections With Metal Stops
e e , Parallel Path Correction Factors
i b i I _ I !
[ size of | Gauge of | Spacing of | Cavity Insulation | Correction |
| Meabers | Stud | Framing, In. | R-value [ Factor [
! 1 !
i : 1 } ; |
| 2x4 | 1816 | 16 cc. | R-11 [ 0.50 |
-~ -2x4 ] 1816 | 2 o.c. [ Rt ] 0.60 |
| 2x6 | 1816 | 160 | | Re19 | 0.0 [
| 2x6 | 18-16 | 26 o.c. | R-19 | 0.45 |
L ] ! ! ! ]
U=1/R, . R, = the equivalent resistanca of the element ASHRAE Handbook, 1985 Fundamentals
Equation 5.3-20 m:mins the parallel path. the value of  Vo/ume shall be used. The equations on
v Ry = (R-value of insulation] xF, . pages 23.13 and 23.14 shall he t{aed.
RemR,+R, ) e .. . {d) For sheet metal construction,
Equation 8.3-2b ' Equation 5.3-2¢ . . internally insulated with an internal
- Where: ;Vhr mgtai stmcmrelbc;(xlxded on one or botk
‘ =the total resi == the correction factor from Table 5.3-2 or sides to a metal skin or covering (see
R ueut:‘biymx;mncc of the enveiope Table 83-3. Figure 5.3-2), the following steps shall
Ry == the resistancs of ths series elements (for (c) For elements other-than those be used to calculate the U-value of the
jem1 to n) excluding the purallel path covered in item (b) above. the zone envelope construction.

element(s) method described in Chapter 23 of the BILLING CODE 6460-01-4
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(1) First, calculate the resistance of
the thermai ridge Reg as follows:

Rﬂ- R. -R,-.R,.-R.-&
Eguation 83~3
(i) Whers R, the effective mean flow

path along the cuter metal surface. is
“calculated by:

Ry = 3 - i
2 x L Jhlkl‘rl
Eguazien S.3=-4 °

Bx L xhy

(i) And if it ocours, the resistance of
insulation (R:) between the outer metal
surface and the metsl structural member

T,

ok ERCA
AR

is calculated by:
2 =
k x L- [ z:l
{iii) And. the resistance of the

structural member (R,) is calculated by:

L
Lictadks

Equation 5.3-6

{iv) And if it occurs, the resistance of
.insulation (R} between the inner metal
" surfide and the purlin flange is
calculated by:

R4' 1
XxL | by +2
H4 T

atio . 3=7

(v) And finally, the effective mean
flow path along the inner metal surface
(R} is calculated by:

g = b - lb

2 2 L MaksTsg B xL xhsg

Where:

Le=total lenyth

hwmcoefficient of heat transfer
k= thermal conductivity
Tm=temperature

Bmtotal width

H=spartial height

tss thickness of shest metal

(2) Then calculate the parallel path
resistance of the homogeneous
insulation Ry as follows:

t]

(3) Then obtain the overall
construction resistance Re by combinin
Ry and Reg as two parallel resistances:

Res X Ry

Reg+ Ry

Equation 5.3-10

{4) Then add the inside and outside
surface resistances R, and R, to get the
total resistance Rege:

Equotion 5.3-11

(5) The total area resistance myor is
then calculated by:

MroresRegrX B L

Equation 5.3-12
(6} And finally, obtain the U-value by

U m e

Myor

Equation 5.3~13

{7} Where additional resistances are
introduced in the construction. introduc
them in lieu of the above (R; and R.)
resistances. An example of this would
be the calculation of both a metallic
fastener and a block of higher thermal
conductivity material between the oute
shest metal and the internal structural
member as shown in Figure 5.3~3. In thi
case the original Ry is re-calculated by
first calculating the thermal bridge Rurs
as follows:

BILLING CODE S46001-M
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Rirpm Ry =Ry = R

't Eyuation $.3=i4
(i) Where the resistance of the heads
ci number (N) of fasteners per length {L),
adjusting for surface resistance in
common with the sheet metal surface, is
calculated by:

1. 1

R' -. . L )
NX2xoxXMXtXf(Bn, o) aevBxlL . .

Equat)'on&d—ls

Where:

Na=the number of fasteners in Length L
[=the function of B'r for different velues of
the ratio rz/r, given in Figure 5.3,

RY;

tye=the radius of the fastener shank.
ramthe outer radius of the fastener head.

BLLING CODE 845060180
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Fisure S.3~4 - The Function (f) Givenasamt:imofﬁrarﬂfmrnizfera:t ‘
Values of the Ratio, ri/ry ~

e - L£N) ﬂ" rg)
0.55. :

Q.40

T i

T T -
—viT]

0.15

0.10 =

WL S )
Ll

10 T 102 1o 10




Y

- o

-~
... .
-

,Rg'-

Federal Regisier / Vol. 54, Mo *3 / Monday, January 30,1989 / Rules and Pegulations

4587

lii) And. the nsistan;é of the shank of

' the fastener is cajculuing by

He
Nrsaxwxry

R =

Equotion 8.3-16

Ui} nd. finally, the resistance of the
cun::_ec::pn to the intersa: structuraj - -
memoer is caleulated by:

R2
lnxrl

Nx20e %2 ¢t

-,

-
- -

o)

(iv) Then calculate the resistance of - -. .-

the block of higher thermal conductivity
material as fcllpwx:

Rg = b3

2 .z{]
. '~'

el
Eguztion $.3-18

ASkh
{v) Then cbtain the resistancs tobe
used in lieu of the original Rs by

RrsX
Re = —
Rnfn‘

Egquation £3-10

$.3.3.22 For envelope assemblies
containing Non-Metal Framing, the U,
shail be determined &om one of the
laboratory or field test measurements
specified in Section, 5.5.5 ot from the
ASHRAE series-paralle] method.
Formulas in Chapter 23, page 23.2 of the
ASHRAE Handbook, 1985 Fundamentcls
Volume, shall be used for these '
calculations.

5.3.3.3 The thermal transmittance of
fenestration assemblies shall be

corrected to account for the presence of °

sash, frames, edge effects and spacers in
multiple-glazed units.

If thermal transmittances of sash and .
frames. are known, Equation 5.3~1 shall
be used, otherwise the thermal
transmittance offenestration assemblies
shall be calculated as followe:

UgmI UpXForx A‘/A‘,f-

{Upu XFea XAt +Ugsvprs X As...

+Upa X Fra X Axl/ Au

Egquotion 5.3-20

Where: :

Aymares of ** [enestration assembly .

{=numerical subscript (1.2.. .. n) refers to
each of the various fenestration
assemblias present in the wall

nesthe number of fenestration assemblies in
the wall

U, e the overall thermal traasmittancs of the

Jsnestration axgembly, including sash
ans rames. Bly/h-f13°F,

Upan e wermal transmittance of the centeal
am1 of the fenmstraiion excluding edge
¢{Taceg, spacers in multipie-giazed unus,
any the sash and frame., Btu/h-R¥E -

Fryas raming adjustment factor for sash,
{rzmes. atc

Ages= the area cf all fenestration including
gazeil portions, sash, fames. stc.

8.3.2.3.1 Values for U, shall be the
‘winter velue obtained from the glazing
manulacturer's test data or frem Table

13 or Figure 14 of Chapter 27 of the

. ASHRAE Hendbook, 1985 Fundementais
- Volume. Values fos F, shall be obtained
< from the frame manufacturer's test data

or from the average adjustment factor
for a particular product in Table 13, Part
C, in Chapter 27 of the ASHRAE
Handbook, 1985 Fundamentals Volume,
For glass produtts with a U value of 0.45
or jess, use the F, for triple insulated

- glazing Alternatively, values of the U,°F
- product may be used fram

manufacturer's test data for open
window and frame assemblies tested as
& unit provided that the tests referenced
edge-effects and windspeed are
accounted for winter tested U-values are

534 Gross Area of Envelope -
Components

. - %341 The groas area of a roof
assembly consists of the total surface of .
-the roof zssembly exposed to outside air-

or unconditioned spaces. The roof .
assembiy shall include all roof/ceiling
coxponents through which heat may
flow between indoor and outdoor
environments including skylight
surfaces. but excluding service openings.
5.3.4.11 For thermal transmittance
purposes. when return air ceiling
pleaums ere.employed, the roof/ ceiling
assembly shall not include the thermal
resistance of the ceiling, or the plenum.
space, ag part of the total thermal

- resistance of the assembly.

5§3.42 The gross area of a floor
assembly over outside or unconditioned
space consists of the total surface of the
floor assembly exposed to the outside .
air or'an unconditioned space. The floor
assembly shall incinde ail floor '
components through which beat may:
flow between indoor and outdoor or
unconditioned space environments.

$.3.43 The gross area of exterior
walls enclosing x heated or cocled
space is measured on the exteriorand
conaizts of the opaque wall including
between floor spandrels, peripheral
edges of flooring, window areas
including sash and door areas, but
excluding vents, grilles and pipes..

8.3.8 Shading Coefficients

5.3.531 The Shading Coefficient (SC} -
for fenestration shall be obtained.from.
Chapter 27 of the ASHRAE Handbook,

1985 Fundamentals Volume or from
manufactorers’ test data. For the
prescriptive or system performance
envelope compliance calculations i
Sections 5.4 and 3.5, 1 factor, SC,, is
used. SC, is the-Shading Coefficien: of
the fenestration, including internal and
external shading devices, but exclud:ng
the effect of external shading .
projections, which is calculated :
separately. The shading coefficient used
for louvered shade screens shall be
determined using a profile angie of 30°,
as found in Table 41 Chapter 27 of the
ASHRAE Handbook, 1985 Fundamen
Volume. , .

5.3.8 Wall Heat Capacity

5.3.8.1 Hest capacity in Btu/*F-h3,
shall be-determined as the product of
the average wall weight in Ib/ft? and the
weighted average specific heat of the
wall component in Btu/1b."F.

53.8.2 If the wall syster is-defined.
as.having exterior insulation only tke
properties of the wall elements inside of
the insulation layer shall be used in
determining the wall heat capacity.

8.3.83 . For walls with integral
insuiation, all of the elements of the
entire well system may be used in the
calculation of the wall heet capacity.

837 Air Leakage and Moisture
Migration ;

$3.2.1 The requirements of this
subsection apply only to those locations
separating the cutdoors from interior
building conditioned space. Compliance
with the criteria for air leakage through
building components shall be
determined by ASTM E 283~1984.
“Standard Method of Test Rate of Air
Leakage Through Exterior Windows,
Curtain Walls and Doors.”

5372 AirLeakage Requirements for
Fenestration and Doory

5.3.721 Fenestration meeting the
following standards for air leakage is
acceptable: .

{a) ANSI/AAMA 107-85, "Aluminum
Prime Windows."”

(b} ASTM D—¢099-83, “Specifications.
for Poly(VinyiChloride) (PVC] Prime
Windows.”

{c) ANSI/NWMA LS. 2-80, “Wood
Window Units (Improved Performance
Rating Only).”

83.72.2 Sliding Doors shall meet one
of the-following standards for ajs
leakage:

(a) ANSI/AAMA 101-85, “Aluminum
Sliding.Glass Doors.”

(b) NWMA LS. 3-83, “Wood Sliding-
Patio Doors.”

53.72.3 Commercial entrance
swinging or revolving doors shall limit
air leakags. to a rate not to exceed 1.25.
cim/ft? of door area. at standard test
conditions.
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33724 Residential swinging doors
shall limit air leakage to a rate not to
exceed 0.5 cim/it? of door area. at
standard test conditions.

5.3.7.25 Where spaces have regular
high volume traffic thro::zh the buiiding
envelope, such as retai! store entrances
and loading bays, estimates of air
leakage for HVAC system design shall
ge based on air exchange by trafic

ow,

8.3.72.8 To reduce infiltration due to
stack-eifect draft in muiti-story
buildings, the use of vestibules or
revolving doors on all primary entries
and exits shall be considered.

- 83.7.3 Air Leakage Requirements for
Exterior Envelope Joints and
Penetrations. )

53731 Exterior joints, cracks. and
holes in the building envelope. such as
those around window or door frames,
between wall and foundation, between
wall and roof, through wall panels at
penetrations of utility services or other
service entry through walls, floors, and
roofs, between wall panels, particularly
#t corners and changes in orientation,
between wall and floor. where floor
penetrates wall, around penetrations of

. chimney, flue vents, or attic hatches, .

shall be caulked, gasketed, weather
stripp :d, or otherwise sealed,

et e L
ot an

- 5.3.74 Moisture Migration
Requirements for Exterior Envelopes
53.74.1 The building envelope shall
be designed to prevent moisture
migration that leads s deterioration in
insulation performance of the building.
5.3.7.4.2 Vapor retarders shall be
considered to prevent moisture from

~ collecting within the envelope. Designs

should incorporate the principles of
ASHRAE Hundbook, 1935 Fundamentais-
Volume, Chapter 21, "Moisture in
Building Construction.”

53.8 Shell Buildings

5.3.81 The following conditions shall
be assumed if determination of building
envelope compliance occurs prior to the
determination of lighting power density,
equipment power density, or <.
fenestration shading device :
characteristics: o

53.8.1.1 Lighting Power Density and
Eguipment Power Density. For Section
54, the total power density shall be
assumed tp be those listed in Table 5.3~
4. For Section 5.5, the values in Table
8.3-4 shall be assumed to be
apportioned as 35 lighting and % for
other equipment. Note that these are not
recommended design values, but are for

compiiance purposes only.

a

tessa $.3e:
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§
i
t
t
|
i
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e <

5.3.8.1.2 Fenestrationskading ..
devices. Only those shading devices that
are part of the design when itis being
evajuated for compliance shall be
congidered when determining..
compliance., . - ° .

5.3.8.1.3 .Daylighting controls for
electric lightinig. Only those controis
that are part of the design when it is
being evaluated for compliance shall be
considered when determining

- compliance.

5.3.9 Buildings Located in Climates
With Greater Than 15,000 HDD Base
=3 . 4

§.3.8.1 For locations with a heating
degree-day base (HDD) 85 °F greater
than 15:000, the envelope criteria listed -
in Table 5.3-8:shall apply, and the
window wall ratio (WWR) shall be lees

- than.er equal 10.0.20.

BLLIG CODE 6400414
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Table 5.3-5
Recuirements For Locations With
Heating Degree-Days Base &5 OF Greater Than 15,000

Skylights: Not allowed for locations with HODS&S grester than 15,000.

. N ]

A . o ‘ !

Enveloce Statement Maximum Minimsm |

U value R Value Hotes |

| - |

Yy opacue wall for bui ldings \nth : . . i

> 12, OOO ftz af gress floor area 1,3 0.053 : See 5.3.3.2 |

~ | - |

U, opecue wall for buitdings with ‘ ]

< 12,000 #¢2 of gross floor ares o5 0.040 |

| |

U fermestration - o 0.450 . Use Eq 5.3-20]

. :' ] . . o ]

U roof o 0.026 |

. . |

floor over uncenditicned spaces® 0.03 ' See.5.3.3.2 |

L | | ,

wall below grade® o | 12 l

. | |

Slab-on-grade: |
" : W : . l ]

Minimem Minimem R Value |

Insulatien Unheated  Heated . |

Position Distarce, in, Stab - Slab |

. l

Horizentil 4“8 .15 B |

Vertical 48 é : 8 |

| I

|

]

footrotes for Table 5.3-5:

1. For wirdow to wall ration, WWR < 0.20. Shall include corrections for parsilel
paths within the envelope assembly. For WR > 0.20, see Footnote (3).

2. For window to wall ratio, WWR 5'0.15. shall include. corrections for parallel
‘paths within the envelcpe assembly. For WiR > 0. 15, see Footnote (3).

3. The wirdouw to wall ratio and the stated U-values for cpacue wall ard

: femstratxcn may be increased or decreased prcwded that the carbined thermsl
Kall. transmittance shall not exceed 0.125 for buildings 2 12,000 tt2, ard 0,091
for buildings < 12,000 ft2,

4, Including pile-supported floors and elevated floors.,

5. Installed on the exterior of perimeter foundation walls for heated fcmdat\cm.

SLING CODE 8880-§%C
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+ 3.3.10 Daylight Credits for Skyiiz~ts.’
5.3.10.1 Sxvlizhts used in conjunci:on
with qutomatis lighting controls for
deylighting can significantly reduce the
lighting enerqy consumption, thereby
more than ofisetting the increase in
_eavelope heat ransfer.

5.3.102 Wkhen determining building
roof compliance. daylight credits for
skylights may be used if the criteria of
this subsection are met.

5.3.103 Skylights for which daylight
credit is taken may be excluded from

the calculation of the overall thermal
transmittance value (U,.) of the roof
assembly, if all of the foliowing
conditions are met:

5330331 The opaque roof thermal

transmittance U,, value does not exceed

the value determined within the selected
Alternate Component Package (ACP)
table for the prescriptive method or by
Equation 5.5~1 for the systems
performance method.

§3.10.3.2 Skylight areas, including
framing, as a percentage of the roof area

-

do not exceed the values specifie in
Tables 5.2-6A and 5.3-GB for buiiaing
sites located within the climate ranges
listed in the two Tables. where Visible
Light Transmittance (VLT) is the
transmittance of a particular glazing
material over the visible portion of the
solar spectrum. Skylight areas shall be
interpolated between visible light
transmittance values of 0.7°5 and 0.50,
only. .

BILLING CODE 64600144

-
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Table 5.3-6a

-

_ (VLT = 0.75)
Maximum Percent Skylight Area for Given Conditions of Lighting Power

Density, Light Level (fc), HCD&5 and CDHEO
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Teble 5.3-6b

Maximum Percent Skylight Area for Given Conditions of Lightihg Power

(VLT

Density, Light Level (fc), HDD&S and COKS8O
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$.3.10.3.3 The skviight aree
sssociated wita daylign: credit can be
taken is the area under encn skyiight
whnse dimension in each girection
{centered on the skyiight) 1: equal to the
skyiignt dimension in that irection plus
2 distance equal to the focr to ceiling
height,

8.3.10.3.4  Skylight areus that overlap
areas that kave already taken daylight
credit (perimeter window areas or other
skylight areas) do not again take
daylight credit.

5.3.10.3.5 All electric lighting fixtures
within skylight areas are.controiled by
daylight-activated automatic lighting
controls.

8.3.10.3.6 For buildings located in -
climates that have less than 8000
$IDD8S5, the overall thermal
Iransmittance of the skylight assembly,

-including framing, is less than or equal

to 0.7 Btu/h-ft 2.°F. For locatiors greater
than 8000 HDDSS, the overall thermal
transmittance of the skylight assembly,
including framing, is less than or equal
to 0.45 Btu/h.ft 2.°F,

5.3.103.7 Skylight curbs have
thermal transmittance (U) values no
greater than 0.21 Btu/h.ft 2.°F,

$.3.10.3.8 The infiltration coefficient

~7, of the skylights does not exceed 0.05

‘ofm/ft 2,

i0.4 Skylight areas in Tables 5.3« -

8A and 5.3-6B may be increased by 50%
if a shading device is used that blocks
over50% of the solar gain during the
peak cooling design condition.

3.3.10.5 Areas for vertical glazing in
clerestories and roof monitors shall be
included in the wall fenestration
calculation.

5.3.10.8 For shell buildings. the
permitted skylight area from Tables 5.3~
6A and 5.3-8B shall be based on a light
level of 30 fc and a lighting power
density (LPD) of less than 1 W/ft 2.

5.3.10.7 For speculative buildings,
the permitted skylight area from Tables
§.3-8A and 5.3-8B shall be based on the
unit lighting power allowance from
Table 3.4~1 and an illuminance leve! as
follows:

5.3.10.7.1 For LPD less than or equal
to 1.0 W/ft 2, use 30 fc:

£.3.10.7.2 For LPD greater than 1.0
W/t * and less than 2.5 W/ 3, use 50
fz: and

5.3.10.7.3 For LPD greater than 2.5
W/Et %, use 70 fe.

5.3.10.8 Buildings with roof assembly
devices that cannot be evaluated under

. this subsection shall be evaluated using

*he Building Energy Compliance
lethods of Section 11.0 or 12.0.
5.4 Building Envelope—Prescriptive
Compliance Altarnative
5.4.1 GCeneral

- ]

5.4.1.2  This section provides a simpie
compiiance path using precalculated
prescriptive requirements for selected
exterior envelope configurations of new
buildings.

3.4.1.2 The Alternate Component
Packages (ACP). found in this
subsection. provide design criteria lor
use with the {sllowing options:

5.4.1.2.1 “Base Case"—buildings
with envelopes designed without
perimeter daylighting.

5.41.22 "Perimeter Daylighting"= *
buildings with envelopes that use
additional fenestration area by
incorporating automatic lighting controls
in the perimeter zone to permit the use
of daylighting in lieu of electric lighting.
This ACP is not available for those
climates that do not usually require
space cooling by means of mechanical
sefrigeration.

(a) This daylighting credit is in
addition to the increased lighting power
allowance provided in Section 3.5. Some
perimeter daylighting options allow a
greater proportion of fenestration area
due to the increased visible and .
decreased thermal transmittances of
high performance glazings in
combination with automatic lighting -

- controls.

$.41.3  Each ACP provides a limited
number of complying combinations of
building variables for a set of climate
ranges. The criteria, such as maximum
percent feneswration, were calculated
using the system performance criteria of
Section 5.3. Values were chosen from
within climate and other variable ranges
for the most restrictive resuits, to ensure
compliance uf any combination of
values within those ranges. Thus, for
most climate locations and envelope
parameters, the prescriptive criteria may
be alightly more stringent than the
system performance criteria of Section
5.5,

5.4.1.4 Both the base and perimeter
daylight cases have two or three
fenestration U-value ranges depending
on the climate.

‘5.4.2 Compliance,

3.4.21 Tbe envelope design of the
building being evaluated is in
compliance with the prescriptive criteria
of this section provided that

54211 The minimum requirements
of Section 5.3 are met. .

5.4.21.2 All envelope thermal
transmittance (U] values are less than or
equal to those chosen from the ACP
Table seiected for roofs, opaque walls,
walls next to unconditioned spaces. and
floors over unconditioned spaces.

5.4.2.1.3 The percentage of.
fenestration of the combined gross wall
area is less than or equal to the value

permitied for internai icad range and
giazing in the seiecied AZP Tabie.

5.4.2.14 Siab-on-grade floors have
insulation uround the nerimeter of the
floor with the thermai resistance (R.,} of
the insulation as listed in the ACP table
The siab insulation specified shall
extend either in a vertical plane
downward from the top of the slab for
the minimum distance shown or
downward to the bottom of the slab
then in a horizontal plane beneath the
slab or outward frem the building for the
minimum distance shown. The
horizontal length. or vertical degth. of
insulation required varies from 24 in. to
48 in. depending upon the R-value
selected. For heated slabs, an R of 2
shall be added to the thermal resistance
required, .

{a) Vertical insulation shall not be
required to extend below the foundation
footing.

(b) There are no insulation
requirements for slabs in locations
having less than 2.000 HDDSS5 or for
footings extending less than 18 in. below
grade.

5.4.2.1.5 The thermal resistance of
the below-grade wall nssembly must be
greater than or equal to that listed in the
ACP table, or the heat loss calculated in
accordance with Chapter 25 of the
ASHRAE Hendbook, 1985 Fundamentais
shall be less than or equal to that of a
wall below grade having a thermal
resistance equal to that specified in
Figure 3.3-3. No insulation is required
for climates with less than 3.000 HDD83
or for those portions of walls more than
one story below grade. -

5.43 Procedure for Using the
Alternate Component Packages (ACP).

5.4.2.1 The prescriptive envelope
criteria for each of 30 climate ranges are
contained in Tables 5.4-2 through 5.4-31,

5.4.3.2 The following steps shall be
used to determine compliance with
these prescriptive envelope criteria,

54321 Determine appropriate
climate range using either (a) or (b}
beiow, :

{a) From Tabie 3.4-1, select the
appropriate ACP Table based on the
climate for the building site. The main
ciimate variables that are needed for the
proper selection of an ACP Table are
cooling degree-days base 85 *F (CDDsS),
heating degree-days base 50 °F (HDDs50),
and annual average daily incident of
solar radiation on the east or west
vertical surface of the facade, Btu/f12/
day (VSEW). For certain climate ranges
this must be augmented by cooling
degree-hours base 80 *F (CDHS0).

(1) This data. for a specific building
location, may be acquired from the U.S.
Weather Service of the National



334 Federal Register / Vol. 54. No. 18 / Monday, January 30. 1989 / Rules and Regulations

‘Seeanic and Atmospheric ,
Administration or the local weather
Sureau. The column designated "ACP
Table No.” in Table 5.4~1 contains the
table number of the appropriate ACP
Table. . o

BRLING COOE 640004
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N \'\\ Tabte §5.4-1
Climate Jata Grouced by AC° Tables
ACP Table weose =3 . vsew | couso
oter Rarge large ¢ lange Aange Exarple Cities
i
$.4-2 0 | 3001-4500 >220 Barbers Point, ®ilo, Hemslulu, Lihwe
8.4-3 6 #4500 2848 Guantsnsno Bay, Kmajalein, San Jusn, Wake [sland
S.é6 11000 0-1150 | $60-85 Arecata, Rorth Berd .o
$.4-5 1-1000 0- 3co »845 Oakland, San Francisco, Senta Maria, Sunyville
§.476 1-1000 301-11%0 34§ El Toro, Long Basch, 103 Angeles, San Diego :
L 4 1-1000 | 1151-2000 | $60-8S Atlanty, Augusta, Birmirgham, Cherry Point, Greenwville
$.6°8 1-1000 | 1151-2C00 »84% fresno, Red Rluff, Sscramento
S.be9 1-1C00 | 2001-3223C | S40-84% Charleston, Houston, Jackson; Mentgomery, New.Orlesns
S.4-10 11000 | 2001-32%0 »8L5 [ 0-180C0 Austin, Bakerstieid, El Pssc, Fort Worth, Tallahassee, Jaspa
S.4-13 _1-10C0° | 2001-32%0 »8.5 > 18000 Chira Lake, Las Vegas, Tucson -
S.4-12 T 1-1000 | 3251-43500 >84S | 0-18000 Browrnville, Corpus Christi, Mismi, Orlando, West Palm Be
$.4-13 1+1000 | 3251-4500 >845 | »18000 Loreds, Phoenix, Yums ’ . -
S.be14 1001-1750 0- 500 | 580-&S ! Otywpia, Portland, Salem, Sesttle/Tacoma, Whichey lsland
Seb-18 1001-17%0 §C1-1150 | $60-84% Agheville, Nedford : :
S.4-16. | 1001-17%0 1-1150 >84% Prescott, Winslow, Yueea
5.4+17 1C01-1750 | 1151-2000 | S40-84% Charlatte, Chattanooga, Knoxville, Norfolk, Raleigh, Richmend
$5.6-18 1001-1750 | 1151-2000 >84S Albugusraue, Lubbock, Oklahoms City, Roswell, Tucuncari
S.4-19 10011753 | 2001-3250 | 540-845 Fort Smith, Memphig, Tulsa :
$.4-20 1781-2400 0-1150 560‘345 Baltizore, Bosten, Colusbus, Harristurg, New York., vash ington
5.4-21 2501-3200 0-1150 | 560-845 Akron, Chicago, Detroit, Rartford, Indianapolis, Pittsbursh
.62 17513200 0-1150 »845 Bcise, Coloraco Springs, Denver, feno, Salt Lake City
$.4-23 17313200 | 1151-2000 | S40-245 Evaraville, Lexington, Louisville, Saint Louis, Springfield
S.6-26 1731-3200 | 11532000 »845 becge City, Grang Junction
$.6-25 | 3201-4008 |  0-1150 | s60-845 Albany, Butfalo, Concord, Des Moines, Miluacskee, Rapid City
$.4-26 4001-5000 0-1130 | $63-848 Sangor, Cutbenk, Huron, Minneapolis, Rochester, si&a Falis
9 i » .
§.4-27 | 3201-4000 0-1150 >845 Casper, Cheyerve, Ely, North Platte, Scottsbluff
5.4-28 | 4001-5000 0-11%0 >848 - Bryce, tagle, Reck Springs
5.4-29 5001-4500 0-1150 | S40-85% Bismmrck, Duluth, Fargo, Glasgow, International Falls
$.4-30 1-4500 < 160 <540 Adak, Anchorege, Junesu, Xodiak, Yakutat
5.4-31 »6500 < 100 <560

Bethal, Fairbmk;, King Salmon, Mame, Swuit

459
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Table 5.4-32
Climate Data Used for ACP Tables
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TasLes Stap
HDDSO  HODES VSN VSEW VSS CDOSO LoDé5 COHSBO DR HODES (D045  DH30 ¥OD4S
5.6-2 0 0 8§57 817 &05 8456 3019 1112 11,0 0 4150 4537 0

$.4-3 0 0 &% 1082 977 10849 5384 10167 .7 0 6160 16217 0
S.acé se2 5020 &07 T2 926 1038 1 0 8.9 5020 1 0 5020
S.4-5 157 2922 453 . %09 1102 © 2752 82 3 6.4 338 3 204 3233
S.4-6 . 3 1494 LB2 962 1166 44656 &7 136 14,1 L8t 834 2391 1577
5.6-7 569 25386 44 826 996 §277 178 3516 15.2 2832 1825 627 3220
5.4-8 381 2783 &4 987 1185 4276 11N T35 3.6 2884 1930 16434 2534
5.4-9 433 2194 467 796 925 §722 2005 5249 16.4 3091 2055 &150 31
5.4-10 699 2708 4TS 842 06 584 2378 12065 20.2 3049 2259 . 146487 -3059
S.4-11 409 2644 W68 1091 1312 6222 2782 25739 27.4 2644 2TE2 28739 2573
S.4-12 33 §32 S1t 381 974 8288 1312 9787 171 874 34852 15512 839
5.4-13 65 &2 532 %00 936 8827 4130 25225 21.4 782 4186 37BY2 1382
S.4-16 1080 522% 350 588 2 1357 29 145 12.3 5550 79 L6 5550
5.4-15 1531 4893 405 8% 1008 2681 563 4081 32.% 4893 548 4081 4893
S.b-16 1677 LLb2 473 1090 1334 3385 295 3973 2.0 6802 1041 11548 4302
5.4-17 1261 3760 &9 810 99 L7 1298 3642 17.4 T 4192 1133 3305 4192
S.4-18 1633 4423 469 1105 1361 3042 1257 S705  25.3 3825 1834 £s78 &L23
5.4-19 1034 3259 4480 808 935 $319 2049 7807 19.2 3732 2072 10045 3732
5.4-20 2323 5877 I3 770 1091 237 1534 3288 3.2 6665 28 2390 8645
$.4-21 2983 &727 383 758 1066 - 2094 383 1595 25.3 6514 698 1746 6727
S.4-2 1947 S583 419 907 1183 2395 856 2073 16.2 64T 486 6366 647
5.4-23 1839 4509 &b 812 982 4115 131 <170 20.% $201 1388 © S212 5448
5.4-24 2280 $131 &S0 942 - 1196 4008 1384 718 26.0 s701 1221 6147 s701
5.4-25 - 3492 7560 343 706 957 1629 221 1513 30.8 817 ns 177N 7817
5.4-26 4583 8397 380 708 862 2026 365 913 20.9 - 8351 774 3739 8%41
5.4-27 3683 7666 432 1014 1350 1650 157 1317  30.1 1617 495 2499 7666
S.4-28 4709 9288 445 1043 1384 899 4 69 30.0 gees & 69 g288
$.4-29 5087 9282 359 640 858 1399 119 2+ 21.0 10535 119 167 10535
5.4-30 1582 8913 280 434 452 124 0 Y] 9.9 10540 0 o] 10540
$.6-31 6843 11992 270 499 840 330 4 6 15.6 14848 3 0 14848

BILLING CODE 6450-01-C
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{b) From the list of cities in Appendix

+ 3A, “List of Tities and Climate Data™.

‘which contains data for 234 cities, select
the closest city ciimatologically to the
buiiding site. If the site is ot one of the
cities listed or if the climate at the site
diffars signifizantly from a listed
adiacant zity, obtain the information
from the weather bureau or other’
reliabie source and use (a) above. The
column designated “ACP Table No.”
contains the table number of the
appropriate ACP Taole.

{c} For information purposes only, the
climata data used to develup the ACP
tables for the above-grade wail section
are shown in Table 5.3-32 The criteria
for ail other envelope sections was -
based on the most stringent level for the
cities listed in the ACP Table.

5.43.22 Determination of Maximum
Allowabie Percent Fenestration.

(a) Using the appropriate ACP Table,
determine the maximum ailowable
percent fenestration. The maximum
allowable percent fenestration is the

" total area of fenestration assemblies

divided by the total gross exterior wall
area, considering all elavations of the
building. Determining the maximum
ailowable percent fenestration requires
the following five steps:

{1) Based on the Internal Load Density
(D} for the proposed design. select one

cf the three Internal Load Ranges as the -

point of entry to the tables. Note for
[LD's greater than 3.5 W/t 2 use the 3.5
W/ft 3 range, For shell buildings. see
procedures in Section 5.3.8. Determine
the ILD of the proposed design, based on
the sum of the Internal Lighting Power
Allowance (ILPA), the Equipment Power
Density (EPD) and Occupant Load
Adjustment {OLA), as shown in
Equation 5.4-1.

LD =ILPA +EPD +CLA

Eguation 8.4-1

Where:

The Internal Lighting Power
Allowance (ILPA) shall be:

1. The building average Internal
Lighting Power Allowance (ILPA) of the
design building in W/ft * as determined
in Section.3.4 or 3.5:

2 The average of the Lighting Power
Budgets (LPB) for all activity areas
within 15 [t of each exterior wall based
on the procedures specified by the
Systems Performance Criteria of Section
3.5.3, or

3. The actual lighting power density of
the proposed design in W/t 2, either the

" building average or the average of the

lighting power within 15 ft of each

exterior wall.

Note.~The lighting prescriptive path,
Section 3.4. does not provide lighting values
for heaith, assembly, multi-family high rise,

[ T T M e s e o ittt S ot i Sve s o e psms s s o

and hotel/mntel buildings tyme cecupancies.
Use the 1.51 0 3.0 range of (aternal Load
Density for nealth and assembly buildings:
and the 0 to 1.5 range ‘or muiti-fazuly high
rise and hotei/motei baildings.

The Equipment Power Density (EPD)
shail be eithar .

1. The building averuge receptacle
power density seiected irom Table 5.4
BinWiltsor

Table §.4-33
Aversge Receptacle Power Densities

1.

| /el

ki

SUILDING TYPE

1. Assesbly. » o o o o .+ . .0,

2. Office. . . . . 0 o0 . J0.75

3. Retaitl. . ., .. ... .0.2}
4, darehouse . . . . . . . .0.10
S. $chool.,,.,.,...‘.0.5'0
6. Motel/motel . . . . ., .0.25
7. Restaurant. . . . .. . .0.10 ’
8. Health. . . ., .. ...

9. Multi-Family., . . ...

N S e i vt Tty GOt e e et i, e et et et e ol st

2. The actual average receptacle
power density for all activity areas
within 15 ft of each exterior wall in W/
ft 2, considering diversity. For
determining compliance in Tables 5.4=2
through 5.4~31, the actual average
receptacle power densities calculated
by this method that exceed 1.0 W/t 2
shall be limited toc 1.0 W/ft 2 in
Equation 5.4=1.

The Occupant Load Adjustment
{OLA} shall be either

1. 0.0 W/ft*, This recognizes the
assumed occupant sensible load of 0.8
W/t that is built into the ACP tables:
or

2. A positive or negative difference
between the actual occupant load and
0.8 W/ft? if the design building has a-
larger or smaller occupant load.

(2) Select externcl shading projection.
factor (PF). If no external shading
projections are used in the proposed
design. select the column designated
Projection Factors=0.000-0.248, If

external shading projections are used,
determine the average area weighted -
projection factor on the window.in
accerdance with Equation 3.4=-2 Then
select the appropriaze column in the
ACP Table,

PFwP,/H

Equatiua j.4=2

Where: ) .

PF =\ 2rage area weighted projection factor

Pym Zxternal horrzontal shading peojection
cepth, in. or it

HaeSum of height of the fenestration and the
distance from the top of the fenestration

* to the bottom of external shading

projection in units consistent with P

{3) Select the Shading Coeificient of
the fenestration (SC,) including internal,
integral, and external shading devices,
but excluding the effect of external
shading projections (FF). This inciudes
curtains, shades, or blinds. Reference
ASHRAE Handbook, 1985 Fundamen:als
Volume, Chapter 27.

(4) Select one of the daylighting
options, either: ;

1. Base Case, no daylighting: or

2 Perimeter Daylighting {automatce
daylight controls for lighting system
must be used). This option is not
available in some locations.

{5) Select appropriate fenestration
type. For most options, this is
determined by the thermal
transmittance value (U, of the
fenestration assembly. For some
fenestration options, the visible light
transmittance (VLT) of the fenestration
should not be less than the shading
coefficient of the glazed portion of the
fenestration assembly, not considering
any shading devices. The ranges
generally correspond to single glazing,
double glazing, triple glazing and high
performance glazing incorporating low
emissivity coatings/films or more than
two glazing layers. Each ACP table
includes at most, three ranges of giazing-
U-value.

5.4.4.2.3 Determine the Maximum
Uee for the Opaque Wail Assembly. In
the appropriate ACP Table the
Maximum U,., for the opaque walil
assembly is determined using the
following steps:

(a) For a lightweight wall assembly,
heat capacity (HC) less than 5 Btu/
ft2.°F, use the vaiue indicated. This U,
is constant over all internal load ranges.

{b} To-use the mass wall adjustment,
the following additioral steps are
cecessary:

{1} Select the same internal load range
as that used in determining the
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maximum allowabie percent
enestration.

\2) Select the mass wall heat capacity
{HC) and insulation position. [f the wall
insuiation is positioned internal to ot
integral with the wall mass. use the
column headed Interior/Integral
Insulation. If the wall insulation is
positioned external to the wall mass use
the column headed Exterior Insulation.
For HC less than 5 Btu/ft2."F this
adjustment table cannot be used. At this
~ step you will have two choices of Upe -

that are keyed to a small or large
percent fenestration. This represents the
full range of U, values allowed.

(3) Select or interpolate the
appropriate maximum U, for the
opaque wall based on the maximum
ailowable percent fenestration
determined in Section 5.4.4.2.2 or the
actual building percent fenestration
whichever value'is lower. The U,., shall

_be determined by straight line
“interpolation for fenestration
rercentages between the smallest and
largest values listed. If the design
building percentage fenestration is less
than the smallest value listed, select the
Upw for the largest percentage
fenestration listed.

5.4.4.24 Determine Other Envelope
Criteric. In each ACP table. the criteria
for roof, wall adjacent to unconditioned
space, wall beiow grade (first story
orly), floor over unconditioned space,
and slab-on-grade floors. shall be met.
For neated slabs on grade, the R-value
shall be the R-value for the unhesated
slab-on-grade plus 2.0. For skylights, the
daylight credit procedure presented in
Section 5.3.10 ghall be used. )

5.5 Building Envelope—Systen
Performance Compliance Alternctive

5.5.1 Roof Thermal Transmittance

‘Criteria

5.5.1.1 Any building that is heated
and/or mechanically cooled shall have
an overall thermal transmittance value
{U..) for the gross area of the roof
assembly not greater than the value
determined by Equation 5.5-1. The
provisions of Section 5.3 shall be
followed in determining acceptable
combinations of materials that will meet
the required U,, values of Equation
5.5=1,

Uym1/(5341.8X10°I x HDDES +1.3x 1073
X CDD8S 2.8 x 10~ *x CDH80}

Eguation 5.5=1

5.5.1.2 Equation 5.5-1 applies only
for climate locations with HDD65 (ess
than or equal to 15.000. For climate
locations with HDDgS3 greater than
15.000, see subsection 5.3.8, Tabl2 5.3-3.

5.3.1.2.1 Excepiions to Section
5.5.1.2

{a).any building that is only heated
shall have an overall thermal -
transmittance vaiue (U,,) for the gross

* area of the roof assembly less than or

equal to the value determined by
Egquation 5.5-1 with CDD&5 and CDH80
set equal to zero; and

(b) any building that is only
mechanically cooled shall have an-
overall thermal transmittance value
(Uee) for the gross area of the roof

" assembly less than or equal to the value

determined by Equation 5.5~1 with
HDD63 set equal to zero.
5.5.2 Floor Thermal Transmittance
Criteria ‘
5.5.2.1 The floors of any buiiding that
is heated and/or mechanically cooled
shall meet the following thermal criteria:
. 8.5.2.1.1 Floors of conditioned spaces
over unconditioned spaces shall have a
thermal transmittance (U,) not greater
than that specified in Figure 5.5-1.
NG COOE 0480-01-M
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3.5.2.1.2 . Siab-on-grade floors shall
have insuiation around the perimeter of
‘e floor with the thermal resistance (R,)
ol the insulation as specified in Fizurs
3.53=2. The insulation specified in Figure
5.5-2 shall extend either in a vertical

20

i8
16
14
12

o N A O ™

Thermal Re

plane downsvard {rom the top of the
siab for the mirumum distance shown or
downward to the bettom of the siab for
the minimum distance shown thenina .
horizonta! plane beneath the slab, The
horizonti! length, or vertical depth, of

rigure 5.5-2
sistance for Unheated

Slab on Grade

insulation required varies from 24 in. to
42 in. depencing upon the R-value-
seiected. For hested slabs, an R of 2
shail be added to the therma} resistance
required in Figure 5.5-2.

~

i _ | :
L

.i24in. Horizontal

e

36in. Horizontal

¢
i

,
i

I
l

428in. Horizontal

7=

|

- |

i
|
—
i

’24in. Vertical

77
.

\ i

N U . DUVSU SO

| 2361n. vertical |

|
' 481in. Vertical?

.

P
|
L

| |

Note:

Thousand H

for HDD65 < 3000, R, =
for 3000 > HDDE5S > 15

7 8

DD65S

8

o 10 11 12 13 14 15-

000, see graph above
for HDD65 2 15000, see Table 5.3-5

R values for heéted slab-on-grade = R unheatied ¢+ 2

R, = R, + 2

n
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. "¢} “ertical insuiation 1s not requirsd 5.5.3 Thermai Transmittance Criteria u=conditivaed scaces shali have an -

+ to ex:end -below the foundation icoting. ror Opaque Wails Enciosing overail thermal transmittance (U, 20t
Thers atz no inculation requirements for ~ Conditioned Spaces Exposed to Interior  greater than the value speciiied in
3leBs in iccations having less than 3.000  Unconditioned Spaces _ Figure 5.5-3.

HDZES fer footings extending less than 3.33.1 All opague walls 2nclesing
18 in. below grade, conditioned spaces exposed ‘o interior

| Figure 5.5-3
Maximum Overall Thermal Transmittance of

Opaque Wall Sections With HC < 7

f
!

CcC O O =
~N oo 0o o

\

0 1 2 3 4 5 6 7 8 9§ 10 1 1z I3 i i:

Thousand HDD65

© © © 0o © o .o
©O H N W b 0O o

Mote: for HDD65 s 540, U, = 1.0 | :
for 540 < HDD65 < 15000, U,, = 0.0528 + 510.9/HDDES

for HDD65S 2 15000, see Table 5.3-5 ,

.
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5.3.4 Ther=al Resistance Criteria for
£xtenor Wail Insulation Below Grade

- 3.3.4.1 The thermal resistance (R] of
‘2 wal assembly shall be greater than,
nr equal to the insulation level specified
:n Figure 3.5=4, or the heat loss

First Story Below Grade

cileulated in aceardance with Chapter
25 of the ASHRAE Handbook. 2985

‘Fundamentals Volume shall be less

than, or equal to that of a wall below

grade having a thermal resistance equal

to that speciiied ia Figare 3.5~ No

Figure 5.5-4
Thermal Resistance of Wall

insulztion is required for climate

locations with less than 3,200 HDDES fer  / o

those portions of wails more thax one
story below grace.

16

14

12

10

Note: for HDD6E5S
for 3000
for HDDES

<
2

5§ 6

7 8 9 10 11 12 13 14 15

Thousand HDD6S
< 3000, R = 0

HDDES < 15000,

15000,

see Table 5.3-5

R=4.5+ 0.00075 x HDDES



