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Building Dimensions:
24 x 48’ = 1152 ft2

(both floor and roof area)

Floor & Roof Area = 1152 ft2
Wall Area (24'x2+48x2)8
=1152 ft2

Interior Volume =9216 ft3

Determining UA
Step I: The Building Envelope (conductive heat transfer)

Q=UA XAT

'envelope

Q = Heat loss or gain (Btu/h)
U = conductance (Btu/h sf °F)
A = area (sf)

AT = Touide = Tinsige (°F)

U ~ C (conductance)
C = I/R (resistance)

Finding UA is a process of finding the R-values of each layer
of the building envelope

TABLE E.1 Thermal Properties of Conventional Building and Insulating Materials* (Continued)
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Table E.1, MEEB 10th
TABLE E.1 Thermal Properties of Conventional Building and Insulating Materials® (Continued)
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E.3, MEEB |0th
TABLE E.3 Thermal Properties of Surface Air Films and Air Spaces
Part A. Surface Conductances® and Resistances” for Surface Air Films
Surface Emittance, e
1-P Units® S1 Units”
Nonreflective Reflective Nonreflective Reflective
e 0 £=0.20 £=0.05 €£=0.90 =020 €=0.05
Position of Surface Direction of Heat Flow h; R hi R hi R hi R hi R h ' R
still Air
Horizontal Upward 1.63 |0.61 /091 1.10 076 132 926 0.11 517 019 432 023
Sloping-45° Upward 1.60 |0.62 |0.88 1.14 073 137 9.09 0.11 500 020 4.15 024
[[vertical Horizontal 746|068 [0.74 135 059 170 829 0.12 420 024 335 030]]
Sloping-45° Downward 1.32|0.76 |0.60 167 045 222 7.50 0.13 341 029 256 039
Horizontal Downward 1.08 |0.92 |0.37 2.70 022 455 6.13 0.16 2.10 048 1.25 080
Moving Air (any position) h | R h, R
Winter Wind
15 mph (6.7 m/s) Any 6.00 [0.17 340 0.030
Summer Wind
7.5 mph (3.4 m/s) Any 4.00 [0.25 227 0.044
Refer to
MEEB 10th
Table E.I
pp. 1549-1568
R Patn 1 Patn2
Resistance (nsulation) (raming)
hetE heF bt F
87U 81U &1
outside ai fim 017 017 017 outsideai fim
glass 004 o079 o7 112" wood sicing
insido air fim 088 o062 o062 112" piywood
1873 5412 bat insation
550 5112 wood framing
045 045 412" gypsum board
o068 068 inside A Film
089 1844 821
xes% 5%
Rglass total 039 1567 123
1691 Rowalltotal
Uvaluo glass = 1R total 1124 0059 U valuo wall = 1R total
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Additional Tables in MEEB |0th edition to find
Envelope U-values

Table E.3 Properties of Surface Air Films and Air Spaces

Table E.6 U-values for Common Wall, Roof and Floor Assemblies

Table E.I'l Heat Loss Coefficient of Floor Slabs (F), per Unit of
Perimeter

Table E.I0 U-values for Wood and Steel Doors

Table E.14 Window Characteristics (U-values)

Table E.16 Skylight U-Factors

Table E.27 Estimated Overall Infiltration Rates for Small Buildings
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Building Envelope Summary
= 2 0] N N
U =0.158 BTU/hr ft* °F Before Design Changes After Design Changes*
- |
A = 1152 ft?
- o Buiding Eoment Descripton Vv | Aws | UxA | UxA | Aw | U Doscription
UA, 182 BTU/hr °F BTUM F 2 BTURF BTURF 2 BTUN F
oot metlgeckwinoamgiss | o1sg | vz | w2 | e | wsz | orss nochanges
Wats wals vz | wsz | s | s | e | toso it gass
- 2 o
U = 1.124 BTU/hr ft2 °F s | o | oo | insustedwoodrame
- 2
A = 1152 ft Windows. (same as walls). (same as walls)
VA, isiindows & doors = 1295 BTU/hr °F
Doars (samo as vate) (samo 2 wals)
avarine + comtoover
Floor et dock wioamgass | o112 | sz | te0 | e | we2 | o2 nochanges
U =0.112 BTU/hr ft? °F R
PR UAenvelops 1605 | 950  UA envelope
A = 1152 ft?
UA,,, = 129 BTU/hr °F
*The “After Design Changes” portion of this chart shows what would happen to the conductive heat loss
(UAenvelope) if 112 of the glass walls were replaced with the wood frame walls developed earlier in this
lecture.

TABLE £.27 Estimated Overall Infifration Rates for Small Budings

Determining UA MEEB Table E.27 = .

Step 2: Infiltration (convective heat transfer) Estimated Infiltration Rates for
Small Buildings

Q = .0I8 x V,, x ACH x AT

r

Q = heat loss or gain
.018 = volumetric heat capacity of air (BTU/ft? °F)

< » 5 = @

ACH = air changes per hour

\% = volume of air (ft%)

air

AT =T

T S Bl o 012 13 e 2 e s o1 a0 s 028 42 0 024 €5

outside

inside ~

TABLE E.27 Estimated Overall Infiltration Rates for Small Buildings

Part A. Construction Types Determining UA

:;::mm" e Step 2: Infiltration (convective heat transfer)
Tight Good multifamily residential construction with close-ftting doors, windows, and framing is

considered tight. New houses with full vapor retarder, no fireplace, well-fitted

windows, weather-stripped doors, one-story, and less than 1500 ft2 (140 m?) floor

area fall into this category. Q = .018 x V.. x ACH x AT
Medium Medium structures include new two-story frame houses or one-story houses more than 10 air

years old with average maintenance, a floor area greater than 1500 ft? (140 m?),

average-fit windows and doors, and a fireplace with damper and glass closure

Below-average multifamily construction falls in this category. Q = 0 | 8 X 92 16 ft3 x | 30 x AT
Loose Loose structures are poorly constructed single and multifamily residences with poorly fitted

windows and doors. Examples include houses more than 20 years old, of average

maintenance, having a fireplace without damper or glass closure, or having more Q = 216 BTU/hr » °F x AT

than an average number of vented appliances. Average manufactured homes are in
“UA”»
this category.

Part B. Design Infiltration Rate (ACH) for Winter: Indoors 68°F (20°C); Wind Speed = 15 mph (6.7 m/s)

=216 BTU/hr ¢ °F

infiltration

Winter Outdoor Design
Construction  °F: 50 40 30 20 10 0 -10 -20 -30 -40
Type °C: 10 4 -1 -7 -12 -18 -23 -29 -34 -40
Tight 0.41 0.43 0.45 0.47 0.49 0.51 053 0.55 0.57 0.59
Medium 069 0.73 0.77 081 0.85 0.89 0.93 0.97 1.00 1.05
Loose 111 1.15 1.20 1.23 1.27 1.30 135 1.40 143 147
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Farnsworth House Results

Q=UA XAT

Step I UAgyeiope = 1521 BTU/hr - °F
Step2:  “UA"oo . = 216 BTU/hr - °F
Total: UA,eence = 1737 BTU/hr - °F

Note:

Step 3: “UA"perime(er is not applicable since the Farnsworth
House is not built with the floor in contact with the earth.
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