Summary: Document contains a selection (not comprehensive) of comparisons between the default assembly thermal performance (U-factor
look-up) tables contained in Appendix A of ASHRAE 90.1-2022 and Appendix A of the 2024 WSEC working draft. | feel like we will need to
continue to consider future proposals on how/if to reference both of these sources.

Take Aways:
¢ As we would hope, for most assemblies the default U-factors are fairly close (less than 10% variance) between the two sources.
e There is the most significant variance in joist floors and wood framed walls.
¢ Neither appendix is exhaustive, each contains some assembly types that the other does not.
¢ Neither appendix is universally more conservative/stringent.
e Generally the ASHRAE tables offer more data points than the WSEC tables.
e A good number of tables are identical between the two.
¢ WSEC seems to contain a number of assemblies that are more residential in nature, and don’t seem to come up all that much in
commercial projects, such as scissor joist attic roofs, floors over crawl spaces, and lots of assemblies with wood-siding.

Special Thanks: Rachel Thompson at IMEG put in the lion’s share of effort to produce this document.



ROOF COMPARISON

Constant Depth Above Deck
ASHRAE  WSEC
R Value UValue U Factor Delta

12 0.078
12.5 0.064
13 0.073
21 0.046
21.9 0.04
22 0.044
35 0.028
37.5 0.025
40 0.025
50 0.020 0.019 5%

Yellow highlighted values are calculated, not present on tables.
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Key Notes: WSEC does not have data points for nearly as many constant depth R-value roof assemblies.

WSEC is less conservative

U-factors are pretty closely aligned.

Attics/Rafter Roof

ASHRAE  WSEC
R Value U Value U Value %Delta

19 0.053 0.049 -8%
30 0.034 0.036 6%
38 0.027 0.031 15%
49 0.021 0.027 29%
60 0.017 0.025 47%
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Attics/Rafter Roofs with Insulation
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R-Value of Insulation

——ASHRAE U Value ~ —@—WSEC U Value

Key Notes: WSEC does not have data points for nearly as many constant depth R-value roof assemblies.
Values available for comparison are pretty different, especially at higher R-vaules.
ASHRAE does NOT have tapered insulation roof U-Factors as seen below in WSEC:

Roof Comparison
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Overall ASHRAE is less conservative here, except at R-20.

TABLE CA102.2.6(1)

ASSEMBLY U-FACTORS FOR ROOFS WITH TAPERED INSULATION ENTIRELY ABOVE DECK
SINGLE SLOPE RECTANGULAR TO ONE-SIDE-dfghi

(UNINTERRUPTED BY FRAMING)

Rated R-Value of Insulation at M aximum Condition (Rmax"')
15 20 25 k] 35 40 45 55 &0
B 1 0.168 | 0.140 | 0.121 | 0.107 | 0.097 | 0.088 | 0.081 0.070 | 0.066
E s 0101 | 0.086 | 0.076 | 0.068 | 0.062 | 0.057 | 0.033 0.046 | 0.044
£ [w 0.076 | 0.066 | 0.038 | 0.033 | 0.048 | 0.045 | 0.042 0.037 | 0.033
EP I - ~ | 0.065 [0.055 [ 0.049 | 0.045 | 0.041 [ 0.038 | 0.036 0.032 | 0.030
EE [ - - - -~ [0.048 [0.043 [ 0.039 | 0.036 | 0.034 | 0.032 0.028 [ 0.027
ZE [as [ - |0.032 [0.0335 [ 0.033 [0.031 [ 0.029 0.026 | 0.025
25 [ao | - [0.032 [0.030 | 0.028 | 0.026 0.024 | 0.023
BE [as | - ~ 002 0026 0035 0022 | 0021
28 [a - - - [0.025 (003 0.021 | 0.020
3 - - - - o022 0.020 | 0.019
z - - - - - 0010 [0.018
% S T B B - - - - - - |oo01s o017
I Y I P P , B , , B , ~ loois

TABLE CA102.2.6(2)
ASSEMBLY U-FACTORS FOR ROOFS WITH TAPERED INSULATION ENTIRELY ABOVE DECK

SLOPED TRIANGLE (ROOF WITH CENTER DRAIN)=fahi

(UNINTERRUPTED BY FRAMING)

Rated R-Value of Insulation at M aximum Conditiol [Rmasz
1 5 10 15 0 25 30 35 40 45 50 55 60
< 1 0562 | 0.242 ] 0.146 | 0.106 | 0.083 | 0.068 | 0.038 | 0.051 | 0.043 | 0.040 | 0.036 | 0.033 | 0.031
£ 5 0173 [ 0112 | 0084 | 0068 | 0057 | 0049 | 0044 | 0039 | 0035 | 0032 | 0030 | 0028
£ [l - - | 0093 0071 | 0059 | 0.050 | 0.044 [ 0.039 | 0.035 | 0.032 | 0.020 | 0.027 | 0.025
5 s - - - | 0.063 | 0.053 | 0.045 | 0.040 | 0.035 | 0.032 | 0.029 | 0.027 | 0.025 | 0023
,EE [20 | 0048 | 0042 | 0037 [ 0033 | 0030 | 0027 | 0025 | 0.024 | 0022
g [os 1 - | 0.039 [ 0.034 [0.031 | 0.028 | 0.026 | 0.024 | 0.022 | 0.021
E§ [0 - 0032 [0.020 [ 0.027 [ 0.025 [ 0.023 | 0.021 | 0.020
55 [35 | - - 0.028 | 0.026 ] 0.024 | 0.022 | 0.021 | 0.019
23 [a] | — = . - - [0.025 | 0.023 | 0021 | 0020 | 0019
7 |as - - - - | 0022 [ 0020 | 0019 | 0018
5o I - - - - — 00200018 0017
i [5s] - - - - - - | o018 o017
S T - . . - . - 0016
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ASHRAE TABLE

Table A2.2.3 Assembly U-Factors for Roofs with Insulation Entirely Above Deck

Rated R-Value of Insulation Alone

Overall U-Factor for Entire Assembly

R0 U-1.282
R-1 U-0.562
R-2 U-0.360
R-3 U-0.265
R-4 U-0.209
R-S U-0.173
R-6 U-0.147
R-7 U-0.129
R-8 U-0.114
R-9 U-0.102
R-10 U-0.093
R-11 U-0.085
R-12 U-0.078
R-13 U-0.073
R-14 U-0.068
R-15 U-0.063
R-16 U-0.060
R-17 U-0.056
R-18 U-0.053
R-19 U-0.051
R-20 U-0.048
R-21 U-0.046
R22 U-0.044
R-23 U-0,042
R-24 U-0.040
R-25 U-0.039
R-26 U-0.037
R-27 U-0.036
R-28 U-0.035
R-29 U-0.034
R-30 U-0.032
R-35 U-0.028
R-40 U-0.025
R-45 U-0.022
R-50 U-0.020
R-55 U-0.018
R-60 U-0.016

Roof Comparison

WSEC Table

TABLE CA102.1
DEFAULT U-FACTORS FOR CEILINGS

Standard Frame

| Advanced Frame

Ceilings Below Vented Attics

Flat Baffled
B-19 0.042 0.047
B-30 0.036 0.032
R-38 0.031 0.026
R-49 0.027 0.020
E.-60 0.023 0.017
Scissors Truss
F.-30 (412 roof pitch) 0.043 0.031
F-38 (412 roof pitch) 0.040 0.023
12 roof pitch) 0.038 0.020
12 roof pitch) 0.03% 0.032
12 roof pitch) 0.033 0.026
(3/12 roof pitch) 0.032 0.020
Vaulted Ceilings 16" O.C. 24" 0.C.
Vented
B-19 2x10 joist 0.042 0.048
E-30 2x12 joist 0.034 0.033
B-38 2x14 joist 0.027 0.027
Unvented
B-30 2x10 joist 0.034 0.033
R-38 2x12 joist 0.029 0.027
R-21 + R-21 2x12 joist 0.026 0.023
Roof Deck 4x Beams, 48" O.C.

B-12.5 2" Rimd insulation 0.064
R-21.9 35" Rigid insulation 0.040
4" Rigid insulation 0.025

08" Rigd msulation 0.019
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ASHRAE TABLE
Table A2.4.3 Assembly U-Factors for Attic Roofs with Wood Joists

Rated R-Value of Insulation Alone Overall U-Factor for Entire Assembly

Wood-Framed Attic, Standard Framing

None U-0613
R-11 U-0.091
R-13 U-0.081
R-19 U-0.053
R-30 U-0.034
R-38 U-0.027
R-49 U-0.021
R-60 U-0.017
R-T1 U-0.015
R-§2 U-0.013
R-93 U-0.011
R-104 U-0.010
R-115 U-0.009
R-126 U-0.008
Waood-Framed Attic, Advanced Framing
None U-0.613
R-11 U-0.088
R-13 U-0.078
R-19 U-0.051
R-30 U-0.032
R-38 U-0.026
R-49 U-0.020
R-60 U-0.016
R-71 U-0.014
R-82 uU-0.012
R-93 U-0.011
R-104 U-0.010
R-113 U-0.009
R-126 U-0.008

WSEC Table

TABLE CA102.1
DEFAULT U-FACTORS FOR CEILINGS

| Standard Frame | Advanced Frame
Ceilings Below Vented Atfics
Flat Baffled
R-19 0.049 0.047
R-30 0.036 0.032
R-38 0.031 0.026
R-49 0.027 0.020
R-60 0.023 0.017
Scissors Truss
R-30 (412 roof pitch) 0.043 0.031
12 roof pitch) 0.040 0.023
12 roof pitch) 0.038 0.020
12 roof pitch) 0.03¢ 0.032
(3/12 roof pitch) 0.033 0.026
R-49 (312 roof pitch) 0.032 0.020
Vaulted Ceilings 16" O.C. 24" 0.C.
Vented
R-19 2x10 joist 0.049 0.048
R-30 2x12 joist 0.034 0.033
R-38 2x14 joist 0.027 0.027
Unvented
R-30 2x10 joist 0.034 0.033
R-38 2x12 joist 0.020 0.027
R-21 +R-21 2x12 joist 0.026 0.023
Roof Deck 4x Beams, 48" 0.C.
R-12.5 2" Rigid insulation 0.064
3.5" Rigid insulation 0.040
4" Rigd insulation 0.025
B-50 8" Rigid insulation 0.019
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WOOD FRAMED WALL COMPARISONS

2X6 Wood Framed with R-21

ASHRAE  WSEC (Lapped Wood)
Framing U-Factor U-Factor Delta
Standard 0.063 0.057 10%
Intermediate 0.059 0.054 8%
Advanced 0.057 0.051 11%

Key Note: WSEC is less conservative
Usually use hardy board, not lapped or T1-11 siding on wood framed buil

2X6 Wood Framed + Exterior Insulation ( R-21 inboard + CI)

Standard ASHRAE  WSEC
R-Value (Ext.) U-Factor U-Factor Delta
4 0.048 0.045 6%
5 0.045 0.043 4%
8 0.039 0.038 3%
10 0.036 0.035 3%
12 0.034 0.032 6%

Key Note: WSEC is less conservative

2X6 Wood Framed + Exterior Insulation ( R-21 inboard + Cl)

Intermediate ASHRAE WSEC

R-Value (Ext.) U-Factor U-Factor Delta
4 0.046 0.043 7%
5 0.044 0.041 7%
8 0.038 0.036 5%
10 0.035 0.034 3%
12 0.033 0.031 6%

Key Note: WSEC is less conservative

2X6 Wood Framed + Exterior Insulation ( R-21 inboard + Cl)

Advanced ASHRAE  WSEC
R-Value (Ext.) U-Factor U-Factor Delta
4 0.045 0.041 9%
5 0.043 0.04 7%
8 0.037 0.035 5%
10 0.035 0.033 6%
12 0.032 0.031 3%

Key Notes:

2x6 Wood Stud R-21 Inboard

0.07

0.06

U-Factor

0.04
0.03

0.02

0.01
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Framing Type

=== ASHRAE U-Factor == \VSEC (Lapped Wood) U-Factor

Standard Framing (2x6 R-21 inboard + C.1)
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Assembly U-Factor
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Assembly U- Factor

0.05
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S—p

0.02

0.01

0
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—@—ASHRAE U-Factor ~ —@—WSEC U-Factor

Intermediate Framing (2x6 R-21 inboard + C.I)

0.05
0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

4 5 6 7 8 9 10 11 12
R-Value of Exterior C.I.

—@— ASHRAE U-Factor ~ —@—WSEC U-Factor

Advanced Framing (2x6 R-21 inboard + C.1)

0.05
0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

4 5 6 7 8 9 10 11 12
R-Value of Exterior C.I.

—— ASHRAE U-Factor ~ —@—WSEC U-Factor

ASHRAE does not have 2x8 wood framed wall values, this is a major defecit considering many (most?) wood frame buildings are now using 2x8 assemblies.

WSEC table only goes up to R-12, which is significantly less data points than the equivalent ASHRAE table.

WSEC is less conservative.

Wood Framed Wall
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ASHRAF

TARIF

Table A3.4.3.1 Assembly U-Factors for Wood-Frame Walls

. Overall U-Factor for Assembly of Base Wall Plus Continuous Insulation {(Uninterrupted by Framing)
Framing Insulation - .
Type and R-Value: Overall Rated R-Value of Continuous I
Spacing Rated U-Factor
Width (Effective | for Entire
(Actual Installed [see | Base Wall
Depth) | Table A9.4.3]) | Assembly | R-1.00 [ R-2.00 | R-3.00 | R-4.00 | R-5.00 | R-6.00 | R-7.00 | R-8.00 | R-9.00 | R-10,00| R-11.00 | R-12.00 [ R-13.00 | R-14.00 | R-15.00 | R-20,00 | R-25.00| R-30.00 | R-35.00 | R-40.00
‘Waood Studs at 16 in. on Center
depih(  None (0.0 0292 L 0181 032 | oone [ oood | 009 | 0086 | 0079 | 0.07 0068 | 0064 | 0.060 | 0056 | 0053 | 0.042 | 0035 | 0030 | 0o 0023
R-11 {110} 0.096 0,087 | 0079 | 0073 | 0068 | o063 | 0059 | 00se | 0.053 | 0050 | ooas | oods | oods | ooa2 | oo | ooas | o032 | oozs | oo2a | o022 | 002
R-13 (13.00 [L0Es Q080 | 0074 | 0068 | 0063 | 0059 [ 0036 | 0053 | 0050 | 0047 | 0045 | 0043 ] 0041 00 | 0035 | 0,037 0031 0027 0024 0021 HEOES
R-15 (150} 0.083 0075 | 0069 | ooss | 0060 | 0056 | 0053 | 0050 | 0047 | 0045 | oodd | oot | ooode | ooods | oods | ooss | ooose | oooze | oo2s | oozo | 0019
55 mdepth | R-19(18.0) 0067 (2 0054 [ 00510 | o048 [ 0046 | 00a4 | oodz | oodo | 003 0036 | 0034 0032 | 0027 | o024 | o021 | ooe | oaos
R-21{21.0) 0.063 0058 | 0054 | 0051 [ 0048 | 0045 | 0043 | 00a1 | 0030 [ oozs | oo3e | oo3s | ooess | ooz ooz | ooze | ooz | ooz | ooe | oo
+ R-10 R-19 { 18.0) 0063 059 [ 0055 | 0052 [ 0049 | 0047 | 0045 | 0043 | 0L [ 0039 0,035 0034 0.031 0.0z7 0024 0021 0019 0017
headers
R-21(21.00 0059 0055 | 0051 | 0049 | 0046 | 00k [ D042 | 0040 | 0038 | 0037 | 0035 0,034 0,033 0,032 0.030 0026 0.023 0020 | 0018 no17
Wood Studs at 24 in, on Center
Rone (.07 0.294 227 [ 0083 | oo sd [ 00E3 L 0T | oS | oos | oosa [ 0079 | 0074 s 0,064 0,060 0,057 0054 0,042 0,035 0,030 0.026 0.023
R-11 (11.0) 0,054 o085 | 0078 | o072 | 0067 | ooe2 | oose | ooss | oos2 | 0050 | oos7 | ooss | ooods | oo | oo | ooss | ooz | oooz7 | ooze | oo22 | ooe
R-13 (13.0) LT TR [ 0072 ) 0067 [ 0062 | 0058 | 0055 | 0052 | e [ 0047 | ouds 0.043 0.041 003e 0038 0036 0031 0026 0023 0.oz1 none
R-15( i 0.080 0.0 0067 0055 [ 0052 | 0.049 | 0.6 | 0044 2 0.040 0.037 0036 0.029 0.026 0020 | 0018
depth R-19¢1 0.065 0 [ 0056 | 00031 0050 | 0047 | 0.045 | 0043 | G4 | 0039 | 0038 0,036 0,035 0034 0,033 0027 0024 0021 0019 D018
R-21(21.0) 0060 0056 [ 0052 | 0049 | 0046 | o0d4 | 002 | 00do | 0038 | 0037 | 0036 | o034 | o033 | o3z | o030 | owso | oeze | ooz | oooze | oos | ooT
+R-10 R-19{18.00 0.062 0058 [ 0054 | 0051 | 0.048 | 0046 | 0.044 | 0.042 | 0040 | 0.039 | 0037 | 0036 | 003 | 0033 | 0.032 | 0031 | 0027 | 0024 | 0021 | 0019 | 0017
headers
R-21 (2109 0.057 0052 [ 0050 | 0047 | 0028 | o042 | oo | oo3e | 0037 | oo3s | ooas | oo2x | oo | oo | oo | oeze | oezs | ooz | ooze | oomis | oo
WSEC TABLE
TABLE CA103.3.1(5) |
2 x 6 Single Wood Stud: R-21 Batt
Siding MateriallFraming Type
R-value of Lapped Wood T1-11
NOTE: FoamBoard | syp | INT | ADV STD INT | ADV
Nominal Batt R-value o 0057 0.054 0051 0.060 0.036 0.053
R-21 at 3.5 inch thickness 0.034 0.051 0.042 0.036 0.053 0.050
2 0.030 0.048 0.043 0.052 0.030 0.047
Installed Batt R-value: 3 0.048 0.045 0.043 0.049 0.047 0.043
R-211n 3.5 inch cavity 4 0043 0.043 0.041 0.047 0043 0.043
5 0.043 0.041 0.040 0.044 0.042 0.041
6 0.041 0.039 0.038 0.042 0.041 0.039
7 0039 0.038 0036 0.040 0039 0.037
8 0038 0.036 0035 0039 0.037 0.036
9 0.036 0.033 0.034 0.037 0.036 0.035
10 0.035 0.034 0.033 0.036 0.035 0.033
11 0033 0.033 0032 0.034 0.033 0.032
12 0032 0.031 0031 0033 0032 0.031

Wood Framed Wall
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METAL FRAMED WALLS

6" metal stud with R-21 Batt
Framing Depth  ASHRAE WSEC CI
U-Factor U-Factor

16 0C 0.106 0.106
240C 0.09 0.09
“THESE ARE ALL THE SAME*

Key Notes: Tables used ASHRAE A3.3.3.1 and WSEC CA103.3.6.1(1)
Tables ASHRAE A3.3.3.1 and WSEC CA103.3.6.1(1)gave the same values for 6' metal studs with R-21 batt and no ext.

6" metal stud + Exterior Insulaiton

160C ASHRAE WSECCI
Exterior R-Value U-Factor U-Factor

4 0.074 0.074

5 0.069 0.069

8 0.057 0.057

10 0.051 0.051

15 0.041 0.041

20 0.034 0.034

“THESE ARE THE SAME"
Key Note: Tables used ASHRAE A3.3.3.1 and WSEC CA103.3.6.1(1) and WSEC CA105.3.6.1(2)

ASHRAE expects a claculation to be made to come up with thermal bridging. WSEC has a Thermal Bridging table, WSEC
CA105.3.6.1(2).

6" metal stud + Exterior Insulaiton
240C ASHRAE WSEC CI

R-Value U-Factor U-Factor
0.066 0.066
0.062 0.062
0.052 0.052

10 0.048 0.048

15 0.038 0.038

20 0.032 0.032
“THESE ARE THE SAME"

Key Notes: bridging.

Table WSEC CA105.3.6.1(2) does differ because it includes thermal bridging via Z-furring. It's convenient to have this
thermal bridge already accounted for.

Metal Wall Page 8 of 17



ASHRAE TABLE

Table A3.3.3.1 Assembly U-Factors for Steel-Frame Walls

Framing Cavity Overall U-Factor for Assembly of Base Wall Plus Continuous Insulation (Uninterrupted by Framing)
Type Insulation
and R-Value: Owverall Rated R-Value of Continuous Insulation
Spacing Rated U-Factor
Width {Effective | for Entire
{Actual | Installed |5J.'J.' Base Wall
Dl:pthj Table A9.2-2]) | Assembly | R-1.00 | R-2.00 | R-3.00 | R-.00 | R-5.00 | R-6.00 | R-7.00 | R-8.00 | R-9.00 | R-10.00 | R-11.00 | R-12.00 | R-13.00 | R-14.00 | R-15.00 | R-20,00 | R-25.00 ] R-30.00 | R-35.00] R-40.00
Steel Framing at 16 in. on Center
35 m. Mone (L) 0352 260§ 0207 | 071 | G046 | 0028 ) 00D | D02 ) ooos2 ) 0o0s4 (LUTH o7z [ER 0063 (059 U056 4 IRIET 0030 0024 D023
depth
R-11{3.5) 0132 QLT | 0005 | 0S| D087 | 0080 | 0074 | 0069 | oosd | 006 (57 0054 (LX) 0049 kG 0044 036 0on3l 0027 0.024 0zl
R-13 (600 0124 o ) ooon | ooe | 008y | 0077 | 0071 | oo6s | 0062 | 0059 | 0053 0052 0,050 nodg | s (043 0,036 0030 | 0026 0023 0,021
R-15(64) [ERRE.] (. 100 (.0 0087 | 0080 | 0074 | D069 0065 el 0057 (054 0051 (s 0047 045 (1043 0035 (URIEDH {26 0023 LRI |
fi.l) B-19(7.1) R (it | o0 | OUGEZ | 0076 | 0071 ) 0066 | 0062 | 0058 | 0055 (052 005 47 [n4s (i3 004 0034 0024 0026 0023 0020
in.depth
R-21{74) 0. LW uidn | OUET | 008D | 0.074 | 0068 | 0065 | 0.06] 0.0a7 | 0054 0051 0049 LiM7 0045 i3 0041 0034 0029 0025 0022 0,020
Steel Framing at 24 in. on Center
150, Mone (L (L3358 (5,253 0,202 0. 168 0. 144 {126 L e R IRIR| RIS 07T 72 (LN IRIGE] LEN ] I EIRTH LERES S IR {00 026 23
depth
R-11 {f.G) 116 ol | Dot | OU0EG | 0079 | 0073 | D068 | 0064 | 006D | 0057 (h054 005l (i 0046 i 0042 L3S 0030 0026 0023 LY |
R-13{7.2) 008 (ui@s | OGRS | 0082 | D075 | 0070 | 0066 | 0062 | 005 | 0055 0052 0049 (L7 nnds i3 nndl 034 0029 L e 023 0020
B-15(T% 012 ((F2 [ERLES 0078 0,072 0067 0063 0059 0056 1053 (050 (L1143 [EXIE T (044 (42 IRIEH] (34 024 025 0022 )
SEIRTIN B-19{8.6) RIS [EXEA (.79 0.073 LEREIT 1.064 41060 D.AsT 054 5] [EN1E 4 (46 [EX1S = o4z [EXIZY ] IR [ENEER] L02% nizs 22 LR 1]
depth
R-21 (%0 0050 (LB | 077 | 0071 | 0066 | 0062 | 0059 | 0055 | o052 | 0o (LR 0045 (i3 0042 k0 0038 0032 0028 0024 0022 0.0z0
Metal Wall Page 9 of 17



WSEC TABLE (ClI) WSEC TABLE WITH THERMAL BRIDGING

TABLE CA105.3.6.1(2
ovERANCAE A3 8. 1) — rs OVERALL ASSEMBLY U FACTORS FOR METAL STUD WALLS
FOR METAL STUD WALL S WITH CONTINUOUS INSULATION WITH INSULATION SUPPORTED BY Z-FURRING
R-Value of Cavity Insulation Metal FE;:'EB";)G":‘, Z-furring Cavity Insulation

Metal Continuous R Insulation Attachment R-0 R11 R13 RA15 R-19 R-21
Framing | Foam Board RO R-11 R-13 R-15 R-19 R-21 16 oc. R-0 (none) Horizontal 0.352 0.132 0.124 0.118 0.109 0.106
R-3 Horizontal 0.155 0.089 0.086 0.083 0.078 0.077

167 o.c. R-0 (ncne) 0352 0.132 0124 0118 0.109 0.106 R-1.5 Horizontal 0.128 0.080 0.077 0.074 0.071 0.069
E-1 0,260 0117 111 0.106 0.000 0.006 E-10 Horizontal 0.110 0.072 0.070 0.068 0.063 0.064

R2 0207 0.105 0.100 0.006 0,000 0.087 R-12.5 Horizontal 0.099 0.068 0.065 0.064 0.061 0.060

3 0171 0.005 0.001 0.087 0.082 0,050 R-15 Horizontal 0.091 0.064 0.062 0.060 0.058 0.057
R4 0146 0087 0083 0080 0076 0074 R-17.5 Horizontal 0.084 0.060 0.058 0.057 0.055 0.054

R3S 0128 0080 0077 0074 0071 0069 R-20 Horizontal 0.078 0.057 0.056 0.054 0.052 0.052

R6 0113 0.074 0071 0.069 0.066 0.063 R-215 Horizontal 0.074 0.0535 0.054 0.052 0.051 0.050

R 0102 0.069 0.066 0.065 0.062 0.061 R-23 Horizontal 0.071 0.053 0.052 0.051 0.049 0.048

RS 0,002 0.062 0.062 0.061 0.058 0.057 -0 (none) Vertical 0.352 0132 0.124 0.118 0.109 0.106

RO 0.084 0.060 0.059 0.057 0.055 0.054 R-3 Vertical 0.165 0.093 0.089 0.086 0.081 0.079

10 0,078 0,057 0.035 0.054 0.052 0.051 R-71.5 Vertical 0.142 0.085 0.081 0.07% 0.075 0.073

- E-10 Vertical 0.128 0.07% 0.076 0.074 0.070 0.069

i:; gg;‘ gg;: gg;z ggj; ggi? ggjg R-12.5 Vertical 0.115 0.074 0.072 0.070 0.068 0.065

— — - R-13 Vertical 0.107 0.071 0.069 0.067 0.064 0.063

Ro13 0.063 0.049 0.048 0.047 0.043 0.043 R175 Vertical 0.100 0.068 0.065 0.064 0.061 0.060

R-14 0.059 0.046 0.043 0.043 0.043 0.043 E-20 Vertical 0.094 0.063 0.063 0.061 0.039 0.058

R.13 0.03¢ 0'0‘}4 0.0f3 00"?3_ 0.041 0.041 R-2235 Vertical 0.090 0.063 0.061 0.060 0.057 0.056

R-20 0.044 0.036 0.056 0.053 0.054 0.034 R-13 Vertical 0.086 0.061 0.03% 0.038 0.036 0.055

24”7 o R-0 (none) 0.338 0.116 0.108 0.102 0.004 0.090 M oc. R-0 (none) Horizontal 0.338 0.116 0.108 0.102 0.094 009
B-1 233 0.104 0.098 0.092 0.086 0.083 R-3 Horizontal 0.152 0.082 0.078 0.074 0.070 0.068

) 0202 0,002 0,059 0.082 0.070 0.077 R-73 Horizontal 0.126 0.074 0.070 0.068 0.064 0.062

R3 0.168 0,036 0.052 0.078 0,073 0071 R-10 Horizontal 0.109 0.067 0.063 0.062 0.059 0.058

RA 0.144 0.070 0075 0.072 0.068 0.066 R-123 Horizontal 0.098 0.063 0.061 0.05% 0.056 0.055

RS 0.126 0.073 0.070 0.067 0.064 0.062 13 Horizontal 0.090 0.060 0.038 0.036 0.053 0.052

R-6 0112 0.068 0.066 0.063 0.060 0.039 R-175 Horizontal 0.083 0.057 0.053 0.053 0.051 0.050

R7 0.100 0.062 0.062 0.058 0.057 0.055 R-20 Honzontal 0.078 0.054 0.052 0.051 0.049 0.048

R-8 0.001 0.060 0.058 0.056 0.054 0.052 R-215 Horizontal 0.074 0.052 0.050 0.049 0.047 0.046

RO 0.084 0.057 0.035 0.053 0.051 0.050 R-23 Horizontal 0.070 0.050 0.049 0.047 0.046 0.045

RAD 0.077 0.054 0.052 0.050 0,048 0,048 R0 (none) Vertical 0338 0.116 0.108 0.102 0.054 0.09

Rl 0072 0051 0,010 0.008 0006 0005 R-5 Vertical 0.162 0.084 0.080 0.077 0.072 0.070

R.12 0.067 0.048 0.047 0.046 0.044 0.043 R-1.5 Vertical 0.140 0.078 0.074 0.071 0.067 0.065

13 0.063 0.046 0.043 0044 0042 0042 E-10 Vertical 0.124 0.073 0070 0.067 0.063 0.062

14 0059 0044 0043 0.042 0041 0.020 R-125 WVertical 0.113 0.069 0.066 0.064 0.061 0.059

B15 0.036 0082 0,041 0.090 0.030 0.038 R-13 Vertical 0.106 0.066 0.063 0.061 0.038 0.057

R-20 0.044 0.035 0.034 0.034 0.033 0.032 R-173 Vertical 0.098 0.063 0.061 0.059 0.036 0.055

R-20 Vertical 0.093 0.061 0.03% 0.057 0.034 0.053

Continuous foam board insulation: Continuous insulation assumes no thermal bridging of insulation by framing or z-furring R-215 Vertical 0.089 0.05% 0037 0.053 0.033 0.051
through applied foam board. Zone calculation method as provided in the ASHRAE Fundamentals Handbook must be used for B3 Vertical 0.085 0.057 0.0353 0.054 0.051 0,050

thermally bridged foam board insulation. Values for attachment of insulation with z-furring are given in Table CA103.3.6.1(2).
Values may in Table CA103.3.6.1(2) may not interpolated between. The value of the foam boeard insulation must meet exceed the
value listed in the table in order to use the value shown.
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MASS WALL COMPARISONS ASHRAE WSEC

8" Mass walls Table A3.1-1 Assembly U-Factors for Above-Grade Concrele Walls and Masonry Walls (Gontinued) TABLE CA103.3.7.1(2)
“Assembly U-Factors for DEFAULT U-FACTORS FOR CONCRETE AND MASONRY WALL Sabed
§ i Medinm Weight
CMU Wall +4" Framing with Inboard Insulation and Metal Clips Assgmbly L-Factors for LIS IR Concrete Block. ‘Assembly U-Factors | /Assembly U-Factors for
g P Assesnbily U-Factars Medium Weight 1150000 | Walls: Parially Grouted Framing Type | Ratod RValue of | Assombly UrFactors | feeelnolr LFsors | Concrete piock wats:
ASHRAE  WSECCI Feamin Ty Rated R-Value of far § . Norimal Weight Comcrete Bock Walls: Sofid | (Cores Uninsulated Except T Insulstion Alone | Tor Solid Concrete Walls: Partially Grouted
and Depth | Tnsulation Atone | 145 IR Sulid Conerete Wills ; Where Spesified) =l Solid Grouted Corsslunimouliteg
Exterior R-Value U-Factor U-Factor Delta Y T e Y v fied)
15.2 0.07 0.07 0% Ungrosted Cores NoFraming | RO U040 [ U-0.530 [ U-0.430
o it -
20 0.054 0.054 0% o Frami o i e ation Ungrouted Cores Filled
No Framing | Loose-Fill | Na Na vanase routed Cores F A Na 0350
22.4 0.058 0.058 0% Tetal Clips ai 24 im. om Center Horiennially and 16 in, Veriically Insulation
“THESE ARE THE SAME" oin = 0195 ) Continuous Wood Framing
— - 075 im R34 0247 0226 T0210
<0 U1 U l62
— 15n R0 V0160 0151 0143
KEY NOTES: Tables A3.1-1 and WSEC CA103.3.7.1(4) are equivalent, no changes needed. B-56 ua.18 UL 20 R.10.0 U.0.116 Tl V0107
1450 U-n.160 U181 Ohin 143 35m R-110 U-0.004 U-0.091 U-0.088
U038 YL 35m R-130 U-0.085 U-0.083 U-0.080
-0 35im R150 U-0.079 0077 0075
- S5m R190 U-0.060 0059 0058
" . N N " 201n. Uz LIS s a Y 0,057 70,055 1.0.05.
Solid Mass +4" Framing with Inboard Insulation and Metal Clips P e Y SRR R210 008 L0053 D005
ASHRAE  WSECCI Rell2 L0 114056
Exterior R-Value U-Factor U-Factor Delta 25 in R9.5 L0104 0,101 WSEC
o 13 9 e
15.2 0.073 0.073 0% k12 Vv LS TABLE CA103.3.7.1(4) - continued
20 0.057 0.057 0% [ U-0.083 -0 DEFAULT U-FACTORS FOR CONCRETE AND MASONRY WALLS
224 0061  0.061 0% 0 R4 s v po— “Assembly U Factors for
ly U-Factors.
— — — . Assembly U-Factors. Concrete Block Walls:
~THESE ARE THE SAME* fosn Lo L o Beptn” | neciaion Alone | for Sold Concrete | 107 SO Block Fartaly Groued,
[N U001 e solidGrouted | (cores uninsulated |
. . ®133 U8
KEY NOTES: Tables A3.1-1 and WSEC CA103.3.7.1(4) are equivalent, no changes needed. 1 in Metal Clips 2t 24 in. on center horizontally and 16 in. vertically
U0 a6s X 120, where alowed by Section C402.1.3,for assemiblies with a raio of metal peneraion area/ mass wall area of <0.0004 or <0.04% of
the snass wall area)”
[ U062 Ul om o0 15 Tois
S0 U V0071 I 10 U-0.184 U012 U0.162
o0 10m U-0.174 U-0.163 U-0.154
T 15m U-0.160 U-0.151 U-0.143
o 13 U-0.138 0131 0125
U-0.046 15m U-0.129 U-0.123 u-0.118
L) 039 20m U-0.129 U-0.123 U-0.118
. . ; . . 20 U010 T-0.106 0102
c ® o
Mass Walls with (R-20) by framing 200 10103 1.0.009 U.0.096
ASHRAE WSEC  Delta o ali FEFY V0108 Uol00
oMU 0.047 0.047 0% 200 S V0027 25 00082 U-0086
100 in. 25in U-0.086
CONCRETE 0.045  0.045 0% — om 0001
“THESE ARE THE SAME* 30in U-0078
on Uninteerupte Tom Coor
35m U-0.082
35m U-0.069
35m U-0.064
N 40m. U-0.073
KEY NOTES: Tables A3.1-1 and WSEC CA103.3.7.1(2) are equivalent, no changes needed. UL 18T U168 40 U-0.061
40m U-0.057
50m U-0.046
60m U-0.039
ASHRAE 70in. U-0.034
Table A3.1-1 Assembly U-Factors for Above-Grade Concrete Walls and Masonry Walls (Continued) 30 U0.030
WSEC - S0 00027
P } 100 U-0.024
TABLE CA103.3.7.1(2) — continued Assembly U-Factors MNteatum Weine 1S ot Loz Looe
DEFAULT U-FACTORS FOR CONCRETE AND MASONRY WALL S Framing Type | Rated R-Value of for 8 in. Normal Weight Concrete Block Walls: Solid | (Cores Uninsulated Except Continuous Faslation Uninterupted by Frauming
Aesombly U Fastors | ASsembly U-Faciors for and Depth Insulation Alone [ 145 Ib/fe® Solid Concrete Walls Grouted Where Specified) “No Framing R10 Toan 0367 o
Assembly U-Factors e yj = | Concrete Block Walls: = N - i
Framing Type Rated R-Value of or Solid rete for Concrete Block Partially Grouted R-0 U-0.740 U-0.580 U-0.480 R-20 U-0.298 U-0.268 U-0.245
_ ot ) Filled with R40 u0.187 0175 U0.164
No Framing 260 0136 Ub.129 No Framing | Loose-Fill Insulati NA NA v-0350 Rso votst o148 GOt
R0 U-0.120 U015 No framing R-5.0 U-0.157 U-0.149 U-0.141
R-80 U0.107 U0.103 p >
2oo el ooos No framing, 60 U-0.136 U-0.129 U-0.124
R100 U008 U.0085 No framing R70 U-0.120 U011 U-0.110
No Framing R-110 U-0.081 No framing R-8.0 U-0.107 U-0.103, U-0.099
R-120 U-0.075 No framing R-9.0 U-0.097 U-0.093 U-0.090
R130 w0070 0.0 -0.088 0.085 J-0.083
R1t0 U008 No framing Ro10 U-0.08 U-0.08 U-0.08
R150 V0061 No framing 110 U-0.051 U-0.079 U-0076
No Framing R-160 U-0.058 No framing R-12.0 U-0.075 U-0.073 U-0.071
R17.0 U-0.054 No framing R-13.0 U-0.070 U-0.068 U-0.066
R-180 U-0.052
R190 Too® No framing R-140 U-0.065 U-0.064 U-0062
R-200 U-0.047 No framing R-15.0 U-0.061 U-0.060 U-0.059
No Framing R210 U-0.045 No framing R-16.0 U-0.058 U-0.056 U-0.055
R22 U-0.043 No framing R17.0 U-0.054 U-0.053 U-0.052
R30 U-0.041
R2i0 003 No frami R18.0 U-0052 U-0051 U-0.050
R250 0038 No framing R19.0 U-0.049 U-0.048 U-0047
o Framing R-300 U-0032 No framing R200 U-0.047 U-0.046 U-0.045
R-350 U-0.028
R-400 U-0.024
R-450 U-0.022
R-500 v0.019
R-55.0 U-0.018
R-60.0 U-0.016
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'WSEC Appendix A discrepency between similar tables? Why have duplicative tables?

Unclear why the U-factor for 8" CMU wall with no insulation and solid grout doesn't match between CA103.3.7.1(1) and CA103.3.7.1(2). Assembly description seems to be the same (neither should include gyp, since they aren'tinsulated, but should include air films).

TABLE CA103.3.7.1(1)

TABLE CA103.3.7.1(2)
DEFAULT U-FACTORS FOR CONCRETE AND MASONRY WALL 8524

PRI

DEFAULT U-FACTORS FOR CONCRETE AND MASONRY WALLS
Assembly UFactors | Assembly UFactors for
8" Concrete Masonry e T e e T ot Assembly U-Factors ;’“C'“ YME = Concrete Block Walls:
raming Type ~-vaiue of for Solid Concrete 1@ e fire Partially Grouted
WALL DESCRIPTION CORE TREATMENT and Depth Insulation Alone Bt Walls: iy
Partial Grout with Ungrouted Cores gel @) except where specified)
Loose-fill insulated Solid Grout Base Wall only
Empty 2 o -
Perlite Vermiculite é— Shouldn't these No Framng R0 T-0580 T0480
Exposed Block, Both Sides 0.40 0.23 0.24 043 match? Ungrouted Cores Filled
R-5 Interior Wood Furring 0.14 0.11 0.12 L C with Loose-Fill NA. NA U-0350
R-6 Interior Insulation. Wood Furring 0.14 0.11 011 0.14 Insulation
R-10.5 Interior Insulation, Wood Furring 0.11 0.09 0.05 0.11 Continuous Wood Framing
R-8 Interior [nsul Metal Clips 0.11 0.09 0.09 0.11 075 i, R0 U047 U026 To0210
g’f OEE“"“?' 2 g'éé g'ég g é‘; g é; 15in. R-6.0 U-0.160 v-0.151 U-0.143
- Xterior .| |
R-9.5 Rigid Polystyrene Integral Insulation, Two 201 2100 U-011s U011l U-0.107
Webbed Block 0.11 0.09 0.09 0.12 35m. R-11.0 U-0.091 U-0.088
35in R-13.0 U-0.083 U-0.080
Grouted cores at 40" x 48" on center vertically and horizontally in partial grouted walls. 1540 R15.0 V0077 U-0.075
Tnterior insulation values include 1/2" gypsum board on the inner surface Ssm X100 U0058 0058
Furring and stud spacing is 16" on center. Insulation is assumed to fill furring space and is not compressed s Roto U.0055 0054

Tntermediate values may be interpolated using this table. Values not contained in this table may be computed using the

procedures listed in the ASHRAE Fundamentals Handbook.

Conerete Masonry Unit (CMU) assembly U-values are based on local test data for Washington state CMU block material
using the ASTM C-236-87 steady state thermal conductance test. Tests included an 8'x8"x16" CMU with all cells filled
with vermiculite (1995) and 8'x8"x16" CMU with all cells filled with polymaster foam in place insulation (1996).
Refer to ASHRAE Standard 90.1 for additional nationally recognized data on the thermal performance of

CMU block walls.

SECTION CA103
ABOVE GRADE WALLS

CA103.1 General. The tables in this section list heat
loss coefficients for the opaque portion of above-
grade wood stud frame walls, metal stud frame walls
and concrete masonry walls (Btw/h x f% x °F). They
are derived from procedures listed in the ASHRAE
Fundamentals Handbook. For intermediate floor
slabs which penetrate the insulated wall, use the
concrete wall U-factors in Table CA103.3.7.1(1).

Insulation is assumed to uniformly fill the entire
cavity and to be installed as per manufacturer's
directions. All walls are assumed to be finished on
the imside with inch gypsum wallboard, and on
the outside with either beveled wood siding over 1/2
inch plywood sheathing or with 5/8 inch T1-11
siding. Insulated sheathing (either interior or
exterior) is assumed to cover the entire opaque wall
surface, except where modified in accordance with
footnote g to Table C402.1.3

Metal building walls have a different construction
and are addressed in Table CA103.3.6.3.

Mass Wall

CA103.3.7 Concrete and masonry walls.

CA103.3.7.1 Concrete masonry walls. The
nominal R-values in Tables CA103.3.7.1(1) and
CA103.3.7.1(2) may be used for purposes of
calculating concrete masonry wall section U-
factors in lieu of the ASHRAE isothermal planes
calculation method as provided in Chapter 27 of
the ASHRAE Fundamentals Handbook

pg# Table order:
CA103.3.7.1(1)
CA103.3.7.1(1) - continued

8"CMU12' CA-20

6"Solid  CA-21

8"Solid  CA-21 CA103.3.7.1(2)

8"Solid  CA-22

named?

Or

located?

8"+ Metal

clipsTB  CA-23
CA-24
CA-25
CA-25

Notes for Default Table CA103.3.7.1(1):

a

CA103.3.7.1(2) (Continued)

TABLE CA103.3.7.1(4) - continued
TABLE CA103.3.7.1(2) - continued
TABLE CA103.3.7.1(2) - continued
Notes for Default Table CA103.3.7.1(1) and CA103.3.7.1(2)

It is acceptable to use the U-factors in Table CA103.3.7.1(2) for all concrete and masonry walls, provided that the grovting is equal to or

Jess than that specified.

» -For ungrouted walls, use the partially grouted columsn.

» -For metal studs and z-furring, use the continuous-metal-framing category.

 -For discontinuous metal clips 1 inch square or smaller, use the metal-clip category.

» -For insulation that is attached without any framing members (¢.g. glued), use the insulati
category. Contimuous insulation may be installed on the interior or exterior of masonry walls, or between stand-alone walls in
multilayer masonry walls, or on the interior or exterior of the concrete.

For Table CA103.3.7.1(2), the U-factor includes R-0.17 for exterior air film and R-0.68 for interior air film-vertical surfaces. For

insulated walls, the U-factor also includes R-0.45 for 0.5 in. gypsum board. U-factors are provided for the following configurations

1. Concrete wall: $-in. normal weight concrete wall with a density of 143 I,

2. Solid grouted concrete block wall: £ in. medium weight ASTM C90 concrete block with a densify of 115 1b/#% and solid grouted
cores.

3. Pastially grouted concrete block wall: 8-in. medium weight ASTM C90 conerete block with a density of 115 Ib/ft having
reinforcing steel every 32 in. vertically and every 48 in. horizontally, with cores grouted in those areas only. Other cores are filled
with insulating material only if there is no ofher insulation.

For walls with insulation contained in a framing layer, the U-factors in Table CA103.3.7.1(4) assume contact (and thermal bridging)

between the mass wall and other framing. For wall assemblies with multiple layers where the wood or metal fr layer does not

contact the concrete ar masonry laver (ie., walls with an airspace befween the stud wall layer and the mass wall fayer), it is acceptable to
use the appropriate woed o metal Fame wall default U-factors in Tables CA103.3.1 or CA103.3.6.1. Note: It is acceptable to use this
approach where the insulation extends beyond the framing and is in contact with the mass wall Iayer (e.g. 2 nominal four-inch metal std
containing insulation that is nominally six inches thick and therefore extends fwo inches beyond the back of the metal stud).

Except for wall assemblies qualifying for note 3, if not taken from Table CA103.3.7.1(2), mass wall U-factors shall be determined in

accordance with ASHRAE 90.1, Appendix A, Section A3.1 and Tables A3.1A to A3.1D, or Section A9.4.

by-fre

Should be "TABLE CA103.3.7.1(2) - continued " or moved to end and called "CA103.3.7.1(3)"
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MASS FLOOR Comparison
Mass Floor with Insulation
Mass Floor with Pinned Insulation
ASHRAE WSEC Delta
R-Value of Insul U-Factor U-Factor

0.09

0.08

0.07
11 0071  0.077 8% 5 \
£ 0.06
15  0.055  0.059 7% 8
= 0.05
19 0.048 2 0s °
20 0043 . \\.\
2 0.03
21 0.043 2 ;i
0.02
25  0.036  0.037 3%
0.01
30 0.03  0.031 3%
0
38 0.025 0 5 10 15 20 25 30 35 40 45
40 0.023 R-Value of Pinned Insulation

—@—ASHRAE U-Factor ~ —@—WSEC U-Factor

Key Notes: Not sufficient amount of data/tables in WSEC for concrete floors with insulation, AHSRAE has much more data available.
WSEC is slightly more conservative at the few data points which are available for comparison.
Tables Used: ASHRAE A.5.3.2.1 and WSEC CA105.1(3)

Unheated Slab 2 Ft. Horizontal
Slab on Grade
ASHRAE WSEC
R-value of Insul. U-factor U-factor Delta

0 0.73 0.73 0%
5 0.7 0.7 0%
10 0.7 0.7 0%
15 0.69 0.69 0%
“THESE ARE THE SAME"

Key Notes: ASHRAE and WSEC tables have corresponding data, however ASHRAE table has many more data points available.
Tables used: AHSRAE A6.3.1-1 and WSEC TABLE CA106.1, these tables have corresponding data, however ASHRAE table has many more data points available.

Unheated Slab 2 Ft. Veritcal
Slab on Grade
ASHRAE WSEC
R-value of Insul. U-factor  U-factor Delta

0 0.73 0.73 0%
5 0.58 0.58 0%
10 0.54 0.54 0%
15 0.52 0.52 0%
~“THESE ARE THE SAME"

Key Notes: ASHRAE and WSEC tables have corresponding data, however ASHRAE table has many more data points available.
Tables used: AHSRAE A6.3.1-1 and WSEC TABLE CA106.1, these tables have corresponding data, however ASHRAE table has many more data points available.
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ASHRAE WSEC

Table A5.2.3.1 Assembly U-Factors for Mass Floors TABLE CA105.1(3)
Framing| Overall U-Factor for Assembly of Base Floor Plus Continuous Insulation (Uninterrupted by Framing) DEFAULT U-FACTORS FOR EXPOSED FLOORS
Type N
and Cavity Overall Rated R-Value of Confinuous Insulation
Spacing | Insulation R- | U-Factor U-Factor
Width | Value: Rated | for Entire Ni i
] ! ominal B - q
(Actual | (Effective | Base Floor N Concrete | Wood Joist | Metal Joist
Depth) | Installed) | Assembly |R-1.00|R-2.00 | R-3.00 | R-4.00 | R-5.00 | R-6.00 | R-7.00 | R-8.00 | R-9.00 |R-10.00| R-11.00 | R-12.00| R-13.00 | R-14.00 | R-15.00 | R-20.00| R-25.00 | R-30,00 | R-35.00 | R-40.00 R-Value
‘Conerete Floor with Rigid Foam R-11 0.077 0.088 0.14
None (0.0) | | 0.243 | 0.196 | 0,164 | 0.141 | 0.123 | 0110 | 0.099 | 0.000 ‘ 0.083 | 0.076 | 0.071 | 0.066 | 0.062 ‘ 0.058 | 0.055 ‘ 0.043 | 0.036 ‘ 0.030 | 0.026 | 0.023 R-15 0.059 0.076 0.12
Coner loor with P ed Boards R_19 0 048 0 062 D 1 1
R-4.2(42) 0.137 0121 (L108 | 0087 | 0.089 | 0081 0.075 0.070 0.065 0.061 0.058 0.055 0052 0.049 0.047 0.045 0.037 0.031 0.027 0.024 0.021 R_21 0 043 0 05 _I.' D 1 1
R-6.3 (6.3) 0.107 0.096 | 0088 | 0.081 0.075 0.070 | 0.065 0.061 0.058 0.054 0.052 0.049 0.047 0.045 0.043 0.041 0.034 0.029 0.025 0.023 0.020 R_Ej 0 03 ul 0 05 1 D 10
rs383) | 0087|0080 | 0074 [ 00w [ooss [ ooer | o.0s7 [ oosa [ oost [ oo [ oosr [ ooas | ooas | owar [ ooso [ ooss [ oos2 [ o027 | on2a | o022 | oore B30 0.031 0.040 0.00
R-10.4(10.4) 0.074 0.069 | 0.064 | 0060 | 0.057 | 0.054 | 0.051 | 0.049 | 0.046 | 0.0d4 | 0.042 0.04] 0.039 0.038 | 0.036 0.035 0.030 | 0.026 0.023 0.021 0.01% B.38 0.025 0.034 0.08
RI25(125) | 0064 | 0.060 | 0057 | 0.054 | 0.051 | 0.048 | 0.046 | 0.044 | 0.042 | 0.041 | 0.030 | 0.038 | 0.036 | 0.035 | 0.034 | 0033 | 0.028 | 0.025 | 0022 | 0.020 | 0018 - - -

R-14.6(14.6) 0,056 0053 | 0051 | 0048 | 0.046 [ 0.044 | 0,042 | 0,040 | 0,039 | 0,037 0.036 0.035 0,034 0.033 0.032 0,031 0.027 0.023 0,021 0,019 0.017

R-16.7(16.7) 0.05] 0048 | 0046 | 0044 | 0.042 [ 0040 | 0.039 | 0.037 | 0.036 | 0.035 0.034 0.032 0.031 0.030 0.030 0.029 0.025 0.022 0.020 0018 0017

Concerete Floor with Spray-On Insulation

Lin. R-4(4.0) 0.141 0123 | 0110 | 0,099 | 0.090 | 0.083 | 0.076 | 0.071 | 0.066 | 0.062 | 0.058 0.055 | 0.052 0.050 0.047 0.045 0.037 0.031 0.027 0.024 0.021
2in R-R(8.0) 0.090 0.083 | 0076 | 0071 0.066 | 0.062 0.058 0.055 0.052 0.050 0.047 0.045 0.043 0.041 0.040 0.038 0.032 0.028 0.024 0.022 0.020
3in. R-12(12.00 0.066 0.062 | 0.058 | 0,055 | 0.052 [ 0.050 | 0.047 | 0.045 | 0.043 | 0.041 0.040 0.038 0.037 0.036 0.034 0.033 0.028 0.025 0.022 0.020 0.018
4 in, R-16(16,0) 0,052 0.050 | 0047 | 0045 | 0.043 0.041 0.040 0.038 0.037 0.036 0.034 0.033 0,032 0.03] 0.030 0.029 0.026 0.023 0.020 0.018 0017
Sin, R-200(20,00 0,043 0.041 0.040 | 0,038 | 0.037 | 0.036 | 0.034 0.033 0.032 0.031 0.030 0.029 0,028 0.028 0.027 0.026 0.023 0.021 0.019 0.017 0.016
6 in. R-24(24.00 0.037 0.036 | 0.034 | 0.033 | 0.032 | 0031 | 0.030 | 0.029 | 0.028 | 0.028 0.027 0.026 0.026 0.025 0.024 0,024 0.021 0.019 0.018 0.016 0.015
ASHRAE WSEC
Table A6.3.1-1 Assembly F-Factors for Slab-on-Grade Floors
ﬂ TABLE CA106.1
Rated R-Value of Insulation DEFAULT F-FACTORS FOR ON-GRADE SLABS
Insulation Description R5 | R75 [ R10 [ R1s [ R20 [ R25 | R30 | R35 | R40 [ R4s [ RS0 | RoSS Insulation type [ro Jrs [r10 [R5
Unheated Slabs Unheated Slab
- Uninsulated slab 0.73 - - -
Uninsulated: 0.73 2 & Horizontal (No thermal break) - 070|070 |o069
12 in. horizontal 072 | 071 | 071 | 0.71 4 & Horizontal (No thermal break) = 067 1064 |063
2 & Vertical — 0.58 0.54 0.52
24 in. horizontal 070 | 0.70 | 0.70 | 0.69 4 £ Vertical — 0.54 0.48 043
. Fully insulated slab - - 0.36 —
36 in. horizontal 0.68 0.67 0.66 0.66
Heated Slab
48 in. horizontal 067 | 065 | 0.64 | 0.63 Uninsulated slab 0.84 - - -
12 in, vertical 061 | 060 | 058 | 057 [ 0567 | 0565 | 0.564 Fully imsulated slab__ = 074 1055 1044
R-5 Center (With perimeter insulation) - - 0.66 0.62
24 in. vertical 0.58 0.56 | 054 | 0.52 | 0.510 | 0.505 | 0.502 R-10 Center (With perimeter insulation) — — — 0.51
- - 3 # Vertical — — 0.78 -
36 in. vertical 0.56 0.53 0.51 0.48 | 0472 | 0.464 | 0.460
48 in. vertical 0.54 0.51 0.48 0.45 | 0434 | 0424 | 0419
Fully insulated slab 046 | 041 ] 036 [ 030 [ 0261 [ 0233 [0213 | 0198 [ 0.186 [ 0176 [ 0168 [ 0161
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JOIST FLOOR COMPARISON

Metal Joist Floors

ASHRAE U- WSEC U-Factor Metal Joist Floor Comparison
Insulation | U-Factor  U-Factor Delta 016
11 0.078 0.14 79%
0.14 L ]
13 0.069
0.12
15 0.062 0.12 94%
19 0.052 0.11 112% 01
21 0.049 0.11 124% 0.08
25 0.043 0.1 133% 0.06
30 0.038 0.09 137% 0.04
38 0.032 0.08 150% 0.02
0
0 5 10 15 20 25 30 35 40

—8—ASHRAE U-Factor ~ —@—WSEC U-Factor

Key Note: There is significant, unexplained differences between WSEC and ASHRAE for joist floors.
WSEC is more conservative.

Wood Joist Floors

ASHRAE U- WSEC U-Factor Metal Joist Floor Comparison

Insulation | U-Factor  U-Factor Delta 01

11 0.074 0.088 19% 0.00 o
13 0.066 0.08
15 0.06 0.076 27% 0.07
19 0.051 0.062 22% 0.06
21 0.046 0.057 24% 0.05
25 0.039 0.051 31% 0.04
30 0033 0.04 21% ggz
38 0.026 0.034 31% 001
0

0 5 10 15 20 25 30 35 40

—8—ASHRAE U-Factor ~ —@—WSEC U-Factor

Key Note: There is significant, unexplained differences b WSEC and ASHRAE for joist floors.
WSEC is more conservative.
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ASHRAE Table

Table A5.3.3.1 Assembly U-Factors for Steel-Joist Floors. " .
A5.3 Steel-Joist Floors

Cavi Overall U-Factor for Asscmbly of Base Floor Plus Continuous Insulation (Uninterrupted by Framing) - . . L
Praming| tocstetion | Oversi T oy APl of P Py T T T on (O nmerrped By Promine A5.3.1 General. For the purpose of Section A1.2, the base assembly is a floor where the insulation is either
Trpeand| - RoValue: | U-Factor Hated R-¥alus of Continuous Insulation placed between the steel joists or is sprayed on the underside of the floor and the joists. In both cases, the steel
Spucing | Rated  |forEntire - - A " . =
Width | (Effective | Base provides a thermal bypass to the insulation, The Us-factors include R-0.92 for interior air film, heat flow
(Actual | Installed [See | Floor R- | R- R- R- R- R- . n : . . . z
Depth) | Table A9.2-1]) | Assembly |R-1.00 | R-2.00 | R-3.00 | R-4.00 | R-5.00 | R-6.00 | R-7.00 | R-8.00 | R-9.00| 10.00 | 11.00 | 12.00 | 13.00 | 1400 | 15.00 |R-20.00|R-25.00| R-30.00 | R-35.00 | R-40.00 down; R-1.23 for carpet and pad; R-0.25 for 4 in. concrete; R-0 for metal deck; and R-0.46 for semiexterior
— 5 air film. The performance of the insulation/framing layer is calculated using the values in Table A9 2-1.
Steek-Jaist Floor with Rigid Foam
Nerw@0) | 030 ] 0259 [ 020 [ o171 [aas [ oa7 [ s [tor [ awen [ owsa [ owrs [awma [ aoer [ ooes [ waso [wose [ oou [ ooss [ wowo [oms [ ouns A5.3.2 Rated R-Value of Insulation for Steel-Joist Floors
‘Stecklolst Floor with Spray-on Insulatien AS5.3.2.1 The first rated R-value of insulation is for uncompressed insulation installed in the cavity
Iin. R4 (3.58) 0048 | 0120 [ 014 | 0103 | 0003 | 0.0ss | 0oms | 00m3 [ o06s | 0.06s | 0060 | cose | o0ss | oost | oss | osse | 007 | oos2 | 0027 | ooz | oom between steel foists or for spray-on insulation.
R8(752) | 009 | ooss | oost | 007s | 0070 | 0oss | 0061 | 0.0k | onss | 0s2 [ ooss | 00er [ 00ss | 00es | eoar | aoso | 00z | oo [ es | anz2 [ oo AS5.3.2.2 It is acceptable for this insulation to alse be continwous insulaiion uninterrupted by framing.
T | mrzoosn | oo | ooes | ooes | o0 1005 | oo | oot | ooss | oot | oos | oo | oot | oo | ooms | oo | o0ss | oom | oo | oom | ooz | oo All continuous insulation shall be installed either on the interior above the floer structure or below a framing
- - - - ~ ~ cavity completely filled with insulation.
din | rieson | ooeo | onse | 00ss | oosi | oo | nose | oos | ooe | oo [ oo | 003t | aoss | aoss | oo | ees2 [ est [ 0w | vo2e | w02 | a0 | oos
Sim. R-20{17.00) 0.050 0.048 | 0046 | 0.044 | 0.042 | 0.040 | 0039 | 0037 | 0.036 | 0.035 0.033 0.032 0.031 0.030 | 0030 | 0029 0.025 0.022 0.020 o018 0017 AS:"S U'FH('U“ fl]l' Stte]-dulst FIDIJI"&
sin | R210969 | onst | o0a2 | 00ar | 0009 | 0osw | 00% | eoss | 0o | 0o | oo | oo | ooso | aoe | eozs | ea2r | wez | ooze | ooz | oo | oor7 | oare AS5.3.3.1 The U-fuctors for steelzjoist floors shall be taken from Table A5.3.3.1.
‘Steel-Jaist Floor with Batt Insulation AS5.3.3.2 Ttis acceptable to use these Us-factors for any steel-joist floor,
None (0.0) 0350 | 0259 | 0206 | 0471 | 0146 | 0127 [ 0.113 | 0001 | 0.092 | 0.084 | 0078 | 0072 | 0067 | 0.063 | 0059 | 0056 | 0.044 | 0036 | 0030 | 0026 | 0023 A5.4 Wood-Framed and Other Floors
R-11(10.01) 0078 0072 | 0067 | 0.063 | 0.059 [ 0.056 | 0.053 | 0.050 | 0.048 | 0.046 | 0.044 | 0042 | 0040 | 0039 | 0037 | 0036 | 0.030 | 0026 | 0.023 0021 0019 A5.4.1 General. For the PLITPOSC of Section Al ‘2‘ the base assembly is a ﬂ!}(}! attached dim'y to the Iﬂp
RA3(LT0) [ 0069 | 0064 | 0060 | 0057 | 0.054 [ 0051 [ 0.040 | 0.046 | 0044 | 0042 | 0041 | 0039 | 0038 | 0036 | 035 | 003 | o029 | 002 [ 0022 | 0020 | 008 of the wood joist with insulation located directly below the floor and ventilated air space below the insula-
R150320) [ 0062 | o005 | 00ss [ 002 | 00so [ 0047 [ 00as | 00s | 002 | 00s0 | 0038 | 0037 | 0036 | 003 | 033 | wos2 [ oo2s | 002 [ 0022 | 0020 | oms tion. The heat flow path through the joist is caleulated to be the same depth as the insulation. The U-facfors
1901634y | ous2 | 00so | 0047 | 0oss | 003 | 00ar | oos0 | oo | 0037 | owas | oom | oo | eos2 | oo | eoso | wez | o026 | ooz [ 0o | oo | oo include R-0.92 for interior air film. heat flow down: R-1.23 for carpet and pad; R-0.94 for .75 in. wood sub-
| 4 (I ek : aram 0704 ine o i 0y i
w2760 | om0 | 0047 | 0ot | 0003 [ 0041 [ 0030 | aoss | aoss | aoss [ ooss [ ooss | oos [ oost [ om0 [ ooze | wazs | ooes | 0022 [ 0020 | aos | ounn floor; and R-0.46 for semiexterior air film. The weighting factors are 91% insulated cavity and 9% framing
W25 025 | 043 | omar | oo | 008 | 0037 | 0056 | 0053 | 0083 | 005z | oot | oo | 0wz | owzs | ouzs | ooz | azs | ooz | ooar | eowe | oo | ome A5.4.2 Rated R-Value of Insulation for Wood-Framed and Other Floors. The first rated R-value of
RI0C(1370) | 0038 | 06 | 0035 | 0014 | 0.033 | 0032 [ 0031 | 0030 | a2 [ o028 0026 0024 | 0021 | o019 | oois | aoe | oms insulation is for uncompressed insulation installed in the cavity between wood joists.
r300370) | oms | onse | 00ss | 003 | 0033 | nos2 | oos | oose [ ooz [ oozs | 0027 | 002r | aoe | 002s | ewes | 0o2e [ 0020 | 0o | wois | aoe | oms A5.4.2.1 Tt is acceptable for this insulation to also be continuous insulation uninterrupted by framing.
e o o Tom o T o Too T T o o o oo Tom Tom oo T T oo o o Tom AT comtinuous insularion shall be insialled either on the interior above the floor structure or below a framing
- - cavity completely filled with insulation.
R-38(28.12) 0032 0.031 | 0030 | 0029 | 0.029 | 0.028 | 0027 | 0.026 | 0026 | 0.025 | 0024 | 0024 | 0023 | 0023 | 0022 | 0022 | 0020 | 0018 | 0016 0015 0014
A5.4.3 U-Factors for Wood-Framed Floors
Table A5.4.3.1 Assembly U-Factors for Wood-Joist Floors AS54.3.1 The U-factors for wood-framed floors shall be taken from Table A5.4.3.1.
Framin Overall U-Factor for Assembly of Base Floor Plus Continuous Insulation (Uninterrupted by Framing) A5.4.3.2 1t is not acceptable to use these Usfactors if the framing is not wood.
g Type
anyd Overall Rated R-Value of Continuous Insulation
Spacing U-Factor
Width for Entire

(Actual | (Effective [Base Floor
Depth) | Installed) | Assembly [R-1.00| R-2.00 | R-3.00 [R-4.00 | R-5.00 | R-6.00 | R-7.00 | R-8.00 | R-9.00 | R-10.00 | R-11.00 | R-12.00 | R-13.00| R-14.00 | R-15.00 | R-20.00 | R-25.00 | R-30.00 | R-35.00 | R-40.00

Wood-Joist

55in. | None(00) | 0282 | 0220 [ 0180 | 0.153 [ 0132 | 0.117 [ 0.105 | 0.095 [ 0.087 | 0.080 [ 0074 | 0.069 | 0.064 | 0060 | 0.057 | 0.054 | 0042 | 0035 [ 0030 [ 0026 | 0023

R-1L(1L0) | 0074 | 0.069 | 0.064 | 0.060 [ 0.057 | 0.054 [ 0.051 | 0.048 [ 0.046 | 0.044 | 0042 | 0040 | 0039 | 0.037 | 0.036 | 0.035 | 0030 [ 0026 [ 0.023 [ 0020 | 0.019

R-13(130) | 0066 | 0.062 | 0.058 | 0.055 | 0.052 | 0.049 [ 0.047 | 0.045 [ 0.043 | 0.041 | 0039 | 0038 | 0036 | 0.035 | 0.034 | 0.033 | 0028 | 0025 [ 0.022 [ 0020 | 0018

R15(150) [ 0060 [ 0057 [ 0.053 | 0.050 | 0.048 | 0.046 | 0.04 [ 0042 | 0.040 | 0038 | 0037 | 0036 | 0034 [ 0033 [ 0032 | 0031 [ 0027 [ 0024 | 0021 | 0019 | 0017 WSEC Tables
R19(180) [ 0051 [ 0.048 | 0.046 [ 0.044 | 0.042 | 0.040 | 0.038 [ 0.037 | 0.036 [ 0.034 | 0033 | 0.032 | 0.031 | 0030 | 0029 | 0028 | 0025 | 0022 [ 0020 | 0018 | 0.017 CA105.3 Construction description. Floors are TABLE CA105.1(3)
R21(210) | 0046 | 0.043 | 0.042 | 0.040 | 0.038 | 0.037 [ 0.035 | 0.034 [ 0.033 | 0.032 | 0031 | 0030 | 0029 | 0.028 | 0027 | 0.027 | 0023 | 0021 [ 0019 [ 0017 | 0016 assumed to be erther jossted floors framed on 16 mnch DEFAULT U-FACTORS FOR EXPOSED FLOORS
725in. | R25(250) | 0039 | 0037 | 0036 | 0.035 | 0.033 | 0032 [ 0.031 | 0.030 | 0.020 [ 0028 [ 0.028 [ 0027 | 0.026 | 0025 | 0025 | 0024 | 0022 | 0019 | 0018 | 0016 | 0015 el o et ot i iy 2 el sy,
Insulation 1s assumed to be installed under the U-Factor
R30C(300)| 003 | 0033 | 0032 [ 0.031 | 0.030 | 0.029 [ 0.028 | 0.027 | 0026 [ 0.026 | 0025 [ 0.024 | 0024 | 0.023 | 0.023 | 0022 | 0020 | 0018 | 0016 | 0015 | 0014 - - -
subflooring between the joists or beams with no [Rominal
9.25in. | R30(300) [ 0033 [ 0032 | 0.031 [ 0.030 | 0.029 | 0.028 | 0.027 [ 0.027 | 0.026 [ 0.025 | 0.024 | 0.024 | 0023 | 0023 | 0022 | 0022 | 0020 | 0018 | 0016 | 0015 | 0.014 space between the insulation and the subfloor. R_Value Concrete | Wood Joist | Metal Joist
1125 in. [R38C (38.0)| 0027 | 0.026 [ 0.025 [ 0.025 | 0.024 | 0.024 [ 0.023 [ 0.022 | 0.022 | 0.021 | 0021 | 0020 | 0.020 | 0020 | 0.019 | 0019 | 0017 | 0016 | 0015 | 0014 | 0013 Insulation is assumed to be uncompressed. Exposed ET] 0077 0.088 01
13251 | R3SG80) | 0026 | 0026 | 0025 | 0.024 | 0024 | 0025 | 0023 | 0.022 | 0022 | 0021 | 0021 | 0020 | 0020 | 0019 | 0019 | 0019 | 0017 | 0016 | 0015 | 001 | o013 floors also include concrete with continuous rigid ; e )
mnsulation assumed. R-13 0.05 0.076 0.12
Perimeter insulation is assumed to extend from the R-19 0.048 0.062 0.11
top of the rim joist to the crawlspace floor and then R-21 0.043 0.057 01
inward along the ground (on top of the ground cover) R-25 0.037 0.051 0.10
for at least 24 inches. R-30 0.031 0.040 0.09
Floor coverings are assumed to be light carpet with R-38 0.025 0.034 0.08

rubber pad.
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SLAB EDGES

ASHRAE does not have a table for slab edge conditions, but WSEC does tables as seen below in
WSEC Table CA103.3.7.2:

TABLE CA103.3.7.2
DEFAULT U-FACTORS FOR PERIPHERAL EDGES OF INTERMEDIATE CONCRETE FLOORS

Slab Edge Treatment Average Thickness of Wall Above and Below
b inches 8 inches 10 inches 12 inches

Exposed Concrete 0.816 0.741 0.678 0.625
E.-5 Exterior Inzulation 0.161 0.157 0.154 0.152
E.-6 Exterior Insulation 0.138 0.136 0.134 0.132
E.-7 Exterior Insulation 0.122 0.120 0.118 0.116
E-§ Exterior Insulation 0.108 0.107 0.106 0.104
E-9 Exterior Insulation 0.098 0.097 0.095 0.094
E-10 Exterior Insulation 0.032 0.088 0.087 0.086
E.-11 Exterior Insulation 0.082 0.081 0.080 0.079
E.-12 Exterior Insulation 0.076 0.073 0.074 0.074
E.-13 Exterior Insulation 0.070 0.070 0.069 0.068
E.-14 Exterior Insulation 0.066 0.063 0.063 0.064
E.-13 Exterior Insulation 0.062 0.061 0.061 0.060
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