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SPECIAL NOTE
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ASHRAE Standards are prepared by a Project Committee appointed specifically for the purpose of writing the Standard. The Project Committee

Chair and Vice-Chair must be members of ASHRAE; while other committee members may or may not be ASHRAE members, all must be technically
qualified in the subject area of the Standard. Every effort is made to balance the concerned interests on all Project Committees. 

The Manager of Standards of ASHRAE should be contacted for:
a. interpretation of the contents of this Standard,
b. participation in the next review of the Standard,
c. offering constructive criticism for improving the Standard, or
d. permission to reprint portions of the Standard.
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installed, or operated in accordance with ASHRAE’s Standards or Guidelines or that any tests conducted under its Standards or Guidelines will be
nonhazardous or free from risk.
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(This foreword is not part of this standard. It is merely informative and does not contain requirements necessary for 

conformance to the standard. It has not been processed according to the ANSI requirements for a standard and may 

contain material that has not been subject to public review or a consensus process. Unresolved objectors on 

informative material are not offered the right to appeal at ASHRAE or ANSI.) 

 

FOREWORD 

Addendum p provides a U-factor calculation procedure for metal building wall assemblies with filled cavity insulation 

systems and adds U-factor values to Table A3.2.3, calculated using this procedure. This addendum does not change the 

criteria of the standard. 

This addendum makes proposed changes to the current standard. These changes are indicated in the text by underlining 

(for additions) and strikethrough (for deletions) except where the reviewer instructions specifically describe some other 

means of showing the changes.  

 

Addendum cp to 90.1-2013 

Modify the standard as follows (I-P): 

 

A3.2 Metal Building Walls 

A3.2.1 General.  For the purpose of Section A1.2, the base assembly is a wall where the insulation is compressed between 

metal wall panels and the metal structure.  Additional assemblies include continuous insulation, uncompressed and 

uninterrupted by framing. Insulation exposed to a conditioned space or semiheated space shall have a facing with seams 

overlapped or sealed. and all insulation shall be continuously sealed to provide a continuous air barrier.  

 

A3.2.2  Rated R-Value of Insulation for Metal Building Walls 

 

A.3.2.2.1 Single Layer Compressed.  The first rated R-value of insulation is for insulation compressed between metal wall 

panels and the steel structure. 

 

A.3.2.2.2 Continuous Insulation.  For assemblies with continuous insulation, the continuous insulation is installed on the 

outside or inside of the girts, uncompressed and uninterrupted by the framing members. 

 

A3.2.2.3 Single Layer in Cavity. The insulation is installed in the cavity between the girts, not compressed by the framing.  

A membrane or facing, installed separately or adhered to the insulation, is installed inside of the girts to form a continuous 

layer.  A thermal spacer block or thermal break strip between the girts and metal wall panels is required when specified in 

Table A3.2.3. 

 

A3.2.2.4 Double Layer. The first rated R-value of insulation is for insulation installed in the cavity between the girts, not 

compressed by the framing. The second rated R-value of insulation is for insulation compressed between metal wall panels 

and the steel structure. A membrane or facing, installed separately or adhered to the insulation, is installed inside of the girts 

to form a continuous layer.  A thermal spacer block or thermal break strip between the girts and metal wall panels is required 

when specified in Table A3.2.3. 

 

A3.2.3 U-Factors for Metal Building Walls.  U-factors for metal building walls shall be taken from Table A3.2.3 or 

determined in accordance with Section A9.2, provided the average girt spacing is at least 52 in.  U-factors for metal building 

wall assemblies with average girt spacing less than 52 in. shall be determined in accordance with Section A9.2. 

 

Table A3.2.3 Assembly U-Factors for Metal Building Walls (I-P) 

 
       

             

 Insulation  
System 

Rated 
R-Value of 
Insulation 

Overall 
U-Factor 
for Entire 

Base 
Wall 

Assembly 

Overall U-Factor for Assembly of Base Wall Plus Continuous  Insulation 
(Uninterrupted by Framing) 
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 Continuous 

Insulation 

Only 

  R-6.5 R-9.8 R-13 R-15.8 R-19 R-22.1 R-25 R-32 R-38 
            

 R-0 
None 

1.180 0.136 0.094 0.072 0.060 0.050 0.044 0.039 0.030 0.026 

             

 Single Layer of Mineral Fiber        

             

 Single 

Compressed 

Layer 

R-10 0.186 0.084 0.066 0.054 0.047 0.041 0.036 0.033 0.027 0.023 
 R-11 0.185 0.084 0.066 0.054 0.047 0.041 0.036 0.033 0.027 0.023 
 R-13 0.162 0.079 0.063 0.052 0.046 0.040 0.035 0.032 0.026 0.023 
 R-16 0.155 0.077 0.062 0.051 0.045 0.039 0.035 0.032 0.026 0.022 
 R-19 0.147 0.075 0.060 0.050 0.044 0.039 0.035 0.031 0.026 0.022 
             

             

 Single Layer 

in Cavity 
R-25a 0.059 0.044 0.039 0.035 0.032 0.029 0.027 0.025 0.021 0.019 

 R-30b  0.052  0.042  0.037 0.033 0.031 0.028 0.026 0.024 0.021 0.019 
             

         

             

 Double 

Layer 
R-25 + R-10 0.047          

 R-25 + R-16 0.042          

 R-25 + R-10c 0.039          

 R-30 + R-16 0.039           

             

             

 (Multiple R-values are listed in order from inside to outside)    

             

 a. A minimum R-0.375 thermal spacer block or thermal break strip is required when installed without continuous insulation. 
 b. A minimum R-0.75 thermal spacer block or thermal break strip is required when installed without continuous insulation. 
 c. A minimum R-3 thermal spacer block is required.     
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A9.2 Required Procedures. Two- or three-dimensional finite difference and finite volume computer models shall be an 

acceptable alternative method to calculating the thermal performance values for all assemblies and constructions 

listed below. The following procedures shall also be permitted to determine all alternative U-factors, F-factors, and C-

factors. 

a. Roofs 

1. Roofs with insulation entirely above deck: testing or series calculation method. 
2. Metal building roofs: testing, or for single-layer, and double-layer systems, calculation method in Section A9.4.5. 
3. Attic roofs, wood joists: testing or parallel path calculation method. 
4. Attic roofs, steel joists: testing or parallel path calculation method using the insulation/framing layer adjustment 

factors in Table A9.2-1 or modified zone calculation method. 
5. Attic roofs, concrete joists: testing or parallel path calculation method if concrete is solid and uniform or isothermal 

planes calculation method if concrete has hollow sections. 
6. Other attic roofs and other roofs: testing or two-dimensional calculation method. 

b. Above-Grade Walls 

1. Mass walls: testing or isothermal planes calculation method or two-dimensional calculation method. The parallel 

path calculation method is not acceptable. 
2. Metal building walls: testing, or for single-layersingle layer compressed, single layer in cavity, and double-layer 

systems, calculation method in Section A9.4.5. 
3. Steel-framed walls: testing or parallel path calculation method using the insulation/framing layer adjustment factors 

in Table A9.2-2 or the modified zone method. 
4. Wood-framed walls: testing or parallel path calculation method. 
5. Other walls: testing or two-dimensional calculation method. 

c. Below-Grade Walls 
1. Mass walls: testing or isothermal planes calculation method or two-dimensional calculation method. The parallel 

path calculation method is not acceptable. 
2 Other walls: testing or two-dimensional calculation method 

d Floors 
2. Mass floors: testing or parallel path calculation method if concrete is solid and uniform or isothermal planes 

calculation method if concrete has hollow sections. 
2 Steel joist floors: testing or modified zone calculation method. 
3 Wood joist floors: testing or parallel path calculation method or isothermal planes calculation method.  
4 Other floors: testing or two-dimensional calculation method. 

e Slab-on-Grade Floors 
No testing or calculations allowed. 

 

A9.4.5 Metal Building U-Factor Equations. For single-layer metal building roof and single layer compressed metal 

building wall systems, the calculation procedure outlined in Section A9.4.5.1 shall be used to calculate the assembly U-

factor. For double-layer metal building roof and wall systems, the calculation procedure outlined in Section A9.4.5.2 shall 

be used to calculate the assembly U-factor. For single layer in cavity and double layer metal building wall systems, the 

calculation procedure outlined in Section A9.4.5.3 shall be used to calculate the assembly U-factor. The calculation 

procedures outlined in this section shall not be used for other metal building roof and wall systems. 

 

A9.4.5.1 Single Layer Roof and Single Layer Compressed Wall. The U-factor of metal building roofs or walls that are 

insulated with a single layer of fiberglass insulation (see Figure A9.4.5.1) shall be calculated using the procedure outlined in 

this section. The procedure assumes the insulation is compressed over the purlin or girt. There may also be a thermal spacer 

block present. 

 

(The remainder of Section A9.4.5.1 is unchanged.) 
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A9.4.5.2 Double Layers Roof. The U-factor of metal building roofs that are insulated with double layers of fiberglass 

insulation (see Figure A9.4.5.2-1) shall be calculated using the procedure outlined in this section. The procedure assumes the 

insulation is compressed over the purlin and there may be a thermal spacer block present. 

 

(The remainder of Section A9.4.5.2 is unchanged.) 

Insert new Section A9.4.5.3 which is not shown as underlined, though it’s being proposed as a new section, because the 

underlined equations may not be clear. All equations and figures are new: 

 

A9.4.5.3 Single Double Layer Filled Cavity or Liner System Wall.  The U-factor of metal building walls that are insulated 

with multiple layers of mineral fiber insulation (see Figure A9.4.5.3-1) shall be calculated using the procedure outlined in this 

section. For double layer walls, the procedure assumes the insulation is compressed between the wall panel and girt. There 

may also be a thermal spacer block or continuous insulation present.  Air spaces may also exist depending on the specific 

drape profiles. 

There are nine steps in the calculation process: 

Step 1 - Characterize the thermal conductivity of the mineral fiber insulation. 

Step 2 - Define the parabolic profiles for each insulation layer. 

Step 3 - Calculate the R-values for insulation and air spaces in cavity both outside and inside insulation layers, including 

air films. 

Step 4 - Calculate the R-value inside the girt and adjacent to the web. 

Step 5 - Calculate the R-value outside the girt. 

Step 6 - Add the R-values inside and outside the girt including air films. 

Step 7 - Calculate the overall insulation assembly using the R-values in Steps 3 and 6. 

Step 8 - Calculate the U-factor from the finite element analysis results. 

Step 9 - Calculate the U-factor for any continuous insulation if present. 
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FIGURE A9.4.5.3-1 – Geometry of single cavity layer or double layer wall 

 

Step 1:  The thermal conductivity of the mineral fiber insulation is represented by a thermal curve of the form in Equation 

A9.4.21: 

 

                     (A9.4.21) 

 

where 

 k  = thermal conductivity, Btu-ft/h-ft2-oF  

 ρo  = nominal density, lb/ft3 

 δo  = nominal thickness, ft 

 y  = thickness of insulation, ft 

 A  = 0.014917 

 B  = 0.0004377 

 C  = 0.00056897 

 

Step 2:  Assume that each layer of mineral fiber has a parabolic profile defined by Equation A9.4-22: 

  

        

 

(A9.4-22) 

 

 

where 

x = distance from edge of girt, ft 
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y = distance from edge of wall panel, ft 

Yo = insulation thickness at x=0, ft 

Ym = insulation thickness at x=Xm, ft 

 

Step 3: Calculate R-values for the insulation and air spaces in the cavity both inside and outside insulation layers, including 

air films. 

 

Because the configuration can possibly consist of both mineral fiber insulation and an air space, the composite is given by 

Equation A9.4-23:  

  

       

 

(A9.4-23) 

 

where 

ka = thermal conductivity of air, Btu-ft/h-ft2-oF 

 

The trapezoidal integration method is used to evaluate the integral and calculate R and is given by Equation A9.4-

24: 

 

             (A9.4-24) 

 

where 

xk = point to analyze along the x-axis, ft 

xk+1 = point ahead of the point being analyzed, ft 

yk = thickness at point being analyzed, ft 

yk+1 = thickness at point ahead of the point being analyzed, ft 

 

The integral represents the combined R-value of the air space and insulation over the region 0 < x < Xa.  Because the thermal 

conductivity of air is independent of the thickness, Equation 9.4.24 can be simplified using the air space mean thickness, Ya, 

to produce Equation A9.4-25:  

  

 

                 

 

(A9.4-25) 

 

 

However, if the air space is characterized by convection instead of conduction then the term Ya/ka can be replaced by the R-

value for convection (R-0.92 h-ft2-°F/Btufor walls). Adding the inside and outside layers is expressed in Equation A9.4-26: 

  
RBP = R1BP + R2BP                

 

(A9.4-26) 

 

Add the air film resistances at the exterior, RAT and interior, RAB which are defined as Equation A9.4-27: 

 

      

(A9.4-27) 

 

where 

hAB  = air film heat transfer coefficient at the exterior, Btu/h-ft2-oF 

 

 

 

 

(A9.4-28) 

 

where 

hAT = air film heat transfer coefficient at the interior, Btu/h-ft2-oF 

 

The sum of the R-values for the insulation and air films beyond the girt are expressed in EquationA9.4-29. 
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 RBP+air = RBP + RAB + RAT  

(A9.4-29) 

 

Step 4: Calculate the R-values inside the girt and adjacent to the web. 

 

The R-values inside the girt are the air space (RAUP) added in series with the insulation (R2UP); their combined 

value is then added in parallel to RPUP.  Depending on the thickness of the air space, it can be modeled as conduction as 

shown in Equation A9.4-30: 

 

    

(A9.4-30) 

 

where 

H3 = thickness of the air space, ft 

ka = thermal conductivity of air, Btu-ft/h-ft2-oF 

 

When appropriate the air space can be modeled as convection which is a constant R-0.92 h-ft2-oF/Btu for walls. 

 

The R-value for R2UP is expressed in Equation A9.4-31. The insulation thickness is also not limited by the girt height and 

can extend beyond it.  

 

          (A9.4-31) 

 

where 

 H4 = thickness of the mineral fiber at x = 0, ft 

 

The R-value of the web, RPUP is calculated using 26.2 h-ft2-oF/Btu as the thermal conductivity of the girt in Equation A9.4-

32: 

 

 

 

 

(A9.4-32) 

 

where 

kp  = thermal conductivity of the girt, Btu-ft/h-ft2-oF 

WebHeight = height of the girt, ft 

 

The addition of the air space and insulation in series are combined to be in parallel with the girt, which is expressed as 

Equation A9.4-33: 

 

 

 

 

(A9.4-33) 

 

 

Equation A9.4-33 can be rearranged and solved for RUP as presented in Equation A9.4-34: 

 

 
  

 

(A9.4-34) 

 

 

Because the thickness of the girt is significantly less than the flange width, Lf , Equation A9.4-34 can be simplified as 

Equation A9.4-35.  However it is important to note that RUP will be close to 2 or lower (depending on how the air is 

modeled) because of the significant effects of the steel girt. 
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(A9.4.35) 

 

Step 5: Calculate the R-value outside the girt. 

 

Typical construction above the girt consists of a thermal spacer block and compressed mineral fiber insulation.  

These two insulations are in series and the total R-value, ROPI, is expressed as Equation A9.4-36. If there is thermal break 

tape present it is included as the third insulation in this series. 

 

         

(A9.4-36) 

 

where 

 H1 = thickness of thermal spacer block, ft 

 H2 = thickness of compressed mineral fiber insulation, ft 

kf = thermal conductivity of the thermal spacer block, Btu-ft/h-ft2-oF 

 kI = thermal conductivity of the compressed mineral fiber insulation, Btu-ft/h-ft2-oF  

 

The impact of the thermal bridging associated with the outside of the girt and the insulation is to reduce the thermal 

resistance of the insulation.  The reduction is calculated using Equation A9.4-37: 

 

         

(A9.4-37) 

 

 

Step 6 – Add the R-values inside and outside the girt including air films. 

 

The total thermal resistance associated with the girt is the sum of the R-values inside and outside the girt as shown in 

Equation A9.4-38:  

 

RTP = RUP + ROP 

 

(A9.4-38) 

 

 

The next calculation is to add the inside and outside air film coefficients using Equation A9.4-39: 

 

RTP+air  = RTP + RAB + RAT 

 

(A9.4-39) 

 

 

Step 7: Calculate the overall insulation assembly using the R-values in Steps 3 and 6. 

 

 The overall insulation system R-value is determined using Equation A9.4-40:  

 

 

 

 

(A9.4-40) 

 

 

Step 8: Calculate the U-factor from the finite element analysis results. 

 

The overall U-factor for the insulation assembly is determined using Equation A9.4-41: 

 

132.18672.0

1




sysinsul

adj
R

U      (A9.4-41) 

 

where 

Uadj = adjusted overall U-factor represented by the correlation with the finite element modeling, Btu/h-ft2-oF 
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Step 9: Calculate the overall U-factor for any continuous insulation if present. 

 

 If there is any continuous insulation present, first calculate the R-value adjacent to the flange using Equation A9.4-

42:  

 

 

  

 

 

(A9.4-42) 

 

   

where 

 RBFci = thermal resistance of continuous insulation adjacent to the flange, h-ft2-oF/Btu 

 Rci  = thermal resistance of the continuous insulation, h-ft2-oF/Btu 

 hci = thickness of the continuous insulation, ft 

 

Next, calculate the area-weighted R-value for the continuous insulation using Equation A9.4-43: 

 

 

 

 

(A9.4-43) 

 

 

where 

 Roci  = overall thermal resistance of continuous insulation, h-ft2-oF/Btu  

 

Finally, calculate the overall U-factor using Equation A9.4-44: 

  

 

 

 

(A9.4-44) 
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Modify the standard as follows (SI): 

 

A3.2 Metal Building Walls 

 

A3.2.1 General.  For the purpose of Section A1.2, the base assembly is a wall where the insulation is compressed between 

metal wall panels and the metal structure.  Additional assemblies include continuous insulation, uncompressed and 

uninterrupted by framing. Insulation exposed to a conditioned space or semiheated space shall have a facing with seams 

overlapped or sealed. and all insulation shall be continuously sealed to provide a continuous air barrier.  

 

A3.2.2  Rated R-Value of Insulation for Metal Building Walls 

 

A.3.2.2.1 Single Layer Compressed.  The first rated R-value of insulation is for insulation compressed between metal wall 

panels and the steel structure. 

 

A.3.2.2.2 Continuous Insulation.  For assemblies with continuous insulation, the continuous insulation is installed on the 

outside or inside of the girts, uncompressed and uninterrupted by the framing members. 

 

A3.2.2.3 Single Layer in Cavity. The insulation is installed in the cavity between the girts, not compressed by the framing.  

A membrane or facing, installed separately or adhered to the insulation, is installed inside of the girts to form a continuous 

layer.  A thermal spacer block or thermal break strip between the girts and metal wall panels is required when specified in 

Table A3.2.3. 

 

A3.2.2.4 Double Layer. The first rated R-value of insulation is for insulation installed in the cavity between the girts, not 

compressed by the framing. The second rated R-value of insulation is for insulation compressed between metal wall panels 

and the steel structure. A membrane or facing, installed separately or adhered to the insulation, is installed inside of the girts 

to form a continuous layer.  A thermal spacer block or thermal break strip between the girts and metal wall panels is required 

when specified in Table A3.2.3. 

 

A3.2.3 U-Factors for Metal Building Walls.  U-factors for metal building walls shall be taken from Table A3.2.3 or 

determined in accordance with Section A9.2, provided the average girt spacing is at least 1.32 meters.  U-factors for metal 

building wall assemblies with average girt spacing less than 1.32 meters shall be determined in accordance with Section 

A9.2.
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Table A3.2.3 Assembly U-Factors for Metal Building Walls (SI) 

 
       

             

 Insulation  
System 

Rated 
R-Value of 
Insulation 

Overall 
U-Factor 
for Entire 

Base 

Wall 
Assembly 

Overall U-Factor for Assembly of Base Wall Plus Continuous  Insulation 
(Uninterrupted by Framing) 

 

 

 

 

 

 

             

             

 Continuous 

Insulation 

Only 

  R-1.1 R-1.7 R-2.3 R-2.8 R-3.3 R-3.9 R-4.4 R-5.6 R-6.7 
            

 R-0 
None 

6.70 0.773 0.53 0.41 0.34 0.29 0.25 0.22 0.17 0.15 

             

 Single Layer of Mineral Fiber        

             

 Single 

Compressed 

Layer 

R-1.8 1.06 0.48 0.37 0.31 0.27 0.23 0.21 0.19 0.15 0.13 
 R-1.9 1.05 0.48 0.37 0.31 0.27 0.23 0.21 0.19 0.15 0.13 
 R-2.3 0.920 0.45 0.36 0.30 0.26 0.23 0.20 0.18 0.15 0.13 
 R-2.8 0.880 0.44 0.35 0.29 0.26 0.22 0.20 0.18 0.15 0.13 
 R-3.3 0.835 0.43 0.34 0.28 0.25 0.22 0.20 0.18 0.15 0.13 
             

             

 Single Layer 

in Cavity 
R-4.4a 0.335 0.25 0.22 0.20 0.18 0.16 0.15 0.14 0.12 0.11 

 R-5.3b 0.295 0.24 0.21 0.19 0.18 0.16 0.15 0.14 0.12 0.11 
             

         

             

 Double Layer R-4.4 + R-1.8 0.267          

 R-4.4 + R-2.8 0.238          

 R-4.4 + R-1.8c 0.221          

 R-5.3 + R-2.8 0.221          

             

             

 (Multiple R-values are listed in order from inside to outside)    

             

 a. A minimum R-0.07 thermal spacer block or thermal break strip is required when installed without continuous insulation. 
 b. A minimum R-0.13 thermal spacer block or thermal break strip is required when installed without continuous insulation. 
 c. A minimum R-0.5 thermal spacer block is required.     

      

          

 

A9.2 Required Procedures. Two- or three-dimensional finite difference and finite volume computer models shall be an 

acceptable alternative method to calculating the thermal performance values for all assemblies and constructions listed below. 

The following procedures shall also be permitted to determine all alternative U-factors, F-factors, and C-factors. 

a. Roofs 
1. Roofs with insulation entirely above deck: testing or series calculation method. 
2 Metal building roofs: testing, or for single-layer, and double-layer systems, calculation method in Section A9.4.5. 
3 Attic roofs, wood joists: testing or parallel path calculation method. 
4 Attic roofs, steel joists: testing or parallel path calculation method using the insulation/framing layer adjustment 

factors in Table A9.2-1 or modified zone calculation method. 
5 Attic roofs, concrete joists: testing or parallel path calculation method if concrete is solid and uniform or isothermal 

planes calculation method if concrete has hollow sections. 
6 Other attic roofs and other roofs: testing or two-dimensional calculation method. 

b. Above-Grade Walls 
1. Mass walls: testing or isothermal planes calculation method or two-dimensional calculation method. The parallel 

path calculation method is not acceptable. 
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2 Metal building walls: testing, or for single-layersingle layer compressed, single layer in cavity, and double-layer 

systems, calculation method in Section A9.4.5. 
3 Steel-framed walls: testing or parallel path calculation method using the insulation/framing layer adjustment factors 

in Table A9.2-2 or the modified zone method. 
4 Wood-framed walls: testing or parallel path calculation method. 
5 Other walls: testing or two-dimensional calculation method. 

c. Below-Grade Walls 
1. Mass walls: testing or isothermal planes calculation method or two-dimensional calculation method. The parallel 

path calculation method is not acceptable. 
2 Other walls: testing or two-dimensional calculation method 

d Floors 
1. Mass floors: testing or parallel path calculation method if concrete is solid and uniform or isothermal planes 

calculation method if concrete has hollow sections. 
2 Steel joist floors: testing or modified zone calculation method. 
3 Wood joist floors: testing or parallel path calculation method or isothermal planes calculation method.  
4 Other floors: testing or two-dimensional calculation method. 

e Slab-on-Grade Floors 
1. No testing or calculations allowed. 

A9.4.5 Metal Building U-Factor Equations. For single-layer metal building roof and single layer compressed metal 

building wall systems, the calculation procedure outlined in Section A9.4.5.1 shall be used to calculate the assembly U-

factor. For double-layer metal building roof and wall systems, the calculation procedure outlined in Section A9.4.5.2 shall 

be used to calculate the assembly U-factor. For single layer in cavity and double layer metal building wall systems the 

calculation procedure outlined in Section A9.4.5.3 shall be used to calculate the assembly U-factor. The calculation 

procedures outlined in this section shall not be used for other metal building roof and wall systems. 

A9.4.5.1 Single Layer Roof and Single Layer Compressed Wall. The U-factor of metal building roofs or walls that are 

insulated with a single layer of fiberglass insulation (see Figure A9.4.5.1) shall be calculated using the procedure outlined in 

this section. The procedure assumes the insulation is compressed over the purlin or girt. There may also be a thermal spacer 

block present. 

(The remainder of Section A9.4.5.1 is unchanged.) 

 

A9.4.5.2 Double Layers Roof. The U-factor of metal building roofs that are insulated with double layers of fiberglass 

insulation (see Figure A9.4.5.2-1) shall be calculated using the procedure outlined in this section. The procedure assumes the 

insulation is compressed over the purlin and there may be a thermal spacer block present. 

 

(The remainder of Section A9.4.5.2 is unchanged.) 
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Insert new Section A9.4.5.3 which is not shown as underlined, though it’s being proposed as a new section, because the 

underlined equations may not be clear. All equations and figures are new. 

 

A9.4.5.3 Single Double Layer Filled Cavity or Liner System Wall.  The U-factor of metal building walls that are insulated 

with multiple layers of mineral fiber insulation (see Figure A9.4.5.3-1) shall be calculated using the procedure outlined in this 

section. For double layer walls the procedure assumes the insulation is compressed between the wall panel and girt. There 

may also be a thermal spacer block or continuous insulation present.  Air spaces may also exist depending upon the specific 

drape profiles. 

There are nine steps in the calculation process: 

Step 1 - Characterize the thermal conductivity of the mineral fiber insulation, 

Step 2 - Define the parabolic profiles for each insulation layer, 

Step 3 - Calculate the R-values for insulation and air spaces in cavity, both outside and inside insulation layers including 

air films,  

Step 4 - Calculate the R-value inside the girt and adjacent to the web, 

Step 5 - Calculate the R-value outside the girt, 

Step 6 - Add the R-values inside and outside the girt including air films, 

Step 7 - Calculate the overall insulation assembly using the R-values in Steps 3 and 6, 

Step 8 - Calculate the U-factor from the finite element analysis results, 

Step 9 - Calculate the U-factor for any continuous insulation if present. 

 

 

FIGURE A9.4.5.3-1 – Geometry of single cavity layer or double layer wall 

 

Step 1 - The thermal conductivity of the mineral fiber insulation is represented by a thermal curve of the form in Equation 

A9.4.21. 
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                     (A9.4.21) 

 

where 

 k  = thermal conductivity, W/m-oC 

 ρo  = nominal density, kg/m3 

 δo  = nominal thickness, m 

 y  = thickness of insulation, m 

 A  = 0.00258168 

 B  = 0.000047295 

 C  = 0.157740033 

 

Step 2 - Assume that each layer of mineral fiber has a parabolic profile defined by Equation A9.4-22 

  

        

 

(A9.4-22) 

 

 

where 

x = distance from edge of girt, m 

y = distance from edge of wall panel, m 

Yo = insulation thickness at x=0, m 

Ym = insulation thickness at x=Xm, m 

 

Step 3 - Calculate R-values for the insulation and air spaces in the cavity, both inside and outside insulation layers including 

air films. 

 

Since the configuration can possibly consist of both mineral fiber insulation and an air space the composite is given by 

Equation A9.4-23.  

  

       
 

(A9.4-23) 

 

where 

ka = thermal conductivity of air, W/m-oC 

 

The trapezoidal integration method is used to evaluate the integral and calculate R and is given below by Equation 

A9.4-24. 

 

                          (A9.4-24) 

 

where 

xk = point to analyze along the x-axis, m 

xk+1 = point ahead of the point being analyzed, m 

yk = thickness at point being analyzed, m 

yk+1 = thickness at point ahead of the point being analyzed, m 

 

The integral represents the combined R-value of the air space and insulation over the region 0 < x < Xa.  Since the thermal 

conductivity of air is independent of the thickness Equation 9.4.24 can be simplified using the air space mean thickness, Ya to 

produce Equation A9.4-25.  

 

  

 

                 

 

(A9.4-25) 
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However, if the air space is characterized by convection instead of conduction then the term Ya/ka can be replaced by the R-

value for convection (R-0.16 m2-oC/W for walls) 

 

Adding the inside and outside layers is expressed in Equation A9.4-26 

  
RBP = R1BP + R2BP                

 

(A9.4-26) 

 

 

Add the air film resistances at the exterior, RAT and interior, RAB which are defined as: 

 

      

(A9.4-27) 

 

where 

 hAB  = air film heat transfer coefficient at the exterior, W/m2oC 

 

 

 

 

(A9.4-28) 

 

where 

hAT = air film heat transfer coefficient at the interior, W/m2-oC 

 

The sum of the R-values for the insulation and air films beyond the girt are expressed in EquationA9.4-29. 

 

 RBP+air = RBP + RAB + RAT (A9.4-29) 

 

Step 4 - Calculate the R-values inside the girt and adjacent to the web. 

 

The R-values inside the girt are the air space (RAUP) added in series with the insulation (R2UP) and their combined 

value is then added in parallel to RPUP.  Depending upon the thickness of the air space it can be modeled as conduction, see 

Equation A9.4-30.  

 

   (A9.4-30) 

 

where 

H3 = thickness of the air space, m 

ka = thermal conductivity of air, W/m-oC 

 

When appropriate the air space can be modeled as convection which is a constant R-0.16 m2-oC/W for walls. 

 

The R-value for R2UP is expressed in Equation A9.4-31. The insulation thickness is also not limited by the girt height and 

can extend beyond it.  

 

          (A9.4-31) 

 

where 

 H4 = thickness of the mineral fiber at x=0, m 

 

The R-value of the web, RPUP is calculated using 45.3 W/m-oC as the thermal conductivity of the girt in Equation A9.4-32. 

 

 

 

 

(A9.4-32) 
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where 

kp  = thermal conductivity of the girt, W/m-oC 

WebHeight = height of the girt, m 

 

The addition of the air space and insulation in series are combined to be in parallel with the girt which is expressed as 

Equation A9.4-33. 

 

 

 

 

(A9.4-33) 

 

 

Equation A9.4-33 can be rearranged and solved for RUP as presented in Equation A9.4-34. 

 

 
  

 

(A9.4-34) 

 

 

Since the thickness of the girt is significantly smaller than the flange width, Lf , Equation A9.4-34 can be simplified as 

Equation A9.4-35.  However it is important to note that RUP will be close to 0.35 or lower (depending on how the air is 

modeled) because of the significant effects of the steel girt. 

  

 
     

 

(A9.4.35) 

 

Step 5 – Calculate the R-value outside the girt. 

 

Typical construction above the girt consists of a thermal spacer block and compressed mineral fiber insulation.  

These two insulations are in series and the total R-value, ROPI is expressed as Equation A9.4-36. If there is thermal break tape 

present it is included as the third insulation in this series. 

 

         

(A9.4-36) 

 

where 

 H1 = thickness of thermal spacer block, m 

 H2 = thickness of compressed mineral fiber insulation, m 

kf = thermal conductivity of the thermal spacer block, W/m-oC 

 kI = thermal conductivity of the compressed mineral fiber insulation, W/m-oC  

 

The impact of the thermal bridging associated with the outside of the girt and the insulation is to reduce the thermal 

resistance of the insulation.  The reduction is calculated using Equation A9.4-37. 

 

         

(A9.4-37) 

 

 

Step 6 – Add the R-values inside and outside the girt including air films. 

 

The total thermal resistance associated with the girt is the sum of the R-values inside and outside the girt as shown in 

Equation A9.4-38.  

 

RTP = RUP + ROP 

 

(A9.4-38) 

 

 

The next calculation is to add the inside and outside air film coefficients using Equation A9.4-39. 
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RTP+air  = RTP + RAB + RAT (A9.4-39) 

 

 

Step 7 - Calculate the overall insulation assemble using the R-values from steps 3 and 6. 

 

 The overall insulation system R-value is determined using Equation A9.4-40.  

 

 

 

 

(A9.4-40) 

 

 

Step 8 - Calculate the U-factor from the finite element analysis results, 

 

The overall U-factor for the insulation assembly is determined using Equation A9.4-41. 

 

1994.08672.0

1




sysinsul

adj
R

U      (A9.4-41) 

 

where 

Uadj = adjusted overall U-factor represented by the correlation with the finite element modeling, W/m2-oC 

 

Step 9 - Calculate the overall U-factor for any continuous insulation if present. 

 

 If there is any continuous insulation present, first calculate the R-value adjacent to the flange using Equation A9.4-

42.  

 

 

  

 

 

(A9.4-42) 

 

   

where 

 RBFci = thermal resistance of continuous insulation adjacent to the flange, m2-oC/W 

 Rci  = thermal resistance of the continuous insulation, m2-oC/W 

 hci = thickness of the continuous insulation, m 

 

Next, calculate the area weighted R-value for the continuous insulation using Equation A9.4-43. 

 

 

 

 

(A9.4-43) 

 

 

where 

 Roci  = overall thermal resistance of continuous insulation, m2-oC/W  

 

Finally, calculate the overall U-factor using Equation A9.4-44. 

  

 

 

 

(A9.4-44) 
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POLICY STATEMENT DEFINING ASHRAE’S CONCERN
FOR THE ENVIRONMENTAL IMPACT OF ITS ACTIVITIES

ASHRAE is concerned with the impact of its members’ activities on both the indoor and outdoor environment.
ASHRAE’s members will strive to minimize any possible deleterious effect on the indoor and outdoor environment of
the systems and components in their responsibility while maximizing the beneficial effects these systems provide,
consistent with accepted Standards and the practical state of the art.
ASHRAE’s short-range goal is to ensure that the systems and components within its scope do not impact the indoor
and outdoor environment to a greater extent than specified by the Standards and Guidelines as established by itself and
other responsible bodies.
As an ongoing goal, ASHRAE will, through its Standards Committee and extensive Technical Committee structure,
continue to generate up-to-date Standards and Guidelines where appropriate and adopt, recommend, and promote
those new and revised Standards developed by other responsible organizations.
Through its Handbook, appropriate chapters will contain up-to-date Standards and design considerations as the
material is systematically revised.
ASHRAE will take the lead with respect to dissemination of environmental information of its primary interest and will
seek out and disseminate information from other responsible organizations that is pertinent, as guides to updating
Standards and Guidelines.
The effects of the design and selection of equipment and systems will be considered within the scope of the system’s
intended use and expected misuse. The disposal of hazardous materials, if any, will also be considered.
ASHRAE’s primary concern for environmental impact will be at the site where equipment within ASHRAE’s scope
operates. However, energy source selection and the possible environmental impact due to the energy source and
energy transportation will be considered where possible. Recommendations concerning energy source selection
should be made by its members.
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