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OUTLINE 
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• Enclosure Heat Flow Basics 

• Thermal Bridging and its Significance 

• Parallel Path vs 2D/3D Methods 

 

• Resources  

• Clear Field Heat Flow 

• Heat Flow through Details 

 

• BETB Guide Introduction and How To 

 

• Model Inputs and Consultant Responsibility 

 

 

 

 

 



WHY DO WE CARE ABOUT ENVELOPE 
THERMAL PERFORMANCE 
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• Heat flows determine: 

• Heating and cooling system capacity 

• Purchased energy requirements 

• Compliance with energy codes  

• Compliance with voluntary energy 

programs  

• Arrangement of materials determine: 

• Surface temperatures  

• Condensation and moisture collection 

• Durability 

• Mold growth and health issues 

  



PURPOSE DEFINES REQUIREMENTS 
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Purpose Need for 
Simplicity 

Need For 
Accuracy 

Need for 
Clarity of 
Assumptions 

Evaluating design options High Moderate Moderate 

Evaluation heating/cooling load Moderate Moderate Moderate 

Compliance to energy codes  High Low High 

Compliance with voluntary energy 
standards 

“It Depends” Moderate Moderate 

Compliance with incentive plans Payer’s choice Payer’s choice Moderate 

Predicting actual energy use Low High Low 

Evaluating surface temperatures 
(condensation, comfort) 

Low High Moderate 



Heat Flow Basics 
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PERSPECTIVE 

How does heat flow through an 

enclosure assembly?  

 

 



ENVELOPE PERFORMANCE PARAMETERS 

Material Properties 

• Thermal Conductivity (k) – of a material 

• Heat transmission/unit area/unit thickness/degree temperature  

• Heat Capacity (Cp) – of a material 

• Amount of energy storage within a material 

• Density (ρ) – of a material 

• Mass per unit volume 

Actual Heat Flow 

• Conductive heat flow (q) watts  or BTU/hr 

Thermal Performance (per area) 

• Thermal transmission (U) of assembly 

•  Heat transmission/unit area/degree temperature  

• Thermal Resistance (R)  

• Inverse of U 



PARALLEL PATH HEAT FLOW 
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𝑈𝑡𝑜𝑡𝑎𝑙 = 
(𝑈1𝐴1 + 𝑈2𝐴2 + 𝑈3𝐴3…)

(𝐴1 + 𝐴2 + 𝐴3…)
 ∙ ∆𝑇 

Utotal 

• Assumes heat 

flows are separate 

and do not 

influence each 

other 
 

• Averages overall 

heat flow/resistance 

based on the areas 

of components 



PARALLEL PATH METHOD 

9 

R2 for 9” slab edge 

R20 for 8’3” wall 
1

𝑅
=  

0.75 × 1
2 + 8.25 × 1

20 

0.75 + 8.25
 

𝑅 ≅ 11.5 



• Parallel path doesn’t tell the whole story 

 

• Many thermal bridges don’t abide by “areas” ie: shelf angle 

 

• Can greatly affect the thermal performance of assemblies 

THERMAL BRIDGING 

 

 

 

 
 

 

 

 



OVERALL HEAT LOSS 

 

 

 

 
 

 

 

 

 

 
Additional heat loss 

due to the slab 

oQQ slabQ



OVERALL HEAT LOSS 

 

 

 

 
 

 

 

 

 

 

LQslab /

The linear transmittance 

represents the additional heat 

flow because of the slab, but 

with area set to zero 

 

 



ADDRESSING LATERAL HEAT FLOW 
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THE CONCEPTUAL LEAP 

 

 

 

 

 
 

 

 

 

 

 

Types of Transmittances 

Clear Field Linear Point 

oU
psi chi 



OVERALL HEAT LOSS 

Total Heat loss 

    LAUTQ Totalo )(/

Heat loss due to 

interface details 
heat loss due 

to clear field + = 

𝑈𝑇 =
𝛴  ∙ 𝐿 + 𝛴(χ)

𝐴𝑇𝑜𝑡𝑎𝑙
+ 𝑈𝑜 

OR 

OR 
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1 Concrete Clear Wall 
2 Parapet 
3 Flush Slab 
4 Balcony Slab 
5 Window Transition 
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Proposed Building Entries Totals 1975.7 100% Base Building Entries

1
Clear Field Exterior wall 22957.00 ft2 0.040 BTU/ hr ft² °F

Enter Source 

Here
918.3 46%

Enter Base 

Clear Field U-
BTU/ hr ft² °F

Linear Interface 

Detail
Parapet 1879.21 ft 0.231 BTU/ hr ft °F

Enter Source 

Here
434.1 22%

Enter Base Psi-

Value
BTU/ hr ft °F

Linear Interface 

Detail
Floor Slab 2179.56 ft 0.286 BTU/ hr ft °F

Enter Source 

Here
623.4 32%

Enter Base Psi-

Value Here
BTU/ hr ft °F

Linear Interface 

Detail
Glazing Transitions 2757.63 ft

Enter Psi-Value 

Here
BTU/ hr ft °F

Enter Source 

Here
- -

Enter Base Psi-

Value Here
BTU/ hr ft °F

Point Interface 

Detail
Enter Description Here

Enter Amount 

Here
#

Enter Chi-Value 

Here
BTU/ hr °F

Enter Source 

Here
- -

Enter Base Chi-

Value
BTU/ hr °F

Add/Remove Detail
Transmittance 

Type
Include Transmittance Description

Area, Length 

or Amount 

Takeoff

Units
Transmittance 

Value
Units

Source 

Reference

Heat Flow

(BTU/hr°F)

%Total Heat 

Flow

Base Building 

Maximum 

Allowable 

Transmittance

Units

Add Clear Field

Add Linear Interface Detail

Add Point Interface Detail

Remove Linear Interface Detail

Remove Linear Interface Detail

0.086

11.6

Proposed Building

Opaque U-Value

(BTU/hr ft2 oF)

Effective R-Value

(hr ft2 oF/BTU)

R-25 ---> R11.6 



CONCRETE WALLS 

SI  
(W/m∙K) 

IP 
(BTU/hr∙ftoF) 

 0.81 0.47 
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Think about it! 
An R10 wall would have a transmittance of 0.1 

BTU/hr∙ft2oF.  One linear foot of this detail is the same 

as 4.7 ft2 of R10 wall (or 7.3 ft2 of R15.6 wall)  

𝑅 ≅ 11.5 

𝑅 ≅ 9.8 

Parallel Path 

Linear Transmittance 



THERM MODELING 
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oU

Clear Walls 



WHERE TO FIND DATA 

• ASHRAE 90.1 Appendix A 

• Manufacturers Reports 

 

• Building Envelope Thermal 

Bridging Guide 

• Extensive catalogue of 

assemblies (300+) 

• Includes clear field 

transmittances for a variety of 

constructions and 

configurations 



USING ASHRAE 90.1 APPENDIX A 
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What is Reff value (1/ U0) 

• Wall with no insulation in stud cavity 

or exterior insulation (see table A3.3) 

• What might  R13 in cavity add 

• What might R15 exterior insulation 

add (see table A3.1D and/or A4.2)  

 



ASHRAE 90.1  STEEL STUD WALLS 
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How does ASHRAE 90.1 deal with bridging?  

TABLE A3.3 Assembly U-Factors for Steel-Frame Walls 
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= R-8 

= 2.8 

= R-13 

For Continuous Insulation 



 

 

 

 
 

 

Vertical Z-Girts Horizontal Z-Girts Mixed Z-Girts Intermittent Z-Girts 

CLEAR WALLS 

25 



EFFECT OF THERMAL BRIDGING IN 3D 
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From 3D Modelling 



Glazing Spandrel Areas 
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Curtain Wall Comparison 

Spray Foam 



EFFECT OF THERMAL BRIDGING IN 3D 
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Without Sprayfoam 

With Sprayfoam 



Glazing Spandrel Areas 
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Detail 22 (Air in Stud Cavity) Detail 23 (Spray Foam in Stud Cavity)
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30 

Linear 

Transmittances 



WHERE TO FIND DATA 

• ISO 14683 

• If nothing else available 

• Manufacturers Reports 

 

• Building Envelope Thermal 

Bridging Guide 

• Extensive catalogue of 

assemblies (300+) 

• Includes linear transmittances 

for a variety of constructions 

and configurations 



documents/ISO_14683;2007(E)-Character_PDF_document.pdf




LINEAR TRANSMITTANCE RANGES 
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



              

Condition 
  

Clear Wall 
R-Value (W/m2K) χ   

Btu/hr oF (W/oK) 

Continuous Beam 
R-17 (3.04) 1.73 (0.92)   

With Schoeck Isokorb Type S 
R-17 (3.04) 0.91 (0.48)   



Modeling Input 

 



MODELING INPUTS 
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• Create layers of materials as appropriate to build up 

construction 

• De-rate the insulation layers to account for thermal 

bridging 

• Mass of assembly is maintained 

• Some programs already de-rate insulation layers for 

steel studs, etc.   

• Typically not a complete picture – don’t rely on 

software automation – it doesn’t know as much as 

you do! (relying on wizard not an excuse) 

• Note whether your software includes outside air film in 

it’s calculations 

 

 

 



R-VALUE RESOLUTION 
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• Resolution of R-Value ie: Whole 

building R-value, elevation R-

value, wall type R-value, zone R-

value 

• Method can be scaled 

• Depends on the purpose and 

accuracy of model required 

(professional judgment required) 

• For example, heat load calcs 

may require more granularity if 

deemed appropriate (zone level) 



ROLES AND RESPONSIBILITIES 

40 

• Calculations well within expertise of energy modellers 

and mechanical engineers 

• Selection of details will require discussion and 

coordination with architect and/or building envelope 

consultant 

• Recommendations will be at the discretion of the 

modeler depending on his/her expertise (like any 

other building system) 

• Don’t be afraid to collaborate with design 

teams! 

 

 



PRELIMINARY MODELLING 
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• What do you do in early 

design when there is little 

information yet 

• What are appropriate 

generic levels details? 

• How can we input these into 

our models? 



Exercise 1 – Determine Heat 

Loss Elements (15min) 
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Exercise 1 – Determine Heat Loss Elements 

As an energy modeler, we are brought on early in the design of 

this office building. The details haven’t been drawn up yet and 

the majority of the design is preliminary. The architect has the 

basic look of the building through elevation and plan drawings.  

The architect gives you the following: 

 The building will be concrete floors with steel stud walls 

 There will be a mix of steel stud assemblies and curtain wall with 

insulated spandrel panels as the envelope 

 The cladding will be a mix of brick, stone and metal panel 

Looking at A-1, A-2 and A-3 determine what the heat loss 

elements are. What are the clear walls? What are the linear 

details that can probably be expected on this building?  



Exercise 2 – Preliminary 

Estimation (45min) 
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 Exercise 2 – Estimation 

With the basic elements determined, the architect then asks for a preliminary energy 

model of the building. For the envelope, the architect gives you more information:  

 

• For the stone and metal cladding, they are going to go with a clip system for both, 

but don’t know which yet. As a result the detailing will be the same for these walls. 

The brick will be held on by brick ties. These systems will be split insulated with 

the same level of exterior insulation and R-12 batt in the stud cavity.  

 

• They are looking at conventional curtain wall system with 5ft high spandrels (2.5ft 

above and below the slab) and some amount of insulation in the backpan 

  

Based on this new information, using A-1, A-2 and A-3, combine like assemblies and 

details where appropriate, then determine preliminary take-offs for the building (areas 

of the clear fields and lengths of linear details) for one elevation, since all elevations 

are the same.  
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• Using the Visual Summary, provide some preliminary values for the 

clear field assemblies. 

 

• From there, using your judgment, select preliminary values for your 

linear details using the ranges in Part 1 of the Guide. What types of 

details should be selected in preliminary design if there are no 

details yet? Poor? Improved? 

 

• Insert the values for the takeoffs and linear transmittances and 

assume a level of insulation for the exterior walls and insert that 

value. Using the heat flow %, are there recommendations you can 

make? 



Break (15min) 



Exercise 3 – Detailed Model  

(45 min) 
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 Exercise 3 – Detailed Model 

 

The design has progressed and now the architect has developed many of the details 

and has provided them in a drawings package, shown in the detail list A-4, A-5 and A-

6.  

 

• It has also been determined that the clip system will likely be the Knight Wall MFI 

with 3” of rigid insulation (R-15). The brick system will have the same amount of 

insulation.  

• The backpan of the spandrels will have 3” of mineral wool (R-12.6) 

 

Using the Building Envelope Thermal Bridging Guide Appendices, match the 

appropriate details to what is shown in the drawings package and determine the 

overall building U-Value.  



Exercise 4 – Improving the 

Model (20min) 
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 Exercise 4 – Improving the Model 

 

The architect now indicates they will be going for the BC Hydro New 

Construction program and as a result they want to see how their current 

design stacks up. 

 

Determine the Base Building U-value and insert it into the spreadsheet 

 

How does it compare? What recommendations can you make to improve 

the design? What would be the first place to suggest an improvement? 

 

 

The architect indicates that, due to other design constraints, they want to be 

over 20% better on the envelope than the Base Building. What else can be 

done? 



Questions? 


