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• Commissioning
• Background 

• Differences & Similarities w/ Cx & BECx

• Building Enclosure Performance

• Environmental Loads

• Driving Forces

• Control Layers

• Case Studies: HVAC related Enclosure issues

• ASHRAE 160

WHAT TO EXPECT TODAY



COMMISSIONING: WHAT IS IT

A structured quality 
process (assurance & 
control) intended to 
ensure that a building, 
when delivered, meets 
the owner’s 
requirements
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COMMISSIONING: ATTRIBUTES & SCHEDULE

System CxEnhanced Fundamental

Phase: Pre-design
Schematic

Design
Design
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Construction
Documents
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Construction
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Occupancy

Owner's Project Requirements (OPR)

Commissioning Plan (Cx Plan)

Basis of Design (BOD)

Design Review

Commissioning Specifications (Cx Specs)

Submittal Review

Installation Quality Verification (Site Visits)

System Manual

Training

Checklists

Functional Performance Testing (FPT)

Commissioning Report

Seasonal Testing

Warranty Review

Lessons Learned Workshop

Commissioning Focus:
Define Project
Expectations

Quality Assurance
Quality 
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Training & 
Maintenance



BUILDING ENCLOSURE 
PERFORMANCE

Building as Environmental Separator
• Environmental Load (i.e. what are we concerned about separating)
• Driving Forces (i.e. why would it need to be separated)
• Control Layers (i.e. how do we manage the separation)



ENVIRONMENTAL  LOADS

 MOISTURE
 Bulk Water (Liquid): Large groups of 

molecules stuck together
 Vapor (Gas): Individual or small 

groups of molecules stuck together
 Solid
 Absorbed

 AIR
 ~78% N2, 21% O2, 1%Ar,….

 HEAT (Energy)

 OTHERS
 Fire (Wildland-Urban Interface), 

Earthquake, Insects, UV, etc.

MOISTURE SOURCES

 Rain (including groundwater, flood water, 
etc.)

 Plumbing / plumbing leaks

 Interior vapor (generated by occupants & 
occupant activities & equipment)
 Natatoriums
 Museums
 Medical Facilities
 Electronic Equipment Rooms

 Exterior vapor (atmospheric)

 Meltwater (snow & ice)

 Construction moisture (built-in)



DRIVING FORCES

2nd law of thermodynamics

 Entropy always increases
 As energy is transferred or 

transformed, its ability to do relative 
work decreases

Gradients

 Thermal gradient
 Heat flows from Hot to Cold

 Concentration gradient
 Water flows from more to less

 Pressure gradient
 Air flows from higher to lower air 

pressure

 Vapor flows from higher to lower vapor 
pressure (generally following 
temperature gradient)



BULK/LIQUID  WATER TRANSPORT

KINETIC 
ENERGY

SURFACE 
TENSION

GRAVITY

CAPILLARITY

AIR 
PRESSURE



WATER VAPOR TRANSPORT

Diffusion

 Driven by vapor pressure gradient / 
differences
 Typically acts in the same direction as 

heat flow (higher/more to lower/less)

 Controlled by vapor retarders
 Performance Measured in perms 

(grains / (hour x SF x in HG))

 Continuity IS NOT critical

 Vapor retarder materials typically meet 
air barrier material requirements, but 
are not air barriers

Displacement

 Driven by differential air pressure & 
movement
 Moves from higher to lower or more 

dense to less dense

 Controlled by air barrier systems
 Performance Measured in CFM/SF at a 

Given Pressure (typically .3” H2O)

 Continuity IS critical

 Air barrier system materials may or 
may not be vapor retarders depending 
on design

2 Lstiburek, J. W. (2024). BSI-149: Slide Rules, Pocket Protectors, Cigarettes and an Iconic Building Science Image. Building Science Corporation



HEAT TRANSFER



HEAT TRANSFER IN ASSEMBLIES

Convection

 Convection + Radiation (where a large 
differential temperature exists) ≈ 
Total Heat Flow Across A Cavity

  There are many openings/joints 
through which air can flow by natural  
& forced convection, but convection 
also happens within contained spaces

 Coupling can exacerbate air 
movement around (& sometimes 
through) components & assemblies

Conduction

 Q= C∆T = (1/R)∆T     
 C= thermal conductance

 R= thermal resistance

 ∆T= temperature difference

 Heat seeks the path of least 
resistance

3 Janssens et al. (2007). Brick Cavity 
Walls: A Performance Analysis 
Based on Measurements and 
Simulation. Journal of Building 
Physics  31(2): 95-124

Exterior
(~20 F)

Interior
(~70 F)



DRIVING FORCES

AIR PRESSURE GRADIENT SOURCES



MANAGING ENVIRONMENTAL LOADS



MANAGING ENVIRONMENTAL LOADS

“Parapets – Continuity of Control Layers” Benjamine Meyer, GAF



ENCLOSURE & MECHANICAL

AND / OR



ENCLOSURE FAILURE TRENDS

Failure Causes Failure Mode

1 Dunham, L. (2019). Historical Building Enclosure Performance Through the Lens of Forensic 
Investigations. International Institute of Building Enclosure Consultants, Interface Magazine.



ASHRAE  160

Hygrothermal Modeling / Analysis 
(WUFI, Moisture-Expert)

 Guidance other than ASHRAE 160: 
Criteria For Moisture-Control Design 
Analysis In Buildings is limited.
 Criteria for Selecting Analytic Procedures
 Criteria for Inputs
 Criteria for Evaluating Outputs

 Does not specifically address human 
health or comfort

 Hourly time step including
 Energy Transport (incl. latent effects)
 Material Properties (function of moisture)
 Water transport (capillary, deposition, 

storage, vapor diffusion, water leakage)
 Ability to Model Ventilated Cavities

 Exterior conditions based on 10 
consecutive years of data or design 
reference year
 Air Temperature (dry-bulb)

 Vapor Pressure

 Solar Insolation

 Average Wind Speed & Direction

 Rainfall (w/ deposition on exterior & WRB)

 Cloud Index

 Performance Evaluation Including
 Mold Growth

 Corrosion



TRANSIENT MATERIAL PROPERTIES

Moisture Dependent 
(ASHRAE Fundamentals & Mfr. Data)

Temperature Dependent

7 (2013) Info-501: Temperature Dependency of R-values in 
Polyisocyanurate Roof Insulation. Building Science Corporation.

A

B

ASTM E96 
Methods

Adapted from:
6 Lstiburek, J. (2017) Insight – 099: It’s All Relative. Building Science Corporation.



ACCEPTABLE WALL PERFORMANCE

Acceptable wall hygrothermal performance 
analysis considerations

 Condensation
 Glaser Method (monthly avgs.): None. Below 

Saturation Vapor Pressure / Dewpoint

 Transient Model (WUFI): Dries

 Mold 
 Dependent on materials (food), temperature, 

& RH: <80% RH

 Corrosion:
 Dependent on metal

 30-day average of hourly surface RH: <80% RH

8 Kurs, M., Sedlbauer, K. (2001) Mold Growth Prediction by 
Computational Simulation. Fraunhofer Institut Bauphysik.



Start moisture design

Architect

Mechanical
Engineer

Contractor

Define building assembly

Assign material properties

Select initial conditions (4.1)

Select outdoor climate (4.5)

Select exposure condition (4.6)
potentially impacted by design 

Determine indoor conditions 
(4.2-4.4, also flow chart 2) 
Temp., humility, & pressure

Acceptable 
performance (6)? 
Corrosion mold

Perform analysis (5)

Report 
results (7)

Change 
in HVAC 
design

Change in 
construction 

design?

no

no

no

yes

yes

yes

protected / dried construction

Add initial 
drying
Procedure?



Section 4.2

Indoor
humidity
known?

Use specified 
design 
humidity

Use default 
values

Section 4.4

Use 
Flowchart 3

Simplified 
method (4.3.1)

Full parameter 
method (4.3.2)

Intermediate
method (4.3.2)                

yes no



Intermediate
Method (4.3.2)

Humidistat 
control or 

dehumidifier
?

Air-
conditioner

on?

Calculate 
humidity
(Eq.4-4)

RH control 
setpoint 

specified?

Setpoint = 
50% RH

RH from 
Eq 4-4 > 

setpoint?

Use calculated 
humidity (Eq. 
4.4)

Use RH 
setpoint

Section 4.4

Use RH 
setpoint

RH from 
Eq 4-1 > 

setpoint?

Use calculated 
humidity (Eq. 
4.4)

RH control 
setpoint 

specified?

De-
humidifier

?

Determine 
moisture 
generation 
(4.3.2.1.1 or 2)

Determine 
ventilation-
rate
(4.3.2.1.3 or 4)

Calculate 
humidity 
(Eq. 4-1)

Setpoint = 
50% RH

no

yes

yes

yes

yes

no

no

no

no

no

no

yes

yes

yes





Code Study – Case 3: Mineral Fiber Exterior Insulation
Plywood Sheathing Moisture Content

Code Study – Case 4: Foam Plastic Exterior Insulation
Plywood Sheathing Moisture Content

Code Study – Case 3: Mineral Fiber Insulation 
Mold Isopleth @ Interior Gyp Face
Case 4 w/ foam plastic is very similar

Code Study – Case 3: Mineral Fiber Insulation
Mold Isopleth @ Interior of Plywood Sheathing

Code Study – Case 4: Foam Plastic Insulation
Mold Isopleth @ Interior of Plywood Sheathing



THANK YOU
Karl Kaufman, BECxP, PE, AIA            (515)975-2220           karl.kaufman@systemworksllc.com
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