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FORENSIC EVALUATION, INFRARED IMAGING,
COMMISSIONING AND EVALUATION

Why Air Barrier?

• The air barrier is the “skin” of the building

• It is what keeps the conditioned air inside longer

• The longer the conditioned air stays the less the 

equipment has to run.

• In many instances the tighter the structure the 

smaller the  size of the equipment  is required to 

meet the heat gain/loss



Financial Impact
●Accelerated deterioration

● Increased energy costs

● Unstable budgets

● Reactive maintenance

● Unnecessary impact on the

environment

Mechanical Impact
● Short cycling of equipment

● Fuel pricing

● Sick building syndrome

● Health care costs

● Loss of production

● Building deterioration

● Thermal conditions

● Cubic footage of interior space

● Infiltration rate

● Hot and cold spots

● Low-lit areas

● Leaky and dripping water run-on

Occupant Impact

This is what makes the retrofit on new building envelope so important.



Forensic Evaluation & Infrared Imaging 

Construction Installation Mapping

• Building mapping

• Historical buildings

• Identify hidden fault (disconnected heat 

duct)

• Identifying pathways (yellow arrow)

Discovering issues as described above

during the evaluation process helps

eliminate waste and increases

efficiencies.



IMPORTANCE OF SEALING

Attic Penetrations

• Exfiltration occurs at the high 

pressure plane in a building.

• Where the attic is accessible, 

there are many exfiltration 

points that can be sealed. 

• The drawing to the right 

shows some of those areas 

where leakage occurs.



Typical Penetrations
These points are areas where, during initial construction and/or retrofits, 

holes have been opened to accommodate conduits, pipes and ductwork. 

These were never sealed. When open to the outside, they are direct points 

of entry through the building envelope, allowing the outside air to enter 

the building uncontrolled and unconditioned. Holes allow the 

communication of air between floors, areas above drop ceilings, and attics 

causing increases in the stack effect on buildings and impact negatively 

on the comfort of the occupants.

See examples in the next slide





Metal Panning and Roof /Wall Intersections

The diagrams on the next page details how air can enter through a 

seemingly “tight” wall system and via photos a closer look at the 

standard workmanship of the roof/wall intersection. It is important to 

note that the flashing detail is designed to shed water, not stop an 

upward flow of air.

The green arrow is the final trim flashing. The red arrow reveals an 

opening at the masonry and wood sill plate. The yellow arrow depicts 

the ends of the first felt layer not sealed. The light blue arrow details 

the second heavier layer not sealed. This allows air, moisture and insect 

migration into the building.





Empirical Observations



Stack Effect in Two or More Story Buildings

In winter, the air inside the building is 

warmer than that outside; it therefore has a 

lower density. This density difference, 

between the inside and outside air, sets up a 

pressure difference across the building 

envelope. The pattern of this pressure 

difference is shown in the left drawing, where 

the arrows show the direction and relative 

size of the pressure effect. This pattern is 

present in all heated buildings, and is 

known as the stack effect.



Mechanical Venting
• If a building has a mechanical venting 

system, then the flue effect is 

important. 

• The venting can create negative 

pressure, causing a vacuum on the 

building. 

• This phenomenon sucks air out of the 

rest of the building and reduces its 

pressure. 

• Cold air is pulled into the building 

through every crack and opening.



Wind Effect
From everyday experience, it is known 

that wind creates pressure – the 

stronger the wind, the greater the 

pressure.  When a wind blows around 

a building it creates an inward pressure 

on the up-wind side.  A very simplified 

form of wind effect is shown in the 

photo to the right. In practice, there is 

also a complicated wind pressure 

pattern across the building’s ceiling. 



Regulations for Buildings



US Army Corps of Engineers

The USACE requires all new buildings to pass an air 

leakage test where the results are less than or equal to 

0.25 cfm per square foot of exterior envelope at 75 Pa 

pressure.

The architect or design engineer is responsible for 

defining the envelope and calculating the envelope 

surface area to be used in the results calculations.



ASHRAE E-1827-96

• Reapproved in 2007

• Standard test method for determining air tightness of 

buildings using an orifice blower door.

• Good procedure for buildings under 50,000 square feet.

• Use of multi-fans can increase the maximum square footage.

• Does not establish minimum or acceptable targets for 

tightness.

• There exists a minimum building tightness formula but it 

does not match tightness standards for commercial buildings.



ASHRAE 1478-trp
• Measuring air tightness in mid- and high-rise non-

commercial buildings

• Study the ability of a contractor to reduce the 

uncontrolled leakage in a high-rise or commercial 

building

• Establish targets for tightness levels

• Help create viable modeling tools for assessing cost 

effectiveness on large structures



Forensic Evaluation & Infrared Imaging



Roof Inspection Services
• Identify water saturation

• Verify water concentrations

• Reduce misdiagnosis of water problem

• Make the repair “one time”

• Provide Quality Control



Inspections on Electrical
From the substation, through the transmission

lines to the smallest circuit.

• Deterioration

• Imbalance

• Overloads

• Rate the fault for its severity

• Place a timeline for repair



Heating System Inspections
Clogged lined

Evaluated the flow in steam traps

Identify thinning walls on boilers



Mechanical System Inspections
• Identify wear and tear

• Bad bearings

• Misaligned shafts

• Bushings overheating

• Manufacturing



From the difficult to the simplest details, leakage can be an energy hog.

Sealing the baseboard and penetrations through the interior skin as well 

as making sure the weatherstripping does its job are all things that can 

be checked through the IR and blower door testing long after 

conventional means have past.



Infrared Imaging 

Blower door testing



Additional Considerations



There are many areas where glass is a 

major portion of the exterior wall 

system. The “R-value” of the glass is 

usually less than two. Glass walls

are one of the biggest “energy sinks” 

assigned to the building envelope.

Thermal Panels in Glass Areas



Adding the thermal panels can 

increase the R-value to 13 or 

more. This photo is an archive 

example of utilizing the thermal 

panel in a glass wall. In this case 

the top transom was closed off to 

reduce energy costs. The glass 

remains in place and the panel is 

installed from the inside. It has a 

finished surface on the inside 

which is white but is also 

paintable.



In areas where the glass 

design is a feature of the 

building, thermal shades 

can be added. These 

shades can be fixed in 

place or operational.



Defining The Building Envelope

The skin of the building can 

be made of many materials 

pre-cast concrete; marble, 

metal and EIFS are but a few. 

But they all have something in 

common. That is the skeleton 

frame work from which the 

curtain walls, windows, roof 

and doors are hung.



Envelope Issues

In many cases the exterior 

“skin” is anchored to the 

framework with no regard to the 

thermal properties of the “skin” 

and then it is forgotten. In this 

photo not only is there no 

insulation; an air path is open to 

each floor where the “skeleton” 

is attached outside of the 

concrete floor



Conductivity of Materials

There is s tremendous amount of heat loss/gain on 

the exterior wall due to conduction. There is a 

phenomenon that happens with regard to heat; heat 

always goes toward cold. In winter the wall acts as 

a heat sink. The warm conditioned air tries to warm 

the exterior wall “stealing” valuable Btus which 

were generated to warm the occupants and make 

the office area comfortable. In the summer the sun 

heats the masonry wall acting like a summertime 

radiator, radiating heat back into the building 

“stealing” the cooling.
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Thermax® insulation finish boards

Applications for post frame and metal 

buildings,

Tilt-up concrete or masonry walls

Two installation systems are available, 

both in custom

lengths:

• PVC tracking system with Thermax 

board

• Self-impaling system with Thermax 

board and seams taped vertically with 

trim at bottom

Wall Applications



Open Soffits

Soffits are no more than a window or door that  is 

open ALL of the time. Air flow is affected by the Stack, 

Wind and Mechanical Effects. The pathway is normally 

concealed by a drop ceiling. While this may have 

comfort issues for the immediate area; if the mechanical 

system utilizes the area above the drop ceiling as a 

plenum then greater energy waste and comfort issues 

abound.
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Windows: The Ultimate Prize

While all of the energy savings opportunities that have been addressed 

above are good “money savers”, there needs to be a fundamental 

reason to move forward with such a program. One of best reasons is 

that these items can help “buy down” the costs of an expensive 

building retrofit.

• Windows have been an elusive purchase because of the long 

payback

• Adding the energy savings from the water, electrical and building 

envelope upgrades change that statement.

• Windows now can be “paid for” out of the savings with no upfront 

costs nor out of pocket money.
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