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Human comfort in buildings is essential to providing  
 an environment conducive to productivity. Just about 
 every building that you walk into has some type of 
 HVAC (Heating, Ventilating and Air Conditioning) 

system installed. The need may be cooling by air conditioning 
equipment, air temperature control in our homes, or even special 
exhaust systems to help remove dangerous fumes.  No matter how 
you look at it, HVAC has a huge effect on our everyday life. 
 
HVAC consists of various support systems necessary to provide 
conditioned air to meet certain specifications.  For comparison of 
applications, some of the HVAC systems listed below can be self 
contained, while other systems require pumps, piping, special valve 
applications and other support equipment. If not properly designed, 
constructed and maintained a mechanical failure or water damage 
may occur. 
 
Packaged Roof Top Air Handlers – Typically, this type of system 
is common for small buildings used for retail space or restaurants.  
 
Support Systems – Depending on the type of HVAC system being 
utilized, there are a wide range of support systems and components 
such as: 
· VVT (Variable Volume & Temperature) Systems - these pro-

vide air circulation for up to seven zones (or areas) of a build-
ing, and are primarily used with a small packaged rooftop unit 
or heat pump. 

· Water Cooled Chillers or Air Cooled Chillers - are used to 
provide chilled water for the coil of an air handler, or multiple 
air handlers, or fan coil units for a large building such as a 
multi-story high rise “mixed use” type building. Examples of 
these structures include hotel rooms, condominiums, retail 
spaces, schools, hospitals, universities and large office build-
ings where multi-zones are required. 

· Boiler Systems or Hot Water Tanks – Boilers primarily provide 
heating water for coils of large air handlers or multiple smaller 
air handlers provided for designated zones like hotel guest 
rooms and individual offices. Equipment termed a “hot water 
tank” generally and most commonly provides the domestic hot 
water demand for hotels or office buildings where zones are 
not an issue. 

(HVAC Continued on page 2) 

HVAC Systems and 
Possible Failures 
By Jim Evans, Senior Mechanical Engineer 

How Mechanical Systems Affect 
Building Enclosure Failures  
By Jeff Harris, AIA 

The damage is commonly reported as wood rot, mold growth, 
corroded metal, water staining on the floor, wall, and ceiling 
finishes, and/or the presence of musty unpleasant odors. The 
cause of the damage is unintended water within the structure.  
So, how did the water get there?  Sometimes the answer is 
clear and simple to deduce.  Sometimes it is not. 
 

Unexpected, unintended, or uncontrolled temperature changes 
within structures often result from unwanted air movement 
caused by normal solar radiant heating and night sky cooling. 
These environmental changes can cause air movement into 
habitable areas through unintended gaps or defects in the 
building envelope. Unwanted air movement can also occur in 
hollow or concealed areas of a structure such as the attic or the 
interior spaces of walls, floors, and ceiling.  Both of these con-
ditions can result in the formation of condensation and the 
movement of liquid water within the structure. 
 

Some common, but inappropriate practices used during the 
installation of mechanical systems can also result in unwanted 
heat loss or gain, the creation of excessive air borne water 
vapor, and the formation of condensation. Some of these com-
mon practices include the installation of improperly sealed or 
un-insulated mechanical ducts, improperly sealed return air 
plenums (ducting), and the inappropriate placement of heating 
and air conditioning equipment in un-insulated attics and crawl 
spaces. 
 

Using a variety of investigative tools and methods, including 
smoke testing, infrared thermo-graphic analysis, psychrometric 
(study of thermodynamic properties) evaluation, and air pres-
sure analysis it is possible to determine, with an acceptable 
degree of architectural and engineering certainty, what, if any, 
contribution a mechanical system installation or other con-
struction or material defects may have had in relation to wood 
rot, mold, corroded metal, staining or unpleasant odors.                  
 

Check out our new offices! 

Our Portland office (pictured) has moved to 
4636 North Williams Ave.  Our Denver office 
has relocated to 3545 S. Platte River Dr, #M2 

in Sheridan, CO. 
 

We have expanded with additional satellite 
offices in Anchorage,  

Honolulu, Milwaukee, Phoenix,  
Spokane and Salt Lake City. 

 

Typical small rooftop “packaged” AC unit   



4-Pipe Fan Coil Units—These can be used for any designated zone in 
a multi-story building or any other type building where zones need to 
be separate and designated. Support systems usually consist of a 
boiler, chiller, pumps, controls and separate thermostats. 
 
Pumps – Some of the systems previously described require pumps to 
keep water moving through coils in air handlers.  Pumps, or their com-
ponents, can fail due to improper connections or sizing of the pump 
for the intended system. The latter can cause improper operation 
which can result in damage to the internal workings of the pump. 
Eventually the pump will stop working. 
 
Air To Air Heat Pumps – This application is most widely used in 
small 2-3 story office buildings due to the simplicity, cost and ability 
to control each zone for designated work areas. The heating element is 
usually specified by the engineer to include a high temperature limit 
switch in the event that the electric heating coil fails to shut off.  If this 
happens, it can become extremely hot, and could play a large part in 
starting a fire. 
 
Refrigerant Coils in a Split AC system – These coils are customarily 
located in the evaporator portion of a split air conditioning system.  
The outdoor condenser portion (where heat is rejected) could be ap-
plied to single zone areas suited for schools and small office buildings 
as well as private residences. This system requires refrigerant piping 
to be connected between the evaporator and condensing unit. 
 
Large Air Handler Support Systems – Universities, high rise build-
ings, industrial and food processing plants, large bio-laboratories and 
pharmaceutical facilities are excellent candidates for the application of 
large air handlers that contain chilled water coils, heating water or 
steam coils, multiple filter banks, air supply fans and return air fans. 
 

Excessive Vibration Failure 
Proper design and material selection is essential for long lasting func-
tionality.  An example of a poor design involved a PVC pipe that had 
been added between a pump located on the floor of a mechanical room 
and the connection to a carbon steel pipe above at the ceiling level.  
The vertical PVC pipe run included a PVC check valve, and a PVC 
shut off/ balancing valve.  The PVC pipe was too small in diameter for 
the quantity of water discharged by the pump, causing extreme water 
velocity through the smaller pipe, into a larger pipe overhead. The 
piping design, materials used, and the unusually high velocity of water 
contributed to a tremendous vibration of the PVC pipe.  There were no 
vibration isolators installed to separate the pump from the concrete 
floor, nor was there a flex connector between the pipe and the check 
valve to absorb the vibration the pump was producing by not being 
isolated from the concrete floor. Additional vibration was caused by 
the excessive water velocity in the pipe. It was determined that the 
PVC check valve structurally failed primarily due to the excessive 
vibration of the PVC pipe over a period of time.  

(HVAC Continued from page 1) Coil Freezing Failure 
One of the more common failures that occur in this type of system is 
coil freezing, where ice actually builds up on the refrigeration cooling 
coil, customarily downstream of the supply fan.  Filters located down-
stream of the fan must be kept clean and changed often so that air flow 
through the coil is not restricted. If this happens the air velocity 
through the coil is reduced and the temperature around the coil drops  
because it is “chilling” a lesser amount of air than it was designed for. 
Consequently, condensation forms on the coil and ice begins to build 
up preventing air from passing through.  Providing an alarm and a unit 
shutdown switch may prevent serious damage to the unit and adjacent 
structures.  

 
Short Cycle Failure 
It is not uncommon for some parts of a building to be extremely cold 
while other parts are too warm.  In one particular case a large univer-
sity reported problems with temperatures in various zones during the 
summer.  The air handler was providing extreme cold air to a certain 
section of the building to such an extent that heating was actually 
required when that section was occupied by students.  This condition 
occurred in the summer even when the outdoor temperature was 95º.  
The university was spending money to overcool a space, then spend-
ing more money to warm the same space to a comfortable level. 
 
The HVAC system consisted of a dedicated large air handler which 
provided conditioned cold air to a large number of zone terminal units. 
An additional dedicated air handler provided heated air to the same 
zone terminal unit by a separate duct system.  The temperature of the 
air discharged to the space was the result of the combined warm and 
cold air.  The quantity of warm and cold air needed to meet the tem-
perature requirement of the zone was regulated by the dampers in the 
terminal box.  Outside ventilation air as well as re-circulated air was 
used at each zone terminal unit.   
 
The arrangement of piping to two large boilers that supplied heating 
water to produce heated air was causing the boilers to “short cycle” 
because they were operating below their capable capacity, therefore 
the heating water supply was never at an optimum and the fuel cost for 
starting and stopping (short cycling) was very high. 
 
The solution to the air handler problem did not require the use of a 
“spare” boiler available to reheat the over cooled section of the build-
ing.  It  made more sense to allow 100% of the outside air, which was 
consistently 95º during the summer, to enter the space resulting in free 
re-heating.  This solution required a minimum amount of duct modifi-
cation. The boilers required only a small amount of re-piping to allow 
one boiler to provide the total heat requirement for the building, plac-
ing the other boiler on standby.  This would allow the primary boiler 
to operate in a “high fire” mode, thus eliminating short cycling occur-
rences. The cost of natural gas fuel usage was drastically reduced, and 
areas of overcooling were eliminated. 
 

Failed “check valve” due to excessive vibration. 

Deformed 
Edge 

Ice build up on a frozen refrigeration cooling coil  



Other Common Failures In Large Systems 
 

Pump Cavitation can happen if either the chilled or heated water  
pumps are not properly sized. “Cavitation” is a term used when the 
pump lacks enough power to overcome the resistance in the piping 
system. If not attended to the pump will eventually fail, potentially 
leading to property damage and large repair bills. 
 
Inadequate heating for a zone or zones – Possible causes:               

· Boilers improperly sized that fail to meet the heating load or 
capacity of the building. 

· Boiler flue (exhaust) may be too long of a run, causing the boiler 
flame to operate improperly. 

· Boiler piping– if the primary piping is not properly sized or in-
stalled the boiler cannot operate in a “high fire” position.  As a 
result, the boiler will short cycle (start and stop) continually and 
will not burn fuel at a proper rate. 

 
Not enough air flow to a zone or zones -  Possible causes:       

· Crimp in the flexible duct to a zone terminal box, thus restricting 
the air flow. 

· Improperly sized zone terminal box for the zone demand. 
· Static pressure of the main system is too much for the main air 

handler or terminal box to overcome which would not allow the 
required amount of air to flow.  

· Wrong fan type.  
 

Diffusers too noisy  - Possible causes:  
· Too much air flow / velocity at the diffuser. 
· Air volume damper too close to the diffuser. 
· Duct size to the diffuser is too small. 
· Improper selection of the diffuser. 
· System not properly air balanced. 

 
There are many other reasons for malfunctions of a system not included 
here.  This is just a representation of the most common issues.  
 
HVAC systems, no matter how large or small, properly engineered for 
reliability and maintained after construction, can provide many years of 
reliable service without serious incidents. 
 

*For more information or questions regarding HVAC systems and fail-
ures contact Jim Evans at jevans@case4n6.com 

The electrical power supply to air conditioning systems must assure 
personnel safety and the protection of property from the hazards associ-
ated with electricity.  The National Electric Code (NEC) article 440 is 
dedicated to ensuring that this is accomplished for the electrical power 
supply to air-conditioning and refrigeration equipment.  NEC Article 440 
sets the requirements for 1) electrically disconnecting AC equipment 
loads, 2) providing adequate electrical service capacity, and 3) electri-
cally protecting equipment.  These requirements are expected to remain 
in place for the user or occupant long after the final electrical inspection 
and certificate of occupancy is issued. 

 
A disconnection means is intended to remove the electrical power during 
equipment servicing or emergency conditions, such as electrical fires or 
explosions associated with the equipment.  In the interest of safety for 
anyone who may need to react swiftly to adverse conditions or situa-
tions, the location of the disconnecting means is required to support easy 
access and operation, and be within sight and a limited distance from the 
equipment that it is serving. 

 
Providing adequate service capacity is necessary to prevent overloading 
conductors and to maintain proper operating voltages to equipment.  An 
overload conductor will overheat and cause the conductor’s surrounding 
insulation to fail.  Such a failure would interrupt equipment operation 
and could start a fire.  Assuring proper service capacity involves using 
properly sized conductors that are able to carry the electrical current 
demanded by the equipment without overheating. 

 
NEC article 440 ensures that adequate protective devices are installed to 
prevent or minimize equipment damage under the many adverse electri-
cal conditions that may arise.  The most popular protective device is the 
circuit breaker that is intended to de-energize a circuit when electrical 
current exceeds its trip rating.  Following the code requirements ensures 
that a properly sized circuit breaker is installed to prevent overloads yet 
avoid nuisance trips under a variety of equipment configurations. Pro-
tecting the equipment is essential to avoiding equipment damage and 
subsequent extended outages.  A building without air conditioning on a 
hot day can be detrimental to health and the continuance of a businesses 
operation.  

 
Copyright 2008, CASE Forensics  

 

Requirements for Electrical Service to Air-
Conditioning and Refrigeration Equipment 
By Tom Battisto, PE, Senior Electrical Engineer 

Look For Us At These 
Upcoming Events 

 
OCAA Golf Tournament 

Colwood Golf Club, Portland, OR   
July 25, 2008 

 
CDLA Annual Conference 

Vail Marriot Mountain Resort, Vail, CO August 
14-16, 2008 

 
IEEE-EMA Oregon OctoberBest  
Tektronix, Inc., Beaverton, OR  

September 24, 2008 
 

SAE Commercial Vehicle Engineering Congress 
& Exhibition, Rosemont, IL  October 7-9, 2008 

 
 

Win A  
$50 Gas Card 

 
Did you know?   

Cranes for lifting heavy loads were 
invented by the Greeks in 6th century BC. In most 

states a permit is  
not required to erect a crane and  

Washington is one of only 
4 states that are currently taking 
steps to improve crane safety. 

 
How many crane accidents and  
fatalities were reported in 2007? 

 
Email your answer to lochoa@case4n6.com 
1 winner will be drawn from the correct answers 
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