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Abstract. This paper provides recommendations on thermal and moisture parameters in different types of
buildings under emergency operation in cold/arctic climates. We consider three scenarios under normal
operating conditions: occupied, temporarily unoccupied, and long-term unoccupied. These thermal
parameters are necessary to: (1) perform required work safely and efficiently, (2) support building
processes, and (3) support long-term integrity of the buildingunder emergency conditions (i.e., interruption
of fuel, steam, hot water, and electrical service that interrupts building space conditioning). Under
emergency conditions, requirements of thermal parameters for different categories of buildings may change.
Mission critical areas can be conditioned to levels that support the agility of personnel who perform critical
operations, but not to optimal comfort levels. Critical process requirements are given priority. This paper
was developed for military applications, based on research performed under the International Energy
Agency’s Energy in Buildings and Communities Program, Annex 73; under the Department of Defense
Environmental Security Technology Certification Program project EW18-D1-5281, “Technologies
Integration to Achieve Resilient, Low-Energy Military Installations,” and under the Office of the Deputy
Assistant Secretary of the Army project “Thermal Energy Systems Resiliency for Army Installations located
in cold climates.” Results are applicable to similar public and private sector buildings.

1 Introduction measures should be taken, and the thermal envionment

should be maintained when possible to prevent

During an emergency situation, requirements of significant damageto thesebuildings before they canbe
thermal parameters for different categories of buildings returned back to theirnormal operation.

or even parts of the building may change. When the

operation of normal heating, cooling, and humidity )
control systems is limited or unavailable, mission 2 Nor:r!\al (blue sky) operating
criticalareas canbe conditioned to the level of thermal conditions

parameters required to support the agility of personnel . . .
who perform mission critical operations, but not to the ,Uﬁder normal.op erapng conditions, for any given
level of their optimal com fort conditions. Beyond these building, factors like building envelope insulation and
threshold (habitable) levels, effective execution of alrtlghtnessz Vel}ulaUOnrates, thern}ost'a"c setpgmts,p]ug
critical missions is not possible and mission operators loads, and lighting levels have a significant impact on
have to be moved into a different location. These building energy consumption and cost. These factors
threshold limits of thermal parameters may be i a affect a building’s energy performance in any climate,
broader range compared to those required for themmal whetherarctic orhot/humid.

comfort, but notto exceed levels of heat and cold stress It is important that engineers and operations and
thresholds. However, special process requirements (e.g, mamten?lnce (O&M) p ers.onnel de.s1g1? for and use
with IT and communication equipment, critical hospital appropriate rates and setpoints to maintain these thermal

spaces, etc.) should be given a priority if they are more conditions, which provide occupant comfort, health, and
stringent. Broader ranges of air temperatures and productivity, and which minimize energy usage in
humidity levels in building spaces surrounding mission normal operation conditions and make thermal systems
criticalareas may beused, but theyneed tobe limited to more resilient durmg emergency operation. Setting
prevent excessive thermal losses/gains and moisture these rates and setpoints can be asmuch of an art as a

transfer through walls and apertures not designed with science, but there are a number of standard references

thermal, and air/vapor barriers. Finally, noncritical that are usedtohelpin the'operagonofthe building The

standalone buildings can be hibernated, but necessary folllowmg references provide guidance on the suggested
values.
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Thermal requirements include criteria for themmal
comfort and health, process needs, and criteria for
preventing the freezing of water pipes, growth of mold
and mildew, and other damage to the building materials
or furnishings. Under normal operating conditions, code
compliantbuildings are presumed to be free of mold and
mildew problems; if these conditions do occur, they
become matters for O&M intervention.

Thermal comfort and health criteria primariy
involve the temperature and humidity conditions i the
building. Too high a temperature means that occupants
are uncomfortably hot. Too low a temperature means
that occupants are uncomfortably cold. The wrong
humidity (rooms typically do not have humidistats)
means that occupants feel damp or sweaty or too dry.
Thermal comfort is defined by ASHRAE Standard 55
[1]. When the space is unoccupied during a short period
oftime (e.g., fewdays), the room thermostat should be
setbackto55 °F (12.7 °C). In spaces unoccupied for an
extended period of time (e.g, weeks), temperature
should be controlled at40 °F (5 °C).

Process related criteria include temperature and
humidity needed to perform the process housed in the
building (e.g., spaces with IT and Communications
equipment, critical hospital areas, industrial processes
[painting, printing, etc.]). While new design guidance
for computer systems indicates a much higher tolerance
for high temperatures than previously thought, thereare
specialized electronic and laboratory equipment that
have fairly tight temperature and humidity requirements
for protection from damage caused by electrostatic
discharge. Archival storage of important documents also
involves relatively tight tolerances for temperature and
humidity.

IT Facilities. Many mission critical facilities or
dedicated spaceswithin these facilities (e.g., emergency
operation centers, Sensitive  Compartmented
Information Facilities [SCIFs], Network Operations
Centers [NOCs], Network Enterprise Centers [NECs])
house computer systems and associated components,
such as telecommunications and storage systems.
Environmental requirements for spaces with IT and
Communications equipment may vary depending on
type of equipment or manufacturer. According to
ASHRAE [2], there are six standard classes of themal
requirements.

Class Al. Typically,a datacom facility with tightly
controlled environmental parameters (dew point [DP)],
temperature, and relative humidity [RH]) and mission
critical operations, including those housing servers and
data storage.

Class A2/A3/A4. Typically, the types of products
typically designed foruse in an information technology
space with some control of environmental parameters
(DP, temperature,and RH), are volume servers, storage
products, personal computers, and workstations. Among
these three classes, A2 has the narrowest temperature
and moisture requirements and A4 has the widest
environmental requirements. (Classes A3 and A4 donot
have special requirements to be considered.)

Class B. Typically an office, home or transportable
environment with a little control of environmental

parameters (temperature only), including personal
computers, workstations, and printers.

Class C. Typically,a pointof sale or light industrial
environment with weather protection.

In additionto four classesof requirements for IT and
Communications equipment facilities discussed above,
there are also requirements for Network Equipment-
Building System (NEBS) offices housing switches,
routers, and similar equipment with some control of
environmental parameters (DP, temperature, and RH).
Table 1 lists the recommended and allowable conditions
forClass Al,Class A2,and NEBS environments.

Table 1. Recommended and allowable conditions for Classes
A1-A2,and NEBS environments.

ClassA1/ClassA2 [3] NEBS [2]
Allowable | Recommended | Allowable [ Recommended
Conditions level level level level
Temperature
controlran
& 41 °F-
Al 51°F-89°F 64 °F-80 °F 104 °F | 65 °F-80°F
(11°C-32°C) | (11°C-27°C) (5 °C- (18 °C-27°Q)
A2 51°F-91°F 40°C)
(11°C-33%)
Maximum 9 °F/hr 2.9 °F/hr
temperature | (31 °F/hr)? (1.6 °C/mn)
rate of change (5 °C/hr
[2 °C/hr])
RH control
range
Al 10 °F (-11°C)
0
DP and 8%RH . . 59-85%
to62 °F(11°C | 15 °F-51°FDP )
)DPand  [(-1°C-11°C)DP 82°F Max 55%
80%RH andsoxrn | 2279
Max DP
A2 10 °F (-11°C)
DP and 8%RH
to 69 °F21°Q)
DP and 80%RH
19 °F/hr - fortape storage, 31 °F/hrfor all other IT equipmentand not morethan
9 °F in any 15 min period of time.

Health Care Facilities. Health Care Facilities
represent another group of mission critical facilities. Per
NFPA 99, Health CareFacilities [3] include, but are not
limited to, hospitals, nursing homes, limited care
facilities, clinics, medical and dental offices, and
ambulatory health care centers. This definition applies
to normal, regular operations and does not pertain to
facilities during declared local or national disasters.
Patient Care Spaces in Health Care Facilities are
described using the following four categories:

* Category 1 Space. Space in which failure of
equipment ora system is likely to cause major in-
jury ordeath of patients, sta ff, or visitors.

* Category 2 Space. Space in which failure of
equipment or a system is likely to cause minor in-
jury to patients, staff, or visitors.
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* Category 3 Space. Space in which the failure of
equipment or a system is not likely to cause injury
to patients, staff, or visitors butcan cause discom-
fort.

* Category 4 Space. Space in which failure of
equipment or a system is not likely to have a
physicalimpact on patient care.

Examples ofrequirements to thermal environment in

spacesincludedin categories 1 and?2 are listed in Table
2.

Table 2. Thermal environment requirements for selected
spaces in medical facilities [4].

Space T°F | T°C | RH,%
Class B and C operating rooms |68-75 |20-24 |30to 60

Operating/surgical cystoscopy |68-75 |20-24 |30to 60
rooms

Delivery room 68-75 [20-24 |30to 60
Critical and intensive care 70-75 (21-24 [30to 60
Wound intensive care (bum 70-75 (21-24 (40 to 60

unit)
Radiology 70-75 [21-24 |Max 60
Class A operating/procedure  |70-75 |21-24 |20to 60
room

X-ray (surgery/critical care and | 70-75 [21-24 [Max 60
catheterization)

Pharmacy 70-72 [21-22 |Max 60

The environmental conditions (temperature and
humidity) maintained in indoor spaces determine not
only the comfort of the occupants of those spaces but
also the long-term condition of the building itself.
Historically, only the dry bulb temperature (DBT) of
indoor spaces was controlled to achieve comfortable
indoor conditions for the occupants. Little attention was
given to control of moisture/humidity in the spaces. As
a result, many existing Army buildings have exhibited
mold/mildew problems.

Arctic buildings. Eliminating mold growth from
surfaces of buildings requires year-round control of both
the DBT and the DP temperature (or air RH) in the
indoor spaces in hot/humid climates. In arctic climates,
even those humidified up to 30% RH indoors should not
exhibit mold problems given the low tempermature and
vapor pressure outdoors. Preliminary transient
hygrothermal analysis (done as a part of preparation of
the Guide [5]) of commonarctic building walland roof
assemblies shows no risk of mold growth except for
atypical assemblies. The use of low-pemeance
insulating materials in walland roof assemblies presents
strongassurance of good moisture performance.

Temperature may be set back in arctic buildings
during short- andlong-tem periods, provided measures
are taken toprevent pipe bursting. See below. This may
require keeping the interior of the building heated to
50 °F (10 °C). Setting back temperature does not present
a mold risk in arctic climates. Of course, outdoorair to
the building should be shut off during unoccupied
periods.

It is important that designers and O&M personnel
design and maintain the building and heating
ventilating, and air-conditioning (HVAC) systems to
satisfy all three categories of requirements. In most of
cases, thermal comfort requirements satisfy the process.
Preventing moisture-related problems requires special
attention to the design and building operation. Energy
conservation should not be achieved at expense of
health, occupant’s wellbeing, and building
sustainability. Certain strategies and technologies can
minimize or eliminate premium energy use.

3 Emergency (black sky) operating
conditions

Depending onthe emergency situation, the objective
for any mission critical area of the given building is to
maintain mission critical operations as long as it is
necessary or technically possible. As for other,
noncritical building areas and standalone buildings, the
objective is to minimize the damage to the asset. [t is
assumed thatbuilding processes will be kept operational
only in mission critical areas and non-mission critical
activities will be discontinued. In the mission critical
areas/buildings, operations will continue, and processes
will require people with critical skills and thought
processes. While under normal circumstances, building
environmental controls are designed and operated to
create a thermoneutral environment conducive to
optimal employee thermal environment discussed in the
section under blue sky operating condition. However,
should the building environmental controls fail for any
reason, the thermal environment may change in such a
way as tonolonger beoptimal for workers needing their
critical skills to perform their jobs. The section below
describes threshold indoor environmental conditions
beyond which human physicaland mental skills can no
longerbe maintained.

Underblack sky operations, efforts should be made
to maintain thermal environment to prevent significant
damage tobothmission critical and non-mission critical
buildings before they can be returned back to their
normal operation. This may include reduction of
ventilation requirements; control of maximum humidity
levels using available technologies with minimum fuel
consumption; allowing maximum daylight; keeping
plug loads on and lowering lighting levels; in cooling
constraint conditions, use window shades to minimize
solar gains, reduce plug loads, and keep lighting at a
minimum level.

Threshold Conditions for Human Environment.
While cold and hot stress environmental conditions are
well defined for jobs performed outdoors [6,7,8], there
is not much information available for such conditions
when jobsare performed indoors. This section addresses
the potential thermal “inflection point” when the person
can no longer physiologically and behavionly
compensate for thethermal stresswhile on the job based
on the following assumptions and considerations:
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1. Thebuildingenvironmental controlsystems fail
and cannot be restored over a period of hours to
days.

2. The occupants ofthe building must stay in that
buildingto perform theirjobs (i.e., cannotleave to
move to more comfortable conditions).

3. Thebuildingoccupants do nothave access to
clothingthat can provide anythingmorethan
minimal protection againsteither cold orhot
conditions (at most a clothing insulation of
Clo<1.0).

4. Thebuildingoccupants are generally healthy with
the normal physiological responses to deviations
in environmental conditions.

5. The workers remain inside the building and
perform minimal physical work (nearly atrest, the
energy generated inside thebody due to metabolic
activity 1.2-1.5met). At this minimal workload,
the metabolic heat produced will be minimal
(slightly above that produced atrest).

6. Factorssuchasconvectionand directradiation
from the sunwill be considered negligible.

7. Air movement in the building occupied zone is
below 0.7 ft/min (0.2 m)/min and, as such, there is
little convective heattransfer.

8. Buildingis lit usingeither fluorescent,or LED
lighting, which results in a negligible radiant heat
from lighting fixtures.

9. Thebuildingenvironmental conditions willbe
affectedasa result of the functionofthe HVAC
system in an indoor setting, and that the
environmental stressors are the dry air temperature
(dry bulb or T¢v) and humidity or wet bulb
temperature (Twy) with other environmental factors
such asairvelocityandradiantheatbeing
negligible.

Humans have evolved the ability to maintain a stable
internal (core) temperature (Tcore) in the face of
environmental thermal extremes through physiological,
biophysical, and behavioral means. Maintenance of a
stable Tcore involves a tight balance between heat gain
and heat loss to the environment during exposure to
either cold or hot environments. A detailed discussion
of'the physiological and behavioral responses to thermal
extremes is beyond the scope of the present work.
However, note that, although there are strong
physiological and behavioral mechanisms for
maintaining Teore, these can be overcome under severe
thermal stress — especially if that thermal burden is
prolonged.

The physiological responses, and the rate and
magnitude that they occur, will depend on the rate and
magnitude of the change in the environmental
temperature and, to a greater (hot temperature) or lesser
(cold temperature) extent, the RH of the air. The rate of
change in the building environment in which
environmental controls have failed will depend on the
insulating properties of the building, i.e., the rate and
magnitude of the change in temperature and RH. The
physiological responses will also dependto a large
extent on thedegree of personal insulation (clothing) the

worker must wear to protect against the decrease in
environmental temperature.

A “normal” core body temperature, Tcore, IS
consideredtobe 98.6 °F (37 °C). It is at this temperature
that optimal physiological function occurs. The
physiological consequences (ie., ATcoe) from a
decrease or an increase in environmental temperature
can be severe. If the physiological responses to
environmental temperature changes (and the ability to
maintain Tcore) are unsuccessful, then Teore Will change
(either decrease or increase); if the change is large
enough, thennormal function will be compromised. For
example, a Teore of 96.8 °F (37 °C) is considered the
onset of hypothermia. At Tcore <95 °F (35°C) one
becomes symptomatic (see Table 3). The physiological
responses to environmental heatare an increase in blood
flow to the skin and sweating, which serve to transfer
heat to the environment. These responses are more
successful in maintaining Teore in an environment with
low humidity and a high capacity to accept moisture
(Tdb). If there is an increasein Twb (increased RH),
then sweatevaporationis reduced and a potential foran
increase in Teore 0ccurs. Hyperthermia occurs when Tege
is >100.4 °F (>38 °C). This is normally tolerablk, and
the person can continue to perform well. However, as
the Teore increases beyond 100.4 °F (38 °C), the ability
to perform work begins to be compromised.
Physiological/psychological signs and symptoms of
hyperthermia are listed below:

¢ Extremediscomfort

* Numbness (tactile sensitivity, manual dexterty
decreases)

¢ Shivering

* Skin vasoconstriction (blanching)

* Cold thatbecomes a distraction

* Muscle stiffness

* Cognitive changes (confusion, apathy, loss of at-

tention, reduced memory capacity, etc.)

* Lossofsensory information (blurred vision)

* Cardiovasculareffects

* Lossof consciousness.

It is important to understand that probably the first
line of defense against cold is clothing that creates an
insulative layer that protects the humans from cold
environments. With this strategy, a human being may
perform activities in a cold (41 °F [5 °C]) environment
but be “exposed” to a microenvironment (thelayer ofarr
that exists between the surface ofthe skin and the inner
surface of the clothing) that is the equivalent to a mid
temperature (~71.60 °F [~22°C]). Nevertheless,
workingin cold environments has demonstrable effects
on humans even if wearing relatively warm clothing
Early studies of the thermal effects on human
performance [9,10] focused on the frequency of
industrial accidents that could be related to ambient
temperature. The rate of industrial accidents could be
described asa “U” curve in thatthe lowest frequency of
accidents occurred at a temperature of ~68 °F (~20 °C)
and increased as the ambient temperature either
decreased or increased from 68 °F (20°C). The
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frequency of industrial accidents increased to almost
140% as the temperature decreased from 68 °F to ~50 °F
(20 °C to ~10°C) indicating cold temperatures had a
significant effect on worker ability to perform their tasks
safely. Thedecline in manual dexterity begins at a Ty of
53.1°F — 60.1°F (12°C-16°C). Tactile sensitivity
declines steeply below 46 °F (8 °C). This may severely
limit the use of computers and other equipment that
requires the use of both manual dexterity and tactie
sensitivity. Similar loss of cognitive function and
manual dexterity occurred in hot environments as well
(startingata Tcore0f>98.1 °F (>39 °C).

Thermal discomfort often becomes a distraction to
the person experiencing it and, hence can affect
performanceor the so-called “time oftask’ or time spent
not working but addressing the thermal discomfort. The
degree of distraction is affected by whether the person
can leave the environment or somehow change the
environment(changinga thermostat setting) to improve
the thermal comfort. I[f the person has no control over an
uncomfortable thermal environment, the degree of
distractionortimeoff task will increase. The distraction
occurs as the result of a physiological change, e.g.,
decrease or increase in T, which then results in the
focus of attention on that change rather than on thetask
before them. Distraction is also modulated by
motivation such that a more strongly motivated person
may be less distracted by cold stimulus that a less
motivated person exposed to the same stimulus. In
addition, if the person exposed to a cold stimulus
perceives thatthey haveno control over the environment
and theconsequence of not performing thework is high
enough, then the cold environment will be less
distracting from the necessary work. As can be seen
from the previous discussion, the issue of distraction on
cognition and job performance is complex.

Therefore, in emergency situations, reduction of
indoor air temperature in spaces with mission critical
buildings operation below 60.8 °F (16 °C) [8] and
increase in Wet Bulb Globe Temperature (WBGT)
above 87.8 °F (31 °C [6]) is not recommended since it
will impairperformance of mission operators.

Arctic Buildings under Emergency Conditions.
Mold growth. Arctic climates present low risk of mold
growth on building surfaces. Mold does not grow at
low temperatures. In addition, arctic outdoor vapor
pressures are very low, so without humidification,
indoor RH will be quite low. Mold growth depends
greatly on the sensitivity of a surface to growth, and
surfaces made of organic materials suchas wood
products and paper facings present the sole possibilities
in arctic climates—not metal, concrete, ormasonry.
Preliminary modeling studies, usinghumidificationat
30%,in U.S. DoE climate zones 6,7,and 8, show
surfaceRH remainingat 65% or below, while mold
require surface RHabove 85%in most cases.

Aside from water problems associated with roof or
plumbing leaks, the greatest risk of mold growth may be
from cold thermal bridges in humidified buildings.
Thermal bridges may be identified using infrared (IR)
thermography. Typically, in a well-insulated building
the coldestsurface facing the interior will be the window

surface. It is unlikely that interior temperatures at
thermal bridges will be lower than the window surface
temperature. Consequently, in an arctic building, the
risk of interior mold growth is negligible in a building
that shows no window condensation, and the presence
of window condensation indicates the importance of
lowering the indoor humidification.

In arctic climates, if building climate control is
suspended in the short or long term, then mold growth
is unlikely to occur. Normally, downward drift of
temperature will occur with suspension ofthe operation
of the air handler. This means that the indoor air
temperature will decline as a function ofthe outdoorair
temperature, the thermal insulation, the airtightness of
the building, and the heat storage by the contents of the
building. Also, during a heating period, the outdoor
absolute humidity will be lower than theindoor a bsolute
humidity, so it will drift downward at a rate govemed
primarily by the airtightness of theenvelope.

Under most conditions, the downward drift of
absolute humidity will be much more rapid than the
downward drift of DBT, and as a consequence, the
indoor RH will be low during the drift period. The
downward driftofabsolute humidity is consid ered rapid
because, with eachair change, assuming full mixing, the
absolute humidity difference between indoors and out,
is halved. Absolute humidity equilibrium with outdoors
would be achieved in a matter of hours. The downward
drift of temperature would be relatively slow given the
low heat content of air, the thermal resistance in the
envelope, and the heat storage in interior materials. It
would be measured typically in days.

Modelinghas provided preliminary estimates of the
temperature decay rate of arctic buildings in case of a
utility interruption. Fora building with average themmal
resistance of R-20 (all sides), with an air tightness of
0.25 cfm (0.0001 m?*/s) per 75 sq ft (7 m?), and which
contains, in envelope and contents, 100 Ib/sq ft
(0.05kg/cm?) of envelope, the decay half-life is
approximately 1 week. By doubling the themal
resistance orthe mass of contents, orby halvingthe air
leakage, the half-life is doubled to 2 weeks. By halving
the thermal resistance or the content mass, or by
doubling the air leakage measure, the half-life of
temperature decay isreduced to 3 to 4 days. Of course,
differentparts ofthe building will perform differently.

Pipe Burst Protection. In cold and arctic climates,
hydronic heating systems typically use a glycol/water
solution asthe heating system fluid [11]. To reduce the
risk of freezing of water pipes or wet sprinkler systems,
pipes should be located in interior walls or plumbing
chases. Pipes in exterior walls should be avoided.
However, in the emergency situation when heat supply
to the building is interrupted, the indoor air temperature
can drop significantly. Research at the University of
Illinois [12] has illustrated the mechanism by which
water pipes burst when surrounded by cold
temperatures. Cold air temperatures cause the
temperature of water in pipes to decline. Water
temperature may decline below 32 °F (0 °C), often to
25 °F (-4 °C). With continued cold temperatures, ice
nucleates in the water, raising the temperature of the
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two-phase mix to 32 °F (0 °C). With continued cold
temperatures, ice begins to grow on the pipe wall,
growing inward; the rate of ice growth depends on
several factors such as air temperature, pipe themmal
conductivity, water circulation, and effect ofthe air fim
surrounding the pipe. Through this entire process,
before the formation ofblockage, the pipe system is not
put at risk, and with rising air temperatures the system
will recoverto theoriginal condition with no ill effects.

If the ice grows inward tothe point ofblockage, then
water pressure effects become important. The blockage
can grow along the length of the pipe and act like a
piston. Piston action toward the water source will
generally have noill effect, in the absence ofa backflow
preventer. Butpiston action toward the remaining liquid
water confined downstream will cause the water
pressure to rise. Pipe rupture or fitting failure will occur
once thewater pressure reaches a sufficiently high level

There are several means to prevent pipe bursting due
to freezing;

1. Avoidsubzeroairtemperatures at the pipe.

2. Drain the water from the pipe system. Compressed
airmay be used for systems thatdo not drain
entirely by gravity.

3. Provide pressure relief atany at-risk portionofthe
pipe system. A single pressure relief valveis
usually sufficient toprotecta clustered fixture
group. A ballcockassembly in a typical toilet
serves as a pressurerelief device (which explains
the greater likelihood of hot water rupture during
freeze events).

4. Provide airexpansion (using water hammer
arresters for example) to protect piping systems
where the slight water leakage from pressurerelief
valvesisundesirable, suchas in wet fire
suppression systems.

It is particularly important to avoid individual sites
of particularly cold temperature along the pipe length, as
these are preferred sites for blockage to initiate. Such
sites will occurat interruptions in pipe insulation (often
at fittings such as elbows) and at air leaks in the
envelope, where moving air can reduce the air film
thermal resistance.

4 Thermal requirements for
unoccupied spaces

Requirements for temperatures and RH discussed
above are developed for occupied spaces (Table 3).
Many buildings are not occupied at night or on
weekends. Some military facilities including barracks,
administrative buildings, and dining facilities may be
unoccupied for an extended period of time due to
training and deployment. So, one energy conservation
strategy may be to set back temperatures for heating or
set up for cooling. One source of guidance on set back
or set up temperatures is ANSI/ASHRAE/IESNA
Standard 90.1 Energy Standard for Buildings Except
Low-Rise Residential Buildings [13]. This Standard
does not regulate thermostat setbacks or setups, but it
doesregulate the capabilities of thermostats installed in

buildings. Section 6.4.3.3.2 of Standard 90.1, Setback
Controls, requires that heating systems in all parts of the
United States outside of Miami, FL and the tropical
islands (that is, climate zones 2-8) must have a
capability to be set back to 55°F (13 °C). Heatng
systems in zone 1 are assumed to have minimal usage
and therefore no need of setbacks. Cooling systems in
hot dry areas (zones 1b, 2b, and 3b) must have the
capability to be set up to 90 °F (32 °C). However,
cooling systems in hotand humid climates (zones 1a, 2a,
and 3a)are not required to have cooling setbacks due to
potential for moisture problems. It is wasteful to cool
facilities left unoccupied foran extended period of time,
which are located in hotand humid climates. Significant
energy savings can be achieved without damage to
building materials and furnishings if a combination of
measures related to the building envelope and HVAC
maintain the requirements for all the air inside the
building.

Table 3. Requirements of DBT and RH for occupied and
unoccupied facilities to reduce the risk of moisture-related

problems.
Maximum | Minimum
Dry Bulb | Dry Bulb
DP (Setpoint) Temp Temp
Occupancy/Use Not To Exceed (Setpoint) | (Setpoint)
Occupied 61 °F (15.6 °C) 75 °F 70°°F
(24°C) (21°)
Unoccupied (Short 61 °F (15.6 °C) 85 °F 55 °F
term) (29 °C) (13 °C)
Unoccupied (Long 61 °F (15.6 °C) No Max 40 °F
term) (4°C)
Critical Equipment 61 °F (15.6 °C) or Equip Equip
equip requirement max min
if less allowed | allowed

5 Conclusion

Requirements for thermal environmental condition
in buildings are set to achieve the following purposes:

* To perform the required work in a building in a
safe and efficientmanner,

* To support processes housed in the building, and

* To provide conditions required for a long-term in-
tegrity of the building and building materials.

Buildings are designed to meet these three sets of
requirements in normal (blue sky) operating condition.
Thermal comfort requirements are defined by ASHRAE
Standard 55. Different processes housed in the building
(e.g., spaces with IT and Communications equipment,
critical hospital areas, industrial process [painting
printing, etc.]) may have broader or narrower ranges for
air temperature and RH, than those for human comfort.
In normal operation conditions, environmental
requirements based on sustainability of building
envelope assemblies and furnishings are nota limiting
factor given that the building envelope air barrier and
vapor protectionare designed to avoid mold growth and
water accumulation within the building assembly (for
cold and arctic climates requirements to the building
envelopesee [5]).
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During an emergency situation (black sky),
requirements of thermal parameters for different
categories of buildings or even parts of the building may
change. When normal heating, cooling, and humidity
control systems operation is limited or not availabk,
mission criticalareas can be conditioned to the level of
thermal parameters required for supporting agility of
personnel performing mission critical operations, but
not to the level of their optimal comfort conditions.
Beyond these threshold (habitable) levels, effective
execution of a critical mission is not possible and
mission operators have to be moved into a different
location. These threshold limits of thermal parameters
may bein a broader range compared to thatrequired for
thermal comfort, but not to exceed levels of heat and
cold stress thresholds: in a heating mode, arr
temperature in spaces with mission critical operations
should be maintainedabove 60.8 °F (16 °C)[8], and in
a cooling mode, the Wet Bulb Global Temperature
should be below 87.8°F (31 °C[6]).

Special process requirements (e.g., with IT and
communication equipment, critical hospital spaces, etc.)
should be given a priority if they are more stringent.
Broaderranges of air temperatures and humidity levels
in building spaces surrounding mission critical areas
may be used, but they need to be limited to prevent
excessive thermal losses/gains and moisture transfer
through walls and apertures not designed with themmal
and air/vapor barriers.

In arctic climates, building envelope assemblies are
nota limiting factor regarding how indoor climate needs
to be maintained during short- or long-term outages of
indoor climate control, unless water piping cannot be
drained or otherwise protected a gainst freezing.

In cases where utility supply is interrupted and the
building air handler is disabled, the indoor temperature
will decayto theoutdoortemperature. The rate of decay
hasbeen field tested and modeled [14,15]; results show
that the time it takes forindoor air temperature to reach
a threshold (habitable) level ora building susta inability
level will range from a few hours to several days
depending on thermal resistance, airtightness, and the
mass of the building envelope and contents in the
building.

To avoid water damage to building materials and
furnishings in cold and arctic climates, DBT should
exceed 40 °F (4.4 °C) where water pipingis at risk.

Finally, noncritical standalone buildings can be
hibernated, butnecessary measures should betaken, and
the thermal environment should be maintained, when
possible, to prevent significant damage to these
buildings before they can be returned back to ther
normal operation.
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