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Bldg. 3013 
Bldg. 3013 is located in south post at Fort Wainwright, Alaska. The building houses primarily 

office and meeting spaces but also has an unconditioned storage area. This facility was one of three 
facilities on post selected for testing and modeling. This paper discusses the model created for Bldg. 
3013 using the DesignBuilder interface software that employs EnergyPlus as the calculation engine. 

Documents referenced 
Information on the facility for modeling was obtained from the following sources: 

• As Built Diagram. As built drawings provided basic dimensions, locations of fenestration and 
entry ways, and limited information on the facilities HVAC systems. 

• Leakage test. The information form this documentation provided a visual of the modeled facility 
as well as information on air infiltration.  

• Correspondence with direct point of contact William C. Chedister. Mr. Chedister was able to 
provide information on the facility that was not provided in the documentation. Some of the 
information provided by Mr. Chedister included window glazing and R values for the walls and 
roof of facility. 

Building Construction 
Bldg. 3013 was constructed in 1999. The facility has a wooden frame and metal siding. The 

building has an eave height of 16 ft while the internal ceiling drop is 9 ft from the floor. The facility has a 
total of six windows. Two of these windows are on the eastern wall of the facilitiy, while the remaining 
four are on the westernmost wall. All winodws have the some construction, having a width of 36 in. and 
a height of 48 in. The windows are doubled paned with aluminum frames and low emissivity coatings. 
The wall are estimated to have a total R value of approximately 22 while the roof is estimated as having 
a total R value of approximately 30 as these were not known. The building also low intensity slab heating 
in the floors with mechanical ventilation for fresh air. 



 

Initial Building Model 
Once an understanding of the building construction was obtained, an initial model was created 

for the building. Because Bldg. 3013 is a fairly simple facility with only a single story, the model was 
created by first drawing the basic building foot- print and extruding it to the appropriate height. After 
this was done, a secondary block could added on top of this for the roof. Windows and doors were then 
drawn in and the construction of each component was altered to align with the above construction. The 
figures below provide various views of the initial building model as it appears in the design builder 
interface software. 



 

Figure 1. Bldg. 3013 view 

 

Figure 2. Bldg. 3013 top view 

 

Figure 3. Bldg. 3013 Side Views 



The air infiltration rate also has to be entered into the model. While the infiltration study performed 
on the facility provided an air leakage rate, the DesignBuilder software was unable to use the unit in that 
it provided (CFM75/sq ft). The software accepts only values in air changes per hour (ac/h) when 
modeling infiltration. The study provided an initial air leakage rate of 0.095 CFM75/sq ft. To convert 
from CFM75/sq ft to ac/h the provided value first had to be converted to CFM at standard pressure. 
Thus was done by first multiplying the initial value by the six-sided square footage of the facility and 
them converting from CFM75 to CFM. These operations were performed as follows: 
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where CFM75 is air leakage rate in cubic feet per minute at 75 Pascals and CFM is air leakage rate in 
cubic feet per minute at standard pressure. These conversions provided a value of 138.7 CFM at 
standard pressure. From here CFM could be converted into ac/h using the relation: 
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where Tvol is the total volume of conditioned room in 𝑓𝑓𝑡𝑡3. Carrying forward with the calculation: 
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= 0.217 ac/h 

The final value of 0.217 ac/h was used for the simulation. 

Once appropriate construction parameters were set, the building was able to be split into four 
thermal zones. Figure 4 below shows the building foot print and the zones into which it is split. The 
zones included standard office spaces with a Monday through Friday operating schedule, a mechanical 
room (labeled in the software as a “Heavy Plant Room”) and a storage area which was indicated as being 
unheated by POC Mr. Chedister. 



 

Figure 4 HVAC Zones for Bldg. 3013 

Results 
The base simulation was standard office operations. The weather data was TMY3 for Fairbanks 

Alaska. This weather data was collected at Fairbanks International Airport at an elevation of 133 m 
above sea level and is dated 2002. The initial simulation modeled was one calendar year, from January 
1st to December 31st. Below are results from the simulation and since the model is still in preliminary 
phases, adjustments may still be made as further details are provided. 



 

Figure 5.Preliminary Results as seen in DesignBuilder 

The above results give a brief overview of the temperatures, heat gains, and energy consumption of 
Bldg. 3013 at monthly intervals. As expected energy consumption due to heating demands in highest in 
the colder months (October through March) and decreases significantly in those months that are 
warmer. Operative temperatures for the building drop below 65 °F for several of the colder months. 
However when viewing the hourly data (below) for a weekday in December, which was on average the 
coldest, one can see that between the operational hours of 8 a.m. to 5 p.m., the building still maintains 
a temperature between 65 °F and 68 °F degrees. 

 



 

Figure 6 Hourly Building Performance 

The temperature range is still slightly below the comfort threshold, but would not pose a danger to 
occupants. In addition to information on temperature and consumption, design builder also provides 
information on energy use intensity (Figure 7). Bldg. 3013 initial EUI results are 54.12 kBtu/ft^2 in the 
conditioned building area. 



 

Figure 7 Energy Use and Intensity 

Heating Failure Simulations 
In this section, the building was modeled with a heating failure starting on Jan 10 and then repaired by 
Jan 15. This 5-day outage started on a Friday and was repaired on Tuesday, this happened during a 
several day cold spell with temperatures that hit a low of -37 °F. The temperature loss was simulated for 
several building conditions. First is the base simulation meant to be the normal or base operation of the 
building. Then the building is modeled with the lights shut off when the heating failed. There are also 
cases in combination with the equipment shut off with and without the lights shut off. Finally, there is a 
case where the infiltration was increased by ~2 times from the base building, or from 0.217 to 0.5 ACH 
to show the sensitivity of air tightness to thermal resiliency. 

 

Figure 8: Heating Failure Simulation for Base Building Operation 



The heating fails at midnight on Jan 10. Figure 8 shows the loss of heating and then the decay of the 
building air temperature in the following hours. It is assumed that the workers come to work in the 
building on Friday Jan 11, turn on the lights and office equipment, and carry out their mission. In reality, 
this may or may not be possible and would depend on how critical their mission is for the installation. In 
this scenario, the temperature reaches < 40 °F between 8 and 9am the next morning or ~8 hours from 
heating failure. The 40 °F limit is used as the critical temperature since as the temperature approaches 
the probability of permanent damage to the building increases dramatically. Therefore, for this building, 
repairs need to be made in the first 8 hours after the failure to be safe for the building and equipment. 
The human occupants will probably need to stay home or shelter elsewhere to keep warm. 

The next case modeled is where the air leakage rate is increased either due to the building being leakier 
or due to occupants entering and exiting more frequently. For this case shown in the Figure 9, the air 
temperature decay is accelerated so that the building now reaches that <40 °F critical temperature 
before 3 a.m., or 2 to 3 hours after failure. Here the response time is decreased significantly and the 
thermal resiliency due to air tightness is greatly reduced. 

 

Figure 9: Heating Failure Simulation for Building with 2 Times the ACH from the Base Building 



Figure 10 shows the temperature decay with base building (baseline ACH) and the lights shutoff and 
equipment shutdown when the heating fails. This is done to show the effect of the people occupying the 
building turning OFF lights and office equipment to see how this reduction of heat addition helps or 
hurts the air temperature decay. With the lights and equipment OFF, the building reaches that < 40 °F 
temperature between 7 and 8 a.m. that morning or ~1 hour sooner than if they were turned ON that 
morning with the arrival of the occupants. This reduces the response time by an hour but is not as 
problematic as when the air infiltration is increased by occupants entering and exiting the building. 

 

Figure 10: Heating Failure Simulation for Building with Lights and Equipment OFF 

Figure 11 shows the air temperatures of the three previous scenarios plotted with the outdoor air 
temperature. It is easy to see the magnitude of the changes with the given modeled scenarios from the 
base building. 



 

Figure 11: Heating Failure Air Temperatures for all Three Scenarios simulated plotted with the Outside Air 
Temperature. 

In Table 1 is the data for all of the scenarios from right before the heating failure to several days into the 
failure until the temperatures start approaching a minimum asymptote.  

Table 1: Air Temperature Data for Bldg. 3013. 

Heating Failed 1/11/2020 0:00, and <40oF Temperature Limit  

Date 

Outside 
Dry-
Bulb 

Temp 

Air 
Temp - 

Base 
Bldg. 

Air 
Temp - 
Lights 
OFF 

Air 
Temp - 

Lights & 
Equip 
OFF 

Air 
Temp - 
2x ACH 

1/10/2020 20:00 -11.92 68.14 68.16 68.16 61.58 
1/10/2020 21:00 -11.36 67.99 68.01 68.01 61.25 
1/10/2020 22:00 -11.02 67.84 67.86 67.86 60.95 
1/10/2020 23:00 -11.02 67.85 67.87 67.87 60.83 

1/11/2020 0:00 -11.02 67.87 67.89 67.89 60.74 
1/11/2020 1:00 -11.02 58.25 58.26 58.20 49.25 
1/11/2020 2:00 -12.26 51.45 51.47 51.36 42.29 
1/11/2020 3:00 -14.91 47.90 47.91 47.80 38.84 
1/11/2020 4:00 -16.62 45.54 45.55 45.43 36.55 
1/11/2020 5:00 -16.96 43.85 43.86 43.73 34.77 



Date 

Outside 
Dry-
Bulb 

Temp 

Air 
Temp - 

Base 
Bldg. 

Air 
Temp - 
Lights 
OFF 

Air 
Temp - 

Lights & 
Equip 
OFF 

Air 
Temp - 
2x ACH 

1/11/2020 6:00 -18.20 42.40 42.42 42.28 33.23 
1/11/2020 7:00 -16.47 41.20 41.21 41.07 32.02 
1/11/2020 8:00 -18.69 41.50 39.79 38.62 32.39 
1/11/2020 9:00 -23.51 39.57 37.07 35.54 30.58 

1/11/2020 10:00 -26.86 35.64 32.96 31.38 27.21 
1/11/2020 11:00 -29.18 33.14 30.08 28.43 24.87 
1/11/2020 12:00 -30.60 31.65 28.28 26.44 23.35 
1/11/2020 13:00 -29.09 31.89 28.15 26.16 23.39 
1/11/2020 14:00 -27.94 31.61 27.59 25.47 23.08 
1/11/2020 15:00 -29.18 29.64 25.57 23.43 21.33 
1/11/2020 16:00 -29.92 28.40 24.10 21.89 20.11 
1/11/2020 17:00 -29.92 27.51 23.02 20.74 19.24 
1/11/2020 18:00 -30.60 28.73 24.14 21.61 20.20 
1/11/2020 19:00 -31.68 30.28 25.08 22.33 21.05 
1/11/2020 20:00 -31.41 30.57 26.56 23.49 20.43 
1/11/2020 21:00 -31.68 28.75 25.41 23.40 18.60 
1/11/2020 22:00 -30.73 27.58 24.60 23.00 17.43 
1/11/2020 23:00 -31.27 26.73 24.00 22.53 16.52 

1/12/2020 0:00 -32.64 25.81 23.25 21.87 15.48 
1/12/2020 1:00 -32.98 24.99 22.56 21.25 14.59 
1/12/2020 2:00 -32.98 24.24 21.92 20.66 13.79 
1/12/2020 3:00 -34.89 23.47 21.23 20.01 12.90 
1/12/2020 4:00 -35.37 22.66 20.50 19.31 11.99 
1/12/2020 5:00 -35.64 21.94 19.84 18.68 11.22 
1/12/2020 6:00 -36.60 21.21 19.16 18.03 10.40 
1/12/2020 7:00 -36.94 20.50 18.51 17.39 9.63 
1/12/2020 8:00 -36.94 19.83 17.89 16.79 8.92 
1/12/2020 9:00 -36.38 19.08 17.16 16.10 8.20 

1/12/2020 10:00 -36.60 18.32 16.43 15.39 7.47 
1/12/2020 11:00 -35.70 17.71 15.87 14.83 6.90 
1/12/2020 12:00 -34.96 17.27 15.47 14.44 6.50 
1/12/2020 13:00 -33.72 16.89 15.13 14.12 6.19 
1/12/2020 14:00 -32.98 16.54 14.81 13.81 5.91 
1/12/2020 15:00 -32.98 16.05 14.36 13.37 5.46 
1/12/2020 16:00 -32.42 15.54 13.88 12.90 5.00 
1/12/2020 17:00 -32.08 15.05 13.42 12.46 4.56 
1/12/2020 18:00 -33.32 14.48 12.89 11.94 3.98 
1/12/2020 19:00 -33.39 14.14 12.60 11.65 3.58 



Date 

Outside 
Dry-
Bulb 

Temp 

Air 
Temp - 

Base 
Bldg. 

Air 
Temp - 
Lights 
OFF 

Air 
Temp - 

Lights & 
Equip 
OFF 

Air 
Temp - 
2x ACH 

1/12/2020 20:00 -32.42 13.73 12.22 11.28 3.22 
1/12/2020 21:00 -33.88 13.25 11.76 10.84 2.71 
1/12/2020 22:00 -34.40 12.70 11.25 10.34 2.13 
1/12/2020 23:00 -32.82 12.33 10.91 10.01 1.84 

1/13/2020 0:00 -32.08 11.99 10.60 9.71 1.57 
1/13/2020 1:00 -30.17 11.69 10.33 9.44 1.39 
1/13/2020 2:00 -29.02 11.45 10.12 9.25 1.29 
1/13/2020 3:00 -29.02 11.13 9.82 8.96 1.02 
1/13/2020 4:00 -28.35 10.83 9.55 8.70 0.81 
1/13/2020 5:00 -27.38 10.58 9.32 8.48 0.66 
1/13/2020 6:00 -27.60 10.28 9.06 8.22 0.43 
1/13/2020 7:00 -27.94 9.94 8.74 7.91 0.12 
1/13/2020 8:00 -27.38 9.64 8.47 7.65 -0.10 
1/13/2020 9:00 -25.80 9.31 8.14 7.33 -0.26 

1/13/2020 10:00 -24.39 9.12 7.98 7.17 -0.28 
1/13/2020 11:00 -23.42 8.95 7.82 7.03 -0.32 
1/13/2020 12:00 -23.08 8.81 7.71 6.92 -0.36 
1/13/2020 13:00 -21.17 8.76 7.68 6.90 -0.25 
1/13/2020 14:00 -17.55 8.88 7.81 7.04 0.14 
1/13/2020 15:00 -14.82 9.00 7.95 7.18 0.55 
1/13/2020 16:00 -12.17 9.10 8.07 7.31 0.92 
1/13/2020 17:00 -9.11 9.29 8.28 7.53 1.43 
1/13/2020 18:00 -6.16 9.53 8.53 7.79 2.00 
1/13/2020 19:00 -4.41 9.71 8.74 8.00 2.42 
1/13/2020 20:00 -2.76 9.84 8.90 8.16 2.79 
1/13/2020 21:00 -2.02 9.95 9.04 8.30 3.12 
1/13/2020 22:00 -1.35 10.01 9.12 8.38 3.33 
1/13/2020 23:00 -0.38 10.09 9.21 8.49 3.59 

Conclusions 
The 40 °F limit is a good metric to respond before it is reached when determining a time to repair for 
heating restoration. The slope on the air temperature decay is an indicator of the efficiency of the 
building envelope and the operation of the building systems and occupants as shown in the modeled 
scenarios. Any envelope efficiency changes, i.e., reduction in insulation levels or decrease in building air 
tightness, will decrease the thermal resiliency of the building.  

Another area of the Temperature Decay Chart above is where the minimum asymptote is starting to be 
approached as the heating failure persists. In these modeled scenarios, the normal operation scenario 
starts reaching a minimum temperature around 9 °F and for the ACH increased scenario in a leakier 



version of this building the temperature approaches 0 °F. We see as the temperature starts warming up 
from the extreme outdoor cold temperatures, these minimums are reached and could have possibly 
lower if the outdoor lows lasted several days longer. 

The last part of the graph to consider is how long the recovery takes once the heating has been 
restored. In all scenarios, it takes about 3 days to recover to the normal operating temperatures in the 
building, with the more efficient envelope recovering more quickly. The rate of temperature decay, and 
minimum temperature and the length of recovery are all significant aspects of the building’s thermal 
resiliency with the more efficient structure being more resilient.  
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