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6 MECHANICAL 

6.1 EXISTING SYSTEM DESCRIPTION AND CONDITION 

The mechanical condition assessment is authored by Robin J. Rader, P.E.  The assessment is 
based on the record drawings provided to us and on inspections dated 6 September 2006, 16 
November 2006, and 5 December 2006. 

6.1.0 General 

6.1.0.1 Mechanical Equipment Maintenance 

Both Hangars 2 and 3 suffer from poor maintenance.  Except for the fire suppression system it 
appears that maintenance on these facilities is work order driven and not subject to a periodic 
preventive maintenance program.  It appears that unless mechanical equipment failure 
significantly impacts the larger mission of maintaining helicopters it is ignored.  For example 
restroom fans that have been covered with plastic to block winter back drafts with this plastic 
remaining well into the fall of the next season (see Fig. 6.1).  The fire suppression system is 
maintained and tested on a regular basis. 

6.1.0.2 Compliance with SECINC 

We do not believe modifications to the mechanical system will have a significant impact on 
compliance with the Secretary of the Interior's Standards for Rehabilitation.  We have provided 
estimates for replacement of existing perimeter heating terminal units, a new ventilation system 
within the office / shop areas, and a new ventilation system within the hangar bays.  The 
ductwork and some of the ventilation equipment will be exposed however we believe this 
equipment is consistent with the original industrial use of the hangar.  The new perimeter heating 
finned tube cabinets can match the original cabinets closely. 

6.1.1 Utilities 

We reviewed the Public Works Utilidor Distribution System Drawings, dated June 2003, 
indicating the following utility sizes: 

Sewer Size:  4" gravity sewer for Hangar 2.  Outlet for Hangar 3 not indicated, assume 4". 

Domestic Water:  Two 4" domestic water mains, 1-1/2" recirculated cold water. 

Steam and Condensate:  6" steam, 4" condensate. 

Fire Water:  16" deluge water with 1-1/2" recirulated cold water. 

The deluge water is provided from a tank located across the street north of Hangar 2 in building 
3011.  This tank is listed as 500,000 gallons.  Fire water is distributed to the Hangars through four 
240 hp diesel pumps rated at 2000 gpm flow and 103 psi head pressure. 
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The above utilities are adequate to support the existing facility and are adequate to support 
conversion of the system to match the level of standard at Hangar 267 (new replacement building 
for Hangar 6).  The existing fire pumps however do not provide adequate head pressure to 
support an AFFF foam system as is used at Hangar 267.  The existing pumps are rated at 103 psi 
whereas the Hangar 267 pumps are rated at 140 psi. 

6.1.2 Plumbing 

Piping systems are original and after 60 years of service would be considered past their useful 
life.  Service pits located in the hangar bays have been abandoned.  These pits included waste 
drain, electrical outlets, and possibly compressed air or domestic water.  It also appears that 
significant portions of the compressed air piping system have been replaced. 

The original drawings show the sewer exiting on the north, or flight line side of the hangars.  The 
currently existing services exit to the south, or street side of the hangars.  The concrete above the 
waste mains has been cut and patched indicating that the direction and slope change, happened 
sometime after original construction. 

The existing plumbing fixtures appear to be a mixture of original and modern fixtures.  Most of 
the water closets have been replaced with water saving 1.6 gallons per flush (gpf) units.  The 
configuration of the restrooms has changed from the original layout.  We suspect this happened at 
the time the waste piping was replaced.  There appears to be no standard type used when 
replacing toilets. 

An above ground oil water separator has been added to both hangars.  This unit incorporates 
pumps which draw out of an open sump covered with a grating. 

6.1.2.1 Standard or Code Deficiencies 

1. Electric water heaters are not seismically braced (see Fig. 6.2). 

2. Emergency eyewash and showers are not equipped with mixing valve and do not meet 
current ANSI standards (see Fig. 6.3).  Hangar 3 is equipped with 4 emergency showers 
spaced evenly throughout the hangar.  Hangar 2 has only one emergency shower. 

6.1.3 Heating 

6.1.3.1 System Description 

The original heating system consisted primarily of steam unit heaters and finned tube radiation 
terminal units.  The offices on the second floor are heated with the finned tube radiation units 
while the shops on the first floor are heating with unit heaters.  The original drawings show steam 
piping serving the perimeter terminal units with steam and condensate piping mains running 
below the hangar bay door track. 

As part of a hangar door replacement project the steam converter and hydronic piping were 
replaced including the under slab door track piping.  As Built drawings show this project 
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occurring in 1987 for Hangars 2 and 6.  This same work was done in Hangar 3; however it is 
unclear when it occurred. 

In 1993 the steam heating system was converted to a hydronic heating system in general limiting 
the use of steam to within the main mechanical room in both hangars.  All existing unit heaters in 
the hangar bays were replaced at this time.  The terminal units in the office and shop spaces on 
each side of the hangar bay appear to be original. 

There are no existing steam traps associated with the original terminal units serving the office and 
shop spaces.  At what point this departure from the original design occurred is somewhat 
mysterious.  The 1987 door project drawings show removal of the steam and condensate piping 
mains below the door track but do not show connection to the existing terminal units serving the 
office and shop spaces.  Therefore we conclude that the terminal units were served by hydronic 
piping crossing over the top of the hangar bay before 1987.  The ECI/HYER report indicates the 
conversion from steam to hydronic occurred in 1977. 

6.1.3.2 System Condition 

The heating system within the hangar bay appears to be adequate both from a steady state stand 
point and the ability to recover after the hangar doors are opened. 

There are many places within the office and shop spaces that do not provide adequate heat.  In 
Hangar 2 in the second floor office area on both sides of the hangar bay every other original 
finned tube cabinet has been replaced with a cabinet unit heater (see Fig. 6.4).  The cabinet unit 
heaters are sized so that they are able to provide significant heat despite the low available flow.  
In Hangar 3 this conversion has not occurred.  There is however a steam unit heater that has been 
installed on the second floor above the existing mechanical room. 

We inspected the facility on 16 November 2006 to get a better understanding of how the heating 
system performed when it was loaded.  At that time the ambient outdoor temperature was about 
minus 15F.  During that time temporary equipment was operating in Hangar 3 consisting of floor 
fans to distribute the heat from the above steam fired unit heater, and electric spot heaters were 
being used in the north side shops (see Fig. 6.5). 

The ECI/HYER report indicates ice builds up at the hangar doors.  This was not voiced as a 
concern by any of the users we talked with.  The system on paper appears adequate and similar to 
designs used at Eielson Air Force Base.  We saw no signs of ice build up during our November 
inspection although little snow had accumulated up to that time.  From the information we have 
the door track heating system appears adequate. 

6.1.3.3 Standard or Code Deficiencies 

1. Hangar 3:  The 1993 converter and associated piping and pumps are installed so that the 
access path is restricted down to about 16". 

2. The hydronic and steam piping and equipment appear to have been installed with seismic 
restraint capacity.  However it does not appear to meet current IBC or TI 809 
requirements in all instances. 
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6.1.4 Ventilation 

The ventilation system is limited to toilet exhaust.  For the most part these exhaust fans are not 
operational. 

The hangar bays are not ventilated.  During a November inspection, the air within Hangar 2 was 
noticeably foul.  Small diesel tractors are used to move the helicopters and small gasoline 
powered ATV carts are used to transport supplies throughout the bay and apron area (see Figs. 
6.6 and 6.7). 

Air conditioning within the hangars is non existent except for window units in Hangar 3 serving 
overnight dorm rooms.  These units reject heat into the hangar bay. 

6.1.4.1 Standard or Code Deficiencies 

1. No ventilation is provided in the shops or second floor offices as required by the 
International Mechanical (IMC) Code.  These spaces do not meet provisions for passive 
ventilation as the window opening area is not 1/20th of the connected area and some 
areas are blocked from passive ventilation that would be provided by existing windows 
by an intervening corridor and corridor doors. 

6.1.5 Temperature Controls 

The existing temperature controls are a mixture of self contained valves controlling finned tube 
radiation, electric thermostats controlling unit heaters, and electronic controls used to reset steam 
converter discharge temperature. 

A pneumatic valve is used to control the steam valve on the main steam converter at Hangar 2.  
This appears to have been done as a stop gap measure as the control panel uses electronic 
controls. 

6.2 FORCE PROTECTION 

With respect to the mechanical system the two primary issues are protection of the ventilation 
intakes and protection of the utility systems.  There are virtually no outdoor intakes serving the 
hangars.  Force protection guidelines indicate that utilities should not be on the outside wall so 
that systems are more likely to survive damage to the exterior walls.  This requirement is not 
interpreted beyond the above statement in the guidelines.  To some degree utilities must be on the 
outside wall.  One example of such a system would be the fire department connection for the 
sprinkler system.  The existing utility pits are located adjacent to the outside walls. 

6.3 ENERGY CONSERVATION 

The existing facilities are equipped with minimal ventilation.  Therefore in the current 
configuration energy conservation measures are limited to increasing envelope insulation. 

Our recommendations are based on upgrading the existing building envelope to the level 
performance of Hanger 267.  Additional measures could be pursued if the recommended 
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ventilation upgrades are performed such has air to air heat recovery.  These measures were not 
included in the our estimate or course system design as we believe they would not be 
economically viable due to only intermittent use of high volumes of outside air.  Reference the 
architectural section of this report for further discussion on the building envelope (see Fig. 6.8). 

6.4 BASIS OF ESTIMATE 

The mechanical estimate addresses existing code, standards and function deficiencies.  The 
function deficiencies were identified using two tests: one; will a system or component last an 
additional mechanical system generation, approximately 30 years, and two; does a system provide 
a similar level of function as that provided at the Hangar 6 replacement hangar, Aircraft 
Maintenance Hangar FY05 FTW 267, currently under construction. 

Square footage estimates were used where they could reasonably be applied such as is the case 
for a new ventilation system to serve the office / shop areas.  Where square footage costs would 
not provide a reasonable basis for cost individual components were identified and estimated 
based on a course design matching the performance levels provided at Hangar 267.  Where square 
footage costs were used, temperature control system replacement was not separately estimated. 

We interviewed Grinnell, the contractor providing the fire suppression for Hangar 267, and were 
given their contract price of $620,000.00 to the general contractor.  Our estimate for conversion 
of the existing deluge fire suppression system to an AFFF system meeting current ETL standards 
was based on that information. 

6.5 RECOMMENDATIONS 

6.5.1 Utilities 

� No utilities work recommended except for fire pump upgrades addressed under Tab 8. 

6.5.2 Plumbing 

1. Address indicated deficiencies including the addition of 4 emergency showers in Hangar 
2. 

2. Cap abandoned services to service pits.  Fill in service pits (see Fig. 6.9). 

3. Replace domestic water, compressed air, waste, and vent piping throughout the facility to 
provide an additional 30 year service life.  Our estimate includes fixture replacement 
since fixtures must be removed to perform plumbing modifications.  In addition a trench 
drain must be added to the hangar bay to meet current ETL requirements for fire 
suppression.  See Tab 8 for further discussion.  Our estimate shows replacement of the 
entire waste piping system.  If it was determined that the age of the waste piping was on 
the order of 40 years rather than 60 years, we would not recommend its replacement 
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6.5.3 Heating 

1. Except for the existing unit heaters and door track heating in the hangar bays we 
recommend total replacement of the hydronic heating system.  Replacement of the 
existing central heat exchangers and associated equipment is necessary to support the 
additional load imposed by the ventilation equipment.  Replacement of the existing 
perimeter heating system is recommended due to its inadequacy and age. 

6.5.4 Ventilation 

1. Provide ventilation to shops and offices to meet IMC requirements.  Provide new 
restroom exhaust fans.  

2. The hangar bays are configured with doors meeting the 1/20th door area requirement for 
passive ventilation meeting the letter of code requirements.  However, from an industrial 
hygiene point of view, ventilation should be provided.  Also hangar bay ventilation was 
provided at Hangar 267.  Therefore we recommend ventilation of the hangar bays at a 
rate of about 1 cfm per square foot matching the ventilation rate provided at Hangar 267.  
Carbon monoxide detection was also provided at Hangar 267.  While these safety devices 
are difficult to argue against due to the presence of gasoline fueled carts we doubt there 
will ever be a scenario where the level of CO rises to a detectable level unless the carts 
are idled directly beneath a sensor.  The diesel vehicles produce relatively low levels of 
CO and would case significant occupant discomfort from fume smell long before the CO 
reached detectable levels. 

3. Air conditioning was provided to the Administration/Crew spaces in Hangar 267.  We 
concur with the application of air conditioning in administrative areas.  While not 
absolutely necessary in the Fairbanks environment, it provides increased comfort which 
translates to increased productivity.  Air conditioning was not provided in the hangar bay 
area for Hangar 267 and is not recommended by us as hangar doors could be opened 
providing a shaded work area that should be reasonably comfortable in even record 
conditions.

6.5.5 Temperature Controls 

1. We recommend use of direct digital controls (DDC) to control central mechanical 
equipment, such as the main steam converter and air handling units, to control finned 
tube radiation at the building perimeter, and use of non DDC line voltage thermostats to 
control cabinet unit heaters.  Low voltage thermostats could also be used to effectively 
control finned tube radiation; however if used then the temperature sensed at the 
thermostat cannot be monitored, we therefore recommend that these also be controlled 
through DDC controls.  We strongly recommend against use of the existing self 
contained valves as these devices are not positive control devices making them inferior 
from a comfort stand point.  They are also difficult to trouble shoot. 
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6.5.6 Force Protection 

1. Any modifications to the ventilation systems should be made with intakes 10' above 
grade or higher. 

2. Any modifications to central heating equipment, and fire suppression system should be 
made so that piping and equipment is not supported off the outside wall.  Additional 
measures might also be considered such as locating the utilidor pits and mechanical 
rooms to interior spaces; however these extreme measures were not adopted in the design 
of Hangar 267. 

6.6 PHOTOGRAPHS 

Figure 6.1  Bathroom Exhaust Made Non-Operable at Hangar 2 
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Figure 6.2  Electric Water Heater w/o Seismic Bracing - 
Hangar 2 

Figure 6.3  Emergency Eye Wash w/o Tempering Valve Hangar 2 
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Figure 6.4  Cabinet Unit Heater at Hangar 2 

Figure 6.5  Electric Heater at Hangar 3 
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Figure 6.6. Diesel Tug Used at Hangars 2 & 3 

Figure 6.7  Diesel Tractor Used at Both Hangars 2 & 3 
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Figure 6.8 Window Reduced in Size Both Hangar 2 & 3 

Figure 6.9  Abandoned Services Pit, Hangar 2 
                       
                     - End of Section - 
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7 ELECTRICAL 
 
7.1 EXISTING CONDITIONS ASSESSMENT 

7.1.1 General 

Electrical Equipment Overview 

Electrical equipment in both Hangars 2 and 3 is a mixture of old and new.  Panel distribution, 
lighting, receptacles, and communications equipment exhibit a wide range between antiquated 
and current construction.   Substantial modifications to the existing electrical system are 
recommended in this report.  The recommendations are based on life and building safety, energy 
efficiency, and the useful life of the equipment.   

Secretary of the Interior's Standards for Rehabilitation 

Modifications to the electrical system should not have a significant impact on compliance with 
the Secretary of the Interior's Standards for Rehabilitation.  Replacement of original electrical 
equipment as it exists in some locations is necessary to keep this facility safe and operating 
properly. 

7.1.2 Power Distribution 

Hangars 2 and 3 are fed by pole mounted transformers in the parking lot (see Fig. 7.1).  
Secondary service entrance conductors run underground from the service pole to a 1600 ampere, 
208Y/120 volt switchboard in an electrical room inside the building.  Some of the service feeders 
on the pole have been hit by a vehicle and are damaged (see Fig. 7.2).  Feeders from the main 
switchboards to panelboards distributed through the hangars have a mixture of primarily 
thermoplastic and cross-linked polyethylene, but some braided cloth insulation still exists.  There 
are some original panelboards still in operation.  Panelboard manufacturers range from Fouch 
Electric Mfg Co., I.T.E. Imperial Corporation, General Electric, and Square D.  The first two 
listed manufacturers do not exist anymore. 

Standard or Code Deficiencies 

1. Outdated panelboards are a fire hazard due to improper operation of overcurrent 
protective devices and are difficult to maintain. 

2. Braided cloth insulated feeders and branch circuit are likely to be cracked and frayed in 
concealed locations.  Such insulated conductors pose the risk of short circuiting, arcing, 
and starting fires.  This risk is compounded by item no. 1 mentioned above. 

3. Damaged pole mounted service feeders created arcing hazard and could cause sudden 
unexpected loss of power. 
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7.1.3 Lighting 

Interior Lighting

Both open hangar areas are lit with metal halide high-bay fixtures and the perimeter rooms by 
fluorescent lights.  Lighting levels and equipment conditions vary between the two hangars.   

Hangar 2 Lighting

Open hangar area lighting levels range from 15 to 30 footcandles.  Many of the perimeter rooms 
have been recently upgraded with new wraparound fluorescent fixtures and T8 lamps with 
electronic ballasts.  Office lighting levels average 70 footcandles. 

Hangar 3 Lighting

Open hangar area lighting levels range from 35 to 40 footcandles.  The perimeter room lighting 
fixtures are outdated.  Office lighting levels average 70 footcandles. 

Emergency Egress Lighting and Exit Signs

Emergency egress lighting consists of battery operated emergency lighting units.  The units are 
sparsely placed (see Figs. 7.3 and 7.4).  Exit signs vary widely.  Some are red, some are green, 
some flash on loss of power, and some remain steady burning.  One of the exit signs in Hangar 3 
was inoperative. 

Exterior Lighting

Exterior lighting is limited to floodlights mounted on the roof at the four corners of the buildings, 
typically three floodlights on the north corners and two floodlights on the south corners.  There is 
no soffit lighting, nor is there wall mounted lighting over the mandoors.  Parking lot lighting does 
not exist as well. 

Standard or Code Deficiencies

1. The critical nature of the work performed in the open hangar areas in both Hangars 2 and 
3, and the small parts that are assembled there, warrant higher lighting levels than what 
exists.  The Illuminating Engineering Society of North America recommends a target 
minimum of 75 foot candles for aircraft hangars. 

2. Required emergency egress illumination of one footcandle along path of egress does not 
exist except in the immediate vicinity of the emergency lighting units.  Emergency 
lighting in the stairwells from the second floors to outside does not exist. 

3. Exit signs are required to be lit at all times, including during loss of normal power. 

4. Lighting levels do not meet the standards for exterior lighting.  In addition, the 
floodlights do not have cutoff optics typical to airport apron lighting. 
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7.1.4 Wiring Devices 

A number of the wiring devices are old and worn out (see Figs. 7.5 and 7.6).  Many have been 
painted over and the paint is peeling.  Spot testing (open ground, open neutral, open hot, hot and 
ground reversed, hot and neutral reversed) of the power receptacles was performed with no 
deficiencies found. 

7.1.5 Communications 

Phone system connects to the base-wide telephone switch.  The faceplates, station and trunk lines, 
and telephone blocks are aging. 

Data system cabling has been added to the hangars in recent years.  Cabling is a mixture of 
Category 5 and 5e.  Some communications cabinets have coils of unconnected cables spilling out 
of the enclosures.  Cabinets are located in common use areas such as open hangar spaces or in 
break rooms (see Figs. 7.7 through 7.9). 

Standard or Code Deficiencies 

1. The servers, switches, and hubs that are installed in plain view in easily accessible office 
spaces pose a security risk.   

7.1.6 Fire Alarm System 

Existing fire alarm systems are non-addressable, manufactured by Honeywell.  The Fire Alarm 
Control Panels (FACP) in both hangars are located in the main hangar areas on the south wall.  
Smoke detectors are installed in the small rooms on both north and south wings.  There is no 
detection in the open bay areas.  Annunciation in each hangar is accomplished with a total of 
eight interior bells, four in the open hangar area, and two in each of the second floor wings.  The 
existing fire alarm system is installed in metal conduit (see Fig. 7.10). 

Standard or Code Deficiencies 

1. Manual stations are not located immediately adjacent to exits and some are not mounted 
at the proper height.  In some cases the manual station is more than thirty feet from an 
exit door. 

2. Code requires audible signals to sound 15 dBA above ambient noise levels in the alarm 
condition.  Given the size of the structures, the quantities of bells, and the noisy 
machinery that operates in the hangars, insufficient audible annunciation exists.   

3. Strobe annunciation does not exist. 

4. Numerous Fire Inspection Reports conducted by the Fort Wainwright Fire Department 
that are issued monthly list fire doors being held open with non-approved devices. 

7.2 SUMMARY OF RECOMMENDATIONS 
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7.2.1 Power Distribution 

Replace outdated panelboards. 

Typically a building this size would contain a dual-voltage distribution of 480Y/277 volt and 
208Y/120 volt systems.  Substantial cost savings can be realized with a dual-voltage system due 
to long feeder runs, large motor starters and disconnect switches, and hangar lighting systems.   

Replace braided cloth insulated feeders and branch circuit conductors with thermoplastic and 
cross-linked polyethylene insulated conductors. 

Replace pole mounted service conduits and place bollards around the service poles to protect the 
conduits. 

7.2.2 Lighting 

Interior Lighting 

The critical nature of the work performed in the open hangar areas in both Hangars 2 and 3, and 
the small parts that are assembled there, warrant higher lighting levels than what exists.  The 
Illuminating Engineering Society of North America recommends a target minimum of 75 foot 
candles for aircraft hangars. 

Hangar 3 perimeter room lighting should be replaced to match or exceed the quality that exists in 
Hangar 2. 

Existing exit signs should be replaced and emergency lighting equipment should be augmented to 
provide Code required emergency lighting levels. 

Exterior Lighting 

Provide wall mounted mandoor lighting to assist in safe building entry and exit.  Provide 
minimum 1.0 foot-candle average parking lot lighting per UFC guidelines.  Replace floodlights 
with area lighting fixtures with sharp cutoff optics 80 degrees above nadir. 

7.2.3 Wiring Devices 

Replace wiring devices throughout both hangars.  
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Communications 

Combine telephone and data outlets into a single modular faceplate.  Route telephone and data 
lines to a common telecommunications rack.  Data and telephone systems are essential to facility 
operations and the rack-mounted equipment that controls the systems should be kept secure.  
Relocate communication racks to lockable communication closets that permit access only to 
authorized information technology specialists.   

7.2.4 Fire Alarm System 

Provide horn/strobes throughout both hangars as required to achieve a signal strength 15 dBA 
above ambient and mounted in locations to provide complete building coverage.  Additional 
annunciator device drivers will be required to be installed adjacent to the fire alarm control 
panels, and new alarm circuits will need to be pulled.  The existing raceway system could be 
partially utilized, but that would require that all of the existing fire alarm conductors be replaced.  
In that case, new raceway will branch off to new annunciator locations.  An alternative solution is 
to provide a new raceway system throughout the hangars just to the new horn/strobe locations. 

Relocate manual pull stations to within five feet of the exits.  Mount at 48 inches above the floor, 
or 54 inches where side access by a wheel chair is available, in accordance with ADA.   

Fire doors should be installed with magnetic door holder and controlled by the fire alarm control 
panel.   

Considering the scope of fire alarm work that is required, a new addressable fire alarm system 
should be considered.  Addressable systems for buildings this size are more cost effective 
compared to conventional non-addressable systems, better annunciate alarm and trouble 
conditions, and provide more versatility for future modifications.  The new fire alarm system 
should be addressable and self testing, and be installed in compliance with current UFC 3-600 
requirements.  

Flame detectors should be considered for the open hangar areas.  Flame detectors provide better 
early warning detection than beam detectors and are not susceptible to structural movement that is 
typical to large open buildings. 

Duct mounted smoke detectors (ionization or photoelectric detectors) should be provided in the 
return air system locations at the mechanical return air duct for any piece of HVAC equipment 
that carries more than 2000 cfm. 

Additional automatic fire alarm initiating devices should be heat detectors in areas such as the 
bathrooms, mechanical and electrical rooms, and janitor closets where the local conditions of 
excessive dirt, dust, and/or moisture, and humidity may cause excessive nuisance alarms in an 
ionization detector. 

All new fire alarm system wiring should be installed in conduit. 
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7.3 Photographs 

Figure 7.1  General view of transformer service pole. 

Figure 7.2  Damaged service conduits.
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Figure 7.3 Stairway lighting is not emergency powered. 

Figure 7.4.  Typical sparsely placed unit emergency lighting and exit signs.



Condition Assessment and Rehabilitation Plan  Fort Wainwright 
Hangars 2 and 3 (Buildings 3008 and 3005)  Fairbanks, Alaska 

Cooperative Agreement  December 2007
W81XWH-05-2-0091 Tab 7 – Page 8 (Final Submission)

Figure 7.5  Typical panelboard wiring with mixture of braided cloth and  
thermoplastic insulated conductors. 

Figure 7.6  Poorly placed conductors on catwalk impede normal progress.
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Figure 7.7  Communications cabinet with coils of unconnected cables spilling out of the enclosure. 

Figure 7.8  Communications cabinet located in break room: A common use area.
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Figure 7.9  Antiquated telephone blocks.  Recommend new telephone wiring be  
terminated in communications cabinets. 

Figure 7.10  Fire alarm system with bell annunciation.   

- End of Section -
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8 FIRE PROTECTION 

8.1 GENERAL PARAMETERS 

8.1.1 Military Criteria, Codes, and Standards 

� Engineering Technical Letter (ETL) ETLll10-3-484, Aircraft Hangar Fire Protection 
Systems.  

� ETL 1110-3-485, Fire Protection for Helicopter Hangars.

� Unified Facilities Criteria (UFC) UFC 3-600-01 Design: Fire Protection Engineering 

for Facilities.

� International Building Code (lBC) - 2003.  

� UFC 4-010-01, Mass Notification Systems.  

� UFC 1-200-01, Design: General Building Requirements.  

� UFC 4-021-1 Design and O&M: Mass Notification System.  

� UFC 4-211-01N, Design, aircraft Maintenance Hangars, Type I and Type II< 
Chapter 5 - Fire Protection.  

� National Institute of Standards and Technology (NIST), Technical Note (TN) 1423, 
Analysis of High Bay Hangar Facilities for Fire Detector Sensitivity and Placement.  

� Technical Instructions (TI) TI 800-01, Design Criteria.  

� TI 809-04, Seismic Design for Buildings.  

� National Fire Protection Association (NFP A) NFP A 1, Uniform Fire Code.  

� NFPA 10, Portable Fire Extinguishers.  

� NFPA 11, Standard for Low-, Medium-, and High-Expansion Foam.  

� NFPA 13, Installation of Sprinkler Systems.  

� NFPA 16, Installation of Foam-Water Sprinkler Systems and Foam-Water Spray 

Systems.  

� NFPA 20, Standard for the Installation of Stationary Pumps for Fire Protection.  

� NFPA 22, Standard for Water Tanks for Private Fire Protection.  

� NFPA 24, Installation of Private Fire Service Mains and Their Appurtenances.  

� NFPA 30, Flammable and Combustible liquids Code.  

� NFPA 70, National Electrical Code.

� NFPA 72, National Fire Alarm Code (1999)  

� NFPA 90A, Installation of Air-Conditioning Systems.  

� NFPA 101, Life Safety Code.  
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� NFPA 110, Standard for Emergency and Standby Power Systems.  

� NFPA 170, Fire Safety Symbols.  

� NFPA 241, Safeguarding Construction, Alteration, and Demolition Operations.  

� NFPA 291, Fire Flow Testing and Marking of Hydrants.  

� NFPA 409, Standard on Aircraft Hangars.  
� NFPA 1963, Fire Hose Connections .  
� American National Standards Institute (ANSI) S3.41, Audible Emergency 

Evacuation Signals.  
� Engineering Manual (EM) 385-1-1, Safety and Health Requirements Manual.  
� American Water Works Association (AWW A) Manual M14, Recommended 

Practice for Backflow Prevention Cross Connection Control.  
� A WW A Manual M31, Distribution System Requirements for Fire Protection  

� Technical manual (I'M) 5-813-5, Water Supply, Water Distribution, Volume 5 • 

UFGS (Uniform Facilities Guide Specifications):  

� UFGS 10520, Portable Fire Extinguishers UFGS 13209, Water Storage Steel Tanks  

� UFGS 13851A, Fire Detection and Alarm System, Addressable. UFGS 13920A Fire 

Pumps.  
� UFGS 13930A, West Pipe Sprinkler System, Fire Protection .  
� UFGS 13955A Aqueous Film-Forming Foam (AFFF) Fire Protection System.  

8.1.2 Existing Fire Suppression System Description 

The fire suppression section of the condition assessment is authored by Robin J. Rader, P.E. and 
is based on site inspections performed 6 September 2006, 17 November 2006, and 5 December 
2006. 

The existing fire suppression system consists of a deluge system protecting the hangar bay and a 
wet sprinkler system protecting the office and shop areas.  The age of this system is unclear as it 
does not appear to have been provided during the original construction. 

Fire water is provided from a remote building named Building 3011 located across the street from 
the hangars.  This building provides fire water for both Hangar 2 and Hangar 3 through a 16" 
water main.  The storage tank is manually filled from the base utility domestic water system.  
After the fire tank the systems are independent of each other.  Four diesel fired pumps rated at 
2000 gpm at 103 psi are used to provide fire water flow in the event of a loss of pressure in the 
deluge system.  These pumps have a date code indicating a manufacture date of 1977.  A single 
electric and gasoline fired pump also exist within building 3011.  These two pumps were replaced 
by the four pump set (see Figs. 8.1 through 8.4). 
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8.1.3 Code or Standard Deficiencies 

The current standard for army helicopter hangars is ETL 1110-3-485 Engineering and Design - 
Fire Protection for Helicopter Hangars.  This standard calls for hangars located in a geographic 
area where the 99% dry bulb temperature is less than -18C (0.0F) to be protected by an AFFF 
suppression system rather than the existing deluge system.  Additional deficiencies with respect 
to this standard are as follows: 

1. Roof coverings will be listed as Class "A" or "B".  See the Architectural Assessment (Tab 
3) for further discussion. 

2. Draft curtains shall be non combustible.  Hangars 2 & 3 utilize combustible draft 
curtains.  See the Architectural Assessment for further discussion. 

3. Interior finish will have a flame spread rating less than 25 and a smoke developed rating 
of 50 or less.  Hangars 2 and 3 are finished inside with wood siding.  See the 
Architectural Assessment for further discussion. 

4. The floor must drain at a slope not less than 0.5% (1/16" per foot).  While most of the 
hangar bay floors do slope at a 1/16" slope to drain there are exceptions.  For instance, 
the area around the man doors in the corners of the bays has typically settled, reducing 
the effective slope to about 0.2% and even collects water right at the doors. 

5. Ancillary spaces must be protected from fire water that may have burning fuel on top 
through use of ramps or curbs.  The shops and offices at best are dead level with the 
hangar doors.  In some cases they are below the hangar door threshold. 

6. Fire water with burning fuel must travel from the hangar floor at a rate matching the fire 
suppression supply.  This water must travel to a safe area or into tanks.  There are no such 
provisions at these facilities. 

7. In addition to the above deficiencies there is a pocket made by the roof above the office 
shop area where the hangar roof extends over the office shop area.  This area is accessible 
and is combustible but is not protected by sprinkler protection. 

8.2 RECOMMENDATIONS FOR THE EXISTING FIRE SUPPRESSION SYSTEM 

We recommend replacement of the existing deluge system protecting the hangar bay with a dry 
preaction AFFF system meeting ETL requirements and matching the system provided at Hangar 
267.  A preaction system is recommended as it provides a double safety in that both an electronic 
smoke or fire sensor as well as the fusible link on a closed sprinkler head must release before 
flow is initiated.  We recommend reuse of the existing water storage tank located in Building 
3011.  We recommend replacing the existing diesel pumps in building 3011.  It might be possible 
to upgrade the existing pumps with new pump heads allowing them to achieve the increase 
pressure required for an AFFF system (140 psi at Hangar 267).  However these pumps are also 
nearing the limit of their useful age.  The estimate for conversion of the AFFF system includes 
both a diesel fired and an electric pump. 
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We recommend reusing the existing wet sprinkler system in the office and shop area and 
extending the system to protect the combustible area above the office and shop area. 

Containing and routing the fire water for these facilities is a significant challenge.  We 
recommend the addition of a topping slab within the first floor shops and offices to protect these 
spaces from fire water.  This in combination with the trench drain recommended under Tab 6 
would provide floor slopes of 1/16" slope or better.  Controlling the fire water flow is the most 
difficult of these issues.  In the case of Hangar 267, fire water flow was controlled by allowing it 
to flow out two side garage doors in the axis of the trench drain on to what appears to be a low 
hazard area of the ramp.  In the case of Hangar 2 and 3, the trench drain also would travel in the 
direction of each door.  But in this case the fire water would partially or fully block the doors if 
allowed to flow in these directions.  In addition the apron slope does not appear to be significant 
which would make the area exposed to burning fuel large.  NFPA 409, Standard for Aircraft 
Hangars, indicates use of underground tanks to contain this fire water.  However, these tanks 
would have to match the capacity of the fire suppression supply which is 167,000 gallons for 
Hangar 267.  We do not believe such a system is feasible.  We have included an estimated cost 
for a 10" waste drain that would travel south 400' beneath the adjacent roadway to a ditch running 
parallel to the roadway.  Note that the drain lines must cross a road and an existing utilidor.  The 
bottom of the ditch appears to be lower than the bottom of the utilidor making this run feasible. 

8.3 PHOTOGRAPHS 

Figure 8.1  Bldg 3011 Defunct Diesel Fire Pump 
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Figure 8.2  Defunct make Up Valve at Bldg 3011.  
Tank in now filled manually.

Figure 8.3  1 of 4 Operational Fire Pumps in Bldg 3011 
Serving Hangars 2 & 3 
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Figure 8.4  Super Structure Over 500,000 Gallon Tank in 
Bldg 3011 

- End of Section - 
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9 GEOTECHNICAL ANALYSIS 

As part of the Condition Assessment and Rehabilitation Plan, a subsurface investigation and 
geotechnical analysis of the soils surrounding Hangars 2 and 3 was conducted by the firm of Soils 
Alaska, P.C. of Fairbanks, Alaska. 

The attached letter report summarizes the observations, findings, conclusions and 
recommendations on issues relating to the subsurface and soils conditions at the Hangars.  Also 
included are individual boring reports and particle size distribution notes. 

- End of Section - 
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[INSERT LETTER, TAB 9]  
- End of Section - 
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APPENDIX A - 

Table of Visually Observed Deficiencies

The appended five page table is a compilation of notes of the visual inspection of the structural 
components of the hangars.  It is visual in nature, and is intended to provide a general level of 
understanding of the condition of the superstructural systems of the buildings.  No destructive 
investigation was conducted, and many elements could only be examined from a distance using 
field glasses and binoculars. 

During the design phases of any anticipated projects at the hangars, it is recommended that a 
direct, hands-on examination of each affected member be conducted, in order to refine and more 
carefully analyze its condition. 



Appendix A - Table of Visually Observed Deficiencies

Hangar # Element B/L # Bay # Member # LEVEL # Panel Pt. # Deficiency Thickness Length Severity Deficiency
2 Column 1 South 2 Splits Splits at X-brace
2 Column 1 North 1 Split LOCAL Split at end connection of X-brace
2 Column 1 North 2 Inaccessible Inacessible
2 Column 1 North 4 Inaccessible Inacessible
2 Column 1 South 1 Inaccessible Inacessible
2 Column 1 South 4 Inaccessible Inacessible
2 Column 1 South 2 Checks LOCAL Checks & knots in X-brace
2 Column 2 South 4 Splits X-brace splits 
2 Column 2 North 1 Split Column split
2 Column 2 North 1 Split LOCAL Split at buttress connection
2 Column 2 South 1 Split LOCAL X-brace split at split ring connection
2 Column 2 South 1 Missing LOCAL Missing X-brace, cut short
2 Column 2 South 4 Loose Collar Bolts LOCAL Loose collar bolts
2 Column 2 North 1 Cut LOCAL Cut X-brace
2 Column 3 North 1 Split Column split
2 Column 3 South 4 Split Column split
2 Column 3 South 2 Split FULL Split & checks in column
2 Column 3 North 4 Damage Major damage
2 Column 3 North 2 Checks FULL Timber checks
2 Column 4 South 1 Split FULL Column split along full length
2 Column 4 South 2 Split FULL Column split along full length
2 Column 4 South 2 Split LOCAL Split at X-brace
2 Column 4 South 4 Split LOCAL Split at X-brace connection
2 Column 4 North 1 Split X-brace split
2 Column 4 North 1 Inaccessible Inacessible
2 Column 4 North 2 Checks LOCAL Checks & splits at column lap splice
2 Column 4 North 2 Checks LOCAL Checks & splits at X-brace connection
2 Column 4 North 4 Checks FULL Checks and splits
2 Column 5 South 4 Split LOCAL Column split at buttress
2 Column 5 South 1 Split LOCAL Column split at connection
2 Column 5 South 2 Split LOCAL Column split at mid-height
2 Column 5 South 1 Split 1/2 X-brace split up to mid-height
2 Column 5 North 4 Checks FULL Shrinkage checks
2 Column 5 South 2 Checks FULL X-brace w/ knots & checks, 80% section remaining
2 Column 5 North 2 Check LOCAL Check and splits at column lap splice
2 Column 6 South 2 Splits LOCAL Splits at X-brace connection
2 Column 6 North 1 Split 7 LF Column split, 7' length
2 Column 6 North 1 Split 1/2 Split at buttress connection to column
2 Column 6 South 1 Split 1/2 Split at buttress connection to column
2 Column 6 South 1 Missing LOCAL Missing X-brace at connection
2 Column 6 South 2 Missing LOCAL Missing X-brace at connection
2 Column 6 North 1 Hole LOCAL Hole on X-brace, 2" diameter
2 Column 6 North 4 Checks FULL Shrinkage checks
2 Column 6 North 1 Bent Bolt Bent bolt
2 Column 6 North 2 Alignment Bolts not centered on X-brace connection, X-braces reposition
2 Column 7 South 1 Split Column split
2 Column 7 North 2 Split LOCAL Column split near lap splice
2 Column 7 South 2 Missing LOCAL Missing X-brace at connection
2 Column 7 South 2 Checks 1/2 Checks and splits up to column lap splice
2 Column 7 North 4 Checks FULL Shrinkage checks
2 Column 8 North 1 Split Column split
2 Column 8 South 1 Split Column split
2 Column 8 South 2 Split Column split
2 Column 8 North 2 Split LOCAL Split at column lap splice
2 Column 8 North 2 Split LOCAL Split at X-brace connection
2 Column 8 North 4 Split LOCAL Split at X-brace connection between bolts
2 Column 8 North 1 Notched LOCAL Notched X-brace, 25% section remaining
2 Column 8 South 1 Missing LOCAL Missing split rings & nuts
2 Column 8 South 1 Missing LOCAL Missing/cut X-brace
2 Column 8 South 2 Missing LOCAL No X-brace
2 Column 8 South 4 Checks FULL Timber checks
2 Column 9 South 2 Split Column & X-brace split
2 Column 9 North 2 Split LOCAL Split at X-brace connection
2 Column 9 North 1 Inaccessible Inacessible
2 Column 9 North 4 Inaccessible Inacessible
2 Column 9 South 1 Inaccessible Inacessible
2 Column 9 South 4 Inaccessible Inacessible
2 Column 9 South 2 Cut LOCAL X-brace cut
2 Perp. Hrz. Brace n/a 1 n/a 13 Split Severe Split
2 Perp. Hrz. Brace n/a 2 n/a 3 Split Severe Split
2 Perp. Hrz. Brace n/a 3 n/a 3 Split Moderate Split
2 Perp. Hrz. Brace n/a 1 n/a 3 Split Moderate Split
2 Perp. Hrz. Brace n/a 2 n/a 17 Split Moderate Split
2 Perp. Hrz. Brace n/a 5 n/a 17 Split Moderate Split
2 Perp. Hrz. Brace n/a 6 n/a 3 Split Moderate Split
2 Perp. Hrz. Brace n/a 8 n/a 3 Split Moderate Split
2 Perp. Hrz. Brace n/a 4 n/a 17 Damage Severe Damage - at Connection
2 Perp. Hrz. Brace n/a 8 n/a 7 Checks Severe Checks (Consider Replacing)
2 Perp. Hrz. Brace n/a 5 n/a 7 Checks Severe Checks
2 Perp. Hrz. Brace n/a 1 n/a 17 Checks Moderate Checks
2 Perp. Hrz. Brace n/a 3 n/a 17 Checks Moderate Checks



Hangar # Element B/L # Bay # Member # LEVEL # Panel Pt. # Deficiency Thickness Length Severity Deficiency
2 Perp. Hrz. Brace n/a 4 n/a 3 Checks Moderate Checks
2 Perp. Hrz. Brace n/a 5 n/a 10 Checks Moderate Checks
2 Perp. Hrz. Brace n/a 6 n/a 7 Checks Moderate Checks
2 Perp. Hrz. Brace n/a 6 n/a 17 Checks Moderate Checks
2 Perp. Hrz. Brace n/a 7 n/a 3 Checks Moderate Checks
2 Perp. Hrz. Brace n/a 7 n/a 7 Checks Moderate Checks
2 Perp. Hrz. Brace n/a 7 n/a 13 Checks Moderate Checks
2 Perp. Hrz. Brace n/a 6 n/a 10 Checks Moderate Checks
2 Perp. Hrz. Brace n/a 4 n/a 13 Checks Moderate Checks
2 Perp. Hrz. Brace n/a 4 n/a 7 Checks Light Checks
2 Purlin n/a 4 n/a 10 Checks Full Severe Checks - Full Length
2 Purlin n/a 2 n/a 14 Checks Full Severe Checks - Full Length
2 Purlin n/a 2 n/a 15 Checks Full Severe Checks - Full Length
2 Purlin n/a 1 n/a 17 Checks Full Severe Checks - Full Length
2 Purlin n/a 1 n/a 11.1 Checks Half Severe Checks - Half Length
2 Purlin n/a 2 n/a 19 Checks Half Severe Checks - Half Length
2 Purlin n/a 2 n/a 20 Checks Half Severe Checks - Half Length
2 Purlin n/a 1 n/a 2 Checks Full Moderate Checks - Full Length
2 Purlin n/a 3 n/a 2 Checks Full Moderate Checks - Full Length
2 Purlin n/a 3 n/a 3 Checks Full Moderate Checks - Full Length
2 Purlin n/a 8 n/a 3 Checks Full Moderate Checks - Full Length
2 Purlin n/a 6 n/a 5 Checks Full Moderate Checks - Full Length
2 Purlin n/a 4 n/a 7 Checks Full Moderate Checks - Full Length
2 Purlin n/a 5 n/a 7 Checks Full Moderate Checks - Full Length
2 Purlin n/a 8 n/a 12 Checks Full Moderate Checks - Full Length
2 Purlin n/a 8 n/a 13 Checks Full Moderate Checks - Full Length
2 Purlin n/a 5 n/a 14 Checks Full Moderate Checks - Full Length
2 Purlin n/a 8 n/a 14 Checks Full Moderate Checks - Full Length
2 Purlin n/a 3 n/a 15 Checks Full Moderate Checks - Full Length
2 Purlin n/a 5 n/a 15 Checks Full Moderate Checks - Full Length
2 Purlin n/a 8 n/a 15 Checks Full Moderate Checks - Full Length
2 Purlin n/a 7 n/a 10 Checks Half Moderate Checks - Half Length
2 Purlin n/a 6 n/a 12 Checks Half Moderate Checks - Half Length
2 Purlin n/a 3 n/a 16 Checks Half Moderate Checks - Half Length
2 Purlin n/a 5 n/a 4 Checks Full Light Checks - Full Length
2 Purlin n/a 7 n/a 6 Checks Full Light Checks - Full Length
2 Purlin n/a 8 n/a 6 Checks Full Light Checks - Full Length
2 Purlin n/a 3 n/a 7 Checks Full Light Checks - Full Length
2 Purlin n/a 8 n/a 8 Checks Full Light Checks - Full Length
2 Purlin n/a 6 n/a 9 Checks Full Light Checks - Full Length
2 Purlin n/a 8 n/a 9 Checks Full Light Checks - Full Length
2 Purlin n/a 6 n/a 10 Checks Full Light Checks - Full Length
2 Purlin n/a 7 n/a 14 Checks Full Light Checks - Full Length
2 Purlin n/a 8 n/a 18 Checks Full Light Checks - Full Length
2 Purlin n/a 4 n/a 3 Checks Half Light Checks - Half Length
2 Purlin n/a 6 n/a 4 Checks Half Light Checks - Half Length
2 Purlin n/a 8 n/a 5 Checks Half Light Checks - Half Length
2 Purlin n/a 5 n/a 8 Checks Half Light Checks - Half Length
2 Purlin n/a 6 n/a 8 Checks Half Light Checks - Half Length
2 Purlin n/a 3 n/a 12 Checks Half Light Checks - Half Length
2 Purlin n/a 5 n/a 16 Checks Half Light Checks - Half Length
2 Purlin n/a 3 n/a 17 Checks Half Light Checks - Half Length
2 Purlin n/a 7 n/a 18 Checks Half Light Checks - Half Length
2 Purlin n/a 7 n/a 19 Checks Half Light Checks - Half Length
2 Truss 1 B6(E) Cracks 1/2 IN 1 LF 1/2" x 12", series of cracks
2 Truss 1 6E(E) Crack 1/2 IN 1/4 1/2" crack, 1/4 length of member
2 Truss 1 7E(E) Crack 1/4 IN 3/4 1/4" crack, 3/4 length of member
2 Truss 1 B5 Crack 1/2 IN 8 LF 1/2" x 8' crack, middle of member
2 Truss 2 9E(W) Crack 1/2 IN 1/6 1/2" crack, at 15% end of member
2 Truss 2 10E(W) Crack 1/2 IN 1/2 1/2" crack, 1/2 length of member
2 Truss 2 B2(E) Crack 1/8 IN 16 LF 1/8" x 8' crack at end of member
2 Truss 2 5E(E) Crack 1/4 IN 2 LF 1/4" crack at 1' at each end
2 Truss 2 1E(W) Crack 1/2 IN FULL 1/2" full length crack
2 Truss 2 2E(W) Crack 1/2 IN FULL 1/2" full length crack
2 Truss 2 8E(W) Crack 1/2 IN FULL 1/2" full length crack
2 Truss 2 M5(E) Crack 1/2 IN ? 1/2" crack
2 Truss 2 M61 Crack 1/2 IN ? 1/2" crack
2 Truss 3 B5(E) Cracks 3/4 IN 2 LF 3/4" x 2' cracks, each end
2 Truss 3 M75(W) Cracks 1/4 IN LOCAL 1/4" spot cracks
2 Truss 3 1E(W) Crack 1/2 IN 1/2 1/2" crack, middle of member
2 Truss 3 2E(W) Crack 1/2 IN 5 LF 1/2" x 3' crack (middle), 1/4" x 2' crack (end)
2 Truss 3 B2(E) Crack 1/2 IN 6 LF 1/2" x 6' crack (reinforced w/ tie-rods)
2 Truss 3 6E(W) Crack 1/2 IN FULL 1/2" crack, entire length
2 Truss 3 7E(W) Crack 1/2 IN FULL 1/2" crack, entire length
2 Truss 3 B3(E) Crack 1/2 IN FULL 1/2" crack, full length
2 Truss 4 5E(E) Crack 1/2 IN 3/4 1/2" crack, 3/4 length of member
2 Truss 4 1E(E) Crack 3/4 IN 3/4 3/4" crack, 3/4 length of member
2 Truss 4 7E(E) Crack 1/4 IN 7 LF 1/4" crack, 5' at 1 end & 2' at other end
2 Truss 4 M69 Crack 1/2 IN ? 1/2" crack
2 Truss 5 M47 Split ? Split crack
2 Truss 5 5E(E) Cracks 1/4 IN 2 LF 3 - 1/4" x 2' cracks.
2 Truss 5 M23(W) Crack ? Severe Complete crack (failed)
2 Truss 5 M61(W) Crack ? Severe Complete crack (failed)
2 Truss 5 1E(W) Crack 1/4 IN 2 LF 1/4" x 2' crack at end
2 Truss 5 B3(W) Crack 1/2 IN 2 LF 1/2" x 2' crack, north end
2 Truss 5 7E(W) Crack 1/4 IN 2 LF crack at 1/4" that is 2' length
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2 Truss 5 7E(W) Crack 1/4 IN 2 LF crack at 1/4" that is 2' length
2 Truss 5 10E(W) Crack 1/2 IN 3 LF 1/2" x 3' crack at end
2 Truss 5 9E(W) Crack 1/2 IN 3 LF crack, 1/2" x 2 1/2' in length
2 Truss 5 9E(W) Crack 1/2 IN 3 LF crack, 1/2" x 2 1/2' in length
2 Truss 5 2B(E) Crack 1/2 IN 4 LF 1/2" crack, 4' in length, under node M27
2 Truss 5 4E(W) Crack 3/8 IN 4 LF 2-3/8" crack, one 4' length 
2 Truss 5 4E(W) Crack 3/8 IN 8 LF 2-3/8" crack, one 8' length
2 Truss 5 10E(E) Crack 1/2 IN FULL 1/2" crack, full length
2 Truss 5 M11 Crack 1/2 IN ? 1/2" crack
2 Truss 6 B5(W) Crack 3/4 IN 1/2 3/4" crack, 1/2 length of member, on top
2 Truss 6 8E(W) Crack 3/8 IN 3/4 3/8" - 1/2" crack, 3/4 length of member, not cont
2 Truss 6 10E(W) Crack 1/2 IN 1 LF 1/2" x 1' crack at north end
2 Truss 6 9E(W) Crack 1/2 IN 1 LF 1/2" x 1' crack at north end
2 Truss 6 M31 Crack 1/2 IN FULL 1/2" crack, full length
2 Truss 7 6E(W) Crack 1/2 IN 3/4 1/2" - 3/4" crack, 3/4 length of member
2 Truss 7 B2(E) Crack 1/2 IN 3/4 1/2" crack, 3/4 length of member, discont
2 Truss 7 3E(W) Crack 1/2 IN 1 LF 1/2" x 1' crack on bolt
2 Truss 7 B3(M) Crack 1/2 IN ? 1/2" crack at base of M43
2 Truss 8 7E(W) Cracks 1/2 IN FULL 1/2" - 3/4" series of cracks, full length
2 Truss 8 8E(W) Cracks 1/2 IN FULL 1/2" - 3/4" series of cracks, full length
2 Truss 8 9E(E) Cracks 1/2 IN FULL 1/2" series of cracks, full length
2 Truss 8 1E(E) Cracks 1/2 IN FULL 1/2" series of cracks, full length
2 Truss 8 3E(W) Crack 1/2 IN 3/4 1/2" crack, 3/4 length of member
2 Truss 8 6E(E) Crack 1/2 IN 1 LF 1/2" x 1' crack at north end
2 Truss 8 B3(E) Crack 1/4 IN 4 LF 1/4" x 4' crack at north end
2 Truss 8 B4(W) Crack Hairline FULL Hairline crack at bottom of mid member, full length
2 Truss 8 M67(W) Crack ? Crack
2 Truss 8 2E(E) Crack ? Stress crack
2 Truss 9 B1 Crack 3/4 IN 1 LF 3/4" x 1' crack at south end at gussett pl
2 Truss 9 M29 Crack 1/4 IN 1 LF 1/4" crack in middle of 2.5" x13" sister pl
2 Truss 9 M49 Crack 1/4 IN 1 LF 1/4" crack in middle of 2.5" x13" sister pl
2 Truss 9 M67 Crack 1/4 IN 1 LF 1/4" crack in middle of 2.5" x13" sister pl
2 Truss 9 M71 Crack 1/4 IN 1 LF 1/4" crack in middle of 2.5" x13" sister pl
2 Truss 9 8E(W) Crack 3/2 IN 1 LF 1 1/2" x 1' crack at south end
2 Vert. X Brace n/a 8 n/a 7 Damage Severe Damage - at Connection
3 Column 1 North 1 Split LOCAL Split at splice plate at X-brace
3 Column 1 South 1 Split LOCAL Split at X-brace
3 Column 1 North 1 Split LOCAL Split at X-brace at end column
3 Column 1 South 2 Split LOCAL Split at X-brace connection
3 Column 1 North 1 Notched LOCAL Notched glulam
3 Column 1 South 1 Inaccessible Column hidden
3 Column 1 South 2 Cut LOCAL Glulam connection notched
3 Column 1 North 4 Checks LOCAL Checks at X-brace splice plate
3 Column 2 North 1 Split LOCAL Connection plate damage, split
3 Column 2 South 2 Split LOCAL Split at X-brace connection
3 Column 2 North 2 Split LOCAL Split at X-brace connection plate
3 Column 2 North 2 Checks FULL Checking at column, up & down
3 Column 2 South 4 Checks LOCAL Checks below truss
3 Column 2 North 4 Checks FULL Timber checks
3 Column 2 South 1 Checks 4 LF Timber checks, 4'
3 Column 3 South 1 Splits LOCAL Splits at bottom connection
3 Column 3 North 1 Split FULL Column splits
3 Column 3 South 2 Split LOCAL Split at column splice
3 Column 4 South 2 Split 1/2 Split below column splice
3 Column 4 South 4 Checks LOCAL Checks at X-brace plate
3 Column 4 South 1 Checks LOCAL Local checks at X-brace
3 Column 4 North 1 Checks FULL Timber checks and surface damage
3 Column 4 North 2 Checks FULL Timber checks and surface damage
3 Column 4 North 4 Checks FULL Timber checks and surface damage
3 Column 5 North 1 Split FULL Severe split all way up
3 Column 5 North 2 Split FULL Severe split all way up
3 Column 5 North 4 Split FULL Severe split all way up
3 Column 5 North 2 Checks LOCAL Checking at connection
3 Column 5 South 1 Checks LOCAL Checks at X-brace
3 Column 5 South 4 Checks LOCAL Checks at X-brace ends
3 Column 5 South 2 Checks 1/2 Severe checks above column splice, all the way up
3 Column 6 South 2 Split LOCAL Split above splice
3 Column 6 South 1 Missing LOCAL Missing X-brace
3 Column 6 South 2 Cut LOCAL Cut connection
3 Column 6 South 1 Checks LOCAL Checks at bottom/buttress
3 Column 6 South 4 Checks Sever timber checks
3 Column 7 North 2 Split 1/2 Wide split to column lap splice then checks
3 Column 7 North 1 Split 1/2 Wide split to X-brace at bottom
3 Column 7 South 2 Checks 1/2 Checking from splice to top
3 Column 7 South 1 Checks FULL Timber checking
3 Column 8 South 1 Split LOCAL Split at buttress connection
3 Column 8 South 2 Checks 1/2 Checking from splice to top
3 Column 8 South 2 Checks LOCAL Checks at X-brace
3 Column 8 North 2 Check LOCAL Check above splice
3 Column 9 North 4 Split Split
3 Column 9 South Inaccessible Column Inaccessible
3 Column 9 South 4 Inaccessible Inacessible
3 Column 9 South 2 Checks LOCAL Checking at X-brace connection
3 Column 9 South 1 Checks LOCAL Checks at X-brace connection
3 Column 9 North 2 Checks FULL Timber checks
3 Perp. Hrz. Brace n/a 6 n/a 13 Warped Moderate Warped





Hangar # Element B/L # Bay # Member # LEVEL # Panel Pt. # Deficiency Thickness Length Severity Deficiency
3 Perp. Hrz. Brace n/a 7 n/a 3 Split LOCAL Severe Split (at Bolt)
3 Perp. Hrz. Brace n/a 1 n/a 3 Split Moderate Split
3 Perp. Hrz. Brace n/a 1 n/a 7 Split Moderate Split
3 Perp. Hrz. Brace n/a 7 n/a 7 Split Moderate Split
3 Perp. Hrz. Brace n/a 3 n/a 3 Checks Severe Checks
3 Perp. Hrz. Brace n/a 3 n/a 7 Checks Severe Checks
3 Perp. Hrz. Brace n/a 3 n/a 17 Checks Severe Checks
3 Perp. Hrz. Brace n/a 4 n/a 13 Checks Severe Checks
3 Perp. Hrz. Brace n/a 4 n/a 17 Checks Severe Checks
3 Perp. Hrz. Brace n/a 5 n/a 3 Checks Severe Checks
3 Perp. Hrz. Brace n/a 5 n/a 13 Checks Severe Checks
3 Perp. Hrz. Brace n/a 6 n/a 7 Checks Severe Checks
3 Perp. Hrz. Brace n/a 6 n/a 17 Checks Severe Checks
3 Perp. Hrz. Brace n/a 7 n/a 13 Checks Severe Checks
3 Perp. Hrz. Brace n/a 8 n/a 10 Checks Severe Checks
3 Perp. Hrz. Brace n/a 1 n/a 13 Checks Moderate Checks
3 Perp. Hrz. Brace n/a 1 n/a 17 Checks Moderate Checks
3 Perp. Hrz. Brace n/a 2 n/a 3 Checks Moderate Checks
3 Perp. Hrz. Brace n/a 2 n/a 17 Checks Moderate Checks
3 Perp. Hrz. Brace n/a 4 n/a 7 Checks Moderate Checks
3 Perp. Hrz. Brace n/a 6 n/a 3 Checks Moderate Checks
3 Perp. Hrz. Brace n/a 7 n/a 17 Checks Moderate Checks
3 Perp. Hrz. Brace n/a 8 n/a 17 Checks Moderate Checks
3 Perp. Hrz. Brace n/a 5 n/a 7 Checks Moderate Checks (Top of Member)
3 Purlin n/a 5 n/a 19 Rot Local ? Rot - Local
3 Purlin n/a 6 n/a 16 Rot ? Rot
3 Purlin n/a 6 n/a 17 Rot ? Rot
3 Purlin n/a 5 n/a 18 Rot ? Rot
3 Purlin n/a 6 n/a 18 Rot ? Rot
3 Purlin n/a 1 n/a 19 Rot ? Rot
3 Purlin n/a 8 n/a 3 Checks Full Severe Checks - Full Length
3 Purlin n/a 1 n/a 14 Checks Full Severe Checks - Full Length
3 Purlin n/a 1 n/a 16 Checks Full Severe Checks - Full Length
3 Purlin n/a 1 n/a 2 Checks Full Moderate Checks - Full Length
3 Purlin n/a 1 n/a 3 Checks Full Moderate Checks - Full Length
3 Purlin n/a 2 n/a 12 Checks Full Moderate Checks - Full Length
3 Purlin n/a 1 n/a 13 Checks Full Moderate Checks - Full Length
3 Purlin n/a 1 n/a 18 Checks Full Moderate Checks - Full Length
3 Purlin n/a 3 n/a 15 Checks Half Moderate Checks - Half Length
3 Purlin n/a 1 n/a 20 Checks Half Moderate Checks - Half Length
3 Purlin n/a 7 n/a 4 Checks Full Light Checks - Full Length
3 Purlin n/a 2 n/a 8 Checks Full Light Checks - Full Length
3 Purlin n/a 1 n/a 15 Checks Full Light Checks - Full Length
3 Purlin n/a 8 n/a 16 Checks Full Light Checks - Full Length
3 Purlin n/a 3 n/a 17 Checks Full Light Checks - Full Length
3 Purlin n/a 1 n/a 4 Checks Half Light Checks - Half Length
3 Purlin n/a 6 n/a 4 Checks Half Light Checks - Half Length
3 Purlin n/a 8 n/a 4 Checks Half Light Checks - Half Length
3 Purlin n/a 1 n/a 6 Checks Half Light Checks - Half Length
3 Purlin n/a 5 n/a 9 Checks Half Light Checks - Half Length
3 Purlin n/a 4 n/a 10 Checks Half Light Checks - Half Length
3 Purlin n/a 7 n/a 10 Checks Half Light Checks - Half Length
3 Purlin n/a 3 n/a 12 Checks Half Light Checks - Half Length
3 Purlin n/a 3 n/a 13 Checks Half Light Checks - Half Length
3 Purlin n/a 8 n/a 15 Checks Half Light Checks - Half Length
3 Purlin n/a 7 n/a 17 Checks Half Light Checks - Half Length
3 Purlin n/a 6 n/a 19 Checks Half Light Checks - Half Length
3 Purlin n/a 5 n/a 20 Checks Half Light Checks - Half Length
3 Truss 1 B1(W) Crack 1/2 IN 2 LF Light 1/2" x 2' crack, south end, confined
3 Truss 1 M9(E) Crack 1/2 IN 1 LF 1/2" x 1' crack on south end of ???
3 Truss 1 M27 Crack 3/4 IN 1 LF 3/4" in bottom 12' cover plate
3 Truss 1 M51 Crack 1/1 IN 2 LF 1" x 2' crack in north cover plate
3 Truss 1 M43 Crack 1/2 IN 8 LF 1/2" x 8' crack in south cover plate
3 Truss 1 B5(E) Crack 1/2 IN FULL 1/2" crack, full length
3 Truss 1 B4 Crack 1/2 IN FULL 1/2" crack, full length
3 Truss 1 B5 Crack 1/2 IN FULL 1/2" crack, full length. Lower splice board bwt
3 Truss 1 M59 Crack 1/2 IN FULL full length 1/2" crack in north cover plate
3 Truss 1 M67 Crack Hairline FULL Hairline crack, full length, south cover plate
3 Truss 1 M71 Crack Hairline FULL Hairline crack, full length 
3 Truss 1 M21 Crack 3/4 IN FULL 1/2" - 3/4" full length crack
3 Truss 1 M19 Crack 3/4 IN FULL 1/2" - 3/4" full length crack
3 Truss 1 M11 Crack 3/4 IN FULL 1/2" - 3/4" full length crack
3 Truss 1 M7 Crack 3/4 IN FULL 1/2" - 3/4" full length crack
3 Truss 1 M3 Crack 3/4 IN FULL 1/2" - 3/4" full length crack
3 Truss 1 2E(E) Crack 1/2 IN FULL 1/2" full length crack
3 Truss 1 M39 Crack LOCAL Crack in north cover plate (size ??? In notes)
3 Truss 2 4E(W) Cracks Hairline FULL Full length cracks, fully confined
3 Truss 2 B1(E) Cracks 1/2 IN FULL 1/2" series of cracks, full length
3 Truss 2 8E(W) Crack Hairline 3/4 Moderate Thin, deep crack, 3/4 length of member
3 Truss 2 3E(W) Crack Hairline 1 LF Light Hairline crack, 1' at north end, confined
3 Truss 2 5E(W) Crack Hairline 2 LF Hairline crack, 2' at south end, 2' at north end
3 Truss 2 7E(W) Crack 1/2 IN 4 LF 1/2" x 4' crack, south end
3 Truss 2 B2(W) Crack Hairline FULL Full length hairline crack
3 Truss 2 6E(W) Crack Hairline FULL Full length crack, thin
3 Truss 2 3E(E) Crack FULL Full length deep crack
3 Truss 3 8E(W) Cracks 1/2 IN FULL 1/2" series of cracks, full length, confined



Hangar # Element B/L # Bay # Member # LEVEL # Panel Pt. # Deficiency Thickness Length Severity Deficiency
3 Truss 3 B2(W) Cracks 3/4 IN LOCAL 1/2" - 3/4" cracks, over crane
3 Truss 3 7E(E) Crack FULL Light Full length, deep crack, confined
3 Truss 3 6E(E) Crack FULL Light Full length, deep crack, confined
3 Truss 3 5E(E) Crack 1/4 IN 1/2 1/4" - 3/8" crack, 1/2 length of member, middle
3 Truss 3 6E(W) Crack FULL Full length crack, deep.
3 Truss 3 B4(W) Crack 1/2 IN FULL 1/2" -1" full length crack
3 Truss 3 M71(E) Crack LOCAL Cracked in box with cover plate each side
3 Truss 4 4E(E) Cracks FULL Full length cracks
3 Truss 4 8E(E) Cracks Hairline FULL Full length cracks, confined
3 Truss 4 10E(W) Crack 1/2 IN 1 LF Light 1/2" x 1' crack, confined
3 Truss 4 M67(E) Crack FULL Full length crack
3 Truss 4 10E(E) Crack 3/4 IN FULL 3/4" full length crack
3 Truss 4 B5 Crack FULL Full crack, middle of member
3 Truss 5 1E Split FULL Split along center of whole section
3 Truss 5 M69 Split LOCAL Split at connection
3 Truss 5 M27 Split LOCAL Split at spacer bolt
3 Truss 5 8E(W) Cracks 1/2 IN 3/4 1/4" series of cracks, 3/4 length of member
3 Truss 5 9E(W) Cracks 1/3 IN FULL 1/2" series of cracks, full length
3 Truss 5 B1 Cracks LOCAL Shrinkage cracks ext., Interior, severe crack
3 Truss 6 2E Split LOCAL Split at connection
3 Truss 7 B1 Split LOCAL Light Split with collar attached
3 Truss 7 3E Split FULL Split at whole length
3 Truss 8 B4(E) Split LOCAL Split along splice plate
3 Truss 8 4E Checks LOCAL Checks at all bolts
3 Truss 8 7E Checks LOCAL Checking & splitting at connection. Checking on middle face
3 Truss 8 8E Checks LOCAL Checking at connections
3 Truss 9 All Vert Splits ? Vert. posts in truss with splits
3 Truss 9 M31 Section Loss LOCAL Section missing
3 Truss 9 M47 Section Loss LOCAL Cut section missing
3 Truss 9 All Vert Checks FULL Vert. posts in truss with checks 
3 Vert. X Brace n/a 1 n/a 13 Rot LOCAL ? Rot - at Connection





Task:  Estimate Quanties for Proposed Repair Details

Transverse Bracing:
Approach: All Transverse Bracing to Be replaced by Angles

Calculate Work Plan:

Labor:
Qty # Days $/HR Total Cost

Laborer 3 5 40.00$          4,800$          
Lift Operator 1 5 45.00$          1,800$          
Welder 1 5 45.00$          1,800$          
Superintendan 1 5 80.00$          3,200$          

Total Labor 11,600$

Material:
Material = Steel
Grade = A36 or better
Shape = L 8x8x1/2
Unit Wieght = 26.4 LB/FT
Length of Bracing = 93.18 LF   Per Bay

Use = 100.00 LF   Per Bay
Weight (Per Bay) = 2640 LB
No. Bays per Hangars = 16 Bays/Hangars
Total Weight = 42,240                            LB

Cost of Steel = 2.00$                              $/LB

Total Cost of Material = 84,480.00$

Miscellaneous Material = Welding Material, Bolts
Grade = A316
Shape = 3/4" Bolts

Lump Sum = 1,000$

Total Material 85,480$

Equipment:
1.  Heavy Duty Lift
2.  Flat Bed Truck
3.  Personal Vehicles
4.  Welder

1.  Heavy Duty Lift
Quantity 1 EA
Rental Period 1 Week
Rental Charge 3,000.00$                        $/Week
Subtotal = 3,000.00$

2.  Flat Bed Truck
Quantity 1 EA
Rental Period 1 Day
Rental Charge 250.00$                           $/Day
Subtotal = 250.00$

3.  Personal Vehicles
Quantity 6 EA
Rental Period 5 Day
Rental Charge 50.00$                            $/Day
Subtotal = 1,500.00$

4.  Welder
Quantity 1 EA
Rental Period 5 Day
Rental Charge 100.00$                           $/Day
Subtotal = 500.00$

Total Equipment 5,250.00$

Inspection/Quality Control:

Qty # Days $/HR Total Cost
Inspector 1 5 75.00$          3,000.00$      

Expenses Travel 2,000.00$      
Lodging 1,000.00$      

Inspection Subtotal: 6,000.00$      

Recap:
Labor 11,600.00$                      
Material 85,480.00$                      
Equipment 5,250.00$                        

Subtotal: 102,330.00$                    

Contractor Ma 15% 15,349.50$                      
Contractor Base Price 117,679.50$                    

Contingency 20% 23,535.90$                      
Inspection 6,000.00$                        

Total: 150,000.00$



Special Repairs:
Approach:

Repair Detail 4, Typical Epoxy Injection Repair
Approach: All splits and cracks to be repaired with epoxy injection material.

Using field assessment chart, determine quantity of splits and cracks.
Contact Contractors in Fairbanks, Timber Restoration, to find if there are any prefferred units of measure
Make assumptions about dimensions of crack, to determine a quantitied of void space to be filled.
Make assumptions about extent of cracks to determin quantity of sealer material needed.

CAUTION: Rich Mattri at Timber Restoration strongly recommend that we not use Epoxy in these hangars.  His judgement was that 
The trusses are in good enough shape to be serviceable without epoxy.  His main concern was out of plane bending, and 
unual deformations, and severe split situations away outside the neutral axis.

This vastly reduces amount of Epoxy Injection to be reused on site, and perphap we can now reclassify these in the
"Special" member category

Epoxy Injection Repair:

Severe Splits, From deficiency Chart:

Hangar # Element B/L # or Bay # Member or P/Pt # Deficiency Dimensions Void (Gallons) Seal area (sf) Seal Th (in) Seal (Gallons)
2 Perp. Hrz. Brace 1 13 Split 1/2"x25"x10" 6.49 41.67 0.25 0.54
2 Perp. Hrz. Brace 2 3 Split 1/2"x25"x10" 6.49 41.67 0.25 0.54
3 Perp. Hrz. Brace 7 3 Split (at Bolt) 1/2"x1"x10" 0.26 1.67 0.25 0.02
2 Perp. Hrz. Brace 4 17 Damage - at Connection 1/2"x3"x10" 0.78 5.00 0.25 0.06
2 Vert. X Brace 8 7 Damage - at Connection 1/2"x3"x10" 0.78 5.00 0.25 0.06
2 Truss 5 M23(W) Complete crack (failed) 1/2"x10"x10" 0.22 1.39 0.25 0.02
2 Truss 5 M61(W) Complete crack (failed) 1/2"x10"x10" 0.22 1.39 0.25 0.02

Total: 15.24 1.27
Labor:

Qty # Days $/HR Total Cost
Laborer 3 2 40.00$          1,920$          
Lift Operator 1 2 45.00$          720$             
Superintendan 1 2 80.00$          1,280$          

Total Labor 3,920$

Material:
Material = Epoxy
Grade = Sika 31 & 35
Units of Measure = Gallons
Total Quanity of Material = 16.51 Gallons

Use = 20.00 Gallons
Cost of Material = 100.00$                           $/Gallon

Total Cost of Material = 2,000.00$

Miscellaneous Material = Injectors gun, scoring equipment
Grade =
Shape =

Lump Sum = 1,000$

Total Material 3,000$

Equipment:
1.  Light Duty Lift
2.  Personal Vehicles

1.  Light Duty Lift
Quantity 1 EA
Rental Period 2 Days
Rental Charge 400.00$                           $/Day
Subtotal = 800.00$

3.  Personal Vehicles
Quantity 5 EA
Rental Period 2 Day
Rental Charge 50.00$                            $/Day
Subtotal = 500.00$

Total Equipment 1,300.00$

Inspection/Quality Control:

Qty # Days $/HR Total Cost
Inspector 1 2 75.00$          1,200.00$      

Expenses Travel 2,000.00$      
Lodging 1,000.00$      

Inspection Subtotal: 4,200.00$      

Recap:
Labor 3,920.00$                        
Material 3,000.00$                        
Equipment 1,300.00$                        

Subtotal: 8,220.00$                        

Contractor Ma 15% 1,233.00$                        
Contractor Base Price 9,453.00$                        

Contingency 20% 1,890.60$                        
Inspection 4,200.00$                        

Total: 20,000.00$



Other Repairs:  (NOT on Deficiency Chart!!)

Hangar # Element B/L # or Bay # Member or P/Pt # Deficiency Proposed Repair
3 Truss 5 N. Saddle Plate Bottom Chord fracture at saddle plate Install V Plates
2 Truss 8 South End Top Chord - local crushing TBD

Bottom Chord Fracture:
Labor:

Qty # Days $/HR Total Cost
Laborer 1 1 40.00$          320$             
Lift Operator 1 1 45.00$          360$             
Welder 1 1 45.00$          360$             
Superintendan 1 1 80.00$          640$             

Total Labor 1,680$

Material:
Material = Steel
Grade = Structural Grade
Dimensions= 2 Plates = 5"x1/2"x10'
Volume of Steel = 2.08 CF
Density of Steel = 490.00 LB/CF
Weight of Steel = 1020.83 LB
Cost of Material = 2.00$                              $/LB

Total Cost of Material = 2,041.67$

Miscellaneous Material = Bolts, Welding Equipment
Grade =
Shape =

Lump Sum = 1,000$

Total Material 3,042$

Equipment:
1.  Light Duty Lift
2.  Personal Vehicles
3.  Welder

1.  Light Duty Lift
Quantity 1 EA
Rental Period 2 Days
Rental Charge 400.00$                           $/Day
Subtotal = 800.00$

2.  Personal Vehicles
Quantity 4 EA
Rental Period 2 Day
Rental Charge 50.00$                            $/Day
Subtotal = 400.00$

3.  Welder
Quantity 1 EA
Rental Period 1 Day
Rental Charge 100.00$                           $/Day
Subtotal = 100.00$

Total Equipment 1,300.00$

Inspection/Quality Control:

Qty # Days $/HR Total Cost
Inspector 1 1 75.00$          600.00$         

Expenses Travel 2,000.00$      
Lodging 1,000.00$      

Inspection Subtotal: 3,600.00$      

Recap:
Labor 1,680.00$                        
Material 3,041.67$                        
Equipment 1,300.00$                        

Subtotal: 6,021.67$                        

Contractor Ma 15% 903.25$                           
Contractor Base Price 6,924.92$                        

Contingency 20% 1,384.98$                        
Inspection 3,600.00$                        

Total: 10,000.00$



Purlin Repair:
Approach: All Purlins to be Strengthened with 2 sister plates
NOTE:  Consider refining analysis and only strengthening a portion of the purlins

Calculate Work Plan:

Labor:
Qty 1 HR $/HR Total Cost

Laborer 3 1 40.00$          120$             
Lift Operator 1 1 45.00$          45$               
Superintendan 1 1 80.00$          80$               

Crew Hour 245$             
Estimate 1/2 Crew Hour per Purlin
Number of Purlins = 320 EA

Crew Hours = Purlins * 1/2 160 Crew Hours

Total Labor Cost = 39,200.00$                      

Material:
Material = Glue Laminated Lumber 
Grade = ?
Shape = 3 1/2" x 14"
Length = 25 LF
Approximate Cost Each = 100.00$                           

Qty per Purlin = 2 EA
Number of Purlins = 320 EA
Total number of Glulams = 640 EA

Total Cost of Material = 64,000.00$

Miscellaneous Material = ThruBolts, Other
Thrubolts
Qty per purlin = 11 EA
Total Qty = 3520 EA
Cost Each = 3.00$                              
Total Cost of Bolts = 10,560.00$

Other
Lump Sum = 1,000$

Total Material 75,560$

Equipment:
1.  Light Duty Lift
2.  Personal Vehicles
3.  Welder

1.  Light Duty Lift
Quantity 1 EA
Rental Period 20 Days
Rental Charge 400.00$                           $/Day
Subtotal = 8,000.00$

2.  Flat Bed Truck
Quantity 1 EA
Rental Period 1 Day
Rental Charge 250.00$                           $/Day
Subtotal = 250.00$

3.  Personal Vehicles
Quantity 5 EA
Rental Period 20 Day
Rental Charge 50.00$                            $/Day
Subtotal = 5,000.00$

Total Equipment 13,250.00$

Inspection/Quality Control:

Qty # Days $/HR Total Cost
Inspector 1 20 75.00$          12,000.00$    

Expenses Travel 2,000.00$      
Lodging 1,000.00$      

Inspection Subtotal: 15,000.00$    

Recap:
Labor 245.00$                           
Material 75,560.00$                      
Equipment 13,250.00$                      

Subtotal: 89,055.00$                      

Contractor Ma 15% 13,358.25$                      
Contractor Base Price 102,413.25$                    

Contingency 20% 20,482.65$                      
Inspection 15,000.00$                      

Total: 140,000.00$
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APPENDIX B - 

SITE PLAN AND FLOOR PLANS OF HANGARS 2 AND 3 

The appended five sheets of drawings show the location of the hangars in the context of the rest 
of the Base, as well as the existing condition floor plans of each building. 

The drawings are as follows: 

 T1.1 Base Site Plan 
 A1.1 Hangar 2 – First Floor Plan – Existing 
 A1.2 Hangar 2 – Second Floor & Walkway Plan – Existing 
 A1.1 Hangar 3 – First Floor Plan – Existing 
 A1.2 Hangar 3 – Second Floor & Walkway Plan - Existing 














