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“develop criteria for construction of schools in the state; criteria developed under this paragraph must include requirements intended to achieve cost effective school construction”1
In 1993, the Alaskan legislature created the Bond Reimbursement and Grant Review Committee with AS.14.11.014 and identified the committee’s purpose.  Among their many tasks, the committee was charged with the development of criteria intended to achieve cost effective school construction in the State of Alaska.  Those familiar with construction in the State of Alaska know that this is no easy task given the wide range of climates found in Alaska, the differences in school sizes between urban and rural Alaska, and the logistical difficulties of building in remote areas with limited construction seasons.  A construction or design standard ideally suited to one region of the state can be a disaster elsewhere.  Thus, the task has remained untouched until recently when the committee acknowledged the need for some sort of guidelines that will assist in the design and construction of school facilities.

Rather than focus solely on initial construction cost, the committee feels that it is imperative to consider the long term operations and maintenance of a school facility when defining cost effective school construction.  A quality school facility that does not create an undue burden on the school district’s annual operating budget is obviously preferable to a money-pit school facility that is a drain on a district’s financial resource no matter how “cost effective” its initial construction may have been.  Therefore, this publication will not only consider the initial cost of construction with its recommendations, but the definition of “cost effective” will be broadened to include the operations and maintenance expenses, essentially looking at design and construction decisions on a life cycle basis.

The guidelines incorporated in this handbook have been developed to assist Alaskan school districts, their consultants, and communities in developing quality school facilities that will be affordable to construct and operate.  The guidelines are intended to be flexible enough to be applicable to the variety of climatic and programmatic factors that influence school design.

1  Alaska Statute 14.11.014 (b)(3)

Site development is the most widely varying cost element between school construction projects.  Many determinants influence the ultimate cost of site development for a project.  Some determinants are programmatic, for instance, site development costs for a high school will be higher than those of an elementary school due to specialized sporting facilities typically provided with the construction of a high school.  The location of the site and proximity to utilities also can greatly affect the site development costs.  Rural sites can have much greater utility costs than urban sites due to the need to provide utility infrastructure, such as water storage and treatment, sewage treatment and disposal, and heating oil storage, that urban sites are not required to provide.  The physical characteristics of the site, such as soil conditions and topography, also have a great impact on the site development costs.  Sites that require a good deal of excavation, grading, or imported fill to provide an adequate building pad will understandably have higher earthwork costs when compared to building sites not requiring such extensive alterations.  The cost of earthwork is not limited to the building footprint; the construction cost of playfields, parking areas, roads, and even utility infrastructure will be impacted by the physical characteristics of the site.

The selection of a quality building site is the first step in containing site development costs.  The department’s publication “Site Selection and Evaluation Criteria Handbook” is intended to be a resource and tool for districts to use when evaluating potential school sites.  Thus, the quality of soils should be given significant weighting when evaluating site options

Design Criteria

· Site earthwork should attempt to achieve no import or export of soil – this will clearly be difficult on sites with poor soils   

· Site utilities should be provided offsite by the public utility whenever possible – this includes water, sewer, electrical, and fuel storage utilities at rural sites and efforts should be made to work with the community to a developed shared utility infrastructure

· Development of vehicular circulation and storage areas shall be minimized 

· Parking areas will be sized to provide the required parking spaces per the governing code and the parking spaces will be sized to accommodate the standard vehicle in the region

· Construction of fire service roads around school buildings is not required in communities that do not have an organized fire fighting capacity and equipment
· Roads and parking areas shall be consolidated to minimize their footprint on the site 

Building System Summary:  The substructure of a building consists of both foundations and below-grade construction enclosing useable areas such as basements. The department recognizes four sub-categories in this building system:  Standard Foundations, Slab on Grade, Basements, and Special Foundations. These sub-systems are not mutually exclusive; components from within each may be necessary for a complete substructure.
Design Philosophy:  Alaskan schools must be provided with an adequate foundation which responds efficiently, and effectively to building loads as prescribed in adopted building codes and to the conditions of the soils encountered at the school site. Substructure efficiency measures include minimizing the deadload of the building, limiting force resistance to the depth of the foundation, high soil bearing pressures, high friction load coefficients.
Model Alaskan School:  The Model Alaskan School uses a steel reinforced concrete substructure consisting of perimeter stemwalls and footings, interior spread footings, and standard slab on grade; all of 4000psi concrete. Acceptable alternatives are detailed in the Level 4 listing that follows. See Appendix A, current edition, for detailed Model Alaskan School elements.
Standard Foundations
0211 Continuous & Column Footings – Model School includes footings sized in accordance with building codes, soils and superimposed loads.

Alt. 021110 - All weather wood (AWW) footings consisting of timbers and strongbacks are acceptable where soils are appropriate (i.e., low moisture, non-permafrost). AWW foundations must be supported by appropriate cost analysis.
0212 Foundation Walls – Model school includes foundation walls to frost depth per local conditions/codes.

Alt. 021210 - Frost protected shallow foundations (FPSF) including perimeter insulation are acceptable when supported by appropriate cost analysis.

Alt. 021220 – Concrete masonry units (CMU) foundation walls, with reinforcing, are acceptable.


Alt. 021230 – AWW foundation walls consisting of framing and sheathing are acceptable where soils are appropriate, and must be supported by appropriate cost analysis. 
0213 Foundation Wall Treatment – Model school elements include basic thermal and dampproofing treatments (see Appendix A) as anticipated to be required by local conditions/codes.
0214 Foundation Drainage – None at model school.


Alt. 021410 – Perforated pipe footing drains are acceptable when required by local conditions/code.

Alt. 021420 – Drainage mats and other water/moisture control measures are acceptable when required by site conditions and supported by appropriate cost analysis. Sites requiring underslab drainage should be avoided.
Slab on Grade

0221 Standard Slab on Grade – Model school includes basic sub-base, reinforcement, moisture control, and trowel finish (see Appendix A) as anticipated to be required by best practice.

Alt. 022110 – Lower & main floor wood superstructure see Alt. 031110. 

Alt. 022120 – Lower & main floor steel superstructure see Alt. 031120.

0222 Structural Slab on Grade – None at model school. Requirements for a structural slab to support extraordinary loads (vehicles, cranes, etc.) will be considered unique to a local educational program and will be funded locally.
0223 Trench, Pit, or Pad – None at model school.

Alt. 022310 – Nominal trench drains in support of Career Technology Education (CTE) are acceptable.
0224 Underslab Insulation – None at model school.

Alt. 022410 – Underslab rigid insulation is acceptable in support of FPSFs and where otherwise supported by an energy life-cycle cost analysis of the proposed heating system.
Basements – None at model school. Requirements for basement construction will be considered unique to local educational programs and will be funded locally.
0231 Basement Excavation/Backfill – N/A
0232 Basement Walls and Piers – N/A
0233 Basement Wall Treatment – N/A
Special Foundations

0241 Piling & Pile Cap – None at model school.

Alt. 024110 – A treated wood piling foundation including timber or engineered lumber pile caps, and required lateral bracing is acceptable where soil bearing pressures cannot support a standard foundation or where it is not cost effective to remove poor soils and replace with suitable fill.


Alt. 024120 – A steel pile foundation including steel or lumber pile caps and required lateral bracing is acceptable in conditions as stated for 024110.
0242 Caissons – None at model school. It is not anticipated that a caisson foundation would be required for an Alaskan school. If this foundation is proposed, it must be supported with an appropriate cost analysis.
0243 Grade Beams – None at model school. It is not anticipated that a grade beam foundation would be required for an Alaskan school. If this foundation is proposed, it must be supported with an appropriate cost analysis.
0244 Raft Foundation – None at model school. It is not anticipated that a raft foundation would be required for an Alaskan school. If this foundation is proposed, it must be supported with an appropriate cost analysis.
0245 Arctic Foundation System – None at model school.

Alt. 024510 – An arctic foundation system consisting of thermopile (with or without helical ribs, pile extensions, steel or lumber pile caps and required lateral bracing is acceptable where soils consist of continuous or discontinuous permafrost.
0246 Other Special Foundations – None in model school. If a special foundation not defined in this guideline (e.g., sheet pile, etc.) is proposed, it must be supported with an appropriate cost analysis.
Design Ratios:

1. Total building deadload/GSF.

2. Ton rebar/CF concrete.

3. CF concrete/GSF.

Substructure is typically far more expensive in Alaska than in other parts of the country.  Usually substructure system options are limited by the soil conditions of a particular site.  As it affects the cost of site development, the soil conditions of the selected site also play a large part in the cost of the foundation system and determining the number of substructure system options that are acceptable on a given site.  Thus, the quality of soils should be given significant weighting when evaluating site options.  

Due to the relative high cost of substructure systems, consideration should be given to the construction of two-story structures for school facilities exceeding 40,000 GSF.  The cost savings of a two story structure is not only limited to the substructure system.  When evaluating the potential cost savings of a two-story design versus a single story, other building systems, such as roofing, vertical circulation, and exterior wall, should be considered.  The shipping weight of the potential substructure system as well as the installation cost should be taken into consideration when evaluating substructure system options.  Building sites whose soil conditions allow the use of standard concrete foundations are preferable to sites that require piling foundations.  

Design Criteria

· Multi-story construction shall be considered and presented as a schematic design option for all school structures over 40,000 GSF

· Where appropriate for soil conditions, standard concrete foundations are almost always the preferred substructure system

· Where soils are of low moisture content, all weather wood foundations should be considered for facilities smaller than 20,000 GSF

· Where appropriate for soil conditions, substructure systems utilizing a heated crawlspace with perimeter closure are preferable to substructure systems that utilize an elevated building with an air space between the underside of the building and grade

Building System Summary:  The superstructure of a building consists of all gravity and lateral force resisting members above the substructure to, and including the roof deck. The department recognizes three sub-categories in this building system:  Floor Structure, Roof Structure, and Stair Construction. Floor, roof, and stair structures normally include vertical members (columns, walls), horizontal members (beams, joists, trusses), decking (wood sheathing, concrete, etc.), and a variety of bracing. In some superstructure systems with bearing walls (e.g., masonry units, light-gauge steel, nominal wood framing, etc.) the superstructure blends with the Exterior Closure and Interiors systems. In Floor Structure using slab-on-grade, the system overlaps with Substructure.
Design Philosophy:  Alaskan schools must be provided with an adequate superstructure which responds efficiently, and effectively to building loads as prescribed in adopted building codes and to the conditions of the local environment and building’s use. Structural efficiency measures include minimizing the deadload of the building, selecting high strength-to-weight and strength-to-cost materials, building simplicity, and structural member uniformity.

Model Alaskan School:  The Model Alaskan School includes a main floor structure of reinforced concrete slab on grade and includes a small portion of elevated floor with steel columns, beams, joists, metal decking and concrete. The roof structure uses a combination of wood frame bearing wall, steel columns, beams, joists, and metal decking. Steel angle bracing and light gauge steel shear walls provide lateral support. Acceptable alternatives are detailed in the Level 4 listing that follows. See Appendix A, current edition, for detailed Model Alaskan School elements.

Floor Structure
0311 Lower & Main Floors – Model School does not include this element (reinforced concrete slabs-on grade are part of Substructure).

Alt. 031110 – Lower & main floor superstructure of wood or metal consisting posts, beams/frame walls, joists, and wood structural panels is acceptable when supported by appropriate cost analysis (e.g., in geographic regions where the cost of concrete is high). Insulation at floor assembly perimeters is included. 


Alt. 031120 – Lower and main floor superstructure of wood or metal consisting of beams/frame walls, joists, metal deck, and concrete is acceptable when supported by an appropriate cost analysis. Insulation integral with this floor assembly is included.


Alt. 031130 – Where pile foundations (0241, 0245) are accepted, a structural insulated panel (SIP) is acceptable with embedded floor joists as required to meet code-specified loading. If panels will not span between pile caps, intermediary engineered wood beams or steel wide flange beams are acceptable.
0312 Upper Floors – Model School (mechanical mezzanine) includes steel columns, beams, bar joists, metal deck, metal angle bracing, and concrete topping (see Appendix A) as required by code for calculated loads.

Alt. 031210 – Wood members are accepted for any structural element noted in 0312. Wood members functioning in the capacity of metal deck and concrete must be minimum 1-1/8” wood structural panel or wood decking. 
0313 Balcony – None at Model School. Balconies accepted with framing equal to 0312 and Alt. system as required by building function.
0314 Ramp – None at Model School. Ramps accepted with framing equal to 0312 and Alt. system as required by building function.
0315 Special Floors – None at Model School. Platforms (stages) accepted with framing equal to 0312 and Alt. system as required by building function. Raised floors, computer flows, utility distribution floors, etc. must be supported by functional needs assessment and life-cycle cost analysis.
Roof Structure

0321 Pitched Roof – Model School includes steel columns, beams, bar joists, metal deck, and metal angles/connectors (see Appendix A) as required by code for calculated loads. All members concealed from view and not appearance grade. Exposed structural members accepted if cost analysis demonstrates a cost increase above the Model School at less than 2% for the 0321 system.

Alt. 032110 – Wood members accepted for any structural element noted in 0321. 
0322 Flat Roof – None at Model School. Flat roofs accepted with components equal to 0321.  includes steel columns, beams, bar joists, metal deck, metal angle bracing, and concrete topping (see Appendix A) as required by code for calculated loads.
0323Special Roof

Stairs
0331Stair Structure

0332Stair Railings

0333Ladders & Steps
substructureDue to the use of lighter framing materials and the lack of concentrated point loads, the entirely uniform loaded floor system is typically the most cost-effective elevated floor system.  It should be noted that concrete slab on grade floor systems are the least expensive floor system in areas where concrete is readily available.   

The same can be said for roof assemblies that are typically comprised of roof sheathing, roof rafters or trusses, beams, and columns carrying concentrated vertical loads to the foundation or a lower floor assembly.  Structural roof assemblies that utilize load-bearing partitions are typically more cost-effective than assemblies that use post and beam systems to bear vertical loads.  With the inclusion of the structural insulated panel in the roof assembly and its use to replace both the roof sheathing and roof rafters or trusses due to its large span and loading limits, roof assemblies have become more reliant on a post and beam assembly.  While the use of structural insulated roof panels may have reduced the time required to fully construct the structural roof assembly, its inherent inclusion of heavily loaded beams and columns adds to the overall cost of the structural assembly.

The previous paragraphs deal with how the structural systems are designed to accommodate gravity loads.  Consideration must also be given to how the structural system performs under lateral, seismic, and wind loading conditions.  The best way to design a cost-effective structural system to handle wind loads is to limit them.  The building’s form and massing play a significant role in limiting the structure’s exposure to wind loads and should be considered by the architect at the outset of design.  Buildings that expose large areas of high bay space to lateral wind loads will not be conducive to cost-effective structural design.

Design Criteria

· All single story structures and smaller (60,000 GSF or less) two story structures should utilize uniform loading structural systems (i.e. load bearing walls) wherever feasible.

· Building massing should limit exterior wall area and exterior exposure of large high bay spaces to wind loads.

Exterior closure systems bear the brunt of Alaska’s harsh climate.  They must be able to endure large variations in seasonal temperatures.  While fraught with differing elements and junctions of such elements, the assembly must remain weather tight, even in Alaska’s extreme wind and rain.  To achieve optimal performance, the exterior assembly should be constructed of quality materials and craftsmanship.  The construction of a high performance exterior assembly is expensive, so the design of a school facility should strive to reduce the amount of exterior wall area that is to be constructed.  This is not only cost-effective in terms of initial cost, but is also cost-effective in terms of operations, maintenance, and replacement costs.  By reducing the area of the exterior closure system, the area for heat loss is reduced, the area to be painted or regularly maintained is reduced, and when the exterior finish has reached the end of its useful life, the area to be replaced is reduced.  All of these factors contribute to reduce the life cycle cost of the school facility.

Oftentimes, a facility’s exterior closure system will also serve as part of the facility’s structural system by transferring roof and floor loads to the foundation system.  The use of an assembly that serves dual purposes is a giant step toward the cost effective design of a facility.  Wall assemblies constructed from dimensional lumber, structural insulated panels, metal studs, and concrete masonry units are all capable of serving this dual purpose role as exterior closure and structural system.  Each material assembly has its own strengths and weaknesses that require the designer to determine the systems appropriateness for a given project.  However, as noted earlier, load bearing exterior wall systems deserve serious consideration on most projects.

Design Criteria

· All single story structures and smaller (60,000 GSF or less) two story structures should utilize a load bearing exterior wall assembly wherever feasible

· School facilities less than 20,000 GSF shall have a maximum exterior closure area (excluding roof soffits) to GSF ratio of .8 and a maximum number of one exterior door leaf per 2000 GSF

· School facilities between 20,000 and 40,000 GSF shall have a maximum exterior closure area (excluding roof soffits) to GSF ratio of .7 and a maximum number of one exterior door leaf per 2500 GSF

· School facilities greater than 40,000 GSF shall have a maximum exterior closure area (excluding roof soffits) to GSF ratio of .6 and a maximum number of one exterior door leaf per 3000 GSF

· Exterior glazing area shall not exceed 10% of the exterior closure area

· Building massing should limit exterior exposure of large high bay spaces to wind loads

One of the most problematic building systems on Alaskan school facilities is the roofing.  Every year a large portion of the major maintenance grant requests submitted to the department involve some sort of roof repairs and replacement.  Leaky roofs are a distraction to students and educators.  In addition, they degrade building structural systems and finishes, oftentimes creating damages whose repair costs dwarf the repair cost of the leak itself.  Many school districts’ maintenance staffs spend an inordinate amount of time chasing roof leaks and repairing the damage they have created.  But roof issues aren’t just limited to leaks.  The insulation property of a facility’s roofing system is also an important design consideration.  As the primary point of heat loss, the design and construction of the roof system must be suited to the Alaskan climate.

The easiest way to reduce the potential roofing problems and initial construction cost of a high performance roofing system is to reduce the area of roof to be constructed.  By decreasing the roof area of a facility, the annual roof maintenance effort is reduced, thus reducing the system’s maintenance cost.  Reducing the primary area of building heat loss also reduces the annual heating cost for a facility.  Lastly, a reduction in roof area also reduces the future replacement cost of the roofing system.  

It has already been established that multi-story construction can reduce the initial cost of substructure systems.  Multi-story construction also leads to initial roof construction cost savings, as well as operations, maintenance, and replacement cost savings.  

Design Criteria

· Multi-story construction shall be considered and presented as a schematic design option for all school structures over 40,000 GSF

· Hot roof design is preferable to a vented cold roof especially in facilities possessing a wood structural system

· Roof penetrations will be minimized by consolidation of plumbing vents and other systems where possible

· Roof penetrations will be located near the ridge or top of the roof slope to reduce potential snow damage and roof leaks

· Roof design shall be simple and not broken into planes or cut-up by unnecessary dormers

· Water shedding roof systems shall be constructed at a minimum of a 3:12 slope

· Metal roof with exposed fasteners are not to be utilized on new construction or replacement roof projects

Interior partitions, doors, finishes, and fixed furnishings typically account for ~10-12 % of a project’s total construction cost.  In a traditional school design, the cost of partitions and doors are fairly consistent.  However, the use and quantity of special partitions such as glazing and movable partitions varies between school designs and can significantly impact the cost of the interiors.  The use and quantity of casework also varies between school designs, thus affecting the project cost.  The material choice and specification of interior floor, wall, and ceiling also plays a large part in determining the cost of a project’s interiors.  

Design Criteria

· Interior glazing and operable partitions should be used prudently

· Interior doors should be limited to one per every 400 GSF

· Alternative storage solutions, such as closets with shelving in lieu of casework, should be considered

· Entries and circulation corridors should utilize a durable, non-staining, non-slip floor material

· In areas without paved walk and road surfaces, gym floors should utilize a sheet athletic flooring or a poured urethane floor in lieu of a wood floor to minimize damage to floor from tracked in soils

· Interior spaces and floor finishes should be laid out in a manner that reduces seams and material waste

Building System Summary:  The mechanical systems of a building provide a wide variety of functions related to sanitation, occupant comfort, manufacturing processes, and protection of structure. They can range from simple to complex. In addition to major source and distribution systems, a building’s mechanical systems also include automation and controls systems; these areas are often the point of integration with the building’s electrical systems. The department recognizes five sub-categories in this building system:  Plumbing, HVAC, Integrated Automation, Fire Suppression, and Special Mechanical Systems. These sub-systems are not mutually exclusive; components from within each may be necessary for a complete mechanical system.
Design Philosophy:  Mechanical systems join Interiors as one of the higher cost building systems and similarly account for ~10-12% of a project’s total construction cost.  Mechanical systems include plumbing, HVAC, sprinklers, and other piped or ducted distribution and exhaust systems.  Also, like Interiors, Mechanical systems are subject to initial cost savings by specification of materials or equipment, but oftentimes the reduction in initial cost is offset by increased maintenance and operation costs, as well as reduced occupant comfort, over the life of the system.  It is important that the cost effectiveness of all material and equipment specifications is evaluated on a life cycle basis.  

Model Alaskan School:  The Model Alaskan School uses commercial grade mechanical systems developed primarily in response to building codes and standards adopted in 4 AAC 31.014. Model school Level 3 systems are as described in each following section. Acceptable alternatives are detailed in the Level 4 listing that follows. See Appendix A, current edition, for detailed Model Alaskan School elements.

081 – Plumbing:  The model school uses piped potable water and wastewater plumbing distribution systems with supply from third-party utilities and connections to commercial quality fixtures.  
0811 Plumbing Fixtures – The model school includes the following schedule of plumbing fixtures:

	Fixture Type
	Location
	Quantity

	Wall-mounted 15” toilet w/manual flush valve
	K-2 toilet rooms
	Note 1

	Wall-mounted 17” toilet w/manual flush valve
	3-12 toilet rooms
	Per code

	Wall-mounted urinal w/manual flush valve
	3-12 toilet rooms
	Per code

	Counter-mounted lavatories w/manual faucet
	Toilet rooms
	Per code; Note 1

	Wall-mounted mop sink w/manual faucet
	Custodial closets
	2
Note 2

	SS single bowl sink w/manual  faucet
	Classrooms
	16
Note 3

	SS double bowl sink w/manual faucet
	Workroom
	1

	SS wall-mounted handwash sink w/touchless faucet
	Nurse & Kitchen
	2

	SS 3-compartment sink w/faucet
	Kitchen
	1

	SS drinking fountain cooler w/bottle fill
	Corridors/Gym/Commons
	3
Note 4

	Stall shower w/control valve and head
	Locker rooms
	6
Note 5

	
	
	


Note 1 – Primary grade classrooms serving Pre-K – 2nd grade are provided with dedicated toilet rooms adjacent to the classroom. Fixtures include a toilet and a sink/lavatory.

Note 2 – One custodial space per 25,000gsf; except 1 per floor minimum.
Note 3 – One per classroom.

Note 4 – [Can this be per code?]

Note 5 – [Need quantity standard.]


Alt. 081110 – Secondary school should consider adding the following based on program needs:
	Fixture Type
	Location
	Notes

	Floor mounted mop sink
	Custodial
	Alt. to wall mounted.

	SS handwash sink w/touchless faucet.
	Nurse
	Alt. to wall mounted (may be in casework)

	Chemical resistant sink
	Science classroom
	1 per 200sf

Note 1

	Eye wash station
	Science classroom, Maintenance shop
	Per code

	Solids Interceptor
	Art Classroom, Bi-cultural
	1

	
	
	


Note 1 – Chemical neutralizing/dilution tanks are to be provided under sinks that will have chemicals poured into them.

Districts are encouraged to develop their own standards for plumbing fixture specifications based on operations and maintenance factors using life-cycle cost analysis principles and standardization for maintenance.
0812 Plumbing Equipment – The model school includes the following plumbing equipment:
	Equipment Item
	Location
	Quantity

	Kitchen Equipment
	Kitchen
	Note 1

	Laundry Equipment
	Varies
	Note 1

	Hose bibs
	Mech. Room & Exterior
	3

	120g hot water heater w/rated tempering valve
	Mechanical Room
	1

	Circulation pump(s)
	Mechanical Room(s)
	10

	20GPM grease interceptor
	Kitchen
	1


Note 1 – See Equipment & Furnishing – 10 for equipment requiring plumbing connections.

Alt. 081210 – At locations where water heating will be oil-fired, 120g hot water generator is accepted.


Alt. 081220 – Grease interceptor sizes above 20gpm will be sized by an engineer.

0813 Waste & Vent Piping – [to be developed]

0814 Domestic Water Supply – [to be developed]

0815 Special Plumbing Systems – [to be developed]

082 – HVAC. The model school uses commercial quality components and equipment to achieve a system life of 20 to 40 years as noted in subsystems below. The system design is required to meet ASHRAE Standard 90.1 for energy efficiency.

0821 – Heating Equipmen – The model school includes two cast iron gas/oil fired boilers sized to carry 75% of the heat load (1600MBH) providing glycol/hot water to terminal devices. Boilers are provided with 10” diameter double-wall stainless steel flue and breeching. A 55gal expansion tank, air separator, and glycol make-up tank with feed pump complete the system.

Alt. 082110


Alt. 082120

0822 Heating Distribution Systems – The model school circulates heating media via copper distribution piping and high-efficiency circulating pumps.

Alt. 082210


Alt. 082210

0823 Ventilation Equipment – The model school provides two air handling units (AHU), one for areas with public (i.e., after hours) occupancy, and one for classroom and academic space. The exhaust ventilation consists of room and exterior mounted fans with rigid ducting.

0824 Ventilation Distribution Systems – The model school provides mechanical ventilation through ducted supply and return systems driven by air-handling units.
0825 Cooling Equipment – The model school includes a central direct expansion unit with insulated pipe distribution to terminal devices.

0826 Cooling Distribution Systems – [to be developed]
0827 Heat Recovery Systems – [to be developed].

0828 Controls and Balancing – [to be developed].

08083 – Integrated Automation:  Integrated system automation is a microprocessor based head-end unit tied to digital devices.
08084 – Fire Suppression: Fire protection is a distributed wet pipe system with necessary riser/valves/heads.
08085 – Special Mechanical: Fuel storage and supply is a dual-fuel natural gas/heating oil system including a double-wall AST, day tank and steel distribution piping.
Plumbing systems have the most potential for cost savings because they are not required throughout the facility by code, whereas HVAC and sprinkler systems are.  Consolidation of plumbing systems to core areas to limit piping runs and reduction of the overall plumbing fixture count are design decisions that limit a project’s plumbing cost.  Fine-tuning the design of the HVAC systems can also generate cost savings.  Oddly, even in Alaska, cooling requirements typically govern duct sizing.  By designing the cooling system to an actual rather than fire code room occupancy, establishing a higher acceptable maximum temperature, and incorporating operable windows into the design calculations, duct sizes can be reduced, thus reducing air handler capacity and potentially mechanical space required.  Wet sprinkler systems are less expensive than dry systems, so reducing or eliminating the need for dry sprinkler systems will reduce the cost of the facility. 

Design Criteria

General

· System and equipment should be selected with operation and maintenance capabilities in mind.  Balance complexity and energy efficiency with maintenance costs.

· For remote schools, consider redundancy in equipment and systems.

· Systems to be designed based on various occupancy schedules of the facility.  

· Provide ample isolation valves throughout the facility to allow isolation of individual equipment and sections of major piping systems to facilitate maintenance.

Plumbing

· Where fuel oil is used, hot water should be generated from the heating system boilers, rather than by a separate heat generating burner.  For natural gas applications, separate gas fired water heaters should be provided to allow the heating system to be turned off during the summer.

· Sinks or other plumbing shall not be provided in standard classrooms that serve grades 4 and greater.

· Provide piping isolation valves at all major plumbing fixture groups.

Heating

· Boilers should be designed to burn fuel oil or natural gas where available.

· Provide redundant/back-up circulation pumps on systems that are critical to maintaining the facility above freezing conditions.  

· Systems should be zoned to avoid simultaneous space heating and cooling conditions.

Ventilation

· Ventilation systems shall be sized per the estimated room occupancy rather than the fire egress code occupancy

· Where operable windows are furnished, design of the ventilation system shall incorporate the cooling and ventilation capacity of the windows

· Evaluate if heat recovery systems is cost effective.

Controls

· Maximum interior design temperature for ventilation system design shall be 75 degrees Fahrenheit or greater.  

· It is recommended that room temperature set points be limited through the Building Automation System to be between 68 and 72 degrees.

· Remote monitoring and alarm notification should be provided.
Fire Suppression

· Dry systems are to be avoided if possible.  It is preferred that exterior construction be designed to be non-combustible and/or separated from the facility so that sprinkler coverage is not required.

· Locate sprinkler heads and piping so that they are not prone to vandalism.  Provide protective guards over sprinkler heads in areas that may be damaged from projectiles (such as gymnasiums), in public areas that may be unattended, and where inadvertent damage may occur during maintenance operations such as heads in mechanical rooms.
Specialty Systems

Design Ratios:

1. Plumbing fixtures/GSF.

2. Heating Capacity Btu/GSF.

3. AHU CFM Capacity/GSF; /BVol
Of all the building systems, a school facility’s Electrical Systems have probably experienced the greatest increase in scope and cost over the last 10 years.  With the integration of computers in education, first into the school and now into the classroom, the scope of network data systems has increased dramatically.  A bi-product of the increased number of computers is a corresponding increase in the power systems required to operate the computers.  An increase in the scope and complexity of other special electrical systems, in particular fire alarm and detection systems, has also increased the overall cost of electrical systems.

Due to the fact that many of the electrical systems are required by code (power, lighting, and fire alarms), a baseline cost for Electrical Systems is part of all school facility projects.  However, cost savings opportunities still exist in the scope of these systems beyond the minimums established by codes and in the materials specified.  It is important for the cost effectiveness of electrical systems to be evaluated on a life cycle basis where the operating and maintenance cost of the system is considered.  Often, a more expensive lighting fixture will more than pay for itself over time by a reduction in power consumption.  

Other optional electrical systems (security systems, phone/data systems, intercom systems) should be evaluated in the same manner as code required systems.  In addition to a life cycle analysis of the systems and their components, the optional systems should also pass a common sense test.  For instance, is it necessary for a four-classroom school to have an intercom system?  Does it make sense for a school designed to house 50 students to have 75 data outlets?

Design Criteria

· Fluorescent light fixtures should be utilized whenever possible in lieu of incandescent or other lamp types

· Lighting control options should be evaluated on a life cycle basis

· Computer data ports and related outlets shall be laid out as they are to be used, not as they might be used in the future  

· Power wiring and service shall be size per the present electrical demand of the facility rather than to meet perceived future demands

As the cost of construction and school facility operations continue to increase, it is necessary for the state to allocate its resources in the most efficient and cost-effective manner.  While many school improvement projects have been undertaken and completed in recent years, many more needed capital school improvement projects exist in Alaska.  It is essential that future school facility improvement projects are designed and constructed in an efficient, cost-effective manner that not only considers the initial investment in the facility, but also focuses on the long-term operations, maintenance, and replacement cost of the facility and its building systems.  

The intent of this handbook is to establish some general rules to achieve efficient and cost-effective school construction. This handbook is to serve as a guideline to districts and designers as they evaluate the many options that arise during the development of a school construction project.  The department will also use the guidelines outlined in this handbook to evaluate the cost effectiveness of a particular school design, thus establishing a project’s funding eligibility per AS 14.11.100 (h).

Sieglinde K. Fuller and Stephen R. Petersen, NIST Handbook 135:  Life Cycle Costing Manual for the Federal Energy Management Program, Washington:  U.S. Government Printing Office, 1996.

Alphonse Dell’Isola, Value Engineering:  Practical Applications for Design, Construction, Maintenance & Operations, Kingston MA:  R.S. Means Company, Inc., 1997.

Stephen J. Kirk and Alphonse J. Dell’Isola, Life Cycle Costing for Design Professionals, McGraw-Hill, Inc., 1995.

Wolter J. Fabrycky and Benjamin S. Blanchard, Life-Cycle Cost and Economic Analysis, Englewood Cliffs, NJ:  Prentice Hall, 1991.

American Society for Testing and Materials, Standard Practice for Measuring Life-Cycle Costs of Buildings and Building Systems, Philadelphia:  ASTM, 1994.
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