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This Section was developed by the U.S. General Services Administration (GSA) as a supplement to MASTERSPEC.  It is based on MASTERSPEC organization, writing style, and model text; and is for ARCOM to distribute to MASTERSPEC Licensed Users for use on GSA projects as directed by GSA's Contracting Officer.  Use caution when editing this Section because GSA has included text and writing styles that are not compatible with other MASTERSPEC Sections.  Care must also be taken to coordinate requirements in this Section with other Sections and with the GSA version of Division 1.

SECTION 15900 – BUILDING AUTOMATION SYSTEM

This Section uses the term "Architect."  Change this term to match that used to identify the design professional as defined in the General and Supplementary Conditions.

Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.

PART 1 – GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and General Provisions of the Contract, including General and Supplementary Conditions, and Division 1, Division 15, and Division 16 Specifications apply to this Section.

B. The system shall conform to the mandatory provisions prescribed in ASHRAE/IESNA Standard 90.1-1999 for energy-efficient design.

1.2 SUMMARY

A. The Contractor shall provide and install a system which shall provide Direct Digital Control, Energy Management and Building Automation Functions for the Heating, Ventilating and Air Conditioning, (HVAC) systems, including interfacing with other microprocessor-based building subsystems as shown on the drawings and as specified.  The Contractor shall furnish and install the necessary hardware, wiring, computing equipment and software as defined in this specification and as required to cause these systems to operate in accordance with the specified Sequence of Operation.

Select one of the following three paragraphs.  Edit as necessary to fit the job.

B. In new buildings:

1. The Building Automation System (BAS) shall have a native BACnet architecture and be fully BACnet compliant.

C. In additions and renovations:
1. [The existing (BAS) shall be connected into the new BACnet BAS Local Area Network (LAN) through the use of a gateway.]  [The existing BAS shall be connected into the new BACnet system at the operator interface device PC.] [The existing BAS field panels shall be upgraded to BACnet compliant DDC panels and connected into the new BACnet LAN.]

D. In buildings which are located in a multi-building complex or whenever there is a benefit in having the building communicate with another location via the Internet or an intranet:

1. The system shall communicate with another location as chosen by the Owner, via the Internet or an intranet.  [The BAS shall be employ WEB based thin-client technology for efficient communication with remote sites.  Operator interface devices shall utilize a standard WEB browser to communicate with the system server.]
1.3 RELATED SECTIONS

A. Related sections include the following:

List below only products, construction, and equipment that the reader might expect to find in this Section but are specified elsewhere.

Delete references to Sections below for systems included in this control system.

1. Division 13 Section [  ] [Intrusion Detection] [Clock Control] [Lighting Control].

2. Division 15 Section [  ] [Sequence of Operations] [Temperature Controls].

3. Division 15 Section, “Temperature Controls” for requirements that relate to this Section.

4. Division 15 Section [  ] [Meters and Gauges].

5. Division 15 Section [  ] [Testing, Adjusting and Balancing for Air and Water Systems].

6. Division 16 Section [  ] [Electrical Power Monitoring and Control].

7. Division 16 Section [  ] [Motor Control Centers].

B. The system shall conform to and coordinate with the requirements established in the drawings, referenced specification sections, and General or Supplementary Conditions of the Contract identifying specific concepts established to meet or exceed the goals of sustainable design.  Those concepts shall include but not be limited to:

1. Manufacturing processes.

2. Material composition.

3. Methods of construction.

4. Elements of providing the services and materials identified in this specification section which fall under the provisions of sustainable design.

1.4
DEFINITIONS

Retain acronyms and abbreviations that remain after this Section has been edited.

A. 10 Base T:  The technical name for twisted pair Ethernet

B. BACnet:  The Building Automation and Control networking communication protocol ANSI/ASHRAE, Standard 135-1995, developed by ASHRAE to provide a universal means by which building automation devices from various manufacturers can share data and work together.

C. BIBBS:  BACNET Interoperability Building Blocks

D. Backbone:  The high traffic density connectivity portion of the communication network.

E. Bridge:  A device that connects two or more LAN segments at the physical and data link layers.  This device may also perform message filtering if programmed to do so.

F. Browser:  A computer program that accesses and displays information from the Internet or intranet.

G. Category 5 cable:  A type of wiring used for twisted pair Ethernet.  The electrical characteristics of Cat 5 wiring make it less susceptible to electrical interference than lower categories.

H. Client:  A system or device that makes use of another device for some particular purpose through a system request.

I. Chiller Plant Optimization:  A group of BAS software routines designed to cause a chiller plant to operate with maximum efficiency.

J. Conformance Classes:  The set of requirements to be met in order for a device to conform to BACnet.  BACnet defines six (6) levels of required support for standard objects and services.  The higher the Conformance Class, the greater number of services provided.

K. Control Devices:  Valves, dampers, variable frequency drives, and other appurtenances that change the properties and henceforth vary the conditions of the controlled parameter, such as temperature, air flow, pressure, etc.

L. Controlled Parameter:  Air, water, glycol, steam or other media whose conditions are maintained or varied by the automatic control system and the control devices.

M. Data Link Layer:  Part of the Protocol Stack.  The layer resides between the Physical Layer and the Network Layer.  It passes to the Network Layer only acceptable incoming BACnet messages received from the Physical Layer.  The Data Link Layer is responsible for adding a code to outgoing messages to identify them as BACnet messages before passing them on to the Physical Layer.

N. DDE:  Dynamic Data Exchange.

O. Device (BACnet):  A device, real or virtual, that supports digital communication using the BACnet protocol.  Examples would be an operator terminal, router, unitary controller, etc.

P. Ethernet:  Ethernet is a widely used Local Area Network (LAN).  Ethernet, which conforms to IEEE Standard 802.3.

Q. Events:  Changes in the state of an object, typically between Normal, Off-Normal, and Fault Condition.  Events may be reported to other BACnet devices.

R. Fiber:  An abbreviation for optical fiber.

S. Firewall:  A security mechanism placed at the connection between networks and/or at networks outside connections.  The firewall restricts access to the network.

T. Gateway:  A device that connects two or more dissimilar networks by message translation and signal conditioning, permitting information exchange among them.  A gateway would be necessary to translate LonWorks messages to the BACnet form.

U. Gbps:  Gigabits per second. A unit of data transfer speed equal to 1024 Mbps.

V. GUI:  Graphical User Interface, a type of Operator Interface Device for a BAS.

W. Half Router:  A device or node that can participate as one partner in an RS-232 point-to-point (PTP) connection.  The Half Router partners that form an active PTP connection act as a single router for as long as the PTP connection between the two is active.

X. Hardware address:  The address assigned to a computer or DDC controller that attaches to a network.  A data frame sent from one hardware device to another hardware device must contain the recipient’s address.  A hardware address is also called the physical address.

Y. Hertz:  A unit of measure equal to an oscillation per second.

Z. HTML:  The source form used for documents on an the Internet or on an intranet.  HTML embeds commands that determine formatting along with the text to be displayed.

AA. Instance:  A number which uniquely identifies an object within a device (e.g., Analog Input No.1, No. 2, etc.).  Device Objects are required to have an instance number that is unique to their internetwork.  Instance numbers may range from 0 to 4194303.

AB. ID:  Identification (name, number, plate, or tag).

AC. I/P:  Internet Protocol.

AD. Internetwork:  Two or more networks connected by routers (the Internet itself and internetwork), up to 65,535 interconnected networks are allowed by BACnet.  A BACnet internetwork provides only one message path between two devices.  Internetworks may contain similar or dissimilar physical types, so an internetwork may consist of two ethernet LANs, or an ethernet LAN and several MS/TP LANs, etc.

AE. Intranet:  A computer network with restricted access, as within a corporation, that uses software and protocols developed for the Internet.

AF. IP:  Internet Protocol.  The protocol that defines both the format of packets used on a TCP/IP internet or intranet and the mechanism for routing a packet to its destination.

AG. IP address:  A 32-bit address assigned to a device that uses TCP/IP protocols.

AH. Java:  A programming language defined by Sun Microsystems for use in Internets.

AI. Kbps:  A unit of data transfer equal to 1024 bits per second.

AJ. LAN:  A LAN is a network of interconnected hardware devices sharing resources within a relatively small geographic area.

AK. LonTalk:  A LAN using a proprietary device called a neuron chip for communication.  It can operate over a variety off physical media including twisted pair, power line carrier, and wireless transfers.

AL. LPDU:  Link Protocol Data Units are packets created and read by the Data Link Layer.  They contain a 3-byte header which identifies the packets as having been created by, and intended to be read by, a BACnet system.  The header is followed by the BACnet LPDU.

AM. Mbps:  A unit of data transfer equal to 1024 Kbps.

AN. MS/TP:  The Master-Slave/Token-Passing EIA-485 LAN developed for BACnet by ASHRAE.  Operates at 9600, 19.2K, 38.4K and 76.8 K BPS.  Master nodes (devices) pass around a speaking token which entitles the holder to initiate BACnet messages.  Slave nodes can only respond to messages from Masters.

AO. Native BACnet:  A Building Automation System that uses the BACnet protocol for its data transfer between hardware devices.

AP. NIST:  The National Institute of Standards and Technology is developing a BACnet device-compliance testing facility in Gaithersburg, MD.

AQ. NODE:  A computer or digital device connected to a network, with an address on that network.

AR. OBJECT (BACnet):  BACnet objects represent, in a standardized way, the information required for a building automation control system.  The analog input object, for example, represents sensor inputs such as temperature sensors.

AS. Optical Carrier (OC): A set of standards adopted by common carriers for the high speed transmission of digital information over optical fiber.

AT. Optical fiber:  Glass fiber used in digital networks.

AU. Optical modem:  A modem that uses modulated light waves to provide digital communication.

AV. Object Identifier: A 32-bit number which uniquely identifies an object within a device, or the device object internetwork-wide.  10 bits represent the object type and 22 bits the instance number.

AW. OSI:  Open System Interconnection standards.

AX. Packet:  A small, self-contained parcel of data sent across a digital network.

AY. PAD (Packet-Assembler-Disassemblers):  A device that sends BACnet messages across BACnet incompatible networks.  The sending PAD receives the message from a BACnet network, encapsulates it in the correct format, and sends it on the non-compatible network to a receiving PAD.  The receiving PAD removes the message from its encapsulation and transmits it on another BACnet network.

AZ. PC:  Personal Computer.

BA. PDA: Personal Digital Assistant

BB. Peer-to-Peer Communication:  Communication between equals.  In BACnet, application programs (performing the functions of the BACnet devices on which they run) in devices of the appropriate conformance class talk to each other as peers, using the Protocol Stacks to deliver their message to each other.  Likewise, Network Layers may talk as peers to determine how to route messages.

BC. Physical Segment:  A single continuous medium 9-wire to which BACnet nodes are attached.

BD. PICS (Protocol Implementation Conformance Statement):  A written document identifying the particular BACnet objects and services, and other capabilities that are implemented in the device (see also Section 1.3.C, “Conformance Classes”).

BE. PID:  Proportional Integral and Derivative.

BF. Property:  A particular characteristic of a BACnet object.  Examples of properties are Description (a text description of what the object represents, such as OSA for outside air, and analog input object), Present Value (22 for the same input) and engineering units (degrees Celsius).

BG. Protocol:  A design that specifies the details of how digital devices interact.

BH. Protocol Address:  A number assigned to a digital device that is used as the destination address in packets sent to that device.

BI. Protocol Stack:  The four layers through which BACnet messages pass when sent to or from a BACnet device. The Protocol stack provides data encoding, packetizing, sequencing, segmenting, routing and communication services.

BJ. PTP:  The Point-To-Point protocol provides serial communications between two BACnet half-router devices, typically for dial-up communications over-the-phone modems.  It may be also applied as a hard-wired interface.  For the duration of the connections, messages may be passed between networks on either side of the PTP connections.

BK. Repeater:  A device that connects two or more physical segments of a LAN at the physical layer and exactly reproduces the electrical signals on either side so that nodes on either side of the repeater are considered to be on the same network.

BL. Router:  A device which connects two or more networks, of same or different types, so that a BACnet message may be transferred across the appropriate networks to reach its destination.

BM. RS-232-C:  The technical name of the standard for serial data connections such as those between a computer and a keyboard.

BN. Server:  A computer or hardware device which stores the resources accessed by other computers or hardware devices (clients).

BO. Services (BACnet):  BACnet defines 26 standard services; some services read or write properties of objects in the receiving device, others convey notification of alarms or other special events, others read and write files, and so on.

BP. SNMP:  Simple Network Management Protocol.  The protocol that specifies how a network management station communicates with agent software in remote devices such as routers.  SNMP defines the format of messages and their meaning.

BQ. TCP/IP:  The protocol suite used in the Internet.  Although the suite contains many protocols, TCP and IP are two of the most important.

BR. Thinnet:  A term used for the version of Ethernet that uses thinner coaxial cable.

BS. Thin-client architecture:  A term used to describe server/client system architectures in which one or more powerful hardware devices (servers) store the resources accessed by other less powerful hardware devices (clients).

BT. Token Ring Network:  A Token Ring Network is a Local Area Network (LAN) in which each of the computers are connected in a ring or a star topology and a bit, or a token-passing scheme, is used in order to prevent the collision of data between two computers that want to send messages at the same time.  The token ring protocol is the second most widely used pattern after the Ethernet.  

A typical arrangement is as follows: 

1.
Empty information frames are continuously circulated on the ring; 

2.
When a computer has a message to send, it inserts a token in an empty frame (this may consist of simply changing a 0 to a 1 in the token bit of the frame) and inserts a message and a destination identifier in the frame;

3.
The frame is then examined by each successive workstation.  If the workstation sees that it is the destination for the message, it copies the message from the frame and changes the token back to 0.  When the frame gets back to the originator, it sees the token has been changed to 0 and the message has been copied and received.  It removes the message from the frame.  The frame continues to circulate as an empty frame, ready to be taken by workstation when it has a message to send.

BU. TP Ethernet:  Twisted pair Ethernet.

BV. Unitary Controller:  Devices which controls and/or monitors a single piece of equipment.

BW. WEB:  A synonym for the World Wide Web.  In modern usage pertains to both the Internet and to intranets using the TCP/IP Protocol.

1.4 SYSTEM DESCRIPTION

A. The system shall consist of a series of digital controllers interconnected by the LAN.  One or more operator interface devices (OIDs) shall be connected to the LAN to provide access to the controllers for the purpose of receiving information or issuing commands.  The controllers shall be located adjacent to the equipment they monitor or control and shall be sized for the task assigned to them.  The system shall utilize distributed processing architecture and one controller shall be provided for each major piece of equipment controlled or monitored except that the equipment associated with the chiller plant and the heating plant shall be controlled from two controllers, thereby permitting half of the system to continue working in the event of a panel failure.

B. The communication network between general purpose digital field controllers shall be BACnet over Ethernet or BACnet over ARCNET.  The communication network between unitary or terminal unit controllers shall be BACnet MS/TP over EIA-485 or BACnet over LonTalk.  BACnet Point-To-Point may be used for communication between the network and modems, line drivers or other data communication equipment.

In additions and renovations add the following:

C. [Interoperability with the existing BAS, manufactured by _______________________, shall be achieved by installing central site software on the new central OID or server.  The existing operator workstation(s) shall be eliminated.]  [Interoperability with the existing BAS, manufactured by _______________________, shall be achieved by installing gateways and/or routers between the new and existing LANs. The existing OIDs shall be eliminated.] [Interoperability with the existing BAS, manufactured by _______________________, shall be achieved by upgrading the existing field panels with new BACnet compliant digital controllers. Existing conduit, wiring, tubing, sensors and output devices may be reused, provided they are serviced and placed in first class operating condition and guaranteed as new throughout the warranty period.  The existing OIDs shall be eliminated.]

In buildings which are located in a multi-building complex or whenever there is a benefit in having the building communicate with another location via the Internet or an intranet:

D. The BAS software shall be based on a server/thin-client architecture, designed around the open standards of web technology. The BAS server shall communicate using the ASHRAE BACnet/IP protocol, and in addition, offer concurrent support over the same data-link of the following protocols: LonWorks, MODBUS, and SNMP.  The Server shall be accessed using a web browser.

The intent of the thin-client architecture is to provide the operator(s) complete access to the BAS via a web browser.  The thin-client web browser Graphical User Interface (GUI) shall support Microsoft and Netscape Navigator browsers (5.x or later versions), and Windows as well as non-Windows operating systems. No special software shall be required for the PC’s/PDA’s used to access the BAS via a web browser. 

The web browser GUI shall provide a completely interactive user interface and must offer the following features as a minimum: 

1. Trending 

2. Scheduling 

3. Downloading Memory to field devices

4. Real time ’live’ Graphic Programs

5. Tree Navigation

6. Parameter change of properties 

7. Setpoint Adjustments

8. Alarm / Event information

9. Configuration of operators

10. Execution of global commands

E. Input devices such as temperature sensors, humidity sensors, pressure sensors, motor current sensors, relays and other devices to sense or measure conditions of equipment or space, shall be provided as part of the system to meet the requirements of the sequences of operation or input list.

F. Output devices such as valves, dampers, damper operators, relays, solenoids, transducers, or other devices to control equipment, shall be provided as part of the system to meet the requirements of the sequences of operation or output list.

Delete references to systems below that are specified in other sections or not included in this project.  Coordinate this paragraph with “Related Sections” paragraph in “Summary” article.

G. Control System includes:

1. [Building Intrusion Detection System], [Building Clock Control System], [Building Lighting Control System], [          ] specified in Division 13 of the Specifications.

2. [Electrical Power Monitoring and Control Systems], [      ], specified in Division 16 of the Specifications.

3. [Sequence of Operations], [Temperature Controls], [          ], specified in Division 15 of the Specifications.

H. System Software:

1. Provide and install the software indicated in Part 2 of this specification.  The database required for implementation shall be provided, including point description, alarm limit, calibration variable graphics, report, and point summaries.

2. The system described herein is a distributed processing system, which utilizes DDC to perform each logic and control decision and operation for each piece of HVAC equipment.  An OID shall not be required to operate the system.  Each item of large equipment, such as air handling units, boilers and PDDU units, shall be provided with a separate digital controller panel (DCP) with readout capability. Each equipment shall be controlled by a separate application-specific field controller (ASC).

I. Labeling:

1. Provide a comprehensive labeling system for each wiring and component using the designations shown on the approved submittals.

J. Electrical Work:

1. Provide the BAS power and control wiring required but not indicated in the Division 16 documents in accordance with Division 16.  This shall include power requirements for control panels, field controllers, sensors and other control devices. Provide transformers necessary to step down from the available voltage to the voltage required to operate the control system products and control devices.

K. Other Work:

1. The work included under this Division shall include the drawings, specifications, submittals, equipment, labor, materials, technical supervision, transportation, training services, documentation, warranty, and other appurtenant work as required to furnish and install a fully operational system to monitor and control, set forth, in strict accordance with these specifications and subject to the terms and conditions of the Contract.  An apparatus, appliance, material or work not shown on the drawings but mentioned in the specifications, or vice versa, or incidental accessories necessary to make the work entirely complete and ready for operation, even if not particularly specified, shall be furnished, delivered and installed by the Contractor without additional expense to the Owner.

L. Completion:

1. It is the intention of the specifications and drawings to call for furnished work, tested, and ready for operation.  Wherever the word “provide” is used, it shall mean “provide and install complete and ready for use.”

M. Omissions:

1. Minor details not usually shown or specified but necessary for proper installation and operations shall be included, as if herein specified and/or shown.

N. Contractor’s Esoteric Omissions:

1. The omission of hardware, firmware, and software components required to satisfy the specified configuration(s), but not specified due to the esoteric requirements of a particular manufacturer’s product design shall not relieve the Contractor from the responsibilities of providing and installing omitted apparatuses, (i.e. feed-back circuits, calibration resistors, and override detection interface devices).

1.5 APPLICABLE CODES

A. The following issues of the publications referred to thereafter by basic designations only, form a part of this specification. Inclusion in this listing is intended to call particular attention to the subject matter covered.

1. FIPS:  Federal Information Processing Standards Publications: FIPS PUB 15: Subsets of the Standard Codes for Information Exchange.
2. ANSI:  American National Standards Institute Publications:

a. B31.1-1977 Power Piping (including addenda) B31.1b (1971); B31.1c (1972); and B31.1d (1972).

b. C2-1981 National Electrical Safety Code.

c. C12-1975 Electricity Metering, Code for.

d. C57.13 1968 Requirements for Instrument Transformers.

3. EIA:  Electronic Industries Association Standards:  RS-232C Interface between data terminal equipment and data communication equipment employing serial binary data exchange.

4. AWS:  American Welding Society Publication:  B3.0-77 Welding Procedures and Performance Qualification.

5. NFPA:  National Fire Protection Association Publication:  70 and National Electrical Code.

6. NEMA:  National Electrical Manufacturer’s Association (NEMA):  ED 20-75, Watt-hour Meters.

1.6 OPEN PROTOCOL 

A. Each component of the system, including the LANs and software, shall be in full compliance with ASHRAE Standard 135, commonly referred to as BACnet. 
Retain this article of control system operation sequences are specified in this section.  Otherwise, delete and include sequence of operations in a separate section or in the drawings.

Add project-specific sequence of operations here.  Include sequences for all pieces of equipment in all systems in this project.

1.7 Submittals.

A. General:  Submit each item in this Article according to the Conditions of the Contract, Division 1 Specification Sections, and Division 15, Sections 15010, "General Mechanical Requirements," and 15050, "Basic Mechanical Materials and Methods."

B. Product Data for Each Type of Product Specified:  Include manufacturer's technical Product Data for each control device furnished, indicating dimensions, capacities, performance characteristics, electrical characteristics, finishes of materials, installation instructions, and start-up instructions.

C. Equipment:  Shop drawings from manufacturer, detailing equipment assemblies and indicating dimensions, weights, loadings, required clearances, method of field assembly, components, and location and size of each field connection.  Submit damper leakage and flow characteristics, plus size schedule for control dampers and control valves.

D. Control System Shop Drawings:  Submit shop drawings containing the following information for each control system:

1. Schematic flow diagram, showing fans, pumps, coils, dampers, valves, and control devices.

2. Each control device, labeled with setting or adjustable range of control.

3. Details of control panel, including controls, instruments, and labeling.

4. Trunk cable schematic, showing programmable control unit locations and trunk data conductors.

5. Listing of connected data points, including connected control unit and input device.

6. System graphics, indicating monitored systems, data (connected and calculated) point reading and setpoint values, and operator notations.

7. System configuration, showing peripheral devices, batteries, power supplies, diagrams, modems, and interconnections.

8. Software description and sequence of operation. 

9. Provide graphic flow diagram for each software program, and a separate graphic for each system’s data point addresses.

E. Wiring Diagrams:  Submit wiring diagrams, detailing wiring for power, signal, and control systems and differentiating clearly between manufacturer installed and field installed wiring.

F. Sample Covers:  Submit samples of each type of space humidity and temperature sensor cover for approval prior to ordering the covers.

G. Field Test Reports:  Submit procedure and certification of control system.

H. Testing and Adjusting During and After Installation:  The testing and adjusting submittal includes the submission of a test plan which describes in detail the method by which each component, subsystem, and system will be tested, calibrated, adjusted, and retested after installation in accordance with the specified sequences of operation and other characteristics of the control system. 

I. Reporting and Demonstration:  This phase shall include the submission of a written report describing the actions taken during the testing phase, including the set points and operating ranges of each piece of equipment and a demonstration that the system performs in accordance with contract requirements.

J. Operating Instructions and Training:  This phase includes the training of operating personnel, utilizing written operating instructions, prepared and approved under the "Submittals" paragraph of this Section, and the mounting of laminated control diagrams where directed.

1.8 DOCUMENTATION

A. General:  A description of the material to be included in the reference manuals is contained in the following paragraphs.  Six (6) copies of the manuals bound in hardback, loose-leaf binders or an approved equivalent shall be provided to the Owner. In addition the manuals shall be furnished in Acrobat 4.X (PDF) Electronic format.  One complete set of manuals shall be furnished before the contract is complete. The identification of contents in each manual shall be inscribed on the cover and the spine.  The manuals shall include the name, address and telephone number of each subcontractor installing equipment and systems and of the local representative for each specific item of equipment and each system provided.  Manuals provided shall include: 

1. Functional Design Manual.

2. Hardware Manual.

3. Software Manual.

4. Operations Manual.

5. Maintenance Manual.

System revisions and/or additions provided for or required under this contract shall be included in this documentation in the form of updated documents.

B. Functional Design Manual:  The functional design manual shall identify the operational requirements for the system and explain the theory of operation, design philosophy, and specific functions.  Hardware and software functions, interfaces, and requirements shall be provided for each system operating mode.

C. Hardware Manual:  The hardware manual shall describe the system and each piece of equipment provided, as follows:

1. General description and specifications.

2. System architecture overview.

3. Hardware cut-sheets and product descriptions.

4. Installation, mounting and connection details for piece of field hardware and accessories.

5. Electrical schematics and layouts drawings.

6. Color-coded small scale building plans showing different colors for each HVAC system.

7. Commissioning, setup and emergency backup procedures for each system controller(s)/ accessories, and BAS software, and database.

8. Manufacturers’ repair parts lists indicating sources of supply.

9. Interface definition.

10. Listing of basic terminology, alarms/messages, error messages and frequently used commands or shortcuts.

11. An identification of the specific device, component, or system provided (for data sheets that include multiple options, clearly identify the one(s) actually provided for this project).

D. Software Manual:  The software manual shall describe programming and testing, starting with a system overview and proceeding to a detailed description of each software module.  The manual shall be oriented to programmers and shall describe calling requirements, data exchange requirements, data file requirements, and other information necessary to enable proper integration, loading, testing, and program execution.  The manual’s organization shall be as follows:

1. A printout of each program, detailing the application to specific HVAC equipment and electrical/mechanical subsystems allowing for logical step-by-step analysis of the programs.

2. Graphical “flow chart” representation of the mechanical equipment hierarchy for the project including each piece of equipment controlled by the BAS.  For example:  a VAV terminal box may be the source for increased cooling demand and require the primary VAV AHU to operate which, in turn, requires the chillers to operate.

3. Description of the algorithms for the application programs.

4. Descriptions of communication protocols, including BACnet numbering and identifications.

5. Detailed listing of each alarm and event message programmed for designated mechanical/electrical equipment and required operator action.

E. Operations Manual:  The Operations manual shall describe the operations of the complete system and include:

1. System overview.

2. Networking concepts.

3. [Launching and use of a web browser from a networked PC/PDA and login].

4. Graphical User Interface (GUI) screen menus and their definitions.

5. Creating, modifying or deleting schedules.

6. Uploading and downloading software to the field hardware.

7. Creating historical trends, collecting trend data and generating trend graphs.

8. Enabling and assigning alarms and messages to reporting actions/groups.

9. Report generation and ‘third party software’.

10. Backing up software and data files.

F. Maintenance Manual:  The maintenance manual shall provide descriptions of maintenance for each piece of equipment, including inspection, periodic preventative maintenance, fault diagnosis, and repair or replacement of defective components.  The Maintenance Manual shall contain the following:

1. Maintenance instructions and lists of recommended spare parts for each type of control device.

2. Interconnection wiring diagrams with identified and numbered system components and devices.

3. Recommended inspection period, cleaning methods, cleaning materials, and calibration tolerances.

4. Calibration records and complete list of set points that were active at time of final acceptance.

G. Qualification Data:  Include information considered essential to pre-qualify firms and persons specified in the Quality Assurance article.

1.9 QUALITY ASSURANCE

Delete paragraphs below if not required or available at Project location.

A. Products shall be standard manufacturer products having been in commercial or industrial use for at least one year prior to the bid date for this project.  Products shall comply with the following as a minimum:

1. NFPA 90A, “Installation of Air Conditioning and Ventilation Systems.”

2. NISTIR 6392 for DDC system control components.

3. ANSI/ASHRAE Standard 135-1995 for BACnet compatible system control components.

4. Applicable provisions of NFPA code.

5. Applicable provisions of NEC.

B. Each system component, such as digital controllers, LAN devices and OIDs shall be manufactured under ISO 9001 standards for quality.

C. Contractor shall have been in business installing and maintaining the same brand of equipment as used on this project for at least three (3) years prior to the bid date of this project.

Edit paragraphs below as required.

D. Installer Qualifications:  Installer shall have at least 5 years experience installing BAS and shall be an experienced installer who is [an authorized representative] [a certified installer] [an approved installer] of the BAS manufacturer for both installation and maintenance of products and systems required for this project.

E. Manufacturer Qualifications:  A firm experienced in manufacturing products for BASs the same as or similar to those required for this project and with a record of successful in-service performance for a minimum of one year prior to the bid date for this project.

F. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and certified and marked for intended use.

1.10 DELIVERY, STORAGE AND HANDLING

If factory installation of controls is required, retain below.

A. Contractor shall receive, store and deliver to the jobsite the materials required for this project.

B. Materials that are specified to be factory-mounted in equipment furnished by others, such as components for terminal equipment, shall be shipped directly to the manufacturer of that equipment for factory installation.

C. Materials which are to be installed in sheet metal or piping systems, such as valves, wells, pressure taps, flow meters, dampers and sensors, shall be delivered directly to the sheet metal or piping contractor for installation.

1.11 COORDINATION

A. Coordinate material delivery to comply with project schedule.

B. Coordinate conduit, and wiring installation with other trades to avoid conflicts.

C. Coordinate panel locations and installation with other trades to avoid conflicts and to provide power and other requirements.

D. Coordinate equipment transmission systems and software protocols with [Intrusion Detection System], [Clock Control System], [and] [Lighting Control System] [and           ] in Division 13 of the Specifications to achieve compatibility with equipment that interfaces with those systems.

E. Coordinate equipment, transmission systems and software protocols with [Sequence of Operations], [Temperature Controls], [and 

] in Division 15 of the Specifications to achieve compatibility with equipment that interfaces with that system.

F. Coordinate equipment, transmission systems and software protocols with [Electrical Power Monitoring and Control], [Panelboards], [Motor Control Centers], [and
] to achieve compatibility with equipment, starters, and annunciator devices that interface with those systems.

1.12 MAINTENANCE AND SERVICE

A. Provide the recommended preventative system maintenance and failure repair during the warranty period at no cost to the Owner.  Warranty period shall be not less than [1 year], [2 years], [      years] from the date of final acceptance of the total system.

1.13 NAMEPLATES AND LABELS

A. Nameplates:  Provide laminated plastic nameplates for each piece of equipment and monitoring and control device furnished.

B. See Specification Section 15075, “Mechanical Identification” for nameplate and label requirements. 

1.14 COMMISSIONING

A. The BAS shall be actively commissioned to be fully functioning prior to Demonstration and Acceptance Periods and Contract Close Out.  The contractor shall complete and turn over to the owner’s representative a commissioning report showing the date of commissioning and the technician name and telephone number for each input and output in the system.  Report shall be signed by the technician performing the commissioning.  The contractor shall start, test, adjust, and calibrate the work and/or systems under this Contract, as described below: 

1. Test, calibrate, and adjust each digital and analog sensing, and actuating device. Calibrate each sensor by making a comparison between the BAS display and the reading at the sensor, using an instrument traceable to the National Institute of Standards and Technology.  This instrument shall be at least twice as accurate as the sensor to be calibrated.  The measured value and displayed value for each sensor shall be in the ATC/BAS Pre-Commissioning Report.

2. Check and set zero and span adjustments for each actuating device. Manually activate damper and valve operators to verify free travel and fail condition. Check valve or damper to insure that it shuts off tight when the appropriate signal is applied to the operator.

3. Check each digital control point by making a comparison between the control command at the OID and the status of the controlled device. Check each digital input point by making a comparison of the state of the sensing device and the OID display. Record the results for each device in the Commissioning Report.

4. Verify proper sequence and operation of each specified function.

5. Tune each control loop to obtain the fastest stable response without hunting, offset or overshoot.

1.15 DEMONSTRATION AND INSPECTION

A. System:  The complete Building Automation System shall be demonstrated to the Owner’s representative to perform as specified, and Owner’s operating personnel shall be instructed in the operating procedures until they are familiar with the system

B. Training:  Technical classes for instruction of Operation and Maintenance personnel shall be provided for no less than [2] [4] [6] [   ] people.  The classes shall be developed and administered to provide complete, hands-on training in the use and programming of system hardware and software, maintenance and operation of transmission systems and each component of this system.  Classes shall be provided by professional training personnel employed by the manufacturer.  Classes shall be conducted [on site] [at the manufacturer’s training facilities] [     ], with the expenses for travel, lodging, and technical supplies to be provided by the manufacturer.  Classes shall be provided within [1] [3] [5] [    ] weeks of system commissioning. Initial training shall be for a period of [3] days with follow-up training of [one] day per month for a period of [3] [6] [9] [12] months.

C. Operation:  Every BAS component, wiring, and control program installed under this section shall be demonstrated to the Owner’s representative to be in working condition.  Once each component operation has been verified and the system has been properly commissioned with the rest of the equipment and building systems, the systems will be ready for final acceptance.  At that time, the warranty period will begin and will extend only to the replacement of material with manufacturer’s defects, and to normal or recommended recalibration or adjustments.

1.16 ACCEPTANCE

A. Upon completion of the installation and commissioning of the systems, the contractor shall notify the owner’s representative in writing, together with a copy of the commissioning report, that the system is complete and ready for acceptance testing.  The owner’s representative shall schedule a starting day for system acceptance testing.  The contractor shall demonstrate calibration, testing, and adjusting of points or systems selected by the owner’s representative.  After an adequate sampling of points and sequences have been verified to satisfy the owner’s representative that the system is performing in accordance with the contract documents, the system shall be accepted and the warranty period shall begin.  If the system fails this acceptance testing, the contractor shall be responsible to reimburse the owner’s representative for required expenses plus a reasonable hourly rate to retest the system.

1.17 WARRANTY

When warranties are required, verify with Owner’s counsel that special warranties slated in this Article are no less than remedies available to Owner under prevailing local laws.  See discussion abut warranties in the Evaluations.  Coordinate with Division 1 Section, “Product Requirements.”
A. Special Warranty:  The system herein specified shall be free from defects in workmanship and material under normal use and service.  If within [12] [24] [  ] months from the date of acceptance by the Owner/Architect, equipment or software herein described is proven to be defective in workmanship or material, it shall be adjusted, repaired, or replaced free of charge.  This system warranty shall also include each software program, upgrade and maintenance.

Verify available warranties for units and components and insert number below.

B. Warranty Period for <insert equipment name>:  [Two] <insert number> years from date of Substantial Completion.

C. At the conclusion of the warranty period, the contractor shall install the latest software versions for the systems installed under this contract.

PART 2 – PRODUCTS

2.1 GENERAL

A. General:  Provide a complete Building Automation System for the HVAC system equal to the equipment below, including the control accessories and devices necessary to accomplish the desired results, whether specifically mentioned herein or not.  The BAS shall employ direct digital control (DDC) technology.  Field controllers shall be DDC.  The DDC system shall maintain stable temperature, pressure, and flow control and other conditions as indicated.  The end-to-end accuracy of the system, including intermediate errors and the A/D conversion and display, shall be ±[1/2-deg F] [1-deg F] or as specified for the particular sensor point, for temperature, and be ± [2%RH] [3%RH] for relative humidity.

B. The BAS shall consist of [one] [    ] OID(s), multiple LAN connecting components, field control panels and terminal unit controllers.  The software control programs shall reside in the local controller for each item of equipment.  The alarms shall be sent to the designated operator interface device, where they shall be processed according to priority and job requirements.

C. Communications between the field control panels and other OIDs, and between the field control panels and the terminal unit controllers shall be through LANs.  Communications between buildings shall be through wide area networks (WAN) and shall use WEB base technology.  The communications protocols and wiring types shall be in strict accordance with ASHRAE Standard 135, BACnet.

2.2 BAS SERVER HARDWARE

Due to the rapid advancement of computer hardware, items in brackets must be updated for each project, to reflect current technologies.

A. Provide microcomputer with minimum configuration as follows:

1. Processor:  [Pentium III or 4], [1.3 GHz] <insert clock speed> MHz minimum.

2. Random-Access Memory:
[512 Mb RAM] <insert amount> MB.

3. Graphics:  SVGA, minimum 1280 x 1024 pixels, 32 bit color, [16 MB video memory].

4. Monitor:  Minimum [17] <insert screen size> inch, non-interlaced, color, with maximum 0.28 mm dot pitch.

5. Keyboard:  QWERTY, 105 keys, ergonomic.

6. Floppy-disk Drive:  1.44 MB.

7. Hard Disk Drive:  [20] GB minimum.

8. Mouse:  Three button.

9. Network Adapters:  10/100Base-T Ethernet

10. Backup System:  As required.

11. Operating System:  Windows NT, Windows 2000 Professional, or Windows XP Professional.

Retain paragraph below if ASHRAE BACnet compatibility is required.

12. BACnet Conformance:  OID shall support BACnet device and have minimum capabilities defined in PICS for the following areas:

a. Network.

b. Functional groups.

c. Standard application services supported.

d. Standard objects supported.

B. Printers:  Provide one dot matrix type for printing alarms and one laser printer to print system reports.

1. Dot Matrix Print Head:  24 pin.

a. Carriage:  Wide, 132 characters per line of paper.

b. Paper Handling:  Fan-fold paper, with 2 cartons containing minimum 2500 sheets each.

c. Print Speed:  Minimum 120 characters per second.

2. Laser Printer

a. Resolution:  1200 dpi.

b. Paper Capacity:  600 sheets (500-sheet bin and 100 sheet multipurpose tray).  Prints on either letter or legal size paper.

c. Print Speed:  Up to 17 ppm.

2.3 [CLIENT OPERATOR INTERFACE DEVICE]  (For systems having more than one fixed OID)

A. Provide IBM-compatible microcomputer with minimum configuration as follows:

1. Processor:  Minimum Pentium III, [1.0] <insert clock speed> GHz.

2. Random-Access Memory:  [128 Mb RAM] <insert amount> MB.

3. Graphics:  SVGA, minimum 1280 x 1024 pixels, 32 bit color, 16 MB video memory.

4. Monitor:  Minimum 17 [  ] <insert screen size> inch, non-interlaced, color, with maximum 0.28 mm dot pitch.

5. Keyboard:  QWERTY, 105 keys, ergonomic.

6. Floppy-disk Drive:  1.44 MB.

7. Hard Disk Drive:  6[  ] GB minimum.

8. Mouse:  Three button.

9. Network Adapters:  10/100Base-T Ethernet Port

10. Operating System:  Windows NT, or Windows 2000 Professional.

B. Printers:  Provide one dot matrix type for printing alarms and one laser printer to print system reports.

1. Dot Matrix Print Head:  24 pin.

a. Carriage:  Wide, 132 characters per line of paper.

b. Paper Handling:  Fan-fold paper, with 2 cartons containing minimum 2500 sheets each.

c. Print Speed:  Minimum 120 characters per second.

2. Laser Printer

a. Resolution:  1200 dpi.

b. Paper Capacity:  600 sheets (500-sheet bin and 100 sheet multipurpose tray).  Prints on either letter or legal size paper.

c. Print Speed:  Up to 17 ppm.

2.4 PORTABLE OPERATOR INTERFACE DEVICES

A. Portable laptop microcomputer for HVAC service, troubleshooting and maintenance.  [500] [   ] MHZ clock speed, [128] [    ] MB Ram and [12]  [    ] gigabyte hard disk, connection method to the Internet or intranet.

B. WEB Appliances:  The system‘s thin client design shall be such to allow it to take advantage of web appliances as they are released to market and mature.  

1. Personal Data Assistants (PDA)

2. Palm Pilot  

3. Web Tablets

4. WebTV

2.5 GENERAL PURPOSE DIGITAL CONTROLLERS

A. BACnet BIBBs:  General Purpose Digital Controllers shall use BACnet as the native communications protocol between controllers, which shall as a minimum, support the following BIBBs:

Data Sharing
Alarm Event
Schedule
Trend
Device Man.

DS-RP-A, B
AE-N-B
SCHED-B
T-VMT-B
DM-DDB-A, B

DS-RPM-B
AE-ACK-B

T-ATR-B
DM-DOB-B

DS-WP-A, B
AE-ASUM-B


DM-DCC-B

DS-WPM-B



DM-TS-B

DS-COVU-A, B


DM-UTC-B





DM-RD-B

B. Communication Speed:  Controllers shall communicate at a minimum of 150 Kbps using Ethernet or ARCNET implemented over EIA-485, using an unshielded twisted pair at the Data Link Layer.

C. General Specification:  Each General Purpose Digital Controller shall be capable of stand-alone DDC operation utilizing its own 16 or 32-bit processor, non-volatile flash memory, input/output, 10-bit A to D conversion, hardware clock/calendar, and voltage transient and lightning protection devices.  Non-volatile flash memory shall have a battery backup of at least five years.  Firmware revisions to the controller shall be made from the BAS server or remotely over the intranet or Internet.  Controllers shall not require component changes to implement firmware revisions. 

D. Self-Test Diagnostics:  Each controller shall include self-test diagnostics, enabling the controller to automatically report malfunctions to the server.

E. Each General Purpose Multiple Application Digital Controller shall contain both software and firmware to perform full DDC Proportional, Integral, and Derivative (PID) control loops and programs.

F. Input/Output Processing:

1. Digital outputs shall be relays, each configured as normally open or normally closed. Each output shall have a manual Hand-Off-Auto switch to allow for override and a LED to indicate the operating mode of the output.  

2. Universal inputs shall be Thermistor, RTD 0-10VDC, 0-20 mA, resistive and dry contact.

3. Analog output shall be electronic, voltage mode 0-10 VDC or current mode 4-20mA.

4. Analog pneumatic outputs shall be 0-20 psi.  Each pneumatic output shall have a feedback transducer to be used in the system for software programming needs.  The feedback transducer shall measure the actual psi output value and not a calculated value.  Each output shall have a manual override switch that will allow the output to be configured in one of three ways: open, closed, or automatic operation.  A LED shall indicate the state of each output. 

2.6 UNITARY OR TERMINAL DIGITAL CONTROLLERS

A. BACnet BIBBs:  The Unitary Controllers shall use BACnet as the native communications protocol between controllers on the unitary controller network and must, as a minimum, support the following BIBBs:

Data Sharing
Device Man.

DS-RP-B
DM-RD-B

DS-WP-B
DM-PT-B

B. Communication Speed:  The communication between unitary controllers shall be 38.4 Kbps, minimum, over EIA-485, using ARNET or MS/TP architecture.

C. Sensor Support:  Each unitary controller shall be able to support various types of zone temperature sensors, such as temperature sensor only, temperature sensor with built-in local override switch, and temperature sensor with built-in set point adjustment switch.

D. Each Unitary Controller for VAV application shall have a built-in air flow transducer for accurate air flow measurement in order to provide the pressure independent VAV operation.

E. Each Unitary Controller for VAV applications shall have an integral direct-coupled electronic actuator.

F. Visual Status:  Each unitary controller and unitary controller interface shall have LED indication for visual status of communication, power, and each output.

G. Standalone Algorithm:  In the event of a loss of communication, each Unitary Controller shall control from a stand-alone algorithm to maintain the assigned space temperature until communication with the unitary control module interface is restored.

H. Input/Output Processing:

1. Digital Outputs shall be relays, 24 Volts AC or DC maximum, having 3-amp maximum current.  Each relay shall be configured as normally open or normally closed, and either dry contact or bussed.

2. Universal Inputs shall be Thermistor, RTD, dry contacts or 0-5VDC. 

3. Enhanced Zone Sensor Input:  The input shall provide one Thermistor input, one local setpoint adjustment, one timed local override switch, and one occupancy LED indicator.

4. Analog Output electronic, voltage made 0-10VDC or current mode 4-20mA.

2.7 BRIDGES AND ROUTERS

A. The controller network shall use BACnet as its native communication protocol.  Network bridges and routers must be of a modular design to ensure reliability and system performance.  Routers and bridges must be used between system LANs and between the system and third party devices requiring interfaces.

B. BACnet Router:  The central system shall use the building’s Local Area Network (LAN) for communication.  The communication between the central server and the controllers shall be BACnet/IP.  A router shall be provided as required to bridge BACnet/IP and the data link used between controllers (BACnet Ethernet, BACnet ARCNET, and BACnet MS/TP).  Proprietary networks and proprietary protocols are not acceptable.

1. BACnet Building Interoperability Building Blocks (BIBBs):  BACnet routers must use BACnet as the native communication protocol and must, as a minimum, support the following BIBBs:

Data Sharing
Alarm Event
Schedule
Trend
Device Man.
Network Man.

DS-RP-A, B
AE-N-B
SCHED-B
T-VMT-B
DM-DBB-A, B
NM-RC-A

DS-RPM-B
AE-ACK-B

T-ATR-B

DS-WP-A, B
AE-ASUM-B


DM-DOB-B

DS-WPM-B



DM-DCC-B

DS-WPM-B

DS-COVU-A, B

2. Firmware Updates:  The BACnet routers shall utilize flash memory to allow firmware upgrades to be performed remotely.

C. Unitary Controller Router

1. A router shall be provided as required to bridge between the unitary controller network and the main controller network.

2. BACnet BIBBs:  The unitary controller router shall use BACnet as the native communications protocol between controllers on the unitary controller network and must, as a minimum, support he following BIBBs:

Data Sharing
Alarm Event
Schedule
Trend
Device Man.

DS-RP-A, B
AE-N-B
SCHED-B
T-VMT-B
DM-DDB-A, B

DS-RPM-B
AE-ACK-B

T-ATR-B
DM-DOB-B

DS-WP-A, B
AE-ASUM-B


DM-DCC-B

DS-WPM-B



DM-TS-B

DS-COVU-A, B



DM-UTC-B





DM-RD-B

2.8 GATEWAYS

A. Bi-Directional Protocol Translator (BPT):  The Building Automation System shall establish a seamless interconnection with other building electrical and/or mechanical subsystems, as well as other manufacturers’ control systems as may be installed in the future.  These systems shall be controlled, monitored, and programmed with the same programming language used for the other control modules.

B. System Information:  The system information from other subsystems shall be available to the BAS server.

C. OEM Cooperation:  Full cooperation by the OEM in this open protocol effort shall be required at the time of interfacing.  OEM manufacturers shall bid BACnet.  OEM manufacturers that utilize other protocols shall include the cost of a BPT in their bid.  If the OEM used the LonWorks protocol, they shall certify that their devices are LONMark compliant.

D. PT Specification:

1. The BPT shall be a microprocessor-based communication device to provide seamless, two-way translation between two or more standard or non-standard protocols.

2. The BPT shall be available for a variety of Data Link/Physical Layer configurations, including PTP (point-to-point) via EIA-232, MS/TP via EIA-485, and ARCNET.

3. In addition to BACnet, the BPT shall also support other protocols including Modbus, JBus and other protocols as specified herein for electrical/mechanical subsystems.

4. The BPT shall have at least three communications ports:  One shall be for communication between native BACnet controllers residing on the controller network; the other two ports shall have the ability to be configured for different protocols.

5. The BPT shall provide full custom programmability of the data flowing between the networks, using the same graphic programming as specified herein.  The system shall have the ability to create custom building control strategies using global data between networks.

2.9 PANELS

A. Cabinet:  Each DDC Controller shall be enclosed in a field panel or equipment enclosure.  The field panel cabinet shall be constructed of 16 US gauge sheet steel.  Provide sufficient access for wire and conduit to enter the cabinet.   Each of the field control panel locks for the project shall be keyed alike.  The cabinet shall be shipped to the project for installation without electronics.  The electronics shall be added at the time of wire termination and system commissioning.  The control wiring and system communications shall be electrically terminated inside the field panel.  Each panel shall include the following:

1. Receptacles:  Provide a 20 ampere duplex receptacle inside or immediately adjacent to the field control panel.  

2. Master Disconnect Switch:  Provide a master electrical power disconnect switch inside the field control panel to disconnect the external power to the cabinet for maintenance and repair.  The disconnect switch shall not affect the duplex receptacle hereinbefore specified.

3. Terminal Strips:  Provide screw type terminal strips in the field control panel for the termination of field wiring.  Lay out terminal strips in a neat and orderly fashion and label each termination.  Wiring entering the panel shall be routed through the panel wire-ways in a neat and workmanlike manner, properly tied or laced and terminated.

2.10 INPUT HARDWARE

A. Temperature Sensors:  Vibration and corrosion resistant, for wall, immersion, or duct mounting as required.

1. General purpose temperature sensors shall have an accuracy of +/-0.5(F (0.3(C) at calibration point. 

2. Mixed temperature sensors shall be the averaging type and have an accuracy of +/- 1(F (0.5(C).

3. Outside Air Temperature Sensors shall have an accuracy shall be within +/- 1(F (0.5(C) in the range of -52(F to 120(F (-46.6(C to 48.9(C).

4. Room temperature sensors shall have an accuracy of +/-0.36(F (0.25(C) in the range of 32(F to 96(F (0(C to 35.5(C).

5. Chilled water and condenser water sensors shall have an accuracy of +/-0.25(F (0.15(C) in the range 30oF to 70oF (-1.1oC to 21.1oC).

6. Hot water temperature sensors shall have an accuracy of +/-0.75(F (0.3(C) over the range of 50oF to 250oF (10oC to 121.1oC).

B. Humidity:  Vibration and corrosion resistant, for wall, immersion, or duct mounting as required.

1. Accuracy: [ ± 1%] [ ± 2%] of operating range, with linear output.

2. Room Sensors:  With locking cover, matching room humidity sensors, span of 25% to 90% R.H.

3. Duct and Outside Air Sensors:  With element guard and mounting plate, range of 0% to 100% R.H., with repeatable accurate readings from 10% to 90% R.H.

C. Pressure/Differential Pressure:

1. Static Pressure Sensor Transmitter:  Non-directional sensor with suitable range for expected input, temperature compensated.

a. Accuracy:  2% of full scale with repeatability of 0.5%.

b. Output:  4 to 20 mA. or 0-10VDC

c. Building Static Pressure Range:  0 inch to 0.25 inch wg (0 to 62 Pa).

d. Duct Static Pressure Range:  0 inch to 5 inches wg (0 to 1243 Pa).

e. End of Line Primary Fan System Discharge Duct Static Pressure Range:  0 to 4 inches wg (0 Pa to 994.8 Pa).

f. Return Air and Outside Air Static Pressure Range:  -2 to +2 inches wg (-497.4 Pa to 497.4 Pa).

2. Pressure Transmitters:  Direct acting for gas or liquid service, range suitable for system, proportional output 4 to 20 mA or 0-10VDC.
3. Water Flow Switches shall be provided with a single pole, double throw snap-action switch.  Switches shall be provided with totally sealed vapor-tight switch enclosure.  Make-point of switch shall be screw adjustable.  Three-in-one paddle shall be suitable for pipe size from one inch to three inches.  Paddles shall be constructed of stainless steel.

4. Water differential pressure switches shall be provided with a single pole, double throw snap‑action switch.  Switches shall be provided with totally sealed vapor-tight switch enclosure.

5. Air Differential Pressure Switches shall be provided with static pressure taps.  Switch shall have screw adjustable pressure differential set point.  Switch shall have a Buna-N diaphragm with stainless steel calibration spring.

6. Air Static Pressure and Differential Pressure Sensors shall consist of a probe with pressure transducer.  The probe shall be a minimum of 4 inches long to avoid influences by wall effects.  The probe and transducer shall have an accuracy of +/-0.01 inch wg. over the range of the sensor with temperature variations from 0-160oF.  Sensor ranges shall be approximately 1.5 times the maximum duct static pressure range at the sensor location.

D. Liquid Flow:  Water flow sensors shall be an insertion type with a non-magnetic impeller.  The flow sensor shall be an all-solid state precision industrial type, with stainless steel meter body.  Flow sensor shall have a maximum error of no more than 1% of full scale, a repeatability of ±0.3% of flow, a rangeability of 30:1, and a full scale flow rate of 1 to 30 FPS.  The flow sensor shall be provided with a local digital display to display the flow in gallons (liters) per minute, and a signal to be connected to the field control panel.  Sensor shall be provided with insertion tool and ball valve for hot tap insertion and removal of sensor.  Provide water flow meters at each of the pump discharge points installed per the manufacturer’s instructions.  Variable water flow lines shall be carefully selected to provide accurate readout from minimum (10% of full flow) to maximum expected flow (120% of design flow).

E. Airflow/Temperature Measurement Systems (AFTMS):

1. The AFTMS indicated on the plans shall be capable of continuously monitoring airflow rates and temperature at each measurement location.  The system shall consist of one or more airflow/temperature measuring devices and matched electronics, which shall be factory tested as a system prior to shipment.  The AFTMS shall not require recalibration or adjustment over the life of the equipment.

2. Each sensing point shall measure both airflow and temperature and use one pair of instrument grade, hermetically sealed, glass encapsulated thermistors.  Airflow rate sensing shall utilize thermal dispersion technology.  Thermistor resistance/ temperature characteristics shall be traceable to NIST calibration standards.

3. Each AFTMS location shall produce linear, analog output signals for BAS input of airflow and temperature.  The system shall have the ability to perform self-diagnostics and produce an alarm, which can identify the source of the malfunction.  In the event of a sensor failure, the system shall ignore the failed sensor (s), average the remaining sensors and continue to operate.  Each measurement location shall have a digitally controlled field adjustable output scale and an output signal filter for airflow measurement.  The electronics shall automatically reset after transient brownouts and/or loss of power.

4. The total accuracy for airflow measurement, including sensing point averaging error and the sum of the sensor and electronic errors shall not exceed +/-2% of reading within the range between minimum and maximum system airflow rates.  Temperature measurement accuracy shall be +-0.2°F.  The sensors and electronics shall operate over a temperature range of -20°F to 160°F and a relative humidity range of 0 to 99% (noncondensing).  The electronics shall use industrial grade integrated circuits rated for such use and be NIST traceable.

a. Duct and Plenum Mounted Probes:  The number of independent sensing points shall be per the manufacturer's recommendation for the specified application and the location as indicated on the plans.  The probe body shall be extruded aluminum alloy.  Probes shall either be insertion or internally mounted, depending on the duct or plenum mounting requirements.  Each probe connected to remote electronics shall have a factory-provided plenum rated cable and connector.

b. Fan Inlet Probes:  The number of independent sensing points shall be per the manufacturer's recommendation for the specified application and location.  The support struts shall be adjustable to fit the fan inlet without field modification.  Each sensor probe shall have a factory provided, plenum rated cable and connector, which shall be connected to remotely located electronics.  The sensor probes shall not increase fan sound levels or decrease fan performance when installed in the inlet of the fan.  The contractor shall accurately determine the fan inlet area, in accordance with the manufacturer's published guidelines, for conversion of FPM to CFM in the BAS.

2.11 TRANSDUCERS

A. Transducers shall convert the output signal from the digital controller into an analog signal appropriate to the controlled device, such as a pneumatic damper operator or valve operator. Transducers shall be accurate to within 1% of the signal range.  See other sections for the controlled devices, actuators, relays, etc.

2.12 WIRE AND CABLE

A. Exposed cables installed in air plenums shall be specifically listed for air plenum use.  (See specifications for specific wire and cable installation requirements.)

B. Cables, both fiber and copper, shall be as recommended by the manufacturer of the BAS, and shall be as required to support the specified LAN BACnet transmission type.

2.13 CENTRAL SOFTWARE

A. System Software Overview:  The BAS Contractor shall provide the OID software required for efficient operation of the BAS specified herein.  Software shall be modular in design to provide maximum flexibility, expandability, and to permit future revision of the system.  The functionality described herein shall be regarded as a minimum.  The system software shall include the following, as a minimum:

1. Complete database entry.

2. Configuration of the controller and operator workstation application programs to provide the sequence of operation indicated.

3. Dynamic color Graphics of each system.

4. Configuration of the reports and point summaries indicated.

5. Event/alarms comprised of Urgent Alarms, Alarms, and Messages as specified.

For WEB based systems add:

B. SERVER AND WEB BROWSER

1. The system software shall be based on a server/thin-client architecture, designed around the open standards of web technology. The BAS server shall communicate using ASHRAE’s BACnet/IP protocol.  Server shall be accessed using a web browser. The thin-client web browser Graphical User Interface (GUI) shall support Microsoft and Netscape Navigator browsers, and Windows as well as non-Window operating systems. No special software shall be required for the PC’s or PDA’s used to access the BAS via a web browser.

2. The BAS server database shall be Java Database Connectivity (JDBC) compatible, allowing real time access of data via the following standard mechanisms:

a. Common Object Request Broker Architecture (CORBA) 

b. OLE/OPC (for Microsoft Client/Server platform only)

c. Import/Export of the database from/to XML (extensible Mark-up Language)

3. The native protocol for the BAS server software shall be BACnet, as defined by ASHRAE standard SPC135.

4. The BAS system software (client and server) shall run on Windows 2000, Windows NT, Windows XP, Sun Microsystems Solaris or Red Hat Linux 

5. The GUI shall be thin-client or browser-based and shall meet the following criteria:

a. Only a 5.x browser (Explorer/Navigator) or above will be required as the GUI, and a valid connection to the server network. No installation of custom software shall be required on the GUI workstation/client.  Connection shall be over an intranet or the Internet. A firewall shall be installed in each system connected to the Internet. 

b. Communication between the Web Browser GUI and BAS server shall be encrypted, using 128-bit encryption technology within Secure Socket Layers (SSL). Communication protocol shall be Hyper-Text Transfer Protocol (HTTP)

c. BAS Server software shall support other browsers used by PDAs such as Palm Pilots and other personal Internet appliances.]

C. GRAPHICAL USER INTERFACE (GUI) SOFTWARE

1. The GUI shall be a 32-bit full-featured software application compatible with Windows NT, Windows 2000, and Windows XP Professional.  The intent of the GUI is to provide an easy to use graphical OID that enables operators to manage their facilities on a day-to-day basis.  The user may navigate within the system to check on environmental conditions, setpoints, schedules, etc.  Using a mouse, it shall be possible to easily navigate through floor plans and different areas within a facility or multiple facilities.  In addition, manual commands may be used to navigate directly to each point in the system and a tree structure shall show the control system hierarchy.

2. For ease-of-use, the GUI shall make extensive use of color to communicate information related to point values, setpoints, and comfort conditions, and shall comply with at least the following:

a. The GUI workstation software shall graphically display images in 1280 by 1024 pixels, 32 bit True Color or higher.

b. The control network shall be organized into a logical hierarchy of systems, sites, areas, and equipment.  The intent of the GUI is to ensure the operator is always aware of the position within the system as well as how to logically progress through the graphical hierarchy to select a desired graphic or other source of information.

c. General area maps shall show locations of controlled buildings in relation to local landmarks.

d. Floor plan maps shall show dynamic heating and cooling conditions throughout the buildings. Locations of space sensors shall be shown for each zone. Zone temperatures outside of the acceptable comfort range shall be displayed in red.

e. The system shall be capable of utilizing the mouse to change the individual zone temperature bar to an increased or decreased temperature setpoint within that zone.  The floor plan graphic shall dynamically update the colors on a zone-by-zone basis to reflect the actual temperature relative to the desired heating or cooling setpoint.  The system shall permit globally changing of the setpoints.

f. Mechanical system graphics shall show the type of mechanical system components serving the zone through the use of a pictorial representation of components.  It shall also provide a current status of each I/O point being controlled and applicable to each piece of equipment, including analog readouts, in appropriate engineering units at appropriate locations on the graphic representation.

g. The building operator shall be able to communicate and direct the control functions through the use of a 2-button mouse operator interface to monitor and control the functions and sequences within the system.

h. Operator changes shall automatically be transferred to the appropriate digital controller.

i. The system software shall be programmed to provide a separate color graphic for:

1) Each piece of equipment monitored or controlled, including each terminal unit.

2) Each building, indicating the comfort condition by floor.

3) Each floor, indicating the comfort condition by each zone controlled.

j. Each color graphic supplied for this project shall be of a quality consistent with the manufacturer’s demonstration program.

k. Each color graphic shall display the outside air temperature, relative humidity, and wind direction and velocity.

l. Each color graphic shall include a hot button to permit advancing to the next system color graphic, returning to the previous system color graphic, moving to the appropriate heating system color graphic, moving to the appropriate cooling system color graphic, and moving to the main building color graphic.

m. The main building color graphic shall include hot buttons to permit the operator to directly move to each floor, or each system(s) serving each floor, and to go directly to the color graphics for the heating and cooling plants.

n. The color graphics for each floor shall include hot buttons to permit the operator to go to each system, including terminal units, serving spaces on that floor.

3. The User shall be able to trend (numerically or graphically), and display each physical, virtual or calculated point from each GUI.

2.14 SYSTEM CONFIGURATION BY OPERATORS

A. Database Creation and Modification.  Changes shall be done utilizing standard procedures and while the system is on-line and operating.  The system shall allow changes to be made either at the local site through a portable computer or at the central OID.

B. The system shall permit the operator to perform the following, as a minimum:

1. Add and delete BACnet objects and points

2. Assign BACnet Object/Device Instance numbers and Network numbers

3. Modify point parameters, control sequences and programs

4. Reconfigure application programs

5. Create and/or modify graphics

C. Each of the data points within the database shall be accessible as independent or dependent variables for custom programming, calculation, interlocking, or manipulation.

D. OID GUI software shall permit generating standard ASCII file formats for use with third-party software (Excel, Lotus 123, etc.) to generate and store custom designed reports.

E. In addition, it shall be possible to exchange information with other Windows programs via Dynamic Date Exchange (DDE).

2.15 ALARM AND EVENT REPORTING

A. Alarms or events designated as 'critical' shall be delivered immediately.  Non-critical events or alarms may be programmed to be delivered on operator request or automatically, on a scheduled timer.  Each alarm or event condition may be assigned an urgency priority.  Urgent alarms or events may be programmed to sound external audible devices and/or to auto-dial digital pagers.  The events generated at the DDC module level shall include at least the following information:

1. Time/Date Stamp, using the standalone control module time/date.

2. Site location and network address.

3. Alpha-numeric event ID.

2.16 ENERGY MANAGEMENT AND MONITORING

A. The BAS shall automatically monitor points listed in the Input/Output schedule designated as “energy” points.  Energy points are those points which are monitored and controlled to ensure compliance with ASHRAE/IESNA Standard 90.1-1999.  As a minimum, the following shall be monitored:

1. Each of the energy sources for the building (electrical power, natural gas, and water).

2. Each of the energy sources entering and leaving chillers, boilers and heat exchangers.

B. Energy monitoring shall be totalized and trended in both instantaneous and time based numbers. (example KW & KWH, BTU & BTU/hr).  Energy monitoring for water or air systems shall be accumulated through flow and temperature sensors and converted to BTUs and BTU/hr.

C. Energy monitoring data shall be automatically converted to standard database and spreadsheet format and transmitted to a designated PC.

2.17 CO2 MONITORING:

A. CO2 levels shall be measured in the outside air and in the return air stream of each primary air handling unit as shown on the drawings to document and maintain adequate ventilation within the facility. CO2 data shall be automatically converted to standard database and spreadsheet format and transmitted to a designated PC.

2.18 DDC CONTROLLER SOFTWARE:

A. The system shall continuously perform DDC functions at the local control module in a stand alone mode. The operator shall be able to design and modify the control loops to meet the requirements of the system being operated. The operators shall use system-provided displays for tuning of PID loops. These displays shall include the past three input variable values, the setpoint for the loop, the sample interval and the results of the PID effects on the final output.

B. Each control module shall perform the following functions:

1. Identify and report alarm condition.

2. Execute each application programs indicated in the sequences of operation.

3. Execute DDC algorithms.

4. Trend and store data.

5. Maintain time-of-day schedules.

C. Scheduled Start/Stop Program:  Provide software to start and stop equipment based on the time of day and day of week, including holidays.  The program shall monitor the controlled equipment status to verify that the start and stop command has been carried out, and provide the system with an alarm when the equipment does not start or stop, fails, or is locally started or stopped, or is manually overridden via the controller HOA switches and/or local motor starter HOA switch. The system shall be capable of the following scheduling features:

1. Scheduling will be by building, area, zone, groups of zones, individually controlled equipment and groups of individually controlled equipment.  Each schedule shall provide beginning and ending dates and times (hh:mm).  A weekly repeating schedule, i.e. between 8:00 a.m. and 5:00 p.m., Monday through Friday shall constitute one schedule, not five.

2. Dated schedules shall be entered up to 9 years in advance.

3. Schedules shall be self-deleting when effective dates have passed.

4. Leap years and Daylight Savings Time shall be adjusted automatically without operator intervention.

For maximum speed in the communication of schedules, the operator shall have the ability to communicate schedules at the most efficient level with one scheduling command through the mouse interface. This ranges from system wide to individual zones, groups or pieces of equipment.

The system shall allow the operator to designate every combination of equipment to form a group that can be scheduled with a single operator command through the mouse interface at the OID. Each designated group or piece of equipment shall have the capability to be a member of more than one group.

The operator shall be able to make schedule additions, modifications and deletions using the mouse and appropriate dialog boxes. In addition, the operator shall have the capability to edit schedules off line and then download each schedule change to the control modules with a single operator command through the mouse interface. In the event that a schedule in the control module is different from the workstation, the operator shall have the capability to upload each schedule from the control module to the OID.

The operator shall be able to view a color-coded forecast of schedules for instant overview of each schedules.  Schedule graphic forecast shall include a color-coded indication of the types of schedules, i.e. normal, holiday and special day override.

D. In the event of a controller failure, the points under its control shall be commanded to the failure mode as indicated on the I/O Summary Table. The DDC software shall reside in the respective control module.

E. Power Failure/Automatic Restart:

1. Power failures shall cause the control module to go into an orderly shutdown with no loss of program memory.

2. Upon resumption of power, the Control module shall automatically restart and printout the time and date of the power failure and restoration at the respective OID.

3. Prior to taking action, the controller shall look at the actual time-of-day and the programmed schedule for the controlled systems.  If systems are operating, the restart program shall automatically restart affected field equipment. The operator shall be able to define an automatic power up time delay for each piece of equipment under control.

F. Optimum Start/Stop (OSS)/Optimum Enable/Disable (OED) Program:  Provide software to start and stop equipment on a sliding schedule based on the individual zone temperature, the outside air temperature and the heating/cooling capacity, in deg. F/hour, of the equipment serving that zone. The heating/cooling capacity value shall be operator adjustable. Temperature compensated peak demand limiting shall remain in effect during morning start up to avoid setting a new demand peak for the month.

G. Source Temperature Optimization (STO) Program:  The system shall automatically perform source optimization for each air handling units, chillers and boilers in response to the needs of operating downstream pieces of equipment, by increasing or decreasing supply temperature setpoints, i.e. chilled water, discharge air, etc., using owner-defined parameters. In addition to optimization, the STO capability shall also provide for starting and stopping primary mechanical equipment based on zone occupancy and/or zone load conditions.

The STO program will allow setpoints for various equipment in the heating/cooling chain to be reset between an owner-defined maximum and a minimum setpoint based on the actual requirements of the building zones and the most efficient mode of operation.  The actual setpoint shall be calculated based on the number of heating or cooling requests which are currently being received from the equipment or zones served.  Once every update period, the STO program shall survey the network to see if each piece of equipment requires additional heating or cooling from its source.  The individual zones and pieces of equipment shall be arranged to permit assigning a relative weighting factor to its call for heating or cooling.

H. Energy Conservation Temperature Compensated Demand Limiting (DL) Program:  The DL application shall be programmable for a minimum of six separate time of day KW demand billing rate periods. The system shall be capable of measuring electrical usage from multiple meters serving one building and each piece of equipment being controlled by the BAS shall be programmable to respond to the peak demand information from its respective meter and time of day.

The demand control function shall utilize a sliding window method, with the operator being able to establish the KW threshold for a minimum of three adjustable demand levels. The sliding window interval shall be operator-selectable in increments of one minute, from 1 to 60 minutes. Systems that incorporate rotating shed tables will not be acceptable.

The operator shall be permitted to set the individual equipment temperature setpoints for each operator defined demand level.  Equipment shall not be shed if these reset setpoints are not satisfied, rather the setpoint shall be revised for the different established demand levels. The system shall have failed meter protection, such that when a KW pulse is not received from the utility within an operator adjustable time period, an alarm will be generated. The system software will automatically default to a predetermined, operator changeable fail-safe shed level.

The system shall have the ability to archive demand and usage information for use at a later time.  System shall permit the operator access to this information on a current day, month-to-date, and a year-to-date basis.

I. Day/Night Setback (DNS) Program:  The system shall allow the space temperature to drift down [up] within a preset [operator-adjustable] unoccupied temperature range.  The heating [cooling] shall be activated upon reaching either end of the DNS range and shall remain activated until the space temperature returns to within the DNS range.

The system shall close outside air and exhaust air dampers during the unoccupied period, except for 100% outside air units. 

Unoccupied space temperatures shall be monitored by the DDC temperature sensors located in the individual zones being controlled or within representative rooms in the building if full DDC is not being implemented.

The user shall be able to define, modify or delete the following parameters.

1. DNS setpoint temperature(s).

2. Temperature band for night heating (night low limit) operation.

3. Period when the DNS is to be activated.

J. Timed Local Override (TLO) Program:  The system shall have TLO input points which permit the occupants to request an override of equipment which has been scheduled OFF. The system shall turn the equipment ON upon receiving a request from the local input device. Local input devices shall be push button (momentary contact), wind-up timer, or ON/OFF switches, as specified.

If a momentary contact push button is used, the system operator shall be able to define the duration of equipment ON time per input pulse and the total maximum ON time override permitted. Override time already entered shall be canceled by the occupant at the input point. If a wind-up timer is used, the equipment operation shall stay in override mode until the timer expires. Year to date, month-to-date and current day override history shall be maintained for each TLO input point. History data shall be accessible by the operator continually and shall be capable of being automatically stored on hard disk and/or printed on a daily basis, and/or output to a third party software program.

K. Space Temperature Control (STC) Program:  There shall be two individually adjustable space temperature setpoints, one for cooling and one for heating, separated by a energy conserving dead-band.  Both setpoints shall be operative at continually. The cooling system shall function if the actual space temperature is equal to or greater than the cooling setpoint. The heating system shall function if the actual space temperature is equal to or less than the heating setpoint.  In addition, there are two modes of operation for both setpoints, one for the occupied mode [example: heating = 72(F (22(C), cooling = 76(F (24.4(C)] and one for the unoccupied mode [example:  heating = 55(F (12.7(C), cooling = 90(F (32(C)].

The occupied/unoccupied modes may be scheduled by time, date, or day of week.

The heating system control shall modulate around the heating setpoint and the cooling system shall modulate around the cooling setpoint.  Under no condition shall the cooling system cool to the heating setpoint, and vice versa.

Each setpoint and offset shall be operator definable. When in the occupied mode, start-up mode, or when heating or cooling during the (night setback) unoccupied mode, a request shall be sent over the network to other equipment in the HVAC chain, such as to an AHU fan that serves the space, to run for ventilation. The operator shall be able to disable this request function if desired, such as when there is a radiation heating system in addition to the air system.

When comfort conditions are warmer than ideal, a request for additional cooling shall be sent over the network to other cooling equipment in the HVAC chain, such as an air handling unit or a chiller system.  This information shall be used for optimization of equipment in the HVAC chain.  The operator shall be able to disable this function if desired.

When comfort conditions are cooler than ideal other than as a result of too much mechanical cooling, a request for additional heating shall be sent over the network to other heating equipment in the HVAC chain, such as a boiler system.  This information shall be used for optimization of equipment in the HVAC chain. The operator shall be able to disable this function if desired.

The cooling [and electric heating] setpoints may be increased [or decreased] under demand control conditions, to reduce the cooling [and heating] load on the building during the demand control period. Up to three levels of demand control strategy shall be provided. The operator may predefine the amount of setpoint increase [or decrease] for each of the three levels. Each space temperature sensor in the building may be programmed independently.

An optimum start-up program shall transition the system operation from the unoccupied setpoints to the occupied setpoints.  The optimum start-up algorithm shall consider the rate of space temperature rise for heating [and the rate of space temperature fall for cooling] under nominal outside and inside relative conditions; it also considers the outside temperature, and the heat loss [and gain] coefficients of the space envelope (AI:  Space Temperature outside air temperature and relative humidity, and the wind direction and velocity).

The DDC (PID control loop) comparing the actual space temperature to its setpoint, shall modulate the dampers and valves or stage the heating or cooling to achieve the setpoint target throughout the STC program operation.

L. Auto-Dial Alarm Programs

1. Dialing:  The [controller] [console] [

] shall automatically alarm both locally and remotely (through modem) in the event of an operator specified alarm condition.  The operator shall be able to disable each alarm condition.  The operator shall be able to disable each alarm condition to an active or inactive state.  No situation, short of communication equipment failure or disconnect, should be possible that would block this alarm reporting.  The [controller] [console] [

] shall automatically dial up to a minimum of three (3) telephone numbers in the event of an alarm; the alarm, identification, limit, message, and the telephone number(s) shall be software definable.  If the system is unable to make a connection with a number, it shall retry a pre-programmed number (adjustable) of times.  If it is still unable to make a connection, it will rotate to the next number and call.  It will continue to do this until a valid connection is made and the alarm message is sent and an acknowledgement is made by an operator.  If the system tries each of the three numbers and is still unable to make a connection and receive a valid acknowledgement, it shall start over with the first number and continue to retry.  One additional telephone number, such as a voicemail box, shall be assigned to a dedicated alarm printer which will routinely receive each alarm once when first initiated.

2. Beeper Annunciation:  The [controller] [console] [

] shall be configured to dial designated beepers of the type designated by the Owner.  The [controller] [console] [     ] shall be user programmable to dial beepers in an order specified by the operator.  This feature shall be initially programmed by the installing contractor.  The [controller] [console] [      ] shall dial and successfully send a numeric data string to the beeper service.  The [controller] [console] [

] shall then call the designated alarm printer to annunciate each of the pending alarms, and identify the beeper numbers called.  The [controller] [console] [

] shall call beepers only for after-hours CRITICAL alarm annunciation.  Each of the other alarm types shall call only the designated alarm printer.  If the [controller] [console] [          ] is unable to establish connection with the alarm printer, it shall retry user selectable number (adjustable) of times and then pause.  The [controller] [console] [

] shall then retry after a user selectable delay.  The [controller] [console] [

] shall continue to do this until a valid connection is made and the alarm message is sent and an acknowledgement made by an operator.  This entire activity shall be logged on the alarm printer, including the time of each activity.

3. Alarm List:  The following is considered to be a minimum list of operator definable alarm conditions:

a. Each operation (on/off, modulate, etc.) commanded by the controller that failed to occur.

b. Change-of-state of each status input other than programmed change of state.

c. Exceeding a high or low limit on each analog input.

d. Exceeding a maximum or minimum difference between two or more analog inputs.

e. Switching of the control outputs from automatic mode (controller) into either manual on or off position at the controller HOA switch.

f. Return of each control outputs from manual on or off to automatic mode at the controller HOA switch.

g. Controller component failure.

M. Other Programs:  The [controller] [console] [

] shall also execute at least the following functions:

1. Minimum on/off time (each output).

2. Equation generation of up to 100 equations minimum, per master controller, utilizing at least multiply, divide, add, subtract, square root, greater than, less than, equal to, and Boolean operation for controlling outputs based on inputs, time-of-day, elapsed time, and alarm conditions.

3. Direct Digital Control.

4. High and low alarming on each analog inputs.

5. Trending or history of a group of at least 32 variables, and plot or print the data.

6. Access Levels and Passwords for security, a minimum of 3 password access control levels, and 30 individual passwords.

7. Save and restore functions for dumping the memory to external storage device and back.

N. Software Integration:  The programs should be integrated into a single working system and each of the above functions should be executed in real time and automatically when needed, such as to optimize the controlled equipment.

2.19 SOFTWARE MAINTENANCE

A. During the warranty period, the Contractor shall be responsible to update, maintain, change, modify, and correct software deficiencies upon request by the Owner, to meet the specified sequence of operation.  During this period, when software problems cause comfort or equipment problems, the Contractor shall implement corrective measures within two hours of notification by Owner.  Corrective action may be taken by local or remote access of the BAS.

2.20 SEQUENCE OF OPERATION

Retain this Article if control system operation sequences are specified in this Section.  Otherwise, delete and include operation sequences in a separate section.

Add Project-specific sequences.  Suggested organization and sample text are provided in the Evaluations in Division 15 Section "Sequence of Operation."  Text should be modified and expanded as required for control system and equipment.

[To be completed by the design engineer]

PART 3 – EXECUTION

3.1 EXAMINATION

A. General:  The Contractor shall verify that properly conditioned power supply is available to control units and OIDs (see Electrical drawings).  Contractor shall verify that field end devices and wiring are installed, tested, and certified, before proceeding with installation of BAS electronic equipment.

3.2 INSTALLATION

A. General:  The Contractor shall install indicated equipment to comply with manufacturer's written instructions and local codes.

B. Software:  The Contractor shall install software in control units, field control panels and OIDs.  Contractor shall implement each specified feature into programs to meet the specified and required sequences of operation.

C. Connection:  The Contractor shall connect and configure equipment and software to achieve the sequences of operation specified.

D. Location:  The Contractor shall verify location of temperature and humidity sensors and other exposed control sensors with plans and room details before installation.  Locate space sensors 48 inches (1,291 mm) above floor, as per ADA requirement.

1. The Contractor shall install averaging elements in ducts and plenums serpentined across the plenum or duct.

E. Thermostat Guards:  Provide guards on sensors or self-aspirating flush mounted sensors in the following locations:

1. Entrances.

2. Public areas.

3. Where indicated.

F. Damper Motor Installation:  Install damper motors outside of airstreams [in warmed areas].

G. Label and Nameplate Installation:  Install labels and nameplates to identify BAS components according to Division 15 Sections specifying mechanical identification.

H. Hydronic Instrument Installation:  Install hydronic instrument wells, valves, and other accessories according to Division 15, Section 15510, "Hydronic Piping."

I. Duct Volume Control Damper Installation:  Install duct volume control dampers according to Division 15 Section specifying air ducts.

3.3 ELECTRICAL WIRING AND CONNECTIONS

A. Raceways, Boxes, and Cabinets:  Install raceways, boxes, and cabinets according to Division 16, Section 16130, "Raceways and Boxes."

B. Building Wire and Cable:  Install building wire and cable according to Division 16, Sections 16120, "Conductors and Cables," and 16140, "Wiring Devices."

C. Cable:  Install cable according to Contract Documents.

1. Concealment:  Conceal cable, except in mechanical rooms and areas where other conduit and piping are exposed.

2. Exposed Cable:  Install exposed cable in raceway.

3. Concealed Cable:  Install concealed cable in raceway.

4. Multi-Conductor Instrument Cable: Bundle and harness multi-conductor instrument cable in place of single cables where a number of cables follow a common path.

5. Flexible Conductors:  Fasten flexible conductors, bridging cabinets and doors, neatly along hinge side; protect against abrasion.  Tie and support conductors in neat and workmanlike manner.

6. Number or Color Code Conductors:  Number code or color code conductors, except local individual room controls, for future identification and servicing of control system.

D. Electrical Components:  Connect electrical components to wiring systems and to ground as indicated and instructed by manufacturer.  Tighten connectors and terminals, including screws and bolts, according to equipment manufacturer's published torque tightening values for equipment connectors.  Where manufacturer's tightening requirements are not indicated, tighten connectors and terminals according to tightening requirements specified in UL 486A.

E. Manual Reset Limit Controls:  Connect manual-reset limit controls independent of manual control switch positions.

F. Selector Switches:  Connect HAND-OFF-AUTO selector switches to override interlock controls when switch is in HAND position only.

3.4 COMMISSIONING

A. Manufacturer's Field Services:  The Contractor shall provide the services of a factory authorized service representative to assist an independent commissioning agent to start up the BAS, and to commission each component included in the BAS.

B. Controls and Safeties:  Test and adjust controls and safeties as follows:

1. Inspection:  Inspect each individual control panel, component, field device, the connecting wiring and terminations for proper installation, correct placement, and conformance to shop drawings.

2. Labeling:  Label each field device with the point ID, date and time of verification, and the commissioning technician’s initials.

3. Testing and Calibration:  Test, calibrate, and set each of the digital and analog sensing and actuating devices.  Calibrate each instrumentation device by making a comparison between the central computer or field control panel display and the reading at the device, using an instrument traceable to the National Bureau of Standards, which shall be at least twice as accurate as the device to be calibrated.  Record the measured value and displayed value for each device in the Commissioning Report.

4. Checking and Setting Zero and Span Adjustments:  Check and set zero and span adjustments for each of the actuating devices.  Manually activate damper and valve operators to verify free travel and fail condition.  Check valve or damper to insure that it shuts off tight when the appropriate signal is applied to the operator. 

5. Checking Digital and Analog Control Points:  Check each individual digital and analog control point by making a comparison between the control command at the operator’s console and the status of the controlled device while switching the unit from one state to the other, i.e., starting and stopping a fan.  Check each digital input point by making a comparison of the state of the sensing device and the console display.  Record the results for each device in the Commissioning Report.

6. Validate Sequences of Operation:  Verify each sequence of operation by using the approved commissioning checklists to record results and submit the sheets with the Commissioning Report.  Verify proper sequence of operation of specified functions on each of the systems being controlled by the BAS.

7. Tuning Control Loops:  Tune each control loop to obtain the fastest stable response without hunting, offset, or overshoot.

3.5 OPERATIONAL PERFORMANCE

A. Installation and performance verification shall be accomplished as follows:

1. Operational Tests:  The Contractor shall conduct an operational test of each system and subsystem, including each of the associated field control panels, components, and field devices, to verify the proper sequence of operation and the actual performance of the installed BAS subsystem.

2. Documentation:  Provide written documentation of the system commissioning and performance verification processes described above, including an itemized inspection and validation report complete with dates and second test results, and a performance test report for each system and each Sequence of Operation.

3.6 DEMONSTRATION

A. General:  The contractor shall demonstrate the operation of the BAS hardware, software, and each of the related components, systems and subsystems to the satisfaction of the Owner.  The Contractor shall schedule the demonstration with the Owner’s representative at least 2 weeks in advance of the proposed demonstration.  Demonstration shall not be scheduled until each of the hardware and software submittals, and the Commissioning Test Report are received and approved.  If the work fails to conform to Contract specifications, scheduling of additional site visits by the Contractor for re-demonstration is required. 

B. Personnel and Equipment:  The Contractor shall supply the required personnel and equipment for the demonstration, including, but not limited to, instruments, ladders, paper, etc.  The contractor-supplied personnel shall be competent with and knowledgeable of the project-specific hardware, software, and the HVAC systems.  Complete training documentation and a complete copy of the BAS submittals shall be on file at the job site.

C. Procedure:  The system shall be demonstrated following the same procedures used in the Commissioning Test by using the approved Commissioning Checklists and Commissioning Agent.  Demonstrations shall include, but not necessarily be limited to, the following:

1. Software:  The Contractor shall demonstrate that the required software is installed in each of the operator interface devices and DDC controllers.  Demonstrate that the graphics screens, alarms, trends, and reports are installed as specified, submitted and approved.

2. Interrogation and Command:  The Contractor shall demonstrate that each of the points specified and shown can be interrogated and/or commanded (as applicable) from each OID and controllers as specified.

3. Remote Dial-Up:  The Contractor shall demonstrate that remote dial-up communication abilities are in accordance with Construction Documents.

4. Calibration:  The Contractor shall demonstrate that the calibration of each of the input/output devices is correct by using the same methods specified for the Commissioning Tests. A minimum of 10 percent of the I/O points shall be selected at random for this demonstration.  Upon failure of one device to meet the specified end-to-end accuracy, an additional 10 percent of I/O points shall be selected at random for this demonstration.  This process shall be repeated until 100 percent of randomly selected I/O points have been demonstrated to meet specified end-to-end accuracy.

5. Remote Location Software:  The Contractor shall demonstrate that the DDC and other specified point-related software programs exist at respective controllers.  The DDC programming and point database shall be as submitted and approved.

6. Direct Digital Controls:  The Contractor shall demonstrate that the DDC programs accomplish the specified sequences of operation.

7. Power Failure Recovery:  The Contractor shall demonstrate that the field control panels automatically recover from power failures, as specified and return the systems to the state specified for the time-of-day if the power restoration, i.e., if a fan is to be off at the time power is restored, the fan shall not start after the power is restored, until the fan’s next scheduled on time.

8. Stand-Alone Operation:  The Contractor shall demonstrate that the stand-alone operation of panels meets the requirements of these Specifications.  Demonstrate that the controller’s response to LAN communication failures meets the requirements of these Specifications.

D. Plans:  Prior to the Demonstration, the Contractor shall provide the Owner with four sets of the following documentation for approval:

1. “As-Built” Control Diagrams:  Marked-up “As-Built” diagrams showing the interfaces between each of the panels, controls, and equipment.  The drawings shall identify the panels and equipment connections by word description, terminal numbers, and wiring colors and numbers.  Copies of drawings shall also be provided on 3-1/2" floppy disk or CD in AutoCAD Release 14 or later format. 

2. Floor Plan Drawings and System Graphic Displays:  The Floor Plan drawings and system graphic displays shall show the location of each of the sensors, control panels, miscellaneous devices and wiring between each of the inputs, outputs, local panels, and the field control panels.  The wiring and terminal strip schedules shall show the color-coding and the wire numbers for the entire control system. Copies of the drawings shall also be provided on 3-1/2" floppy disks in AutoCAD format.

E. Physical Demonstration of Response to System Conditions:  System acceptance shall include demonstrations that each of the components function properly by actual response to system conditions that may be encountered.  The Contractor shall furnish the materials such as sources of temporary heating and cooling necessary to cause the system components to go through the required sequences.  Computer simulations of possible operating conditions are not acceptable for demonstration of system performance.  Proposed methods of demonstrating component operation shall be submitted to the Owner.  Representatives of Owner will also witness the tests.

F. Operation History Printout:  Prior to scheduling the initial control demonstration, the Contractor shall furnish to the Owner an operating history printout (in graphical and text formats) of the temperature readings of the instruments for each of the zones on a 5-minute basis covering a 24-hour period.  The reading printout shall be separated into individual zones with time headings and with instrument identification and location in English, so temperature sequence can be followed readily.

G. Orientation:  The demonstration shall include, as a minimum, one orientation period sufficiently comprehensive to familiarize the Owner’s operating and maintenance personnel with the overall installation and one detailed technical session long enough to instruct maintenance personnel on maintenance and repair procedures.  The technical session or sessions shall continue until each of the attending personnel have a thorough understanding of the procedures involved (see System Training).

3.7 START-UP AND TEST

A. Start-up and Test:  Upon completion of integration and installation of the software, the Contractor shall inspect and test run the entire software package for verification of the proper sequence of operation for each component and system. The Contractor shall submit a certification to the Owner that each of the programs have been field tested for proper function prior to final system test (see Commissioning).

1. Final Inspection:  Prior to final acceptance by the Owner, a final inspection shall be conducted the Owner and representatives of the Owner.  This is not to preclude the requirement for a pre-inspection to be made by the Contractor to check the completion of the work prior to the final inspection.  The final inspection shall, at a minimum, include confirmation and validation that the specified software and control strategies have been loaded into the BAS at the facility being inspected.  The Contractor shall be able to demonstrate that each of the required software strategies have been installed and that the equipment is being controlled by those strategies.  The Contractor shall have the software completely loaded and functional at least one week prior to a scheduled inspection and a complete set of histories shall have been submitted to the Owner for review and approval.  The intent of this is to determine whether or not installed software is functioning as intended and specified.  

As there may be more points requiring trending than a single history program’s capability, more than one run of histories may be necessary to record the required data.  Prior to submitting a history, the Contractor shall perform a self-review to identify and correct each problem.  Histories shall be presented at 5-minute intervals for a 24-hour period, unless directed otherwise.  During the final inspection and during the warranty period, if a malfunction occurs in the system operation, systems being monitored shall be operated with an effective occupancy schedule; i.e. indications that a system was scheduled off for the 24 hours of the history and remained off are of no value.  During this inspection, each of the system setpoints (both calculated and manual inputs) shall be provided with the histories.  If malfunction occurs during subsequent histories’ reviews, the system in question shall have each of the pertinent setpoints logged in the history and be retested.  Inspections shall not occur without the system[s] operating in either the mechanical heating or cooling mode; if scheduled delivery of the product falls during a period in which the system[s] are not operating, the inspection will be delayed until such time as the system[s] have been operating under control for one week.  The systems shall be retested for opposite season (heating or cooling) operation at a mutually agreeable time after the opposite system has been operating at least 10 working days.  The following constitutes those items which, at a minimum, shall be included in a start-up submittal:

a. Outdoor Air:

1) Dry bulb temperature.

2) Wet bulb temperature and/or relative humidity.

3) Calculated Enthalpy.

b. Electrical Power, Phase, Voltage, Frequency:  Histories should indicate time and duration of each occurrence of power interruption and normal power resumption.

c. Overrides:  Run status.

d. Boilers:

1) Enable/disable command.

2) Status (normal and alarm).

3) Common boiler return water temperature.

4) Lead/Lag selection.

e. Heating Water System:

1) System supply water temperature.

2) System return water temperature.

3) Calculated reset temperature.

4) Reset valve position.

f. Heating Water Pumps:

1) Scheduled run status.

2) Actual run status.

3) Log of alarmed outages.

4) History of main and stand-by pump operation.

g. Chillers:

1) Scheduled run status.

2) Actual run status.

3) Amperage.

4) Log of alarmed outages.

5) Chilled water supply temperature [from each chiller] [common].

6) Chilled water return temperature [to each chiller] [common].

7) Condenser water return temperature leaving each chiller.

8) Condenser water supply temperature [common] [entering each chiller].

9) Lead/lag selection.

10) Capacity control command.

h. Chilled Water Pump[s]:

1) Scheduled run status.

2) Actual run status.

3) Logged alarmed outages.

4) Amperage.

i. Condenser Water Pump[s]:

1) Scheduled run status.

2) Actual run status.

3) Logged alarmed outages.

4) Amperage.

j. System [Secondary] Chilled Water Pump[s]:

1) Scheduled run status.

2) Actual run status.

3) Logged alarmed outages.

4) Amperage.

5) % speed.

6) Speed control signal.

7) System differential pressure (controlling sensor value).

k. Cooling Tower:

1) Scheduled run status [and fan speed sequencing].

2) Actual run status [and fan speed sequencing].

3) Amperage.

4) Log alarmed outages.

5) Condenser water supply temperature.

6) Condenser water return temperature.

7) Calculated condenser water reset temperature.

8) Outside air dry bulb and wet bulb temperatures (% RH).

9) Reset valve position.

10) % speed.

11) % speed control command signal.

l. Air Handling Units

1) Supply fan scheduled run status.

2) Supply fan actual status.

3) Supply air temperature.

4) Return air temperature.

5) Mixed air temperature.

6) Outdoor, return, and relief air dampers positions.

7) Valves [heating] [and] [cooling] positions.

8) Outside air temperature.

9) [Duct static pressure] [VAV units].

10) [VAV control signal] [VAV units].

11) [Fan % speed] [VAV units].

m. Water Heating Coils:

1) [Space] [or] [Discharge] air (controlling) temperature.

2) Controlling signal to valve.

n. Exhaust Fans:

1) Scheduled run/enabled status.

2) Actual run status or enabled status.

3) [Histories shall show fans are in operation as interlocked with other equipment/systems controlled as such.]

o. Variable Air Volume Terminals:

1) Space air temperature.

2) Air damper controller output signal.

3) Heating coil valve controller output signal.

4) Supply air temperature.

5) Supply air volume.

p. Fan Coil Units:

1) Scheduled run status.

2) Actual run status.

3) Dampers control signal.

4) Valve control signal [separate signal for heating and cooling valves].

5) [Space] [Return air] [controlling] temperature.

2. History:  During warranty period, a complete history of the performance of each of the systems and the trouble/repair logs shall be submitted by the Contractor.

3. Software upgrades:  During the five-year warranty period, the Contractor shall provide and install software upgrades released by the manufacturer as applicable to the systems installed at the facility.  At the conclusion of the warranty period, the Contractor shall submit to the Owner a signed certificate certifying that the software version currently installed is the latest release available from the manufacturer.

B. Instruction:  Furnish the services of a factory-trained field representative to monitor and instruct other parties in system inspection, installation, checkout, testing and adjusting, as required, and for performing the work related to system start-up.

C. Documentation:  As a part of the operation and maintenance manual, the Contractor shall provide a detailed copy of the finally accepted program for each field control panel and sufficient programming information and instruction to enable the Owner to modify or reprogram  parts of the program as desired.

3.8 ACCEPTANCE PERIOD

A. General:  After approval of the BAS Demonstration and prior to Contract Close-Out, the system shall enter an Acceptance Period of at least four weeks of uninterrupted operation.  The Contractor shall schedule the beginning of the Acceptance Period with the Owner at least 2 weeks in advance.  During the Acceptance Period, the system shall operate properly without malfunction, without alarm caused by control action or device failure, and with smooth and stable control of systems and equipment in conformance with these Specifications.  At the end of the four-week period, the Contractor shall provide written notification of the pass/fail status of the Acceptance Period to the Owner, including documentation identifying each of the problems experienced.  If the system failed the tests, the Contractor shall provide notice to the Owner that each of the  problems have been corrected.  The Acceptance Period shall be restarted at a mutually scheduled time for an additional one-week period.  This process shall be repeated until the system has passed the Acceptance Period without exception.

B. Hard Copy Log of Alarms:  During the Acceptance Period, the Contractor shall maintain a hard copy log of each of the alarms generated by the field control panels.  For each alarm received, the Contractor shall diagnose the cause of the alarm, and shall list on the log for each alarm the diagnosed cause of the alarm, and the required corrective action taken.  If, in the Contractor’s opinion, the cause of the alarm is not the responsibility of the Contractor, the Contractor shall immediately notify the Owner’s representative.

C. Trend Logs:  During the Acceptance Period, the Contractor shall maintain the entire controller network and workstation hardware and software in a state that will allow remote access by the Owner for other representatives to access Trend Logs as discussed below:

1. General:  Prepare controller and workstation software to display graphical format trend logs during the Acceptance Period.  Trend logs shall demonstrate compliance with contract documents.  Trend logs shall be set up to meet the following requirements.

2. Reset Schedule:  Trend Logs shall include each of the analog and digital input values, analog and digital output values, and set points, both manual and as determined by a reset schedule.

3. Line Differentiation:  Lines shall be labeled and shall be distinguished from each other by using either different line types or different line colors.

4. Graphic Keys:  Indicate engineering units on the y-axis values; e.g. degrees F., inches wg, Btu/lb, percent wide open, etc.

5. Compatible Values:  The x-axis scale shall be chosen so that each of the rendered values are in a readable range.  Incompatible ranges of analog and digital points shall not be mixed on the automatically formatted graphics.  The operator may choose to manually select these points at will.

6. Outside Air Trending:  Trend outside air temperature, humidity, and enthalpy during each period in which other points are trended.

7. System Uniformity:  Each of the points trended for one HVAC subsystem (e.g. air handling unit, chilled water system, PDU system, hot water system, etc.) shall be trended during the same trend period.

8. Labeling:  Each graph shall be clearly labeled with HVAC subsystem title, date and times.

9. Trend Log Schedule:  A complete set of trend logs shall consist of each of the required points, trended for 24 hours with 5-minute intervals.

3.9 ON-SITE OPERATOR TRAINING

A. Supplies:  Provide up to six (6) complete sets [per project site] of the approved Operations and Maintenance Manual to be used for training.

B. Personnel:  Provide services of highly qualified technical personnel for three 6-hour days at project site to instruct Owner’s personnel in operation and maintenance of the installed BAS.  Provide follow-up training consisting of one day per month for a period of [3] [6] [9] [12] months following the dated of Final Acceptance.  One or more Owner’s representatives other than the maintenance and operations personnel shall witness training sessions.  Instruction shall be in classroom setting at project site.

C. Taping:  The entire training procedure shall be video and audio taped for later or follow-up usage by the Owner.  Provide three copies of the video and audio tapes.

D. Lesson Plan:  The Contractor shall submit a detailed lesson plan to the Owner at least 30 days prior to scheduling training for approval.  The lesson plan shall identify:

1. Subject.

2. Time period.

3. Synopsis.

4. Tools or equipment used during lesson.

5. Prequalifications of the personnel to be trained for each session.

6. Biographical sketches of the proposed training personnel, listing experiences that qualify them for this particular training.

E. Material:  The training provided by the Contractor shall cover the total amount of information necessary to completely familiarize the Owner’s personnel with the operation of the BAS and associated systems.  Required maintenance of interface equipment should be covered in this session.  Also included shall be a system overview to familiarize engineering personnel with the basic system performance.  The BAS hardware should not be treated as a secretive “black box”.  Instead, every effort should be made by the Contractor to acquaint the Owner with the particulars of the system.

F. Personnel:  Training will be provided for at least six (6) of the Owner’s personnel as specified by the Owner.  Training sessions should require only a very basic knowledge of control systems and computer operation.  These training sessions shall be developed for a basic high school education only.

G. Schedule:  The scope of the training course shall be submitted to the Owner for approval prior to scheduling the training sessions.  The sessions should be scheduled after final checkout of the System and before the Acceptance Period.  The successful completion of the training session will be considered as part of the final stage of the project construction and the project will not be considered complete until this is accomplished.  Training shall take place at the site, on the specific system installed under this contract, and in classrooms provided by the Owner.  The training equipment and supplies shall be provided by the Contractor.

3.10 MAINTENANCE

A. General:  The Contractor shall provide the services, materials, and equipment necessary for the preventative maintenance service, inspection, calibration, and repair of the system hardware installed under this contract throughout the warranty period. The necessary materials, equipment, etc., required for the maintenance work shall be provided by the Contractor under this contract, at no additional cost to the Owner.  The Contractor shall have qualified control personnel available during the warranty period to provide service to the BAS components as required at no additional cost to the Owner. The Contractor shall furnish the Owner with a telephone number where the appropriate service mechanic can be reached at all times.  

B. Description of Work:

1. General:  The work covered on this specification shall include maintenance of the BAS equipment and appurtenances installed under this contract, including each of the sensors, control devices, interfacing equipment, hardware, and software.

2. Minimum:  As a minimum, the Contractor shall provide the manufacturer’s required preventative maintenance for those sensors and control devices that are incorporated into the BAS and maintenance requirements stated hereinafter.

C. Personnel:  The Contractor shall furnish sufficiently qualified personnel and the proper equipment, and materials to accomplish, promptly and satisfactorily the work under this contract.  Resumes of such personnel proposed for this work shall be supplied with the technical proposal as part of the offer.

1. The Contractor shall furnish the required competent supervision, approved by the Owner, during the entire progress of the work, and with full authority to act for the Contractor.  The Supervisor shall affect daily liaison during the normal working hours with the designated representative of the Owner.  Such supervision shall be provided for the work done by the Contractor’s employees and subcontractors to assure performance in strict accordance with the provisions contained in this specification.

2. Service Personnel: The service personnel shall be certified approved by the BAS manufacturer to maintain the installed system.

D. Routine Maintenance:  During the warranty period, the Contractor shall provide at least one inspection per time frame listed below or more if required by the manufacturer or the services for the required maintenance.

1. Following Final Approval:

a. First Quarter:  1 day per week.

b. Second Quarter:  2 days per month.

c. Third Quarter:  1 day per month.

d. Balance of Contract’s warranty period:  1 day per month.

2. Inspections:

a. These inspections shall include but not be limited to visual and operational checks of each of the interface panels and sensors.

b. The Contractor shall schedule and coordinate the scheduling of the performance of the inspections with the Owner.

c. The Contractor shall, where required, provide the necessary services to adjust, repair, and maintain the system equipment as required to bring the system operation into compliance with the contract documents.

3. Regular Service Calls:  These calls shall be performed during regular working hours, 8:00 a.m. to 4:30 p.m., Monday through Friday, excluding legal holidays.

E. Emergency Service:  The Owner will initiate service calls when there is indication that the system equipment is not functioning properly.  The service mechanic shall be on the job ready to service the control system within 24 hours or the next working day, whichever is sooner, after receiving a request for service and the work shall be prosecuted continuously until the system is back in reliable operating condition.

F. Recurring Maintenance:  Recurring maintenance shall include the on-going incidental repair of parts or complete systems, and the removal of defective parts or complete systems, and the testing of the installation of new parts or systems in place of those removed.  Each of the incidental repair and replacement parts or complete systems shall equal or exceed the original manufacturer’s specifications.  It is the intent of these specifications that the maintenance personnel to “cure” chronic maintenance problems, rather than cause the Owner to undergo frequent repetitions of the same or similar problems on a given specific component, equipment, or system.  Failure of a specific item, component, equipment, and/or software routine that occurs with a frequency exceeding three occurrences in three months shall result in the Contractor replacing the failing item of hardware and/or software, and for the warranty on that item to commence afresh.  The Contractor shall issue a new warranty certificate for this part or system, indicating the new expiration date.

G. Records and Logs:  The Contractor shall keep records and logs shall be kept of each maintenance task.  Cumulative records for each major component and for the complete aggregate system shall be organized chronologically.  Forms, in the format prescribed by the Owner shall be completed and submitted monthly to the designated Owner’s staff member by the tenth day of the succeeding month indicating that planned and systematic maintenance has been accomplished for the Owner and what specific services have been performed.

H. Work Requests:  Each service call request, when received, shall be separately recorded on an approved form by the Contractor.  The form shall include the serial number identifying the component involved, its location, date, and the time the call was received, nature of trouble, names of the Contractor’s employee(s) assigned to the task, instructions as to what is to be done, the amount and nature of the materials to be used, the time and date work started, time and date of completion, and a space for the Owner’s inspector to indicate approval or further corrective action where found necessary.  The designated Owner’s staff member shall receive, within five (5) days after work is accomplished, a record of the work performed.

I. System Modifications:  Recommendations for system modification shall be provided in writing to the designated Owner’s staff member.  No system modification, including operating parameters and control is allowed without proper notification.
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