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1.0 GENERAL
1.1 INTRODUCTION

This compendium of design criteria establishes the criteria to guide the preliminary engineering
and final design of the Honolulu High-Capacity Transit Corridor Project (Project). The Project is
a fixed guideway transit system, utilizing electrically powered transit vehicles, supplied through a
third rail distribution system, within a dedicated right-of-way or grade-separated aerial structure.

1.2 CODES AND STANDARDS

The design of the Project shall be in compliance with all applicable codes and standards
including, but not limited to, those included in:

A. City and County of Honolulu (City)

B. State of Hawaii Department of Transportation (HDOT)

C. Federal Highway Administration (FHWA)

D. American Association of State Highway and Transportation Officials (AASHTO)
E. Americans with Disabilities Act (ADA)

F. National Fire Protection Association (NFPA)

G. National Electric Safety Code (NESC)

H. American Railway Engineering and Maintenance-of-Way Association (AREMA)

Additional codes and standards are included and cited in Chapters 2 through 26 of this
Compendium of Design Criteria.

Unless specifically noted otherwise herein, the latest edition of the code, ordinance, regulation,
and standard that is in effect at the time final design is initiated shall be used, to the extent that it
does not conflict with the governing code as cited in these Design Criteria. Where more than
one cited code, standard, or criterion is applicable, the most restrictive shall govern to the extent
that it does not conflict with the governing code. If a new edition or amendment to a code,
ordinance, regulation, or standard is issued before the design is completed, the design shall
conform to the new requirements to the extent practical or required by the governmental agency
enforcing the changed code, ordinance, regulation, or standard.

13 APPLICATIONS

The material contained in the following chapters provides a uniform basis for design and can be
expected to undergo refinement and expansion during preliminary engineering and final design.

These criteria serve as guidelines and do not substitute for engineering judgment and sound
engineering practice. Specific exceptions may apply in special cases. The Designer is
responsible for identifying any necessary departure from the criteria contained in this document
and for bringing it to the attention of the City and County of Honolulu. Any changes to the criteria
must be reviewed and approved by the Chief Project Officer of the Department of
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Transportation Services Rapid Transit Division (RTD) prior to use in the design. Application for
change of criteria, addition to the criteria, and other questions should be submitted in writing to
the RTD Chief Project Officer.

1.4 PROJECT GOALS

The basic goal of the Project is to provide commuters and other travelers with the benefits of
improved public transportation in a cost-effective, environmentally sensitive, and socially
responsible manner.

1.4.1 Proven Hardware

The Project shall be designed to use proven subsystems hardware and design concepts. All of
the major subsystems, such as transit vehicles, train control, and traction power equipment,
shall be supplied by established manufacturers, have a documented operating history of
previous and current usage, and be readily available off the shelf, so far as practicable. The
same requirements shall apply to spare parts. Waiver of these requirements shall be considered
only where the alternative subsystem offers substantial technical and cost advantages, is in an
advanced state of development, and has accumulated substantial test data under near-revenue
service conditions.

Specifications for the fixed guideway transit system shall be prepared in such a way as to
encourage competitive bidding by established manufacturers of transportation equipment.

1.4.2 Design Life

The Project fixed facilities (structures, stations, and buildings) shall be designed for continued
operation over a minimum period of 50 years before complete refurbishment and renovations
are necessary due to wear and tear and obsolescence.

Major fixed system equipment (such as substation gear, shop machinery, and transit vehicles)
shall be designed for a minimum of 30 years before complete replacement becomes necessary,
assuming that approved maintenance policies are followed.

143 Service Integration

The fixed guideway transit route is to be part of the overall regional transportation system.
Specific provisions shall be made for the efficient interchange of passengers with private and
other public transportation modes.

END OF CHAPTER
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2.0 OPERATIONS

2.1 INTRODUCTION

The Design Criteria for Transit Operations prescribes the basic operating and maintenance
philosophies and methodologies set forth for the rail system and interrelated modes of
transportation as they may influence and affect preliminary and final engineering.

The system should provide the best possible service to the greatest number of people at the lowest
total cost. Basic operational goals are the following:

A. To safely operate reliable and convenient transit service in a cost-effective manner

B. To establish and maintain a sustainable network of high-quality urban transit services
for residents and visitors

C. To provide access to places of residence, work, schooling, personal business,
shopping, and recreation with the level and the type of service appropriate to each

D. To decrease travel by personal vehicle by attracting new customers to transit, thereby
helping to reduce traffic congestion, air pollution, and energy consumption

E. To provide and ensure reasonable service for the elderly, disabled, young, and low-
income people

F. Corollary operational goals include:
1. To achieve projected levels of patronage by the specified target year
2. To conserve natural resources
3. To maximize benefits to the regional economy
4. To contribute to an improved urban environment

2.2 DEFINITIONS

AUTOMATIC TRAIN CONTROL (ATC) provides the primary functions of Automatic
Train Protection and Automatic Train Operation.

B. AUTOMATIC TRAIN OPERATION (ATO) is the function whereby the ATC system
performs operating mode control, automatic speed regulation, programmed station
stopping, train berthing verification at station platforms, and prevention of vehicle door
operation when a train is not properly berthed at the station.

C. AUTOMATIC TRAIN PROTECTION (ATP) is the function whereby the ATC system
assures and maintains safe train operations. The ATO shall be entirely subordinate to
the ATP function. No ATP subsystem malfunction, component failure, or software error
shall result in unsafe train operations. The ATP function shall provide train detection,
safe train separation, speed limit enforcement, route security through interlockings,
traffic direction, vehicle zero speed detection, and door interlocks.

D. CONSIST is the number of cars in a train.
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E.

INTERLOCKING is an arrangement of signals and interlocking appliances
interconnected so that their movements must succeed each other in a prearranged
sequence and through which movements are governed by interlocking signals in
conjunction with cab signals.

LOAD FACTOR (¢) is the ratio of passengers carried to offered passenger spaces.

OPERATIONS CONTROL CENTER (OCC) is a place supervising all train movements
and operational functions on the system.

PASSENGER DEMAND—PEAK 15-MINUTES (Pis) represents the passenger trip
volumes forecasted for the peak quarter-hour (15 minutes): P;s volumes shall be
assumed to be equal to 32 percent of Pgo volumes.

PASSENGER DEMAND—PEAK HOUR (Pgo) represents the passenger trip volumes
forecasted for the peak hour (60 minutes): Pg volumes shall be assumed to be equal to
55 percent of Pyy volumes.

PASSENGER DEMAND—PEAK PERIOD (P120) represents the passenger trip volumes
forecasted for the two hour (120 minutes) AM-peak period. This is the secondary
patronage forecast data provided by the Project. The PM-peak-period volumes shall be
assumed to be the reciprocal of the AM-peak period.

PASSENGER DEMAND—PEAK TRAIN (P+) represents the passenger trip volumes
forecasted for a single peak train: Pt volumes shall be assumed to the quotient of Py5
volumes divided by the number of trains per quarter hour.

PASSENGER DEMAND—WEEKDAY (Pueckday) represents the 24-hour, weekday
passenger trip volumes forecasted for RAIL service and the associated transit network.
This is the primary patronage forecast data provided by the Project.

PASSENGER DEMAND (P) is the number of passenger trips forecasted to use the
transit service per unit time based on patronage forecasts provided by the Project.

PASSENGER LOADING STANDARD—COMFORT LOAD (Lcomfort) is the number of
passenger spaces within a vehicle represented by the sum of the seats plus the
effective standee passenger spaces remaining, calculated at four passengers per
square meter. This is the basic loading standard for operations acceptable under most
circumstances.

PASSENGER LOADING STANDARD—CRUSH LOAD (Lcush) is the number of
passenger spaces within a vehicle presented by the sum of the seats plus the effective
standee passenger spaces remaining, calculated at six passengers per square meter.
This is a loading standard which is unacceptable for operations under normal
circumstances.

PASSENGER LOADING STANDARD—DESIGN LOAD (Lpesign) iS the number of
passenger spaces within a vehicle represented by the sum of the seats plus the
effective standee passenger spaces remaining, calculated at five passengers per
square meter. This is a loading standard for RAIL operations acceptable for limited
durations not to exceed ten minutes.
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2.3 Operational Objectives

System operations should be designed, managed, operated, and maintained so that they will be
attractive to passengers to ensure their continued patronage and to the community-at-large
(inclusive of the non-riding public) to ensure their continued support. The overall objective of system
operations, reflecting the Project goals and objectives are:

e Improve corridor mobility

e Encourage patterns of smart growth and economic development
e Find cost-effective solutions

e Minimize community and environmental impacts

e Ensure consistency with other planning efforts

Minimization of trip time shall be a design goal. Geometric parameters, such as curve radius, spiral
length, and amount of superelevation, will be calculated so as to provide the maximum civil design
speed consistent with passenger comfort. Operating speed shall not exceed the civil design speed.
Where train control systems are used to establish and enforce train speed limits, the normal speed
commands generated by the system will be equal to the civil design speed.

The safety and wellbeing of customers, employees, the general public, and neighboring
communities will be the first priority of operations and of all operational planning efforts. All other
concerns and considerations shall be subordinate to safety.

Following safety, priority shall be granted to matters concerning operational reliability, passenger
convenience, and cost-effectiveness, in that order.

231 Operational Safety

The first priority of operations is to provide for the safety and well-being of passengers, employees,
and the neighboring community.

2.3.1.1 Control and Supervision Considerations

Regulation and supervision of train operations and supervisory control of the associated electrical,
mechanical, train control, and communications subsystems shall be performed by the OCC staff
located at the Central Control Facility (CCF). This facility shall function as the “nerve center” of
system operations. The OCC shall have responsibility for the control, coordination, and monitoring
of all train movements on main tracks, station operations, and any main track activities which may
affect operations. The OCC shall be capable of direct communication with all on-duty personnel at
all times. Selected security, passenger information, and revenue control activities may also be
controlled, coordinated, and monitored at the OCC, as appropriate.

Control systems in the OCC shall be capable of dispatching train movements under normal
operating conditions without requiring direct intervention by the OCC staff. OCC response to service
failures and anomalies shall include either automatically or manually initiated changes in system
configuration, modifications of system operating strategies, and recovery operations. In all cases,
OCC staff shall have the capability of overriding or modifying any automatically initiated failure
management strategy except those within ATP systems. The design shall specifically include
appropriate and practical means of informing passengers of unusual conditions.
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2.3.1.2 Operational Considerations

The maximum authorized speed for train movements shall be 55 miles per hour, subject to civil
limitations and to future analyses intended to identify the maximum speed required to meet
passenger throughput and run time goals. Hours of service will be 4 a.m. to 12 a.m. weekdays, and
6 a.m. to 12 a.m. Saturday, Sunday, and designated holidays. However, the system shall be
designed so as not to preclude operating 24 hours per day.

The Project operating philosophy is to provide frequent service; system design shall support
operating headways of three minutes in peak periods, six minutes off-peak, and ten minutes late
evening and night.

2.3.1.3 Personnel Considerations

All operating employees shall be certified and regularly recertified with regard to the Rule Book,
normal and emergency operating procedures, and practices directly related to their work.

All operating employees shall be certified and regularly recertified with regard to system safety.

All operating employees shall be subject to a random drug testing program in accordance with FTA
regulations.

2.3.14 Transit Vehicles

The vehicle interior shall accommodate the P;5 with passenger loadings not to exceed an Lcomfort
standard, except for periods of limited duration not to exceed ten minutes when an Lpesign Standard
shall be acceptable.

The interior of vehicles shall be equipped with an emergency communications system by which
passengers can communicate directly with the OCC.

Transit vehicles shall be equipped with normal propulsion and braking capability for regular
operations which shall take into consideration the safety and comfort of passengers standing
onboard the vehicle.

Vehicles shall be equipped with the capability of braking in response to emergency conditions for
which the maximum braking capability of the vehicle is applied. Passenger ride comfort shall not be
a consideration with regard to emergency braking.

2.3.15 Train Control System

A Train Control System (TCS) sufficient to ensure safe train movement while maximizing line
capacity shall be provided on all main tracks and selected yard tracks as determined in final design.
Train operations shall normally be completely automatic, allowing for safe operations without
requiring onboard manual operation or supervision. The TCS shall consist of ATO and ATP. Main-
lines shall be design to operate bi-directionally and in full automatic mode.

2.3.1.6 Passenger Facilities

In general, passenger station platforms shall have sufficient area to accommodate P35 passenger
volumes. For specific maximum density requirements, refer to Chapter 10, Architectural Design
Criteria. Passenger platforms shall be of sufficient length to accommodate the longest scheduled
consist anticipated for revenue service.
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Egress paths from passenger platforms shall be sufficient to permit all passengers alighting from a
P+ to reliably exit the platform area before the arrival of the next train. In addition, all stations must
meet the exiting requirements of NFPA 130.

Passenger stations shall be routinely surveyed by operating personnel in a random manner for
potential security concerns. Passenger stations shall be equipped with call boxes by which
passengers can communicate directly with the OCC to report emergency conditions. Should the
project elect to include Station Manager Facilities, calls from the local call box(es) shall be
forwarded to this facility. In case the call is not answered locally, the call shall be automatically
forwarded to OCC.

2.3.1.7 Regulatory Considerations

The system shall be designed, constructed, and operated in conformance with all applicable
federal, state, and local laws, rules, and regulations.

2.3.2 Operational Reliability

2321 System Service Availability Levels

Operations shall be planned and implemented anticipating a Cumulative System Service Availability
of at least 99.5 percent for each calendar month. System Service Availability shall be a measure of
the total quantity and quality of transportation service actually provided compared with that
scheduled to be provided over a given time period, and shall be defined as the product of Service
Mode Availability (An), Fleet Availability (As), and Station Availability (As), each of which shall be
determined for the same specific service mode and time period.

2.3.2.2 Operations Considerations
A. Transportation

Operational contingency plans shall be prepared in advance for implementation in the
event of abnormal operating conditions, taking into account a reasonably
comprehensive cross section of disrupted service scenarios. Operational contingency
plans shall be based on the premise of providing an immediate, preprogrammed
response to a disrupted service scenario, with the capability of initiating field deployment
in no more than 15 minutes following a disruption in service.

B. Intermodal Connections

Intermodal connections shall be protected to the maximum extent possible in the event
of an abnormal operating condition. Such procedures shall be accounted for in
operational contingency planning.

C. Transit Vehicles

In order to expedite boarding and alighting, transit vehicles shall accommodate car-floor
level boarding for all passengers. Transit vehicles shall have a minimum effective door
width of 48 inches. The interior of the vehicle shall be designed to promote good
passenger circulation and foster balanced distribution of passenger loadings under
Lcomfort @Nd Lpesign conditions.
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D.

23.2.3

2.3.2.4

Passenger Facilities

Passenger stations shall be designed to accommodate vehicle-floor-level boarding for
passengers to expedite passenger ingress and egress.

Track

A minimum of one track per direction shall be provided to the maximum extent possible.
Single-track segments, in which movements in both directions share a common track
under normal operating conditions, are permissible if passenger volumes and planned
train frequencies can be accommodated. The length of single-track segments shall be
determined through operational simulations to accommodate predicted headways.
Special trackwork provided at either end of a single-track segment shall be designed to
permit movements equal to the normal speed of adjoining track segments, to the
maximum extent possible. Mainline passing and storage tracks shall be included to
support the maintenance of service and recovery during abnormal operating conditions.

Systems

Communications and power systems shall be redundant and shall have sufficient
reserve capacity to accommodate the abnormal operating conditions anticipated in the
operational contingency plans.

Preventive Maintenance Measures
Vehicle Maintenance

Vehicle maintenance plans shall be based on a program of preventive maintenance to
proactively address the needs of the equipment.

Facility Maintenance

Facility maintenance plans shall be based on a program of preventive maintenance to
proactively address the needs of all fixed facilities.

Preparatory Measures
Transit Vehicles

The fleet requirements shall include a minimum maintenance spares factor of
15 percent above the peak requirement of scheduled service.

Passenger Facilities

Passenger stations shall be equipped with variable electronic signage adjacent to each
track that shall clearly indicate the estimated arrival time, route, destination, and service
pattern of an arriving train. Additional electronic signage at the station entrances shall
be considered where passenger volumes are high or located within transit centers.

Track

1. Main Tracks
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Main tracks shall be designed to accommodate the normal speed of the applicable
category of right-of-way to the maximum extent possible.

Two main tracks shall be provided for operations to the maximum extent possible.
Where more than one main track is provided, the current of traffic assigned to each
track shall be based on a “right-hand running” convention for normal train
movements. Trains shall be capable of normal-speed running on any main track in
either direction.

2. Junctions

Junctions shall be located, designed, and operated to provide reliable and efficient
access between the main tracks of two or more lines.

3. Terminals

The functional utility of a terminal shall be determined on a case-by-case basis
through an operational analysis of the operating schedule at the terminal, the Way
Capacity (Cy) of its associated interlockings and tail tracks, and the Station Capacity
(Cy) of its associated passenger platform.

4. Crossovers

Crossover placement and spacing shall be established for on-going wayside
maintenance scheduled during the evening/late night service period. An
independent analysis will be performed to determine service recovery strategies
during service disruptions based upon recommended crossover spacing for single
tracking during base period revenue service periods. Stringline analysis will be used
to verify crossover spacing and recovery strategies.

Crossovers shall generally be located as close as possible to a station platform on
the side closest to the nearest end of line.

5. Yards and Auxiliary Tracks

The yard and shop shall be designed so as to maximize operating flexibility and to
allow direct movements between the yard and the main line and between the
various storage yards and shop facilities (i.e., to avoid reverse movements). Yard
movements and access to and from storage tracks shall be independent of
operational conflicts with revenue train movements. Yard access shall be configured
such that trains pulling in to and out of revenue service are presented with at least
two possible movement paths. A buffer area shall be provided at the yard entrances
to main tracks, equal in length to a maximum consist plus one car and positioned so
as not to interfere with main track operations, where a maximum-length train may
dwell and cars can be added and cut.

Yard storage tracks shall be located and distributed such that all consists scheduled
in normal revenue service may be stored without the making and breaking of trains.
Layouts of several shorter storage tracks are preferable to those of few very long
tracks. Storage capacities of individual tracks shall be multiples of maximum consist
lengths. Curved storage tracks should be avoided, and storage tracks should be
accessible from either end, to the maximum possible extent. The yard shall have
total capacity (including shop and ready tracks) equal to the maximum number of
transit
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vehicles scheduled to be stored at that location under normal operating conditions
for predicted operational needs of year 2055.

Where daily vehicle maintenance is provided in the yard area, toilet facilities shall be
provided in the immediate yard area for maintenance personnel.

6. Shop and Transit Vehicle Maintenance Tracks

Shop facilities shall be designed and operated to perform the required transit vehicle
maintenance functions necessary to provide safe and reliable train service. Shop
facilities shall be located, where possible, to provide good access to and from a yard
storage location and good mainline connections. Maintenance facilities shall be
directly accessible from storage yards without crossing main tracks. Track
arrangements requiring reversal of train direction shall be avoided to the extent
possible. Shop tracks should be accessible from either end, to the maximum
possible extent. Transit vehicle maintenance facilities shall have holding tracks of
capacity equal to the shop.

2.3.25 Propulsion Power Systems

Propulsion power systems shall be designed with sufficient capacity, redundancy, and reliability to
support peak period operations under normal and abnormal operating conditions.

2.3.3 Passenger Convenience

2331 Operational Planning Considerations
A. Operating Speeds

The maximum authorized speed shall not exceed 55 miles per hour (mph).
B. Level of Service

The scheduled level of service shall be sufficient to meet passenger demand with an
appropriate combination of headways and train consists.

For the purposes of operational planning, the Project services shall accommodate Ps
with passenger loadings not to exceed an L¢omiort Standard, except for periods of limited
duration not to exceed ten minutes when an Lpesign Standard shall be acceptable. The
maximum desirable transit vehicle passenger loading standard during base service
periods shall be equal to a full-seated passenger load.

C. Transit Ridership

Projected daily ridership for Phase 1 (East Kapolei Station to Ala Moana Center Station)
can be found in the Draft Environmental Impact Statement, dated November, 2008, and
the City and County of Honolulu Department of Transportation Services Rapid Transit
Division, 2008, Honolulu High-Capacity Transit Corridor Project Travel Forecasting
Methodology Report. For design purposes, the Ultimate Capacity of System is defined
as 1.5 times the predicted PHPD for 2030.
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2.3.3.2 Rail Transit Vehicles

Rail vehicle performance shall provide an optimized combination of acceleration, deceleration,
maximum operating speed, and jerk characteristics sufficient to provide passengers with a high
degree of ride comfort and the fastest possible travel time.

2.3.3.3 Passenger Facilities

In general, passenger platforms shall have sufficient area under cover to accommodate boarding
passenger volumes. Refer to Chapter 10, Architectural Design Criteria, for specific station
requirements.

An effective path for buses shall be provided through a station environment, where appropriate, that
is direct and will not add significant travel time for through bus passengers.

Direct access to the passenger platforms shall be prioritized, based on the passenger-carrying
capacity of a particular mode and the length of time this mode will remain in the station
environment. As such, the most direct vehicular access to the Project platform should be afforded to
bus transit, followed by TheHandi-Van (allowing for ADA considerations), kiss-and-ride traffic,
taxicabs, and park-and-ride traffic.

234 Operational Cost-Effectiveness

234.1 Operational Planning Considerations

A. Service Effectiveness

Train consists and headways shall be capable of adjustment to minimize operating
expense, consistent with loading standards, ridership demand, and customer
convenience

The location and number of transit vehicle storage yards and train operations personnel
report locations shall be optimized to minimize operating expense.

All aspects of operations, including service planning, equipment, and facilities, shall be
designed to accommodate P15 passenger trip volumes.

B. Operating Expense

Project operating plans and services shall be designed to minimize operating costs.
C. Capital Expense

Project operating plans and services shall be designed to minimize capital costs.

2.34.2 Maintenance Planning Considerations

A. Maintenance Effectiveness

All facilities shall be designed to minimize routine maintenance requirements. All
facilities shall be constructed of durable, easily maintained materials. Particular
consideration shall be given to the prevention of vandalism and to expeditious repair of
any vandalism that may occur.
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B. Operating Expense
Project maintenance plans and facilities shall be designed to minimize operating costs.
C. Capital Expense

Project maintenance plans and facilities shall be designed to minimize capital costs.

END OF CHAPTER
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3.0 ENVIRONMENTAL
3.1 GENERAL
3.1.1 Introduction

This Chapter establishes the environmental design criteria for the Honolulu High-Capacity
Transit Corridor Project (Project).

3.1.2 Goals

The Project shall be designed such that it can be constructed and operated with the
environmental conditions of the City and County of Honolulu (City).

3.1.3 Reference Data

The Project shall comply with all Local, State, and Federal codes, regulations, guidance, and
ordinances governing implementation of a major transit infrastructure project, such as those
from, but not limited to, the State of Hawaii Department of Health Environmental Management
Division, the City and County of Honolulu Environmental Services Department, the Federal
Environmental Protection Agency, the U.S. Department of Transportation and the Federal
Transit Administration. The City and FTA have completed the Final EIS and Section 4(f)
Evaluation (June 2010) in accordance withthe National Environmental Policy Act (NEPA) and
Hawaii Revised Statutes Chapter 343 process. The Final EIS and Record of Decision (ROD)
describe mitigation measures that will be implemented as part of the Project. Designers and
contractors will implement the commitments stipulated in these documents.

Where the requirements stipulated in this document and any referenced source is in conflict, the
stricter requirement shall govern.

Unless specifically noted otherwise herein, the latest edition of the code, ordinance, regulation,
guidance, and standard that is applicable at the time final design is initiated shall be used, to the
extent that it does not conflict with the governing code as cited in these Design Criteria. Where
more than one cited code, standard, or criterion is applicable, the most restrictive shall govern to
the extent that it does not conflict with the governing code. If a new edition or amendment to a
code, regulation, guidance, or standard is issued before final design is completed, the design
shall conform to the new requirements to the extent practical or required by the governmental
agency enforcing the changed code, ordinance, regulation, guidance, or standard.

These criteria are interrelated to the other Chapters of the Compendium of Design Criteria. They
should be used collectively to meet the requirements of specifications and design guidelines in
accordance with the current practices of the State of Hawaii and the City and County of Honolulu.

3.2 ENVIRONMENTAL CONDITIONS IN THE CITY AND COUNTY OF HONOLULU
3.2.1 General

This subsection summarizes the local environmental conditions and the criteria to be used for
the Project. Subsequent subsections specify the criteria in greater detail.

CORE SYSTEMS DESIGN-BUILD-OPERATE-MAINTAIN CONTRACT

Technical Provisions 3-1 October 2010
TP-9



Design Criteria

Chapter 3.0 — Environmental Considerations

3.2.2 Climate

A. General

The greater Honolulu area climate is considered to be high in temperature and
humidity and is in a high wind area.

B. Ambient Temperature

1. Highest recorded: 94°F

2. Yearly average: 77°F

3. Lowest recorded: 52°F

Electrical systems shall be designed for rated operation at 96°F ambient temperature
and for normal operation within the ambient conditions in which the equipment is
located, including failure of the mechanical ventilation or other temperature control
equipment.

C. Relative Humidity

55 percent to 80 percent (average)

D. Precipitation

1. Design for protection against rainfall shall be based on 22 inches annual average
rainfall with a rate of 3 inches per hour.

2. Equipment or components exposed to the weather shall be designed for or
protected against:

a.
b.
C.

d.

Falling rain
Direct condensation
Flooding

Premature oxidation or deterioration of enclosures or components.

Coatings selected by the Designer, whenever practical, shall be those with a
proven service record in the immediate Honolulu Metropolitan Area.

E. Isoceraunic Conditions

1. Design shall address lightning protection of buildings or structures, since the
Project lies within a 7-thunderstorm-days-per-year isoceraunic zone. Refer to
NFPA 780 for proper protection.

2. Open power supply lines and high voltage underground cables shall be identified
by the Designer and provided with properly coordinated lightning arresters.
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3.2.3 wind Velocity
Information related to wind speed can be found in Chapter 9, Structural.
3.24 Elevation

Equipment must be designed and capable of operating without degradation of performance at
elevations in the range of sea level (datum) to plus 400 feet.

3.25 Geology—Soil

Pertinent soil data are specified in the Geotechnical Data Report prepared for the Project.
Additional information issues related to geotechnical engineering can be found in Chapter 9,
Structural.

3.2.6 Air Quality

Facilities, equipment, and components shall be capable of operating without detriment under
ambient conditions up to maximum recorded levels of pollutants. Temporary and permanent
facilities shall be operated in compliance with HAR 11-60.1, as applicable.

3.3 HAZARDOUS MATERIALS AND WASTE

Handling and disposal of hazardous materials and waste shall be in accordance with
governmental regulations and shall depend on the hazardous or toxic nature of the material as
specified in the Final EIS on a case-by-case basis.

3.4 LAND ACQUISITION AND DISPLACEMENTS

The Designer will comply with the property requirements for the Project based on what has
been documented in the Final EIS and ROD.

3.5 LAND USE AND ZONING

The Designer will not have any activities relative to assessing impacts in this category. The
Designer will comply with applicable land use and zoning regulations (City and County of
Honolulu and State of Hawaii).

3.6 FLOODPLAINS, HYDROLOGY, WATER QUALITY
3.6.1 Siltation and Runoff

Catch basins, curbing, culverts, gutters, pumping stations, and storm sewers shall be designed
and constructed, as necessary, for the permanent control of water runoff during the operation
phase of the Project in accordance with the appropriate governmental regulations and mitigation
specified in the Final EIS and ROD. Control of sediments, runoff discharge, and dewatering
drainage discharge, including turbidity and pH, shall be as defined by the Designer.

For additional information and requirements, refer to Chapter 6, Civil, and to the regulations for
the control of water runoff published by the State of Hawaii Department of Health.
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3.6.2 Water Contamination

A complete Stormwater Management Plan addressing stormwater runoff and water quality
during construction will be prepared and submitted by the Designer to the respective agency
having jurisdiction prior to construction. A Stormwater Management Plan in conformance with
Local and State requirements will be prepared by the Designer for each contract (i.e., station,
park-and-ride, maintenance and storage facility, guideway section).

The Designer shall lay out the yard and shops in order to minimize storm runoff from the
operations areas. Runoff from inspection facilities located outside and not covered by a roof or
shelter will require the design of collection and pre-treatment facilities prior to discharge to
existing water courses.

Washing and service areas shall drain into a collection system where all effluents shall be
treated before appropriate disposal. A separating system shall be used to remove unwanted or
harmful substances from discharged water. The removed substances shall be disposed of in
accordance with the regulations of the State and applicable Local requirements.

Potential for groundwater contamination and adverse effects on groundwater shall be
investigated by the Designer for the maintenance and storage facility. The Designer shall avoid
surface runoff discharges to groundwater.

3.7 WETLANDS

Wetlands near the Projectare identified in the FEIS. There are no impacts to wetlands, with
mitigation, as described in the Final EIS.

3.8 NAVIGABLE WATERS AND COASTAL ZONES

The Project will cross navigable waters as defined by the US Army Corps of Engineers and
Coast Guard. The Designer shall verify any permit requirements associated with crossing the
non-navigable waters.

The City is responsible for obtaining consistency with the State Coastal Zone Management
(CZM) Program from the Hawaii Department of Business, Economic Development, and
Tourism. The City will obtain the Section 404/Section 10 permits for impacts to Waters of the
U.S/navigable waters as described in the Final EIS.

3.9 ECOLOGICALLY SENSITIVE AREAS

For ecologically sensitive areas that are identified in the project area and require protection, the
Designer will have to propose mitigation consistent with the project goals and mitigation
specified in the Final EIS and ROD.

A. A State Incidental Take License for Ko'oloa‘ula was issued on March 18, 2005, to the
State of Hawaii Department of Transportation. The City will obtain a Certificate of
Inclusion from the State Department of Land and Natural Resources, Division of
Forestry and Wildlife (DLNR-DOFAW).
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B. Clearing and grubbing will be kept to a minimum to mitigate impacts to vegetation.
(Other measures identified in the Final EIS will be followed by the Designer and
Contractor

C. Prior to clearing and grubbing near Ko'oloa‘ula contingency reserve, the area will be

surveyed. The Designer and Contractor will follow the mitigation commitments
identified in the Final EIS and ROD and the Habitat Conservation Plan for
Ko’oloa'ula,.

391 Vegetation and Landscaping

As a result of implementing the Project, it will be necessary to remove some existing vegetation,
including trees. In order to mitigate these losses, the following criteria will apply.

A. Where existing vegetation and street trees will be removed, new vegetation and
trees will be planted where possible and appropriate. Existing street trees will be
transplanted where possible or replaced by a new tree. The new location for trees
that will be transplanted will be selected based on project-specific criteria that will
include the following:

1. Areas where existing landscaping would be lost along the study corridor

2. Areas where opportunities exist for enhancing existing streetscapes near the
study corridor

3. Areas where stations and parking lots would be constructed

4. Areas where shared benefits would be accomplished, such as areas adjacent to
parks or historic sites

B. Street tree pruning, removal, and planting will comply with City ordinances and will
require that a certified arborist manage the pruning of any trees.

Refer to Chapter 11, Landscape Architecture, for preparation of such plans.
3.10 ENDANGERED AND THREATENED SPECIES

The Designer will work with State and US Fish and Wildlife Service representatives to mitigate
the possible impact on any endangered and threatened species identified in the project area.

3.11 TRAFFIC AND TRANSPORTATION

Regarding issues related to traffic and transportation, the Designer will include in the contract
documents those provisions necessary to result in the Project conforming to the mitigation
commitments contained in the Final EIS and ROD.

In some areas, the Project may impact local street capacities. To partially alleviate this, a
number of measures will be implemented by the Designer as part of the Project, including
revised traffic signalization, the provision of alternative circulation to feed such avoid affected
facilities, and the reconfiguration of certain intersections, widening existing roads, providing left
turn lanes, and other treatments.

CORE SYSTEMS DESIGN-BUILD-OPERATE-MAINTAIN CONTRACT

Technical Provisions 3-5 October 2010
TP-9



Design Criteria
Chapter 3.0 — Environmental Considerations

Also, in areas around stations, increases in local congestion could result. Bus service will be
redeployed to provide feeder service to stations. Additional or revised modified traffic signals will
be implemented by the Designer, as determined necessary in consultation with the responsible
agency to address congestion issues.

3.12 ENERGY REQUIREMENTS AND POTENTIAL CONSERVATION

In order to reduce energy consumption, energy conservation features and operating procedures
shall be developed for operating systems and subsystems. Such features and procedures shall
be examined by the Designer and, if found practical and cost effective, made part of the normal
operation of the system.

3.13 HISTORIC PROPERTIES AND PARKLANDS

The Designer shall address any mitigation measures pertaining to the disposition of the State
Historic Preservation Division (SHPD) in compliance with Section 106 of the National Historic
Preservation Act and/or Section 4(f) or Section 6(f) of the Department of Transportation Act of
1966. Implementation of mitigation measures will be in compliance with the project
Programmatic Agreement (PA).

3.14 CONSTRUCTION

The Designer will comply with construction mitigation measures documented in the EIS and
ROD as part of the design effort. Representative mitigation measures shall address:

A. Noise

B. Disruption of utilities

C. Disposal of debris and spoil

D. Water quality and runoff

E. Access and disruption of traffic

F. Air quality and dust control
G. Safety and security
H. Disruption of business

The Designer will include in the contract documents those provisions necessary to result in the
Project conforming to the construction mitigation contained in the Final EIS and ROD.

3.15 AESTHETICS/VISUAL

As part of the design activities, guideway materials and surface textures shall be selected in
accordance with generally accepted architectural principles to achieve an effective integration
between the guideway and its surrounding environment. Landscaping and streetscape
improvements shall serve to mitigate potential visual impacts.
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Stations and park-and-ride facilities shall be designed in a manner which is compatible with the
surrounding environment. Area and guideway lighting fixtures and standards shall incorporate
directional shielding where needed to avoid the intrusion of unwanted light and glare into
adjacent sensitive land uses.

With specific regard to the visual treatment of traction power substations (TPSS), the following
criteria shall apply:

A. Landscaping shall be used to screen the TPSS from sensitive adjacent land uses,
such as residential areas. Lighting and security equipment shall be located so as not
to be visible from adjacent sensitive land uses. Local ordinances for screening,
signage, and materials shall be followed. Where possible, every effort should be
made to integrate a TPSS into a larger structure in the central business districts.

B. Where there is an opportunity to enhance the visual environment with signage,
materials, street furniture, landscaping, etc., it should be considered in the design.

Refer to Chapter 9, Structural, Chapter 10, Architecture, and Chapter 11, Landscape
Architecture, for additional information. Also refer to Design Language Pattern Book and the
Visual and Aesthetic Resources Technical Report and the Section 106 PA.

3.16 SAFETY AND SECURITY

Implementation of the Project carries with it the potential for crimes against persons and
property, extending to vehicles, stations, parking areas, and other public areas created by the
system. In order to minimize this potential, all system public areas shall be designed to promote
maximum safety and security for all system patrons.

Specific design measures which shall be employed are discussed in Chapter 25, System Safety
and Security.

3.17 NOISE AND VIBRATION
3.17.1 General Information

This subsection is intended to provide design criteria for noise and vibration control problems
relating to the construction and operation of the Project system. The basic goals of these design
criteria are to:

A. Adhere to Final EIS and ROD mitigation commitments for design and construction

B. Provide transit system patrons with an acoustically comfortable environment by
maintaining within acceptable limits noise and vibration levels in transit vehicles
along the way and in stations

C. Minimize the adverse impact of system construction and operation on the community
by controlling transmission of noise and vibration to adjacent properties

D. Provide reasonable and feasible noise and vibration control consistent with economic
constraints
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Design of a rail transit system requires control of airborne noise from transit train operations,
transit ancillary areas, and facilities, such as yard operations, electrical substations, and
emergency service buildings. The design should also provide for any required control of ground-
borne noise and vibration from the transit vehicle operations.

Community acceptance of construction noise and vibration requires that the Designer specify
adequate noise control measures and use machinery and equipment with efficient noise and
vibration suppression devices and that other noise and vibration abatement measures be
employed for protection of both employees and the pubilic.

The criteria presented in this document are based on those used in the Final EIS, as derived
from the American National Standards Institute, State of Hawaii and City Noise Pollution
Regulations, and Federal Transit Administration (FTA) Guidance Manual for Transit Noise and
Vibration Impact Assessment. Supplemental criteria are adopted from the American Public
Transit Association publication, Guidelines for Design of Rapid Transit Facilities, and based on
experience gained since these guidelines were first published in 1979.

The limits are based on the noise and vibration criteria established in the FTA guidelines in
Transit Noise and Vibration Impact Assessment, May 2006, and from State and Local noise
regulations. Where these noise and vibration criteria do not set a limit, then limits are used that
have been found acceptable in previous rail projects. Whenever projections of noise and
vibration indicate that the goals established in this document will be exceeded, special noise
and vibration control measures shall be implemented to meet the Project environmental
commitments, FTA guidelines, or Local regulations.

3.17.2 Criteria for Wayside Noise
A. Wheel Squeal

The potential for wheel squeal shall be identified at locations where tight radius curve
trackwork is in close proximity to residential or office buildings. Since it is only
possible to anticipate, but not to fully predict, the occurrence of wheel squeal,
mitigation measures will be made available as appropriate to treat identified
problems as soon as pre-revenue system operation begins. During pre-revenue
testing of train operations, wayside noise levels will be measured at the nearest
residential building to these tight-radius curve locations. These measurements will be
compared to measurements taken along tangent sections of trackwork, at the same
operating speed and distance to the track, to determine if the tight-radius curves
increase the wayside noise levels. If audible wheel squeal or higher noise levels are
present, either of the following measures, whichever is more appropriate, may be
implemented before the start of revenue service.

1. Dry-stick friction modifiers—Apply friction modifiers on the wheel tread or directly
on the running surface of the rail.

2. Lubrication—Wayside lubrication applied to the rail gauge face and wheel flange.
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3.17.3 Criteria for Ground-Borne Vibration
3.17.4 Ground-Borne Noise from Train Operations

The FTA ground-borne noise and ground-borne vibration guidelines are to be used to assess
potential impacts due to train operations for different categories of land uses and occupied
spaces of various types of buildings and rooms.

Ground-borne vibration meeting the FTA design criteria may not be imperceptible in all cases.
The criteria are based on minimizing the occurrence of any significant intrusion or annoyance. In
most cases, there will be vibration from street traffic, other occupants of a building, or other
sources that will create intrusion that is equal to or greater in level than the vibration from the
transit trains.

3.17.5 Ancillary Equipment Noise

TPSSs, emergency diesel generators, and other mechanical equipment required for a rail transit
system can all be intrusive sources of noise. In some cases, the noise is particularly intrusive
because of its tonal character. Operation of this equipment will comply with the State of Hawaii,
Department of Health (HDOH) regulations and specifications. The noise limits shall be reduced
by 5 decibels (dBA) if the noise has pure tones or contains an audible screech, whine, or hum or
contains information content, such as music or public address system announcements.

3.17.6 Yard and Shop Noise

The storage and inspection yards and maintenance shops shall be designed such that the noise
level at the property boundary does not exceed the limits of the Honolulu Noise Ordinance for
different land use categories. The applicable limit is based on the zoning of the affected
property. The Noise Ordinance limits shall be reduced by 5 dBA for any noise, such as wheel
squeal, that has an audible screech, whine, or hum or contains information content, such as
music or yard intercom announcements.

3.17.7 Construction Noise and Vibration

The Designer shall conduct a construction noise and vibration assessment to identify the
potential impacts to residential land uses and other sensitive activities and determine the need
for mitigation measures. The Designer’'s assessment will provide the Contractor with direction
on noise and vibration control measures needed to mitigate potential impacts to residents and
other sensitive receptors. The Designer will also establish the need for mandatory noise control
measures, such as the use of noise barriers around the construction sites. At a minimum, the
Contractor will be directed to comply with all applicable local sound control and noise levels
rules, as well as regulations set by HDOH. Construction noise from some activities (e.g., pile-
driving in certain sections of the alignment) could reach levels set in the State noise regulations
for work between 6:00 p.m. and 7:00 a.m. A variance permit will be required for such nighttime
work, which will likely be necessary at certain locations and during certain phases of the Project.

Common sources of vibration during construction activities, including jackhammers, pavement
breakers, hoe rams, bulldozers, and backhoes, could potentially affect fragile and historic
building structures. The Designer will determine and specify vibration threshold criteria to
protect these buildings based on their condition. The Contractor will be directed to provide a
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Vibration Control Plan that demonstrates that impact generating equipment used at the closest
distances to sensitive building structures would not exceed the vibration criteria specified.

Pile-driving close to existing utilities could generate vibration levels that could damage the utility.
Existing utilities close to proposed pile-driving locations may need to be further evaluated during
final design to determine whether mitigation is needed.

3.18 REFERENCES
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D. City and County of Honolulu. Noise ordinances of Honolulu.

E. Code of Federal Regulations. 29 CFR Part 1910. Department of Labor occupational
noise exposure standard.

F. Hawaii Environmental Quality Board. 1987. Regulation for the control of noise
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4.0 TRACK ALIGNMENT AND VEHICLE CLEARANCES
4.1 GENERAL

The Track Alignment and Vehicle Clearances Criteria has been established to provide for a
comfortable, economical, and efficient transport for passengers while maintaining adequate
factors of safety with respect to overall operation, maintenance, and vehicle stability. They have
been developed by utilizing accepted engineering practices and the experiences of currently
operating rail transit and railroad systems.

4.2 RAIL TRANSIT TRACK ALIGNMENT

42.1 General

The track alignment shall be designed to accommodate a maximum design speed of 55 miles
per hour (mph). Physical constraints along various portions of the system, together with other
design limitations, may preclude achievement of this objective. The civil design speed shall be
coordinated with the normal operating speeds as provided on the train performance simulation
program speed-distance profiles.

Coordination of horizontal and vertical alignment shall avoid a combination of minimum radius,
maximum grade, and maximum unbalanced elevation.

For areas of special trackwork, the following table illustrates the prescribed design speeds.
Generally, the maximum level of unbalance (E,) allowed through any area of special trackwork
shall be limited to 2 inches. Any deviations from these speeds through special trackwork shall
require the review and approval of the City and County of Honolulu Department of
Transportations Services the Rapid Transit Division (RTD) on a case-by-case basis. Track
alignment design shall consider the placement of all special trackwork while designing areas of
horizontal and vertical alignment.

Turnouts and Crossovers Speed (mph)
No. 6 10
No. 8 15
No. 10 20
No. 15 30

For mainline track, the track centers shall be 14 feet (minimum) through areas of tangent and
curve, including side platform locations. Track centers shall be 40.5 feet (minimum) through
center platform locations.

4.2.2 Horizontal Alignment
The horizontal alignment of mainline tracks shall consist of a series of tangents joined to circular

curves by means of spiral transition curves. Superelevation shall be used to maximize running
speeds whenever practical.
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A. Tangent Alignment
The minimum length of tangent track between curved sections of track shall be as
follows:
Condition Tangent Length
Desirable minimum 200 feet
Minimum 100 feet or 3 times the design speed (in mph),
whichever is greater
Absolute minimum 70 feet

If adjacent curves in the same direction are in close proximity to one another and
cannot be replaced by a single simple curve due to geometric constraints, a series of
compound curves shall be the preferred arrangement. Broken back curves (i.e., short
tangents between curves in the same direction) shall be avoided.

At station platforms, the horizontal alignment shall be tangent throughout the entire
length of the platform. The tangent shall be extended beyond both ends of the
platform as follows:

Condition Tangent Length
Desirable minimum 75 feet
Minimum 60 feet
Absolute minimum 45 feet

All special trackwork shall be located on horizontal tangents. The same limits
prescribed above should be used between areas of special trackwork and
horizontal/vertical curve limits.

1. Track Centers in Tangent Alignment

Tracks shall be parallel within all sections of tangent track. Track centers shall
be 14 feet in tangent sections. Track centers through side platforms shall also be
14 feet. Track centers shall be 40.5 feet within the limits of center platforms.

B. Curved Alignment

Intersections of horizontal tangents shall be connected by circular curves by either
simple curves or spiraled curves as required by these criteria.

1. Circular Curves

Circular curves shall be specified by their radius. Degree of curvature (arc
definition), where required for calculation purposes, shall be defined by the
following formula:

572958
R

D
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where: D = degree of curvature
R = radius of curvature, in feet

The minimum radii for mainline tracks shall be as follows:

Location Minimum Radius
Aerial structures 500 feet
At-grade 300 feet

The minimum radii for yard and service tracks shall be as follows:

Location Minimum Radius
Yard and service tracks 250 feet desirable
150 feet absolute

The desirable minimum circular curve length shall be determined by the following
formula:

L=3V

where: L = minimum length of curve, in feet
V = design speed through the curve, in mph

For spiraled circular curves, the length in feet of the circular curve added to the
sum of one-half the length of both spirals shall be an acceptable method of
determining compliance with the above criteria.

The absolute minimum length of a superelevated circular curve shall be 70 feet.

The design speed for a given horizontal curve shall be based on its radius, length
of spiral transition, and actual and unbalance elevation through the curve as
described in the following sections.

2. Track Centers in Curves

Tracks shall be concentric in all curves. Track centers shall not be less than 14
feet through curves and may need to be widened to accommodate the selected
vehicle.

3. Superelevation

Mainline tracks shall be designed with superelevation so as to permit desired
design speeds to be achieved without resorting to excessively large radii of
curvature. Note that due to local constraints, the design speed may be less than
either the system maximum speed or the maximum possible speed for a curve of
a given radius. The design speed criteria stated herein are based on a maximum
lateral acceleration of the passenger of 0.125 g, where g is a measure of
apparent gravity caused by acceleration.
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Equilibrium elevation is the amount of elevation that would be required so that
the resultant force from the center of gravity of the rail vehicle will be
perpendicular to the plane of the two rails and halfway in between them at a
given speed. If a curved track is superelevated so as to achieve equilibrium at a
given speed, a passenger would experience no centrifugal force through the
curve at that speed. Equilibrium elevation shall be determined by either of the
following equations:

V2

or

Eq

Eq = 0.00069 V°D

where: Eq = equilibrium elevation, in inches
E, = actual track superelevation to be constructed, in inches
E, = unbalance elevation, in inches
V = design speed through the curve, in mph
R = radius of curve, in feet
D = degree of curve, in degrees (arc definition)

In practice, the full equilibrium elevation (Eg) is rarely installed in track as doing

so would require excessively long spiral transition curves. It could also produce
passenger discomfort on board a train which is moving much slower than the
design speed or stopped in the middle of a steeply superelevated curve.
Therefore, only a portion of the calculated Eq, the actual superelevation Eg, shall

be designed for and installed in the track. The difference between the
equilibrium elevation and the actual superelevation is called the unbalance, and
is designated as E,,.

The desired relationship between E, and E, shall be defined by the following

equation:
E

Desirable values of actual superelevation (E;) can be determined by the
following formula:

2
E, = 2.64 [Lj - 0.66
R

The two equations noted above are guidelines and should not preclude the
Designer from using sound engineering judgment in order to determine the
optimum level of superelevation (E,) that can accommodate the highest practical
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speed, while not imposing excessively long spirals. Use of the above equation
will result in the gradual introduction of both actual and unbalanced elevation and
avoid unnecessary lateral acceleration of rail vehicles and their passengers.
Values for actual superelevation shall be rounded to the nearest one-
quarter inch. For a total elevation (Eg) of 1 inch or less, no actual superelevation

(Ep) is needed.

Actual superelevation (E,) shall be attained and removed linearly throughout the

full length of the spiral transition curve by raising the outside rail while
maintaining the inside rail (or low rail) at the profile grade line.

The maximum values for actual and unbalance elevation shall be as follows:

Elevation Maximum Value

Ey= 4 inches desirable

6 inches absolute

E,= 3 inches desirable
4.5 inches absolute

4. Spiral Transitions

Spiral transition curves shall be used in order to develop the superelevation of
the track and limit lateral acceleration during the horizontal transition of the rail
vehicle as it enters the curve. Spirals shall be Barnett or Talbot as defined by the
AREMA Manual for Railway Engineering.

The minimum length of spiral shall be the greater of the lengths determined from
the following formulae, but preferably not less than 60 feet:

Ls = 62 E,
Ls = 1.22E,V
Ls = 1.10E, V
where: Ls = minimum length of spiral, in feet.

A spiral is preferred, but not required, for yard and secondary tracks where
design speeds are less than 10 mph. Yard and secondary tracks which have
design speeds greater than 10 mph shall have spirals, and superelevation is
required when at all feasible.

Under normal situations, superelevation shall be introduced and run off uniformly
through the length of a spiral transition curve.

Spirals will not be required for curves where the total equilibrium elevation (Eg) is
less than or equal to 1 inch and E, is zero.
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5. Compound Circular Curves

Where compound curves are used, they shall be connected by a spiral transition
curve. The absolute minimum spiral length shall be the greater of the lengths as
determined by the following:

Ls = 62 (Ea2 - Ea)
Ls = 1.22 (Ep2-Ey) V
Ls = 1.10 (Eg2 - Eq1) V
where: Lg = minimum length of spiral, in feet
Ea1 = actual superelevation of the first circular curve, in inches
Es2 = actual superelevation of the second circular curve, in inches

E,1 = unbalanced elevation of the first circular curve, in inches
E,2 = unbalanced elevation of the second circular curve, in inches

<
I

design speed through the circular curves, in mph

Spiral transition curves connecting compound curves are not required when
(Ey2- Eyp) is less than 1 inch and (Ej2 - E41) equals zero.

6. Reverse Curves

Where extremely restrictive horizontal geometrics make it impossible to provide
sufficient tangent length between reversed superelevated curves, the curves may
meet at a point of reverse spiral. These locations must be reviewed on a case-
by-case basis and will require the approval of RTD.

The point of reverse spiral shall be set so that:
Ls1 x Ea2=Ls2 x Eq1

actual superelevation applied to the first curve

where: Eg

E,2 = actual superelevation of the second circular curve, in inches
Ls1 = the length of the spiral leaving the first curve
Lso = the length of the spiral entering the second curve

A maximum separation of three feet between the spirals is acceptable in lieu of
meeting at a point.

4.2.3 Vertical Alignment

A. General
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The vertical alignment shall be composed of constant grade tangent segments
connected at their intersection by parabolic curves having a constant rate of change
in grade.

The profile grade line in tangent track shall be along the centerline of track between
the two running rails and in the plane defined by the top of the two rails. In curved
track, the inside rail of the curve shall remain at the profile grade line and
superelevation achieved by raising the outer rail above the inner rail.

B. Vertical Tangents

The minimum length of constant profile grade between vertical curves shall be as

follows:
Condition Length
Desirable minimum 100 feet or 3 times the design speed (in mph),
whichever is greater
Absolute minimum 70 feet

The profile at stations shall be on a vertical tangent that extends 60 feet beyond each
end of the platform. Special trackwork shall be located on vertical tangents.

C. Vertical Grades

The following profile grade limitations shall apply:

Profile Grade
Location Condition Limitations

Mainline tracks Maximum (sustained grade unlimited length) 4.0%

Maximum (sustained grade with up to 6.0%

2,500 feet between PVI's of vertical curves)

Minimum (tangent) 0.5%
Station area Desirable 0.5%

Maximum 1.0%
Yard tracks Desirable 0.0%

Maximum 1.0%
Yard storage and Desirable 0.0%
pocket tracks Maximum 0.2%

All tracks entering the yard shall either be level, sloped downward away from the
mainline, or dished to prevent rail vehicles rolling from the yard onto the mainline.
For yard secondary tracks, it is desirable to have a slight grade, maximum 1.0
percent, to achieve good track drainage at the subballast level.

Through storage tracks shall have a sag in the middle of their profile to prevent rail
vehicles from rolling to either end. It is desirable that the profile grade of a stub end
storage track descend towards the stub end and, if adjacent to a mainline or
secondary track, be curved away from that track at its stub end. If it is necessary for
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424

the profile grade of a storage track to slope up toward the stub end, the grade shall
not exceed 0.2 percent.

Tracks located within maintenance shop buildings shall be level with a 0 percent
grade.

Vertical Curves

All changes in grade shall be connected by vertical curves. Vertical curves shall be defined by
parabolic curves having a constant rate of change in grade.

A. Vertical Curve Lengths
The minimum length of vertical curves shall be determined as follows:
Desirable length LVC = 200A
Preferred minimum length LVC = 100A
Absolute minimum length
AV?
Crest curves LVC =
25
AV?
Sag curves LVC =
where: LVC = length of vertical curve, in feet
A = (G, - Gq) = algebraic difference in gradients connected by the
vertical curve, in percent.
G; = percent grade of approaching tangent
G, = percent grade of departing tangent
V = design speed, in mph.
Both sag and crest vertical curves shall have the maximum possible length,
especially if approach and departure tangents are long. Vertical broken back curves
and short horizontal curves at sags and crest of vertical curves shall be avoided.
B. Compound Vertical Curves
Compound and unsymmetrical vertical curves shall be permitted on a case-by-case
basis and will require the approval of RTD.
C. Reverse Vertical Curves
Reverse vertical curves shall be permitted on a case-by-case basis and will require
the approval of RTD.
D. Combined Vertical and Horizontal Curvature
CORE SYSTEMS DESIGN-BUILD-OPERATE-MAINTAIN CONTRACT
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Where possible, areas of combined vertical and horizontal curvature shall be
avoided, specifically within spirals. Vertical curves kept within the body of curve
(between the spiral-to-curve [SC] and curve-to-spiral [CS] points) will be acceptable.
Vertical curves within the limits should be avoided but will be allowed so long as the
prescribed superelevation is less than 3 inches.

4.3 VEHICLE CLEARANCES
43.1 General

This section establishes the minimum dimensions required for proper clearances between the
rail vehicles or transit structures and the obstructions involved. All designs shall meet or exceed
the minimum clearance criteria as specified herein. Since the provision of adequate clearances
for the safe passage of rail vehicles is one of the most fundamental concerns inherent in the
design of the system, it shall be rigorously monitored during both the design and construction
phases.

4.3.2 Clearance Envelope

The Clearance Envelope (CE) is defined as the space occupied by the Vehicle Dynamic
Envelope (VDE) plus the effects of other wayside factors (OWF), including construction and
maintenance tolerances for track and various facilities, plus running clearances (RC). This
relationship can be expressed as follows:

CE =VDE + OWF + RC

The CE represents the space into which no physical part of the system (other than the rail
vehicle) shall be placed, constructed, or protrudes. The CE shall be referenced from the
centerline of track at the top of rail.

The following factors shall be considered in developing the CE.
A. Vehicle Dynamic Envelope

Determination of the VDE begins with the cross sectional outline of the static vehicle.
The dynamic outline of the vehicle is then developed by making allowances for the
car body movements that occur when the vehicle is operating on level, tangent track.
In addition to car body movements on level, tangent track, the effects of track
curvature and superelevation must also be considered to allow additional room for
vehicle overhang on curves and for vehicle lean when the curves are superelevated.

1. Static Vehicle Outline

Design of the project is typically initiated prior to the specific dimensional
characteristics of the rail vehicle being known. In order to allow design of fixed
facilities to proceed, a composite design vehicle concept has been employed
which incorporates the most critical dimensions and operational characteristics of
the rail vehicles considered for the project.

2. Dynamic Vehicle Outline
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B. Ot

The dynamic outline of the vehicle shall be defined as the extreme car body
displacement that can occur for any combination of rotational, lateral, and vertical
car body movements that occur when the vehicle is operating on level, tangent
track. These car body movements are due to truck suspension movements,
spring action, allowable wheel and rail wear, and permitted tolerances in vehicle
and track construction.

Vehicle Inswing/Outswing

In addition to the dynamic car body movements described above, car body
overhang on horizontal curvature also increases the lateral displacement of
dynamic outline relative to the track centerline. For design purposes, both mid-
car inswing and end-of-car outswing of the vehicle shall be considered. The
amount of mid-car inswing and end-of-car outswing depends primarily on the
truck spacing and end overhang of the vehicle and on the radius of track
curvature.

Superelevation Effects

The effect of superelevation shall also be taken into account in developing the
VDE. Superelevation effects shall be limited to the vehicle lean induced by a
specified difference in elevation between the two rails of a track and shall be
considered independently of other effects on the dynamic outline. In determining
the superelevation effects, the shape of the dynamic outline shall not be altered.
Rather, the dynamic outline shall be rotated about the centerline of the top of low
rail an amount equal to the actual track superelevation.

When calculating the VDE for horizontal curves with spirals, the tangent CE shall
end 50 feet before the tangent-to-spiral (TS) and 50 feet beyond the spiral-to-
tangent (ST) point. The full curvature CE shall begin 25 feet prior to the SC point
and end 25 feet beyond the CS point. The horizontal component of the VDE
between these two offset points (i.e., 50 feet before the TS and 25 feet before the
SC) shall be considered to vary linearly with distance between the two points.
Horizontal offsets at intermediate locations shall be calculated by linear
interpolation. For simple circular curves, the full curvature CE shall begin 50 feet
prior to the point of curvature (PC) and end 50 feet beyond the point of tangency
(PT).

The CE through turnouts shall be calculated based on the centerline radius of the
turnout.

her Wayside Factors

The following define the other wayside factors and are applicable to and shall be
included in the horizontal component of the CE.

Other Wayside Factors Distance
Construction tolerance along proposed soldier pile and lagging wall 6 inches
Construction tolerance along all other proposed structures 2 inches
Construction tolerance at poles or signal equipment 1.5inch
Track construction and maintenance tolerance for embedded or 0.5 inch
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direct fixation track

Track construction and maintenance tolerance for mainline, 2.5 inches
ballasted track

Track construction and maintenance tolerance for secondary and linch
yard tracks

Allowance for acoustical treatment, where required 3 inches

C. Running Clearances
In addition to the VDE and other wayside factors, the CE includes an allowance for
RC. The following define the running clearances to be included in the horizontal
component of the CE.
Running Clearances Distance
At poles, signals, signs and other non-structural | 2 inches
members
Along soldier pile and lagging walls and other structures | 6 inches
which are normally constructed with liberal construction
tolerances
Along cast-in-place, precast, and masonry walls and | 2 inches
other structures which are normally constructed with
strict construction tolerances
For adjacent rail vehicles 2 inches
The above dimensions are design values, the applicability of which depends on the
type of track construction as well as on the type of structure which the vehicle must
clear. The following is a description of the applicability and rationale of these values.
1. Track Construction and Maintenance Tolerances
The combination of several factors, such as track misalignment and wheel and
track gauge tolerances, creates the need for this tolerance. Ballasted track
demands a greater track misalignment tolerance than either direct fixation or
embedded track would require. Furthermore, a distinction is also made between
primary tracks and secondary or yard tracks for safety reasons.
2. Construction Tolerances along Proposed Structures
Where the facility adjacent to the trackway is a structure or part of a structure, the
minimum horizontal construction tolerance shall be provided on the assumption
that the structure, or part thereof, may be misplaced during construction by a
dimension of that magnitude. It is emphasized that the term “structure” as used in
this subsection applies to any facility to be constructed alongside the rail system
and above the top of rail.
3. Acoustical Treatment
CORE SYSTEMS DESIGN-BUILD-OPERATE-MAINTAIN CONTRACT
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4.3.3

The need for this allowance shall be investigated in cases where noise produced
from the system operations may be found in excess of tolerable limits for a given
area.

4. Running Clearances

To provide clear passage for a vehicle which has moved to the extreme position
within the Dynamic Outline, the minimum horizontal clearance to any structure, or
part of a structure, shall always include a horizontal running clearance.

Special Clearance Situations

In addition to the CE requirements described above, there are several special clearance
situations warranting further definition. These special situations include the vehicle interface at
station platforms, retaining walls in both cut and fill sections, through girder bridges, and
maintenance and emergency evacuation paths.

A.

Vehicle Interface at Station Platforms

At passenger stations, the distance from the centerline of the track to the edge of
platform tolerance shall be plus %2 inch and minus 0 inches.

Retaining Walls
Where retaining walls are used, they shall comply with the following:
1. Cut Sections

In those cases where a retaining wall along the system is in a cut section, the
preferred minimum clearance from the centerline of track to the near face of a
retaining wall shall be 9 feet 0 inches. Where no maintenance and emergency
evacuation path is required adjacent to the retaining wall, the absolute minimum
clearance from the centerline of track to the near face of a retaining wall shall be
no less than that required to clear the CE and never less than 6 feet 7 inches.

2. Fill Sections

In retained fill sections, the top of a retaining wall shall be at the same elevation
as the top of the adjacent rail (the rail nearest to the wall), and the preferred
minimum distance from the centerline of track to any fencing or hand railing on
top of the wall shall be a minimum of 9 feet 0 inches. Where no maintenance and
emergency evacuation path is required adjacent to a curb or retaining wall
without a fence or railing, the absolute minimum clearance from the centerline of
track to the near face of the curb or wall shall be no less 6 feet O inches.

Maintenance and Emergency Evacuation Paths

A minimum clear width of 30 inches (48 inches desirable) shall be provided between
the CE and any continuous obstruction alongside the track in a designated
passenger emergency evacuation path. A minimum clear distance of 24 inches shall
be provided between the CE and any continuous obstruction along a path which is
used by maintenance employees in the performance of their duties.
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434 Vertical Clearances to Overhead Structures

The following vertical clearances from the top of the high rail along any given section of track to
the soffit of any overhead structure within the horizontal limits of the CE shall be provided:

Location Minimum Vertical Clearance
At overhead bridges | 16 feet 0 inches, preferred minimum
14 feet 0 inches, desired minimum
13 feet 0 inches, absolute minimum

END OF CHAPTER
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50 TRACKWORK
5.1 GENERAL
5.1.1 Introduction

This Chapter sets forth standards and design policies to govern the detailed engineering, materials,
and construction standards for the types of track structure, the trackwork, and its interface with
other elements on the Honolulu High-Capacity Transit Corridor Project (Project). Limits of work
covered by this Chapter are from the top of trackway, as defined herein, to the top of rail and the
necessary interfaces of trackwork with other elements. “Trackwork,” as it used in this chapter, refers
to the types of track, individual standard track components as ballast, rail, fasteners, etc., and
“Special Trackwork” such as turnouts, crossovers, double crossovers, track crossing (diamonds),
pre-curved rail, and restraining rail.

All trackwork described herein shall govern the design of track for the guideway structure deck, the
aerial and at-grade direct fixation track, the ballasted yard track, the transition slab track, drainage,
and the interfacing traction power system and signal system, including the vehicle parameters.
Construction Specifications and Trackwork Standard/Directive Drawings shall comply with these
criteria.

All trackwork shall be specified to be new materials.
512 Reference Data
Track design shall be in accordance, as applicable, with the requirements of the following:

A. Transit Cooperative Research Program (TCRP) Report 57—Track Design Handbook for
Light Rail Transit

B. American Railway Engineering and Maintenance-of-Way Association (AREMA) Manual
for Railway Engineering and Portfolio of Trackwork Plans

C. TCRP Report 71—Track Related Research Volume 6: Direct Fixation Track Design
Specification, Research, and Related Material

D. TCRP Research Results Digest 79—Design of Transition Slabs

5.1.3 Related System Interface

The various track types noted are composed of a number of elements, each of which has a definite
interaction with other elements of the system. Because of this interaction, the design criteria for
trackwork must be undertaken as a systems approach with a cause-and-effect analysis being
undertaken on each of the elements. In performing this trackwork design, consideration of allied
factors, such as safety, ride comfort, stray current, noise, and vibration, must be considered. In
addition, the relationship of trackwork design to the design of other elements of the system, such as
traction power, signal system, train control, drainage, and type of vehicle, must be recognized and
accommodated early in the design process.

For track geometry and track clearances, see Chapter 4, Track Alignment and Vehicle Clearances.
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5.2 TRACK CLASSIFICATIONS
Tracks for this Project shall be classified as described below.
521 Mainline Track

Mainline track shall be for the operation of vehicles carrying revenue passengers and shall consist
of a double-track system. Non-revenue tracks within the mainline system, such as staging pocket
tracks and sidings, single crossovers, and double crossovers, which are critical to the mainline
operation, shall also be classified as mainline track and function under the Operations Control
Center (OCC). All access to the mainline track shall commence at the Maintenance and Storage
Facility (MSF) site.

5.2.2 Transfer (Ready/Layover) Tracks

Transfer tracks classified as yard tracks and located at the yard site adjacent to the mainline shall
be non-revenue track but considered as mainline track and function under the control of the
Operations Control Center.

5.2.3 Yard Track

Yard track located at the designated yard site adjacent to the mainline shall be non-revenue track.
Yard track shall consist of a storage and daily inspection yard for spotting of cars, a maintenance
shop yard providing access and spotting cars to be serviced at the Maintenance Shop Building, a
wash and cleaning track, and a maintenance of way yard. Access to the entire track system for
highway vehicles equipped with flanged wheels to drive onto the track shall be provided at strategic
locations.

5.3 TRACK TYPES
Tracks for this Project shall be designed by track types as described below.

5.3.1 Mainline Ballasted and Direct Fixation Track

Mainline direct fixation track shall be on aerial structure and mainline ballasted track on at-grade
sections. Where used, the direct fixation plinths shall consist of aerial direct fixation track (and at-
grade direct fixation slab track) with standard and special resilient and insulated rail fastener types
to mitigate ground- and air-borne wheel/rail generated noise, vibration, and stray current. Where
used, the direct fixation plinths shall be purposely segmental along the aerial structure to
accommodate locations of transverse structural joints, drainage openings, and signal and traction
power surface deck cabling. For grounding of reinforcement, refer to Chapter 9, Structural. The
majority of the guideway will be plinthless.

For plinths, the reinforcing bar system shall be epoxy-coated, isolated from the main structure deck,
(and an at-grade slab) reinforcing bar system.

Mainline ballasted track shall be on at-grade sections. The ballasted track shall consist of ballast
and concrete crosstie track.

Mainline track and special trackwork shall be of continuous welded rail (CWR) installation, and
longitudinal rail anchor requirements shall be developed considering rail-to-structure interface at
special trackwork and other structure locations.
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Emergency pedestrian walkways and track crossings shall be required for emergency evacuation.
Emergency pedestrian track crossings shall be fully insulated for stray current control.

The mainline and yard track traction electrification systems will have different traction power
substation systems and shall require return rail separation. Coordination with the traction power
designer is required to position the bonded (glued) insulated rail joints adjacent to the mainline in
the yard ballasted track section.

5.3.2 Yard Direct Fixation Track

Yard direct fixation track shall be required at the yard wash track and cleaning facility and shall be
of similar design as the mainline, except for single- or double-fastener plinth lengths for the purpose
of floor drainage. The concrete plinth design shall be reduced to a pad height configuration.

5.3.3 Ballasted Yard Track

The MSF yard tracks shall be ballasted track with concrete crossties. The yard tracks shall be
accessed by minimum No. 6 Turnouts in a ladder track or fan-type track layout. Special trackwork
shall be installed on concrete switch-ties. Ballasted yard track and special trackwork shall be CWR
installation. Transition track (ballasted to direct fixation track) shall be a requirement within the MSF
yard. Access roadways with pedestrian walkways shall be required within the MSF yard. Where
practicable, a service road within the yard right-of-way and paralleling the track shall be provided
with adequate turn-around facilities where the road is not continuous. The road crossings shall be
fully insulated for stray current control. Surface runoff and drainage through the track system and at
adjacent roadways is paramount in the initial design. Proper design of the roadbed and ballast
elements of the yard track structure shall provide a sound foundation to minimize the long-term
maintenance requirements of the transit system. Roadbed and ballast sections shall be designed
and analyzed to minimize the overall right-of-way width required while providing a uniform, well-
drained foundation for the track structure. Rail support track modulus shall be designed in
accordance with the AREMA Manual for Railway Engineering, Chapter 22.

5.34 Embedded Shop Track

Embedded shop track shall be located within the maintenance shop floor area and shall include the
surrounding exterior building apron extensions around the Maintenance Shop Building where
workers and rubber-tired vehicles must share the trackway as a road crossing. The maintenance
shop track traction power shall be provided from a different source from the yard traction power
substation, and the shop track shall require return rail grounding. The position of the bonded (glued)
insulated rail joints adjacent to the building apron areas in the ballasted track section shall be
coordinated with Traction Electrification System design. The embedded shop track shall be CWR
installation. To provide for the safety of vehicle maintenance personnel, all shop tracks shall not be
insulated from ground. It shall be electrically connected to the negative bus of the Maintenance
Shop Building traction power supply.

5.3.5 Pedestal Shop Track

Pedestal shop track shall be constructed within the limits of the maintenance building’s designated
pit track service areas. This can include several configurations with the rails supported within the
sidewalls of the pits or elevated on pedestals so as to permit shop crews to perform various types of
maintenance on the underside of cars. The rail shall be secured at the rail base by bolted hold-
down rail clips.
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5.3.6 Transition Slab Track

Transition slab track shall be required where the track types change from direct fixation track to
ballasted track. At the mainline track transitions, where the track types change, matching the
vertical fastener stiffness of direct fixation track to the track modulus and rail deflection behavior of
at-grade ballasted track must be considered. Transition slab design shall include design
considerations of TCRP Research Results Digest 79—Design of Track Transitions. Transition slab
design shall consider the use of buried reinforced concrete transition slabs in the ballasted track
section and wider direct fixation fastener spacing in the direct fixation track section. The depth of
the approach slab ballast below the concrete crossties and size of ballast shall be reviewed during
transition slab design. Concrete crosstie spacing on the transition slab shall be set at the customary
20-inch crosstie centers. The transition from ballasted track to embedded track at the MSF building
apron areas and the transition from ballasted to direct fixation track at the car wash facilities will not
require transition slabs because of the slow operating speeds at the sites. Transition slab track shall
be positioned on tangent track (horizontal and vertical) in accordance with the Trackwork Standard
Drawings.

5.4 TRACK GAUGE AND RAIL CANT
5.4.1 Track Gauge

Track gauge for tangent and curve track shall be the standard track gauge of 4 feet 8%z inches,
measured between the inner (gauge) sides of the rail heads at a distance of 5/8 inch below the top
of rail plane.

Track gauge widening will not be a requirement on the track system. Track gauge and special
trackwork (frogs) flangeway dimensions and guard rails in special trackwork shall conform to the
Trackwork Standard Drawings. Passenger vehicles shall be fitted with appropriate wheel profiles
and wheel gauges to match the flangeway criteria. Road crossings, guideway emergency walkway
crossings, and staff/pedestrian crossings requiring top-of-rail interface shall be slightly depressed
(1/4 inch) so as not to be affected by interfacing hollow worn passenger vehicle wheels and
highway vehicle rubber tires. Any such crossings shall also be designed to accept highway truck
loadings so as not be damaged by highway vehicle rubber tire loading.

5.4.2 Rail Cant

Mainline and yard track rails shall be positioned with an inclination (or rail cant) of 1 in 40 from the
vertical toward the gauge side of the rail head. Rail cant shall be developed in the rail seat area of
the concrete crossties and within the design of the direct fixation fasteners, unless specifically
designed otherwise to suit fastener type.

Within special trackwork areas, rail cant shall not be provided. All special trackwork rail and
components shall be installed vertically with no inward inclination. The rail head configuration within
the frog design shall be in the vertical position.

5.5 WHEEL PROFILE AND WHEEL GAUGE

The Project vehicle will use a “worn wheel” contour based on the Association of American Railroads
(AAR) standard AAR-1B narrow flange wheel profile with slight wheel profile and width
modifications. Back-to-back wheel gauge on all revenue service vehicles and maintenance-of-way
equipment wheel sets may require specific criteria and not be the same. Specific back-to-back
distances shall be shown on the Trackwork Standard Drawings.
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5.6 TRACKWORK COMPONENTS
5.6.1 General

Development of trackwork component details shall include consideration of maintainability,
reliability, parts standardization, capital costs, and maintenance costs. Maintainability and reliability
are of particular importance since train frequencies make it impossible to maintain track during
normal operating hours. Parts standardization is also important in that it allows inventories to be
minimized and promotes mass production by suppliers, thereby reducing unit costs and enabling
transit systems to buy "off the shelf" items.

The essential elements of trackwork expected on this project are as follows:

A. Roadbed, sub-ballast and ballast

B. Rail

C. Crossties and special trackwork (turnout) switch-ties
D. Insulated rail joints—bonded (glued) type

E. Restraining rails (check rails) for curved track

F. Direct fixation rail fasteners

G. Direct fixation special trackwork fasteners for mainline
H. Derails

l. Special trackwork

J. Special trackwork switch machines

K. Track crossings—pedestrians and roadway

L. Interfacing systems to trackwork

M. Friction buffer stops—mainline tracks

N. Sand pit (stops)—yard tracks

5.6.2 Roadbed, Sub-Ballast, and Ballast

The ballasted mainline and yard roadbed structure includes the subgrade, sub-ballast, and ballast
to support the track and special trackwork crossties and rail with associated other track materials.

5.6.2.1 Roadbed Subgrade and Soils Engineering

The subgrade is the finished surface of the roadbed below the sub-ballast, supporting the loads
transmitted through the rails, crossties, and ballasts. The subgrade shall be analyzed to determine
whether it has both uniform stability and the strength to carry the track loadings expected. AREMA
recommends that, for most soils, pressure on subgrade be lower than 25 pounds per square inch to
maintain subgrade integrity. Uniformity is important because it is differential area spot settlement
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rather than total settlement that leads to unsatisfactory track alignment. The use of geotextiles or
geogrids between the subgrade and sub-ballast can be advantageous under some conditions.
Special treatment of the subgrade by injection may be required to achieve the required subgrade
integrity.

The subgrade surface shall be sloped 48:1 downward away from the centerline of the track in single
track areas and from the midpoint between tracks in multiple track areas to the drainage points.
Special trackwork turnouts and fan arrangement areas will be investigated for the need to have a
double layer of impervious geotextile placed on top of the subgrade prior to placement of sub-
ballast for subgrade reinforcement. Drainage of any geotextile surface must be included in the
trackbed design.

The subgrade shall be compacted to at least 95 percent of the maximum dry density as determined
by ASTM D 698 (Proctor Test). If the existing material is unsuitable, or the compaction requirements
cannot be achieved, the surface material shall be removed to an adequate depth and replaced with
clean, sound granular material and compacted to meet the density requirements and subgrade
integrity.

Note: Subgrade integrity requirements using materials from Hawaii must be closely monitored.
5.6.2.2 Sub-Ballast

The sub-ballast for all tracks shall consist of a uniform layer placed and compacted over the entire
width of the subgrade following the profile and cross-section thereof. The minimum depth of sub-
ballast measured from the top of the subgrade shall be 8 inches under the rails in track
embankments. Additional depth may be used when necessary to decrease subgrade pressure in
border-line subgrade locations. Where widened embankment sections for service roads are
provided, the full depth of the sub-ballast shall be extended across the full embankment width,
including the service road portion.

The minimum 8-inch layer of sub-ballast shall be installed on top of the subgrade on the mainline
and yard lead and yard tracks,. The sub-ballast layer shall parallel the sloped 48:1 sub-grade slope.
The configuration of the yard embankment and sub-ballast placement shall provide adequate body
track layout drainage. Sub-ballast shall be crushed stone in accordance with ASTM C29, C136, and
D15, as well as site-specific additional design requirements. Sub-ballast depth will be 6 inches in
the yard.

Note: At this time, it is uncertain whether Hawaii’'s normal volcanic strata will be suitable for use as
sub-ballast due to texture, strength, and chemical content. Chemical content refers to a potential
cement/alkali reaction between the island’s sub-ballast stone and the concrete crossties and
possibly the ballast stone. It may be necessary to import compatible sub-ballast from the Mainland.

5.6.2.3 Ballast

Ballast is a selected crushed and graded hard aggregate material placed upon the sub-ballast to
provide support for distributing the track load to the subgrade. AREMA states that the depth of
ballast (plus sub-ballast) must be sufficient to distribute pressure between the underside of the
crosstie and the top of the subgrade without overstressing the latter. The ballast section must
sustain and transmit static and dynamic loads in three directions (transverse, vertical, and
longitudinal) and distribute those loads uniformly over the subgrade.
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The prime functions of the ballast are to drain the track system, distribute the rail vehicle loads to
the subgrade, and hold the track in proper horizontal alignment, cross level and vertical grade. It
can also cushion the ride and isolate from the subgrade any vibrations that originate at the
rail/wheel interface. It also permits relatively easy adjustment of the track alignment. The gradation
and shape of the ballast stone must provide the means to develop the stability and density
requirements for the ballast section and provide the void space necessary to allow proper runoff of
precipitation.

For the mainline , the minimum depth of ballast measured from the top of sub-ballast to the
underside of the track crosstie shall be 10 inches. In curved super-elevated track, the minimum
depth of ballast shall be 10 inches measured under the low rail of the inside track in dual track
locations, or under each individual track low rail when top-of-rail planes are not continuous. The top
of ballast shoulder shall extend a minimum of 12 inches beyond the end of the crossties on
standard tangent and curved track, parallel to the plane formed by the top of rails, and leveling out
adjacent to retaining walls and barriers. The top of ballast minimum clearance below the base of the
rail shall be 1 inch to provide electrical insulation from the ballast. For the yard tracks , the
minimum depth of ballast measured from the top of sub-ballast to the underside of the track crosstie
shall be 8 inches.

The ballast shoulder shall extend a minimum of 12 inches beyond the end of the switch-ties on
special trackwork, parallel to the plane formed by the top of rails, and leveling out adjacent to
retaining walls and barriers.

Ballast gradation conforming to AREMA Size 3 shall be used with concrete crossties. Ballast for
concrete crossties must be limited to crushed granites, trap-rocks, or specific hard quartzite.
Processed ballast must be washed and/or re-screened as necessary to remove fine particle
contamination as defined by the specification. Ballast shall conform to the AREMA Manual for
Railway Engineering, Chapter 1, Part 2. Quality of ballast specific to sieve analysis and gradation
values shall be emphasized in the Ballast Specification.

In selected ballasted track areas where routine track maintenance is to be performed, a top layer of
No. 5 ballast-size stone will be placed to form a surface walkway. Topping with smaller aggregate
No. 5 ballast will be determined as the track design progresses.

Note: Hawaii’'s normal volcanic strata may not be adaptable for use as ballast because of its
texture, strength, and chemical content. The strong possibility exists that ballast may have to be
obtained from the mainland. Chemical content refers to a potential cement/alkali reaction between
the island’s sub-ballast stone and the concrete crossties and possibly the ballast stone.

5.7 RAIL
5.7.1 Rail Section and Material Properties

The rail section for all Project tracks shall be 115RE in accordance with all requirements of the
current AREMA Manual for Railway Engineering, Chapter 4.

5.7.2 High Strength Rail

The 115RE running rails for the Project shall be High Strength Rail (370 BHN minimum surface) in
accordance with the current AREMA Manual for Railway Engineering, Chapter 4, Part 2.
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5.7.3 Rail Welding

5.7.3.1 Electric (Pressure Flash Butt) Welding

Electric (Pressure Flash Butt) rail welding shall be undertaken to connect both 115RE short stick
rails to form continuous welded rail (CWR) strings and the CWR strings to form completed rail
installation in track. Electric (Pressure Flash Butt) rail welding shall conform to current AREMA
Manual for Railway Engineering, Chapter 4, Part 2 requirements relevant to pressure electric
welding of rail and the additional requirements listed herein.

All joints in running rails shall be welded, except insulated joints and certain joints in turnouts as at
the switch heel block assembly.

Rails shall not be torch cut. Rail cuts shall be made with rail saws or abrasive discs designed for
cutting of rails

No holes shall be allowed to remain in the rail. Stick rails shall be welded into the longest CWR
strings practicable by the electric (pressure flash-butt) welding method.

5.7.3.2 Thermite (Field) Welding

Thermite (field) welding shall be undertaken to connect both continuous electric pressure welded
rail strings to end limits of special track components and special trackwork stick rail within the
immediate turnout and crossing layout areas. Thermite (Field) welding shall conform to the current
AREMA Manual for Railway Engineering, Chapter 4, Part 2 requirements relevant to Thermite
welding of rail and the additional requirements listed herein. Thermite welds shall be undertaken by
the manufacturer’'s and welding industries’ welding process.

5.7.4 Rail Lubricators

Wayside rail lubricators shall be considered (if not elected to be placed on the vehicle) for
installation on all curves with a radius less than 750 feet and in other locations of expected high rail
wear and wheel noise. The design of lubricators shall consider high rail gauge face lubrication and
low rail head surface friction modifiers. Consider low rail application through the centerline of rail
head. Restraining rail installations shall require guard face lubrication to mitigate wheel/rail noise.
The reservoir for non-petroleum-type lubricant tanks for rail lubricators must be included within the
track design and guideway structure.

5.8 CROSSTIES AND SPECIAL TRACKWORK (TURNOUT) SWITCH-TIES
5.8.1 Concrete Crossties for Ballasted Yard Track
Monoblock concrete crossties are the preferred crosstie for ballasted yard track and special

trackwork turnout switch-ties. The concrete crossties and switch-ties shall meet the requirements of
the AREMA Manual for Railway Engineering, Chapter 30.

Monoblock concrete crossties shall be provided for both ballasted mainline and yard track
installations. Two configurations of the crosstie are required. The crossties shall provide design
requirements for the following crosstie types:

A. Standard traction power crosstie with embedded shoulders for running rail and
embedded inserts for contact rail pedestal extension plate mounting
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B. Standard traction power and restraining rail crosstie with embedded shoulders for
running rail and embedded inserts for restraining rail bracket and contact (third) rail
pedestal extension plate mounting

All crossties shall be designed for standard track gauge and be 8 feet 3 or 6 inches long to
accommodate the extension plate contact rail mounting pedestal inserts. Monoblock concrete
crossties shall incorporate the lateral resistance patterns on the sides of the crosstie. Crosstie
design shall incorporate the 1:40 inward rail seat cant for running rail.

5.8.1.1 Crosstie Rail Fastenings

Fastenings for concrete crossties shall use an insulated boltless, combination cast shoulder and
shap-in type rail fastening spring clip, such as the Pandrol e clip. Selected rail clip design shall be
applied parallel to the rail instead of perpendicular to the rail type because of limited lateral
clearance to the traction electrification contact rail and cover board. Concrete crossties shall have
an elastomeric rail seat pad placed between the underside of the rail and the bearing surface of the
crosstie. The threaded inserts for traction power pedestal mounting and restraining rail bracket
installations shall be of steel and nylon liner insulated design. Running rails shall be insulated from
the clip.

5.8.1.2 Crosstie Spacing

Concrete crosstie spacing shall be between 27 and 30 inches for yard tracks in curved track and
tangent track, respectively. At locations requiring wider spacing to accommodate other track
materials, such as insulated joints, impedance bond box installations, and cable tray troughs, the
crosstie spacing may vary up to 36-inch crosstie spacing to allow for these types of installations.

5.8.2 Concrete (Turnout) Switch-Ties for Special Trackwork

Mainline and yard special trackwork switch-ties shall be concrete and range from 9 feetto 17 feetin
length. All switch-ties except those in the immediate switch area shall be designed to accommodate
the extension plate contact rail mounting pedestal inserts at both ends of the switch-ties. Longer
switch-ties will be required for power switch machine (types) and, if required, manual switch stands.
Length of switch-ties shall be determined by the switch-tie manufacturer to suit the Trackwork
Standard Drawings.

All concrete switch-ties shall be designed for standard track gauge throughout the turnout. Switch-
tie rail seat areas shall be level with no rail cant.

Monoblock concrete switch-ties shall be provided for the ballasted mainline and yard special
trackwork installations. Many configurations of switch-tie are required. The switch-ties shall provide
design requirements for the following switch-tie types:

A. Switch-tie with embedded anchor inserts for switch plates only in immediate switch
area.

B. Switch-tie with embedded anchor inserts for switch plates and embedded inserts for
switch machine or switch stand.

C. Switch-tie with embedded anchor inserts for switch, frog, and guard rail plates and

extension plate contact (third) rail pedestal mounting (contact rail extension plate for
pedestal mounting shall be at both ends of switch-tie).
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D.  Switch-tie with embedded shoulders for running rail (zero cant) and embedded
anchor inserts for extension plate contact rail pedestal mounting (contact rail
extension plate for pedestal mounting shall be at both ends of switch-tie).

E. Transition switch-ties shall be provided with embedded shoulders for running rail at
arail seat cant 1:80 with embedded anchor inserts for contact rail pedestal mounting
(contact rail extension plate for pedestal mounting shall be at both ends of transition
tie). These transition ties shall be placed in pairs where special trackwork switch-ties
interface with standard crossties with 1:40 rail seat cant.

5.8.2.1 Switch-Tie Rail Fastenings

Fastenings for concrete switch-ties with embedded shoulders shall use a boltless, snap-in type rail
fastening spring clip, such as the Pandrol e clip. Concrete switch-ties shall have an elastomeric rail
seat pad placed between the underside of the switch and frog plates or rail base and the bearing
surface of the switch-tie. The embedded threaded inserts for all plates, switch machines, and
extension plate installations shall be of steel and nylon liner insulated design, as shown on the
Standard Trackwork Drawings. A special modified e clip will be required for switch-ties at bonded
insulated joints for joint bar clearance.

5.8.2.2 Switch-Tie Spacing

Concrete switch-tie spacing shall be nominally 24 inches for switch and frog locations with a
tolerance to allow switch rod installations between switch-ties. Other switch-tie spacing throughout
the special trackwork shall be in accordance with applicable Trackwork Standard Drawings for
turnouts and ladder track arrangements.

5.9 INSULATED RAIL JOINTS—BONDED (GLUED) TYPE

Wherever it is necessary to electrically isolate contiguous rails from each other to comply with train
control or traction electrification criteria, insulated rail joints shall comply with the following
parameters:

A. Identical rail drilling six-hole standard AREMA pattern shall be implemented unless
specifically called for in the Trackwork Standard Drawings, as at the switch heel block
location

B. Compatible with the standard rail fasteners used on the Project

C. Comply with the current AREMA Manual for Railway Engineering, Chapter 4, Part 2,

"Specifications for Quenched Carbon Steel Joint Bars and Forged Compromise Joint
Bars," "Rail Drillings & Bar Punching," and “Specifications for Bonded Insulated Rail
Joints”

All insulated joints should be located as suspended joints to obviate the need for insulated direct
fixation fastener rail base pads and rail seat pads at special trackwork fasteners. Special modified
elastic clips may be required at insulated joint locations. Insulated joint bolts shall be equipped with
self-locking nuts.

Insulated joint bars of the epoxy bonded (glued along the rail web type) shall be used at all CWR

insulated rail joints. The insulated joint bar shall be the "D" type section providing base clearance
for modified elastic clip type rail fastenings.
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5.10 STANDARD BOLTED RAIL JOINTS IN MAINLINE

Standard bolted rail connections are not anticipated on the Project.

511 COMPROMISE RAILS AND COMPROMISE JOINTS

Compromise rails and compromise joint bolted rail connections are not anticipated on the Project.
5.12 RESTRAINING RAILS (CHECK RAILS) FOR CURVED TRACK

Restraining rails for tracks with sharp curves shall use the 33C1 rail section (also referred to as
U69, UIC-33 and Ri1-60) with accompanying mounting bracket and accessory shims, bolts, nuts,
and washers, as shown on the Trackwork Standard Drawings. The installation of restraining rail will
reduce the rate of rail wear to the outside high rail gauge face in curved sections. In addition,
restraining rail will eliminate the tendency of lead axle outside wheel from wheel climb as the rail
gauge face conforms to wear patterns. Restraining rail shall be installed in the following locations:

A. Yard lead track and access ladder track with a centerline radius of 250 feet based on
the slower speeds on these tracks

B. Restraining rail shall extend through the central and spiral portions of the track curvature
and beyond a minimum distance of one axle spacing of the longest axle spacing truck

C. Restraining rails shall be mounted separately by bracket from the 115RE running rail
and insulated for traction power

D. The 33C1 restraining rail mounting bracket shall be designed with insulated anchor
bolts, collars, and polyurethane base pads

E. At running rail insulated joints, the concrete crosstie spacing or the direct fixation
fastener spacing shall be mounted wider to accommodate the installation and mounting
of a restraining rail insulated joint directly opposite the running rail insulated joint.

Restraining rail will not be required on mainline curves where the curve radius is greater than or
equal to 500 feet.

5.13 EMERGENCY GUARD RAIL
Emergency guard rail is not a requirement on the Project.
5.14 DIRECT FIXATION RAIL FASTENERS

Direct fixation rail fasteners for aerial structures, at-grade direct fixation track, and yard shop wash-
track shall be designed for transit loadings. They shall provide the required lateral and longitudinal
restraint for continuous welded rail and the electrical insulation required for the negative return
current and the proper operation of track signal circuits. Direct fixation fastener systems considered
for this Project may include neoprene elastomers, bonded and vulcanized rubber/steel fasteners,
and special noise attenuation designed systems where the rail is supported by the rail web area
only. Resilient fasteners to restrict both noise and vibration due to wheel/rail interface shall be
incorporated into the fastener design. More than one type of resilient fastener may be a requirement
to meet the specific Environmental Design Criteria for the various sections along the track system.
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Spacing between direct fixation rail fasteners shall not be greater than 30 inches unless specifically
required to accommodate installation of interfacing component requirements, such as insulated
joints, impedance bond box mountings, and aerial structure expansion joint locations.

Direct fixation fastener performance requirements shall include the following:

A. Direct fixation rail fasteners shall provide an average longitudinal restraint force of
2,400 pounds per fastener and restrain a broken rail gap width to less than 2-1/2 inches

B. Direct fixation rail fasteners shall provide a spring rate of between 94,000 pounds per
inch and 200,000 pounds per inch for vertical loads between 4,500 pounds and
12,000 pounds

Aerial structure specific design may require low-restraint fasteners to allow the structure to expand
and contract unimpeded and without overstressing the rail.

The relationship that the plane of the running rails and the centerline of track have with the contact
rail is fixed as shown on the standard drawings. However, the elevation of the direct fixation track
slab relative to top of rail can vary depending on the thickness of the rail fasteners. If the contact
rail is supported from the same concrete plinths as the running rails, the Designer must consider the
overall height of the rails, fasteners and any shims so as to achieve the proper vertical difference
between the running rails and the top surface of the contact rail.

5.15 DIRECT FIXATION SPECIAL TRACKWORK FASTENERS FOR MAINLINE

Premium bonded direct fixation fasteners will be incorporated into the mainline special trackwork
design. Direct fixation special trackwork fasteners shall be designed for the use of standard curved
5100 (Samson) switch point rails undercut stock rails, solid manganese frogs and 33C1 type guard
rails to the extent that this does not compromise performance or maintainability. To this end,
fastener locations and spacing on direct fixation components should match tie centerline locations
on similar-sized ballasted turnout components wherever practicable.

Conventional switch gauge plate design shall not be incorporated into the design of direct fixation or
ballasted concrete switch-tie design.

The type of rail fastening spring clip used within the special trackwork areas shall match the
concrete crosstie fastenings and the mainline direct fixation fasteners.

The interface between the special trackwork direct fixation track and the contact rail must consider
issues noted in Article 5.14 relative to standard direct fixation fasteners.

5.16 DERAILS

Split switch point derails shall be used to prevent out-of-control cars/train from fouling adjoining or
adjacent mainline or transfer tracks. Derails should be installed in the yard on the downgrade end of
the yard lead track if this track is directly connected to a mainline track and if the prevailing grade is
descending toward the mainline track.

Derails shall be placed beyond the clearance point so as not to interfere with mainline and transfer
track operations should a derailment occur. Derail shall be located so as to derail equipment in the
direction away from the main track. Refer to Trackwork Standard Drawings for typical yard locations
of derails.
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If the yard lead track(s) ascend toward connections to the mainline and/or transfer tracks, thereby
not allowing out-of-control cars/train to drift toward the mainline and transfer tracks, derails will not
be required.

Split point derail design shall include an entire 13-foot curved switch assembly with bolted heel
block on concrete switch-ties and power operated switch machine similar to the standards of the
No. 6 yard track turnouts.

5.17 SPECIAL TRACKWORK
5.17.1 General

The Project system contains three types of specific special trackwork: direct fixation and ballasted
special trackwork for the mainline and ballasted special trackwork both with concrete switch-ties for
the mainline and MSF yard.

Turnout designs shall meet the requirements of the AREMA Portfolio of Standard Plans, where
applicable, except as modified herein. Turnouts shall be of 115RE high strength rail and AREMA
standard frog number sizes. The preferred frog humbers shall be No. 6 and Nos. 8 in the yard,
with10, and 15 turnouts along the revenue line. The special trackwork shall be developed as single
turnouts, single crossovers, and double crossover arrangements. Solid manganese contoured frogs
shall have tangent geometry for No. 6, 8, 10, and 15 turnouts. In the event that other unique
special trackwork designs must be developed to address site-specific conditions, the trackwork
shall be designed to use standard switch point rails, stock rails, frogs, and guard rails wherever
practicable to minimize inventory.

5.17.2 Rail Section and Layout

All turnouts shall be designed for the 115RE rail section for mainline tracks and yard tracks. All rails
in turnouts and crossovers shall be high strength head hardened rails.

The rail layout shall be such that joints or rail welds in opposite rails on the same track do not occur
in the same tie or fastener crib line. Joint stagger shall be single switch-tie or fastener space or
greater, to the extent practical. The same rail layout shall be used for similar-numbered turnouts for
both direct fixation and ballasted turnouts.

5.17.3 Insulated Rail Joints and Other Rail Joints
All insulated joints within the turnouts and crossover arrangements shall be field-made, bonded
(glued) insulated rail joints. All other rail joints within the turnout and crossovers shall be thermite

field welded. The only bolted rail joints on the Project system shall be at the five bolt heel block
assembly for No. 6 Ballasted Special Trackwork at the yard installation.

5.17.4 Turnouts, Crossovers, and Double Crossovers

The type of turnouts on the Project system and length of switch point rails shall be as follows:

A. No. 6 ballasted turnouts: in the yard to be designed with 13-foot curved split switch
B. No. 8 ballasted turnouts: in the yard to be designed with 19-foot-6-inch curved split
switch
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C. No. 10 direct fixation turnouts single and double crossovers: on mainline track to be
designed with 19-foot-6-inch curved split switch

D. No. 10 ballasted turnouts and crossover: on the mainline track to be designed with 19
foot 6 inch curved split switch.

E. No. 15 direct fixation turnouts: at the west junction for Salt Lake/Airport tracks to be
designed with 26-foot-0-inch curved split switch

5.17.5 Switch Machines for Mainline and Yard

Switch machines for mainline use shall be power operated with switch-and-lock movement
operation integrated with the system design. The machine shall be provided with a hand throw lever
and hand crank. Mechanical locking shall be in place during hand operation. The machine shall be
similar in design to the M23A (Union Switch and Signal, an Ansaldo-affiliated company) or the 5F
(Alstom Signaling).

Switch machines for yard use shall be power operated, trailable, hand crank or lever design similar
to Alstom Signaling Inc. Model 6.

Manual switch stands for yard use shall be spring operated, trailable, level lock design similar to
Abex Model 22 with targets.

5.18 TRACK CROSSINGS—PEDESTRIAN AND ROADWAY
5.18.1 Emergency Pedestrian Track Crossings—Mainline

The aerial guideway with direct fixation track shall include designated emergency walkways for
pedestrians evacuating non-functioning vehicles or trains. The walkways shall be located in a
manner requiring the crossing of the mainline tracks. The crossing panels shall be configured to
accommodate and provide clearance with the direct fixation track installation and be bolted in place.
The crossing panel surface shall be ¥%-inch below the top of rail head. The gauge side flangeway
shall be 2%2-inch wide.

The crossing outline edges shall be clearly delineated with an 8-inch-wide yellow marker line. The
inside face of the open flangeway shall be similarly painted in yellow to draw attention to the open
flangeway.

5.18.2 Pedestrian Track Crossings—Yard

The MSF yard shall include designated pedestrian walkways for access to and from designated
parking areas. The walkways may be located in a manner requiring the crossing of the yard tracks.
Pedestrian crossings shall be designed using standard full-depth concrete crossing panel sections
to provide relatively easy access. The crossing panels shall be configured to accommodate and
provide clearance with the ballasted concrete crosstie fastening installation and be secured in
place. The crossing panel surface requiring top of rail interface shall be %-inch below the top of rail
head so as not to be affected by interfacing hollow worn vehicle wheels and hyrail vehicle rubber
tires. The gauge side flangeway shall be 2¥-inch wide.

The crossing outline edges shall be clearly delineated with an 8-inch-wide yellow marker line. The
inside face of the open flangeway shall be similarly painted in yellow to draw attention to the open
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flangeway and tripping hazard. The pedestrian crossing width shall be 2 feet wider on each side
measured from the inside face of the delineated walkway.

5.18.3 At-Grade Ballasted Road Crossings—Yard

The MSF yard shall include designated roadways with road crossings for complete yard access.
The roadways will be located in a manner requiring the crossing of single or multi-yard track
arrangements. The road crossings shall be designed using standard full-depth concrete crossing
panel sections to provide a relatively smooth crossing and access. The crossing panels shall be
configured to accommodate both tangent and curved track and provide clearance with the concrete
crosstie track installation and be secured in place. The crossing panel surface shall be 1/4-inch
below the top of rail head so as not to be affected by interfacing hollow worn passenger vehicle
wheels and highway vehicle rubber tires. The gauge side flangeway shall be 2%-inch wide.

The roadway crossing (traveled portion) outline edges shall be clearly delineated with a 12-inch-
wide yellow marker line. The roadway crossing width shall be 2 feet wider on each side, measured
from the inside face of the delineated roadway.

Roadway crossings that also include a pedestrian crossing shall have both edges of the actual
walkway clearly delineated with a 12-inch-wide yellow marker line. The total crossing width shall be
2 feet wider on each side measured from the inside face of the delineated walkway. The inside face
of the open flangeway in the walkway area only shall be similarly painted in yellow to draw attention
to the open flangeway.

5.19 INTERFACING SYSTEMS TO TRACKWORK

5.19.1 Traction Electrification—Impact on Track

The interrelationship of the trackwork design to the design of the traction electrification system must
be included in the total design process. The design selected for the traction electrification elements
will affect the design parameters for trackwork; therefore it is vital for the trackwork designer to fully
understand how the other elements will affect the design of the track structure.

The purpose of the traction electrification distribution system (contact rail) is to conduct positive
current from the substation to the vehicle current collector paddle. The track system running rails
will form the return side (negative return) of this distribution circuit back to the substation. The
negative return usually consists of both running rails.

All bolted joints or bolted rail assemblies in the negative return rail segments shall be electrically
“bonded” across the joint bars or bolted rail assemblies with high conductivity cable bonds. The
negative return rails of parallel tracks should be cross-bonded frequently to equalize the currents
that traverse the rails. In segments that use both running rails for return, all rails of parallel tracks
should be crossbonded. The locations of crossbonding and negative return cables to the substation
shall be identified for the track designers by the traction electrification system designer, working in
conjunction with the train control system designer.

Another prime example of the interrelationship between trackwork and negative return is the need
for bonded (glued) insulated rail joints in the running rails to separate adjacent traction power
substation negative return in the rails. The location of the insulated joints must be coordinated to
accommodate the train control requirements. If signal train control design is included in the ralil
system, impedance bonds will also be required at the insulated rail joint locations, which the track
designer must consider.
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All rail joints and electrical track connections must be electrically "bonded." With the exception of
any temporary connections, an exothermic process (Cadweld or Thermoweld) shall be used for
cable or wire size below 250 thousand circular mils (kcm). Bolted rail web connections (Cembre
type) shall be used for cables 250 kcm and above. The rail bond connections must only be welded
or applied to the rail web 2.98 inches (plus or minus 1/16 inch) above the base of rail at the neutral
axis as noted in the Standard Trackwork Drawings. Rail head bond and rail base bonds are
prohibited. The rail bond installation/attachment process must fully adhere to the manufacturer’s
instructions and recommended procedures for installation.

All track on the Project system is to be operated using direct current (DC) traction electrification
(i.e., tracks to be equipped with contact rail). Appropriate measures shall be taken during the design
of all types of trackwork, including embedded track and yard at-grade crossings, to minimize
leakage of electrical negative traction power (known as stray current) from the rails to the aerial
structure, the ballast, and the ground. This work shall be consistent with system corrosion control
requirements. Embedded track will be protected as shown in the Trackwork Standard Drawings.
Refer to Chapter 17, Corrosion Control, for details on stray current and corrosion control
requirements.

5.19.2 Signaling and Train Control—Impact on Track

Train control design may adversely affect selected trackwork design concepts. A prime example in
interrelationship is the need for bonded (glued) insulated rail joints in the running rails to
accommodate train control requirements. Such joints are normally required at the extremities of
interlockings; within individual turnouts, crossovers, and double crossovers; at each end of station
platforms; and at other locations to be determined by the train control design.

The location of the insulated joints must be coordinated to accommodate the train control
requirements. If negative return and signal train control design is included in the rail system,
impedance bonds will also be required at the insulated joint locations, which the track designer
must accommodate in the track design.

All rail joints and electrical track connections must be electrically "bonded." With the exception of
any temporary connections, an exothermic process (Cadweld or Thermoweld) shall be used for
cable or wire size below 250 kecm. Bolted rail web connections (Ciembre type) shall be used for
cables 250 kem and above. The Cadweld or Ciembre connections must only be welded or applied
to the rail web 2.98 inches (plus or minus 1/16 inch) above the base of rail at the neutral axis as
noted in the Standard Trackwork Drawings. The Cadweld process or Ciembre installation must fully
adhere to the Cadweld or Ciembre kit manufacturer’s instructions and procedures on installation
and recommendations.

Insulated rail joints at limits of track circuits are to be opposite each other (staggered between
32 and 54 inches) to increase signal reliability and facilitate underground ducting and traction power
crossbonding.

Shunt fouling limit cable connections and train to wayside communication loop detectors may also
be required. Installation details for the various types of track are essential. The detector assembly
must be mounted and secured in a permanent position to the track structure.

5.20 FRICTION BUFFER STOPS—MAINLINE AND TRANSFER TRACKS

Friction buffer stops shall be a requirement and permanently placed at the ends of the mainline
tangent track. Friction buffer stops shall also be required as temporary tangent track installations for
segmental sections of track for interim partial line operations. The intent is to relocate the
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temporarily placed buffer stops as the Project’'s operational system expands. The friction buffers
shall be capable of stopping a four-car train without damage to any of the cars at a speed of
10 miles per hour. The friction buffers shall have a hydraulic ram to absorb slow speed impacts of
3 miles per hour or less. Only the friction buffer head shall contact the car. Contact between the car
and the buffer head shall not cause lifting or derailment of the car. Friction buffer shoes shall extend
past the buffer housing to the extent necessary to stop the car or train. Additional running rails may
be required beyond the buffer stop layout to halt the train in a controlled deceleration mode.

At temporary ends-of-track locations, sufficient guideway structure with direct fixation track shall be
constructed to safely control stopping of the train should an accidental run-through occur. The main
intent is to keep the car or train on the elevated initial short segments of the constructed guideway
structure.

5.21 SAND PITS—YARD TRACKS

Sand pits shall be placed at the end of all stub-end yard tracks. The sand pit shall be capable of
stopping a four-car train at a speed of 5 miles per hour.

END OF CHAPTER
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6.0 CIVIL
6.1 GENERAL
6.1.1 Introduction

This chapter establishes the basic civil criteria and the related work to be used in the design of
the Project and:

A. Includes criteria for the design of the drainage and determination of rights-of-way,
control of access, service roads, streets, and site work

B. Establishes the minimum dimensions required for clearances between the transit
structures and roadway elements

6.1.2 Related System Interface

This chapter is interrelated to the other chapters of the Compendium of Design Criteria. They
should be used collectively to meet the requirements of specifications and design guidelines in
accordance with the current practices of the state and the City and County of Honolulu (CCH).

6.2 ROADWAY
6.2.1 Design Standards

The design elements of the Project shall comply with the Local agency having jurisdiction and
the latest version in effect at the time final design is initiated of the applicable standards,
manuals, policies, codes, regulations, plans, documents, and specifications listed below:

A. American Association of State Highway and Transportation Officials (AASHTO).
Roadside Design Guide.

B. American Association of State Highway and Transportation Officials (AASHTO). A
Policy on Geometric Design of Highways and Streets.

C. American Association of State Highway and Transportation Officials (AASHTO).
Roadway Lighting Design Guide.

D. American Association of State Highway and Transportation Officials (AASHTO).
Standard Specifications for Structural Supports for Highway Signs, Luminaries and
Traffic Signals.

E. American Association of State Highway and Transportation Officials (AASHTO).
Guide for High-Occupancy Vehicle (HOV) Facilities.

F. American Association of State Highway and Transportation Officials (AASHTO).
Guide for Park-and-Ride Facilities.

G. American Association of State Highway and Transportation Officials (AASHTO).
Guide for the Development of Bicycle Facilities.
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H. American Association of State Highway and Transportation Officials (AASHTO).
Guide for the Planning, Design, and Operation of Pedestrian Facilities.

l. American Association of State Highway and Transportation Officials (AASHTO).
Standard Specifications for Highway Bridges.

J. American Association of State Highway and Transportation Officials (AASHTO).
LRFD Bridge Design Specifications.

K. Federal Highway Administration (FHWA). Manual on Uniform Traffic Control Devices
for Streets and Highways.

L. ADA Accessibility Guidelines for Buildings and Facilities (ADAAG).

M. State of Hawaii Department of Transportation (HDOT). Design Manual.

N. State of Hawaii Department of Transportation (HDOT). Standard plans.

0. State of Hawaii Department of Transportation (HDOT). Standard Specifications for

Road, Bridge, & Public Works Construction Manual.

P. State of Hawaii Department of Transportation (HDOT). Design Criteria for Bridges
and Structures.

Q. State of Hawaii Department of Transportation (HDOT). Curb Ramp and Sidewalk
Design Guidelines.

City and County of Honolulu (CCH). Traffic Design Manual.
City and County of Honolulu. Standard Details for Public Works Construction.
City and County of Honolulu. Standard Specifications.

Transportation Research Board. Access Management Manual.

< c A4 0 3

Transportation Research Board. NCHRP Report 420, Impacts of Access
Management Techniques.

W. State of Hawaii Department of Transportation (HDOT). Bike Plan Hawaii.
X. City and County of Honolulu (CCH). Honolulu Bicycle Master Plan.
6.2.2 Horizontal and Vertical Control

All horizontal and vertical controls shall be based on the horizontal and vertical control system
established by the City and County of Honolulu, Department of Transportation Services Rapid
Transit Division (RTD) for the Project. Coordinates established for the system shall be in the
Hawaii State Plane Coordinate Grid System, North American Datum 83 HARN (PACO00), Zone
3. The accuracy of the primary transit horizontal and vertical ground control network shall, as a
minimum, be Second Order, Class Il, as defined by the Federal Geodetic Control Committee
and published under the title “Classification, Standards of Accuracy and General Specifications
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of Geodetic Control Stations,” authored by the National Geodetic Survey, dated September
1984.

A. Horizontal Control

1. The accuracy of secondary horizontal ground control network shall, as a
minimum, be 1:50,000.

2. All subsequent horizontal surveys shall, as a minimum, have an accuracy of
1:20,000.

B. Vertical Control

Vertical controls for the Project shall be based on the National Geodetic Vertical
Datum of 1929.

6.2.3 Basis of Geometric Design Report

Criteria for roadway and geometric elements shall be included in the Designer's Basis of
Geometric Design report. This report shall comply with the Local agency having jurisdiction and
the applicable standards, manuals, policies, codes, regulations, plans, documents, and

specifications. The Designer shall submit the report to the RTD and the respective agency
having jurisdiction for review and approval.

A. The report shall document the following roadway and geometric design elements for
each affected roadway, including, but not limited to, the following:

1. Design speed and posted speed
2. Design vehicle

3. Functional roadway classification
4. Terrain identification

5. Lane widths

6. Cross slopes

7. Shoulder widths

8. Sideslopes

9. Median island widths

10. Grades

11. Superelevation

12. Horizontal clearances

13. Vertical clearances
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14. Sight distances

15. Curb return radii

16. Traffic lane configuration and widths

17. Parking lanes and dimensions

18. Sidewalk widths

19. Traffic ADT

20. Level of Service (LOS)

21. Clear Zone
6.2.4 Roadway Geometrics
6.2.4.1 General Elements
A. Traffic Lanes
The number and type of traffic lanes (i.e., through, right, or left) shall be determined in
consultation with the appropriate agency having jurisdiction, generally based on a traffic
analysis which considers projected traffic volumes, Level of Service (LOS), critical traffic

movements, and geometric configurations. In all cases, the number of lanes shall not be less
than the number available that exists prior to construction.

6.2.4.2 Cross-Sectional Elements
A. Lane Width

The following criteria indicate maximum, minimum, and desirable values for traffic lane widths.
In cases of significant constraint, a width reduction may be necessary.

1. Through lanes (multiple): 12 feet preferred, 11 feet minimum
2. Through lane (single): 14 feet preferred, 12 feet minimum

3. Through lane (outside): 15 feet preferred*, 14 feet minimum *
4. Rightturn lane: 11 feet preferred, 10 feet minimum

5. Left turn lane(s): 11 feet preferred, 10 feet minimum

6. Parking lane: 10 feet preferred, 8 feet minimum

7. Bike lane: 5 feet preferred, 4 feet minimum

*-Qutside through travel lane width with a signed shared use bicycle lane.
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B. Parking Lanes

Parking locations shall be determined in consultation with the appropriate agency having
jurisdiction based on traffic analysis, safety considerations, and demand for on-street parking. A
24-hour parking prohibition shall be recommended at those locations (i.e., near intersections)
where roadway width is not adequate to provide the necessary number of through lanes. Peak-
hour parking prohibitions shall be recommended at those locations where traffic analysis shows
that the capacity of the traveled way without the parking lane will provide Level of Service D or
worse. The Designer shall coordinate mitigation measures for any lost on-street parking with the
appropriate agency having jurisdiction.

C. Cross Slope

The following criteria indicate maximum, minimum, and desirable values. The cross slope at
roadway widening locations shall match that of the existing roadway whenever possible.

1. Normal crown (roadways): 1.5 to 3 percent, 2 percent preferred
2. Through lane (outside): Varies
3. Aggregate surface pavement: 3 percent
4. Parking areas: 1 percent minimum; 5 percent maximum
5. Shoulders: 4 percent maximum
D. Horizontal Clearance

The following criteria indicate the minimum values for horizontal clearances calculated as the
horizontal distance between the edge of travel way and the obstruction.

1. Column: 3 feet
2. Roadside obstacle without curb: Varies**
3. Roadside obstacle with curb: 1.5 feet *
4. Bridge parapets, rail, or barrier: Varies **
5. Clear Zone: Varies **
6. Shy Line Offset: Varies **
* Minimum horizontal distance between the top, front face of curb to fixed object.
** See the AASHTO Roadside Design Guide for values.
E. Vertical Clearance

The following criteria indicate the minimum vertical clearances calculated as the vertical
distance between the undercrossing surface and the bottom of overcrossing structure.

1. Roadwayl/transit structures: 16.5 feet
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F. Sidewalks

The following criteria indicate maximum, minimum, and desirable values for new sidewalks. All
sidewalks shall be sloped away from the edge of right of way.

1. Cross Slope: 1.5 percent minimum, 2 percent maximum
2. Width: 5 feet minimum

6.2.4.3 Horizontal Geometric Elements

A. Sight Distance

The Stopping Sight Distance (SSD) and Passing Sight Distance (PSD) are based on the type of
terrain and the design speed of the roadway.

B. Curb Return Radii

The following criteria indicate the minimum curb return radii measured to the face of curb.
Larger radii may be warranted where there is a skewed intersection, narrow alley, or heavy
bus/truck usage.

e Roads 35 (ft)
e Municipalities 25 (ft)
e Parking areas 15 (ft)

6.2.4.4 Vertical Geometric Elements
A. Vertical Geometry

The following criteria indicate maximum, minimum values. The vertical profile grade along
roadway widening locations shall match that of the existing roadway whenever possible. The
vertical grades listed below are based on the roadway classification.

Min Profile Max Profile
Roadway Classification Grade (%) Grade (%)
Local Road (Rural) 0.5 8.0
Local Road (Urban) 0.5 8.0
Collector 0.5 6.0
Arterial 0.5 6.0
6.2.5 Pavement Design

Pavement structure design shall be in accordance with the State of Hawaii Department of
Transportation (HDOT) or the City and County of Honolulu’s (City) latest design manual and be
based on current geotechnical information. Pavement restoration in public streets shall conform
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to HDOT Standard Specifications for Road, Bridge, & Public Works Construction Manual or the
standards and specifications of the agency having jurisdiction.

6.2.6 Concrete Bus Pads

Concrete bus pads shall be provided at all bus stops which are reconstructed as part of the
Project in conformance with the standards and specifications of the agency having jurisdiction.

6.2.7 Bus Turnouts

Bus turnouts shall be designed in accordance with the following:
Bus turnout width: 10 feet minimum; 12 feet desirable
Stopping area length (standard vehicle): 50 feet
Stopping area length (articulated vehicle): 70 feet

Entry taper: 1:5 minimum

m O O ® »

Exit taper: 1:3 minimum
6.2.8 Vaults

A. The Designer shall identify vaults affected by construction. Details shall show each
vault to be removed; new walls required to permit continued use of vaults outside
construction limits; new walls to accomplish complete abandonment of vaults, where
required; work required to restore vaults, including delivery chutes and freight
elevators and the area available for permanent occupancy by the original owner
upon completion of construction.

B. The Designer shall coordinate with the owner to determine goods or facilities
requiring removal from the vault; how deliveries shall be made to properties when
existing vault entrances must be abandoned; and time required taking each of the
above enumerated steps. Work shall be coordinated with municipality or agency to
avoid construction delay and occupation of the vaults.

6.2.9 Landscape Areas and Street Trees

Work involving street trees and landscaped areas shall conform to specifications, criteria, and
practices of the affected municipality’'s standards involved. Refer to Chapter 11, Landscape
Architecture, for additional information.

6.3 DRAINAGE

6.3.1 Design Standards

The design elements of the Project shall comply with the Local agency having jurisdiction and
the applicable standards, manuals, policies, codes, regulations, plans, documents, and

specifications listed below. Unless specifically noted otherwise herein, the latest edition of the
code, regulation, standard, and standard plan that is applicable at the time design is initiated
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shall be used. If a new edition or amendment to a code, regulation, standard, or standard plan is
issued before the design is completed, the design shall conform to the newer edition.

A. City & County of Honolulu. March 30, 2007. Storm Water Management Plan.

B. City & County of Honolulu. May 1999. Best Management Practices Manual for
Construction Sites in Honolulu.

C. City & County of Honolulu. April 1999. Rules Relating to Soil Erosion Standards and
Guidelines.

D. City & County of Honolulu. January 2000. Rules Relating to Storm Drainage
Standards.

E. State of Hawaii Department of Transportation Highways Division. March 2007. O*ahu

Storm Water Management Program Plan (SWMPP).

F. State of Hawaii Department of Transportation Highways Division. March 2007. Storm
Water Permanent Best Management Practices Manual.

G. State of Hawaii Department of Transportation Highways Division. January 2008.
Construction Best Management Practices Field Manual.

H. State of Hawaii Department of Transportation Highways Division. May 15, 2006.
Design Criteria for Highway Drainage.

6.3.2 Hydrology
6.3.2.1 City Drainage Facilities
A. Recurrence Interval

1. For drainage areas of 100 acres or less: recurrence interval (Tm) = 10 years,
unless otherwise specified.

2. For drainage areas of 100 acres or less with sump, or tailwater effect, and for the
design of roadway culverts and bridges: Tm = 50 years.

3. For drainage areas greater than 100 acres and all steams, design curves based
upon the U.S. Geological Survey data on flood magnitude and frequency:
Tm = 100 years.

4. For fixed guideway drainage: Tm = 25 years.

5. For drainage areas where downstream facilities are inadequate: Interim
measures shall be reviewed on a case-by-case basis.

B. Runoff Quantity

1. For drainage areas of 100 acres or less, runoff quantities shall be determined
using the Rational Method.
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2.

For drainage areas greater than 100 acres and for all streams, runoff quantities
shall be determined using Plate 6 titled “Design Curves for Peak Discharge vs.
Drainage Area.”

For drainage areas where downstream drainage system capacities are
inadequate to accommodate runoff quantities identified by the methods specified
herein, design runoff quantities shall be limited to predevelopment conditions or
conditions otherwise specified.

TP-9

C. Runoff Quality

1. New development and redevelopment projects (i.e., building footprint
expansions, structural additions, etc.) which result in a land disturbance of a
minimum of 1 acre and smaller projects that have the potential to discharge
pollutants to the City’s municipal separate storm sewer system shall install
permanent storm water best management practices (BMPs). See Post-
Construction Storm Water Management Manual, City and County of Honolulu
Department of Environmental Services 2008 for exceptions.

2. Permanent storm water BMPs shall be designed, installed, and maintained in
accordance with the criteria and guidelines described in the Post-Construction
Storm Water Management Manual, City and County of Honolulu Department of
Environmental Services, 2008. Types and sizes of permanent storm water BMP
will depend upon the runoff quantity and runoff quality to be controlled by the
project.

3. Permanent storm water BMPs are intended to remain a part of the Project’s
features upon completion of construction. Permanent storm water BMPs shall be
inspected and maintained in perpetuity in compliance with the requirements of
the Authority Having Jurisdiction (AHJ).

6.3.2.2 HDOT Drainage Facilities
A. Recurrence Interval
1. Bridges and Culverts
a. Freeways and arterial highways
i. Tm = 50 years to maximum storm of record
il. Tm = 100 years for sites covered by National Flood Insurance
Program, if practicable
b. Collector streets and roads: Tm = 25 years
c. Local roads: Tm =10 Years.

2. Roadway Drainage

a. Travel way at sumps:
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i. Freeways: Tm = 50 years
il. Arterial highways: Tm = 25 years
iii. Collector streets and roads: Tm = 10 years
iv. Local roads: Tm = 10 years

b. Freeways and arterial highways: Tm = 25 years

c. Collector streets and roads: Tm = 10 years

d. Local roads: Tm = 10 years

3. The minimum time of concentration shall be 10 minutes.

4. Refer to the Hawaii Statewide Uniform Design Manual for Streets and Highways
for the definitions of the different types of highways.

B. Runoff Quantity
1. Rational Method: For peak discharges in drainage areas up to 200 acres
2. Published Flow Records: For peak discharges in large basins
3. USGS Regression Equations: For peak discharges in medium and large basins

4. Soil Conservation Method: For peak discharges in large watersheds where gage
data are not available

5. City and County of Honolulu Method: For the purpose of checking peak
discharges only, Plate 6

Where the Designer determines it appropriate, estimated runoff quantities
determined by methods specified herein shall be supplemented with field
investigation data to determine high water marks, amount and type of ponding, size
of culverts, and to evaluate streambed conditions.

Runoff quantities shall be determined using several hydrologic methods, including,
but not limited to, those discussed herein. The Designer shall select the most
appropriate design discharge for the watershed based on an evaluation of the peak
discharge values estimated by the methods specified herein and any supplemental
field data.

C. Runoff Quality

1. Any project (new or redevelopment) which generates equal to or greater than
1 acre of new permanent impervious surface shall install permanent storm water
BMPs. See Storm Water Permanent Best Management Practices Manual, State
of Hawaii Highways Division, March 2007 for exceptions and variances.
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2. Permanent storm water BMP shall be designed, installed and maintained in
accordance with the criteria and guidelines described in the Storm Water
Permanent Best Management Practices Manual, State of Hawaii Highways
Division, March 2007. Types and sizes of permanent storm water BMPs will
depend upon the runoff quality to be controlled by the project.

3. Permanent storm water BMPs are intended to remain a part of the Project’s
features upon completion of construction. Permanent storm water BMPs shall be
inspected and maintained perpetually in compliance with the requirements of the
AHJ.

6.3.3 Design Storm Drainage Area
Storm Frequency
Area (years)
All culverts and drainage ways crossing the rail system 100
where flooding could damage system
Track roadbed (to top of subballast) 25
Main storm drains 25 (HDOT)
10/50 (City)
Parking lots 10
All longitudinal drains or subdrains that could flood the 25 (HDOT)
roadbed 10/50 (City)
All sump condition areas (defined as low areas which 50
prevent the free passage of water with consequent flooding
of streets or private property)
All other areas 25 (HDOT)
10/50 (City)

6.3.4 Surface Drainage

A. Plaza area drainage shall be designed to minimize surface water level and velocity to
maintain a safe walking surface. Minimum grade shall be 0.5 percent and maximum
grade shall be 2.0 percent in open plaza areas. Special drains shall be installed as
necessary. Maximum water surface over drains shall be one-half inch. Maximum
water velocity in plaza areas shall be 2 feet/second.

B. Parking lots shall be designed to conform to design standards so that storm water is
removed by overland flow to a gutter or curb and gutter, then to an inlet, where the
water will enter a closed drainage system and per the specifications of the agency
having jurisdiction. Overland flow shall be at a minimum of 1-percent grade and shall
not run for more than 75 feet before being intercepted by a drainage structure, such
as a gutter or a drain. The maximum permissible flow width for gutter in a parking
area is 12 feet.

C. Street drainage shall be designed so water surface remains below top of curb and
flow width complies with the requirements of the traveled way. Water surface
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6.3.5

elevation shall be controlled by adding catch basins as necessary. The Designer will
follow criteria of the AHJ for each affected facility.

A storm drainage system shall be provided along all trackways and at all yards. The
system normally consists of a combination of graded subgrade areas and perforated
self-cleaning subdrains connected to the necessary laterals, collectors, and outfall
structures. A system of ditches, catch basins, and storm drain pipes shall be
designed to direct surface runoff away from all track areas and also to handle flow
from the subdrain and any roof drain systems. In no case shall a storm drain flow into
a subdrain.

1. Yard trackwork areas shall be underlain by a 6-inch minimum layer of semi-
impervious subballast properly compacted and graded at a minimum slope of
1:25 to the subdrains. Open surface track and material storage areas also shall
be covered with an 8-inch layer of semi-impervious compactable material and
shall be graded to area drains at a minimum slope of 1:25.

2. The minimum slope of the drainage system shall conform to the requirements of
the AHJ. Where minimum slope requirements are not specified by the AHJ, the
drainage system shall contain the following minimum slopes:

a. Subdrains: 0.50 percent

b. Laterals: 0.30 percent (0.50 percent for HDOT facilities)

c. Main collectors: 0.25 percent (0.50 percent for HDOT facilities)
d. Ditches: 0.25 percent (0.50 percent for HDOT facilities)

3. Cleanouts shall be provided at the terminus of each subdrain. Individual subdrain
runs shall not exceed 250 feet.

4. Manholes shall be provided at a maximum interval of 250 feet for pipe sizes
36 inches or less in diameter. Maximum manhole spacing for pipes larger than
36 inches in diameter and for box culverts shall be 500 feet.

Drainage Structures

Drainage structures shall be designed special structures. Use of agency standards is
permissible. The Designer shall follow applicable Federal Highway Administration
Hydraulic Engineering Circulars for State-owned systems.

Drainage structures for parking lots shall be selected from the standard storm drain
details of the jurisdiction in which the parking lot is to be constructed. Inlet structures
should not be located adjacent to bus pads, on-site bus stops, or where patrons
would normally be picked up or dropped off by vehicles other than local buses.

A sufficient number of inlets shall be provided to intercept the surface drainage.
Inlets on grade shall be designed to intercept 85 percent or more of the design flow.
Inlets in sump areas shall be designed to intercept 100 percent of the design flow.
The amount of flow intercepted by an individual inlet shall be determined by the
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procedures outlined in the manual entitled “Design of Storm Water Inlets,” published
by the Johns Hopkins University, Department of Sanitary Engineering and Water
Resources, June 1956, or standards of the AHJ.

6.3.6 Storm Drains

6.3.6.1 Closed Conduit

A. Manning’s Formula for selecting pipe size is:
Q = 1.486 (AR"2/3S"/2)/n
V = 1.486 (R"2/3S"1/2)/n

Where:

Q = Quantity of full flow capacity, cfs
A = Area of conduit, feet?
R = Hydraulic radius, feet
S = Slope ratio
n = Manning's roughness coefficient
V = Velocity, feet/second

B. Materials

All underground storm drains shall comply with the material requirements of the AHJ and unless
otherwise specified, shall be reinforced concrete pipe (RCP). RCP located in track rights-of-way
shall be provided with cathodic protection as necessary. High-density polyethylene pipe may be
used where its use is approved by the AHJ. Drain connections in structural walls and floors shall
be ductile iron pipe.

C. Manning’s Roughness Coefficient shall be in accordance with the requirements of
the AHJ.
D. Structural Considerations

Class of pipe and bedding shall be determined from foundation conditions, depth of cover, and
loading conditions.

6.3.6.2 Open Channel
A. For open channel design, the Manning formula shall be used.

B. Materials and Manning’s Roughness Coefficient shall be in accordance with the
requirements of the AHJ.
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6.3.7

Maximum Velocity
Material Manning “n” (feet/second)
Concrete 0.013-0.015 19
Sod on clay soil 0.025 8
Sod on clay and sand mix 0.025 6
Sod on sandy soil 0.030

Flood Control

The design of the transit system shall include an analysis of the potential for flooding in the
vicinity of transit facilities. The analysis shall consider such flood sources as storm surge
flooding of streams, flood control channels, storm drainage systems, and surface flows. The
Designer shall perform the analysis early in the design and submit the analysis, together with
recommendations for protecting the transit facilities from flooding, to the RTD for approval.
Proposed protection shall address all openings into the transit facilities, including station
entrances, vent shafts, emergency exits, access hatches, and utility connections.

6.4
6.4.1

A.

6.4.2

6.4.2.1

SITE WORK AND PARKING FACILITIES
General

This sub-section establishes criteria and standards for the design of private streets,
parking lots, parking structures, pedestrian facilities, and driveways, all of which are
to be maintained for the duration of the Project. Justification for access locations and
additional lane requirements should be based on the project traffic analysis report.

For additional design criteria guidelines relating to site work and parking facilities,
refer to Chapter 7, Traffic and Chapter 10, Architecture.

Basic Goals

1. To provide for the safety of transit patrons while arriving, waiting at, or departing
from the station site.

2. To establish convenient traffic circulation patterns for vehicular and pedestrian
movement.

3. To provide parking facilities which are safe, convenient, attractive, and easily
maintained.

Site Access

Patrons will arrive at and depart from stations in as many as 10 basic modes
as follows:

1. Pedestrian

2. TheBus
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3. Park-and-ride
4. Kiss-and-ride

5. TheHandi-Van
6. Taxis

7. Private shuttle
8. Private tour bus
9. Motorcycle

10. Bicycle

6.4.2.2 Site Elements

A. Pedestrian Access

1.

Pedestrian crosswalks should be emphasized with a strongly contrasting change
in paving material, surface texture, or color and should be well lit.

2. Parking areas should be arranged to minimize the number of
pedestrian/vehicular conflicts.

3. Isolated and remote or hidden pedestrian walkways should be avoided. Where
avoidance is not feasible, they should be as open as possible and well lit.

4. The effective width of exterior pedestrian walkways is the total walkway width
minus obstacles such as parking meters, poles, fire hydrants, trash cans, etc. An
additional 1-foot per side should be subtracted due to the tendency of people to
avoid walking close to walls or barriers.

5. Pedestrian walkways should have a continuing common surface, not interrupted
by steps or abrupt changes in level.

B. Bicycle Access

1. Wherever possible, bicycle paths or lanes (in street) shall be provided as an

integral part of the site work.
C. Vehicular Access

Vehicular entrances to station sites shall be in accordance with the following:

1. Locations of Vehicular Access points shall follow proper access management
techniques.
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2. Vehicular entrances from public streets shall be from minor streets where
possible, with provisions for sufficient stacking space provided at intersections
with major streets.

3. Separate access points into the site from the same street should be at least
150 feet apart.

4. Entrances, where feasible, should be so located that a vehicle approaching the
station from any direction, missing one entrance, will find a second available
without circuitous routing.

5. Wherever the volume of traffic entering or exiting a public street increases the
street traffic volume beyond the street capacity, the addition of auxiliary lanes
shall be considered.

6. Separation of vehicular modes of access shall be provided whenever possible
due to the differing circulation needs and priorities assigned to TheHandi-Vans,
TheBuses, kiss-and-ride, and park-and-ride.

6.4.3 Parking Facilities

6.4.3.1 Parking Facility Elements

A. Parking Lanes and Curb Loading Zones

B. Placement of loading zones on access roadways shall reflect the following order of
preference with respect to proximity of the loading zone to the station concourse:

1. TheHandi-Van
2. TheBus
3. Kiss-and-ride
4. Taxis
5. Private shuttle
6. Private tour bus
C. On site parking along project roadways preferably shall be parallel to the curb. Lane

width prescribed herein for parking and loading zones includes the gutter width.

D. Individual stations will have different capacity requirements for the various loading
zones. Refer to the Station Interface Access Planning Report — Site Requirements in
Station Area for capacity at each specific station. This report has information on
loading and park-and-ride requirements at each station.

E. Loading zones shall be located to provide the most direct and safest intermodal
transfer.
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6.4.3.2 TheBus, TheHandi-Van, and Taxis

A. The required bus (or taxi) design capacity for a station shall be determined by the
RTD based on the individual requirements for each station.

B. The standard layout for various types of bus loading zones shall be designed in
accordance with the standards and requirements of the appropriate agency having
jurisdiction.

C. Bus lanes shall be one-way only through the station site and preferably configured in
a counter-clockwise orientation.

D. Bus lanes shall be designed to allow buses in motion to pass parked and stalled
buses.

E. Bus layover provisions should be configured to allow buses to layover and then
move up to their assigned spaces for boarding.

F. Where possible, it is desirable for buses to be able to re-circulate within the off-street
station site.

G. Sawtooth bus bays may be used in off-street bus terminals only.

H. Bus bays shall be designed to allow loading and unloading of passengers from the
right side of the bus to pedestrian paths.

l. Bus bays will be oriented so that bus patrons do not need to cross traffic to reach the
station entrance.

6.4.3.3 Kiss-and-Ride Facilities

A. The required design capacity for a station shall be determined by the RTD based on
the individual requirements of each station.

B. Kiss-and-ride facilities are preferred to be located off-street, as near to the main
station entrance as practical, and should be physically separate from long-term
parking areas and park-and-ride facilities. The location should, if possible, be such
that a driver can view the station entrance to see an exiting passenger for whom he
is waiting.

C. A parking area for persons waiting to pick up persons with disabilities shall be
provided as required by installing appropriate pavement markings and signs.

D. All kiss-and-ride parking spaces shall be delineated by signs and curb markings as
being limited to short-term use.

E. Kiss-and-ride parking stalls shall be 9 feet wide and preferably at a 60-degree angle
and will be pull-through, if possible.

F. Kiss-and-ride is transit station activity that includes drop-off, pick-up, and short-term
parking functions. Pedestrian safety and security is the highest priority in the design
of these facilities.
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G.

6.4.3.4

In more densely populated areas, where off-street kiss-and-ride facilities are not
provided or spaces are not of sufficient number, consideration should be given to the
addition of vehicular lanes on local roadways adjacent to the stations to lessen the
impact of the drop-off/pick-up activities that will naturally occur.

Convenience, safety, and appropriateness to the overall site and neighborhood are
prime design objectives.

Access roads shall be single lane, yet allow space to maneuver around a stopped
vehicle.

When possible, the kiss-and-ride vehicle should be able to re-circulate on-site in the
event a space is not available.

Site constraints will dictate whether drive-through or dead-end spaces are provided.

Where the taxi queue is part of a kiss-and-ride facility, the queue shall be located
along the curb line near the station entrance with the first space situated at a natural
point of concentration of pedestrian traffic from that station entrance.

Drop off zones should be incorporated into the kiss-and-ride areas to promote better
peak services. Drop off zones should also be provided for taxis when the use of kiss-
and-ride drop off zones are not allowed.

Park-and-Ride Facilities

The required design capacity for a station shall be determined by RTD based on the individual
requirements of each station.

6.4.3.5

A.

6.4.3.6

Private Shuttle and Tour Bus Facilities

The required design capacity for a station shall be determined by RTD based on the
individual requirements of each station.

The private shuttle and tour bus facilities shall be located off-street, as near to the
main station entrance as practical, and shall be physically separate from long-term
parking areas and bus-and-ride facilities. Loading shall be from the right-hand side
of the vehicle. The location should, if possible, be such that a transit rider can view
the waiting shuttle or tour bus from the station entrance.

All private shuttle and tour bus facility parking spaces shall be delineated by signs
and curb markings as being limited to short-term use.

Private shuttle and tour bus parking stalls shall be a minimum 9 feet wide and
preferably at a 60-degree angle.

Motorcycle Parking

There shall be a minimum total number of 10 motorcycle parking spaces at a station.
Motorcycle parking shall be placed at the park-and-ride facility entrance where public visual
surveillance is possible and/or where CCTV monitoring is present.
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6.4.3.7

6.4.3.8

6.4.3.9

Bicycle Facilities

Provision shall be made for access to and from stations by bicycle, including their
storage at station sites.

The required design capacity for a station shall be determined by RTD based on the
individual requirements of each station.

Bicycle parking shall be placed at the station plaza near the station entrance where
public visual surveillance is possible and/or where closed-circuit television (CCTV)
monitoring is present.

Parking Stalls

Disabled parking spaces shall be located as near as practical to a primary entrance
to a facility (building, station entrance, or boarding platform). The space shall be
located so that a person with disabilities does not have to wheel or walk behind
parked cars other than his/her own. Pedestrian ways shall provide an accessible
pathway from each such parking space to the facility.

At-Grade Parking

Where access roadways have a combined usage, with bus and car traffic being
mixed, the station site entrance and exit conditions shall be delineated by the
Designer to minimize turning movements against on-coming traffic.

Park-and-ride facilities should be sited to avoid adverse impact to the community it
serves. The site design should respect the existing topographic conditions, including
existing natural vegetation, with the goal of minimizing destruction of the existing
natural conditions.

Park-and-ride facilities shall be designed with 90-degree angle parking (preferred),
two-way circulation, and a minimum of dead-end parking areas. If restricted by right
of way or some other constraint, 45 and 60-degree parking can be considered.

Park-and-ride facilities shall be designed utilizing sustainable design best practices
as set forth by the U.S. Green Building Council as described in their Leadership in
Energy and Environmental Design standards and rating system. Reduced site
disturbance, innovative stormwater management design, reduction of heat islands,
provision for on-site rainwater retention, and the use of permeable paving materials
are but a few examples.

Large parking lots shall be subdivided into sections no larger than 500 cars to reduce
their scale. Landscape buffers with 50 feet as their desirable width shall be used for
this purpose. However, vehicular movement from each section to the next shall not
be restricted.

Park-and-ride lot landscape design shall complement sight lines to the station
entrance(s) as well as enabling good surveillance of the entire lot.

Landscape requirements for parking lots shall comply with the requirements of the
local codes and zoning regulations. Continuous 10-foot-wide (preferred minimum)
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6.4.4

6.4.4.1

landscaping areas shall be located every second parking bay and be designed as an
integral part of the on-site rainwater detention system.

Pedestrian circulation and sidewalk inclusion will not supplant the landscape areas
required by the local codes and regulations.

Compact car spaces shall be provided in accordance with local zoning requirements.

Parking space row driving aisles shall be oriented toward the station entrance
enabling visual connections to the entrance and walking in the driving aisles, thereby
shortening pedestrian walking distances. Collector sidewalks leading to the station
shall be oriented perpendicular to the driving aisles and sized to accommodate the
volumes they serve.

Where site stairways are required, they shall be the same width as the adjoining
sidewalks (12-inch minimum) and have 13-inch (preferred) treads and 6-inch
(maximum) risers with continuous handrails on both sides.

General Site Work And Parking Facility Elements

Traffic Lanes

All on site roadways serving the parking facilities, other than those used mainly for service or
maintenance purposes, shall have at least one traffic lane for each direction of travel. The
number of traffic lanes provided on these roadways shall be sufficient so that the vehicular
volume per lane does not exceed 300 vehicles per hour.

6.4.4.2

A.

General Design Elements

Design Vehicle

The criteria relating to the Single Unit (SU) vehicle stalls shall be based on the specifications
and design guidelines of the local agency responsible for local parking lot layout.

B.

Design Speed

The design speed for this section varies as follows:

6.4.4.3

A.

1. Parking Facilities: Not applicable

2. Yard Site Facilities: 20 mph

Cross Sectional Elements

On Site Lane Widths

The following criteria indicate maximum, minimum, and desirable values for traffic lane widths.
In cases of significant constraint, a width reduction may be necessary.

1. Through lanes (Two-way)(multiple): 12 feet preferred, 11 feet minimum
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B.

2. Through lane (One-way)(single): 20 feet preferred

3. The following criteria indicate maximum, minimum, and desirable values for on
site bus bay dimensions:

Bus Bay Type/Location Dimension

Tangent bus bay Standard 10 feet x 50 feet + taper
Articulated 10 feet x 70 feet + taper

Tapers Entry 1:5 minimum
Exit 1:3 minimum

Saw tooth bus bay Standard 62 feet with 7-foot-6-inch indent
Articulated 85 feet with 7-foot-6-inch indent

Storage bay (layover) | Standard 10 feet x 50 feet + taper
Articulated 10 feet x 70 feet + taper

TheHandi-Van Standard 10 feet x 25 feet + taper

On Site Parking Lanes

The following criteria indicate maximum, minimum, and desirable values for on site parking stall
dimensions:

Spaces

Dimensional Criteria

Drop-off spaces

9 feet x 18 feet

Private Shuttle /
Tour Bus

On Street - 10 feet desired width; 9 feet minimum

Angled - 60° 10 feet width

Motorcycle

4 feet x 8 feet; signage indicating parking spaces are for
two-wheel cycles only

Elderly and disabled

Accessible spaces shall comply with ADA Accessibility
Guidelines regulations and any local codes whose
requirements may be more stringent.
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Stall Angle
stall Type Parallel | 45° | 60° | 90°
Design Vehicle: SU

Standard and Handicapped (per ADA Standards)
Width (feet) (min) 8 85 |85 |85
Length (feet) (min) 22 25 22 |18
Clear aisle width — One-way (feet) 13 |19 | N/A
Clear aisle width — Two-way (feet) N/A | N/A | 24
Handicapped Access aisle (feet) S ) S)

C. Parking Stalls

When parking is provided for patrons, employees, or visitors, the minimum number of
handicapped spaces required is as follows:

Total Number of Number of Disabled
Parking Spaces Parking Spaces Required
1to 25 1
26 to 50 2
51to 75 3
76 to 100 4
101 to 150 5
151 to 200 6
201 to 300 7
301 to 400 8
401 to 500 9
501 to 1,000 2 percent of total
1,001 and over 20 plus 1 for each 100 over 1,000
D. Cross Slope

1. Cross-slope 2 percent
E. Horizontal Clearance
F. Vertical Clearance

1. Parking Facilities
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a. Vertical: 7 feet
G. Side Slopes

Cut-and-fill-slopes shall be as flat as possible and shall not exceed a slope of 1:2 (vertical to
horizontal) or as recommended by the Designer’'s geotechnical consultant. Tops of cut slopes
shall be rounded.

H. Drainage

Drainage design shall include the following:
1. Surfaces shall be sloped to drain away from areas where pedestrians walk.
2. Catch basins shall not be located in pedestrian walkways.

l. Sidewalks
1. No pedestrian ramp should have a slope greater than 5 percent.

2. The width of on site pedestrian walkways shall be as follows:

Preferred | Minimum
Width Width
On Site Pedestrian Walkways (feet) (feet)
Walkways through bus stop areas 12 8
Walkways adjacent to long-term parallel parking 8 6
Walkways adjacent to short-term parallel parking 10 8
Crosswalks 15 10

6.4.4.4 Horizontal Geometric Elements
A. Elements Site Distance
B. Curb Return Radius
1. Parking Facilities
a. Fortaxis: 19.5 feet (inside radius)

b. For buses: 30 feet minimum (inside radius), 49 feet minimum (outside radius
clear)

c. For passenger cars: 15 feet minimum (inside radius), 26 feet minimum
(outside radius clear)
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6.4.4.5 Vertical Geometric Elements
A. Vertical Geometry
1. Parking Facilities
a. Parking Lot: 5 Percent (Maximum), 0.5 Percent (Minimum)
2. On Site Roadways
a. On Site Roadway: 6 Percent (Maximum), 0.5 Percent (Minimum)
B. Vertical Curves
1. On Site Roadways
Vertical curves shall be not less than 65 feet
a. Crest Curves: Lmin =28 A
b. Sag Curves: Lmin =36 A

where: Luyin = Minimum vertical curve length, feet
A = Algebraic difference in grades, percent

C. Algebraic Difference in Grade
1. On Site Roadways

Crest and sag curves at top and bottom of ramps without parking may exceed these differentials
but must use a vertical curve 200 feet in length or more.

a. Crest vertical curve: 9 Percent (Maximum)
b. Sag vertical curve: 6.5 Percent (Maximum)

END OF CHAPTER
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7.0 TRAFFIC
7.1 GENERAL
7.1.1 Introduction

This Chapter establishes the basis for engineering criteria and the related work to be used in the
design of the Project and

¢ Includes requirements for traffic control devices and criteria for the design of traffic signal
systems, signing, and pavement markings as they apply to interfacing the Project with the
street and highway network along the alignment.

o Describes the criteria to be used for signs and pavement markings, curb markings in streets,
parking lots, and parking structures.

e The criteria should be used collectively to meet the requirements of specifications and
design guidelines in accordance with the current practices of the State, County, and Local
jurisdictions in which the Project will be constructed.

The Designer shall use all available traffic data and the design standards in coordination with
any roadway, traffic signal, or other traffic improvements.

7.1.2 Reference Data

The traffic-related design elements of the Project shall comply with the Local agency having
jurisdiction and the latest version in effect at the time final design is initiated of applicable
standards, manuals, policies, codes, regulations, plans, documents, and specifications listed
below:

A. American Association of State Highway and Transportation Officials. Roadside
design guide.
B. American Association of State Highway and Transportation Officials. A policy on

geometric design of highways and streets.

C. American Association of State Highway and Transportation Officials. Standard
specifications for structural supports for highway signs, luminaries and traffic signals,
including modifications contained in HDOT's Design criteria for bridges and

structures.

D. City and County of Honolulu Department of Transportation Services. Traffic code.

E. City and County of Honolulu, County of Kauai, County of Maui, County of Hawaii,
State of Hawaii. Standard details for public works construction.

F. City and County of Honolulu. Standard specifications.

G. City and County of Honolulu. Traffic design manual.

H. City and County of Honolulu. Traffic standards manual.
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Federal Highway Administration. Manual on uniform traffic control devices for streets
and highways.

Federal Register. ADA accessibility guidelines for buildings and facilities (ADAAG).
National Electrical Manufacturers Association

National Transportation Communications for ITS Protocol

State of Hawaii Department of Transportation. Standard plans.

State of Hawaii Department of Transportation. Standard specifications for road,
bridge, & public works construction manual.

Unless specifically noted otherwise herein, the latest edition, or as administered by CCH, of the
code, regulation, standard, and standard plan that is applicable at the time the design is initiated
shall be used. If a new edition or amendment to a code, regulation, standard, or standard plan is
issued before the design is completed, the design shall conform to the new requirements to the
extent practical or required by the governmental agency enforcing the code, regulation,
standard, or standard plan changed.

7.2

A.

MAINTENANCE OF TRAFFIC

The Designer shall prepare Maintenance of Traffic (MOT) Plans which include detour
routes, alternate routes, haul routes, and street and sidewalk closures. The MOT
plans shall provide safe and continuous passage to local pedestrians and vehicular
traffic and allow for the safe construction of the facility at all times.

The Designer shall coordinate and interface, as appropriate, with the MOT plans of
adjacent project contracts and other projects. The Designer's MOT plans shall
include the necessary traffic staging, phasing, detours, details, signing, and marking
as well as any additional plan sheets necessary to ensure proper MOT through and
around the construction site and any appropriate mitigation measures. The MOT
plans shall be submitted to the State of Hawaii Department of Transportation
(HDOT), and/or the City and County of Honolulu (City) for review and approval.

For major roadways, including divided highways, lane closures shall be limited to a
maximum width of one lane at a time whenever possible. This restriction allows
remaining lanes, in both directions, to be maintained for motorists. Lane closures
shall be approved by HDOT and the City prior to any closure.

The Designer shall develop the MOT plans such that the time of street closures will
minimize impacts on traffic and pedestrian thoroughfare. Hours of operation shall be
approved by HDOT and the City prior to any closure.

Emergency, local, pedestrian and Safe Routes to School access shall be maintained
at all times.

Maintenance of bus routes—Private, public, and school bus routes, which travel
through the project limits of construction, have the potential for disruptions in their
routes. Proposed temporary relocation of terminals/stops and rerouting shall be
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7.3

7.3.1

prepared by the Designer and submitted to the TheBus and the affected entity for
review, approval, and coordination.

TRAFFIC CONTROL DEVICES

General

The following describes the criteria to be used for temporary and permanent traffic control
devices in streets, parking lots, and parking structures.

The application of any traffic control device shall:

A. Fulfill an important need

B. Be located in such a manner as to command attention and provide adequate time for
response

C. Command respect and gain compliance

D. Convey a clear, simple, and appropriate message

E. Complement a good design

7.3.2 Signing

A. Signs shall be displayed only for the specific purpose and under the specific
conditions prescribed in these criteria.

B. Signs shall not be used to confirm well known or universally recognized rules of the
road. Signs shall be used where special regulations apply at specific places or at
specific times only or where hazards are not self-evident. Care shall be taken not to
install too many signs, especially those of the regulatory or warning types, which, if
used in excess, tend to lose effectiveness.

C. Installation of temporary signs shall be coordinated with HDOT and/or the City.

D. The Designer shall coordinate with HDOT and/or the City for compatibility of street
signing with the project construction staging plans.

E. Various institutions and facilities located in and around the project limits of
construction generate vehicular and pedestrian traffic. Many of these traffic
generators will need special consideration in planning and scheduling for MOT, such
as hours of operation, access, and detours which shall comply with general
guidelines of the Maintenance of Traffic section of these criteria. Special vehicle and
pedestrian generators include, but are not limited to, the following:

1. Schools
2. Hospitals
3. Parks, playgrounds, and ball fields
CORE SYSTEMS DESIGN-BUILD-OPERATE-MAINTAIN CONTRACT
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4. Shopping centers/malls
5. Fire and police stations
6. Government centers

F. Messages used for portable Dynamic Message Signs (DMS) shall follow a consistent
format. Coordinate message formats including abbreviations, typical message
layout, number of screens per message, and flash rate with HDOT and the City.

7.3.3 Striping

Paint materials; striping details, including standard pavement marking; striping with markers;
striping transitions; and crosswalk detail are to be obtained from standard plans and drawings of
each jurisdiction where appropriate and shall comply with current Americans with Disabilities Act
criteria.

END OF CHAPTER
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8.0 UTILITIES
8.1 GENERAL

These procedures and design criteria shall govern all new utility construction outside of
buildings, and the support, maintenance, relocation, and restoration of utilities encountered or
affected by the transit system construction. Attention shall be given to the needs of the transit
system, the requirements and obligations of the public and private utility owners, and the utility
service needs of adjacent properties.

8.1.1 Goals

This chapter of the criteria deals with the utilities that are impacted by the Project, whether the
utility needs to be temporarily or permanently protected and/or temporarily or permanently
relocated.

The criteria relating to other elements of design and to work items necessitated by the transit
system construction, such as miscellaneous utility work, roads/paving, grading, drainage,
fencing, and surveying/mapping, are based on the current specifications and practices of the
concerned government agencies.

8.1.2 Reference Data

The utilities identified herein each have specific codes and standards that must be followed. As
such, codes and standards are listed within the utility subsection.

8.2 UTILITIES
8.2.1 General
A. These criteria govern the maintenance, support, restoration, and relocation of utilities

encountered or affected by the construction of the transit system. In the performance
of work, due consideration shall be given to the needs of the transit system, the
requirements and obligations of the utility owners, the traffic requirements, and the
cooperative agreements between the utility agencies or companies and the City and
County of Honolulu, Department of Transportation Services, Rapid Transit Division
(RTD).

B. Utilities comprise facilities owned by public utility agencies and private utility
companies and include service lines to adjoining properties.

1. Public utility agencies include, but are not limited to:
a. City and County of Honolulu (CCH)
i. Board of Water Supply (BWS)
ii. Department of Design and Construction (DDC)
iii. Department of Parks and Recreation (DPR)
iv. Department of Environmental Services (ENV)
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V. Department of Facility Maintenance (DFM)
Vi. Department of Transportation Services (DTS)
vii. Department of Planning and Permitting (DPP)

(a) Site Development Division (DPP-SDD)
® Civil Engineering Branch (DPP-CEB)
(i) Wastewater Branch (DPP-WB)
(iii) Subdivision Branch (DPP-SB)

(iv) Traffic Review Branch (DPP-TRB)

b. State of Hawaii

i. Department of Accounting and General Services (DAGS)
ii. Department of Land and Natural Resources (DLNR)
iii. Department of Transportation (HDOT)
(a) Highway Division (HDOT-HWY)
(b) Airport Division (HDOT-AIR)
(c) Harbor Division (HDOT-HAR)
Department of Defense (DOD)
i. Department of Navy
il. Department of Army

iii. Department of Air Force

2. Private utility companies include, but not limited to:

Hawaiian Electric Company, Inc. (HECO)
Hawaiian Telcom, Inc.

Oceanic Time Warner Cable (OTWC)

The Gas Company (TGC)

AT&T Corporation (AT&T)

Sandwich Isles Communications, Inc. (SIC)

TW Telecom, Inc. (TWTC)
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h. Pacific LightNet, Inc. (PLNI)
i. Chevron Products Company
j.  Tesoro Hawai‘i Corporation

C. Utilities encountered or close enough to be affected by the transit construction may

1. Supported and maintained complete in place during construction and continued
in service following completion of the transit facilities.

2. Temporarily relocated during construction; then, upon completion of the transit
facilities, restored to service.

3. Temporarily relocated and maintained; upon completion of the transit facilities,
replaced by new utilities.

4. Permanently relocated beyond the immediate limits of transit construction.

D. Utility service to abutting properties shall not be interrupted and, if temporarily
relocated, the temporary facilities will be removed and the area restored as close as
possible to its original condition or better.

E. Replacements of and pavements for any existing utilities shall be designed to
provide service or capacity equal to that offered by the existing installations. The
Designer shall comply with local codes and standards of the agencies having
jurisdiction.

Unless specifically noted otherwise herein, the latest edition or as administered by
the City and County of Honolulu (CCH) of the code, regulation, standard, and
standard plan that is applicable at the time the design is initiated shall be used. If a
new edition or amendment or as administered by CCH to a code, regulation,
standard, or standard plan is issued before the design is completed, the Designer
shall determine the impact of the change and seek for RTD’s direction on how to

proceed.
F. Improvements to utilities shall not be included unless specifically approved by RTD.
G. All designs involving maintenance, support, and relocation or other utility work shall

conform to the applicable specifications, criteria, and standards of and be approved
by the utility owner.

H. Record elevations of all utilities shall be adjusted to project datum. Pertinent utility
elevations and locations shall be checked by field survey and, where critical to
design, by digging test holes at locations accepted by RTD.

l. The Designer shall consider plans developed, or being developed, by others in
adjoining sections to ensure that the overall utility systems will be consistent with
those existing before the start of construction, and that the systems will be
compatible with those of the transit system.
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J.

Design of utility rearrangements shall ensure that construction of the transit facilities
may proceed without undue hindrance and without affecting the continuity of utility
service. The design shall consider space requirements for equipment and materials
and clearances for installation of temporary traffic decking. When the Designer
indicates temporary deck structures on the plans, allowable clearances of affected
utilities should be considered.

The Designer shall take into account the needs of each utility for maintenance and
accessibility while designing horizontal and vertical alignments. Separation between
utilities shall be per utility design requirements and standards, whichever is more
stringent.

Where utilities cross under or run parallel to rail alignments, live loads imposed by
transit facilities in design of utility and utility casings shall be considered. Protection
of both the utility and the transit facility must be considered.

Utilities which penetrate through or cross over transit structures shall be designed to
prevent shear failure and shall be encased, if necessary, to prevent damage.

During the design period, the Designer shall maintain continuous communication and
coordination with the affected utility agencies and companies as well as CCH and
HDOT to achieve the following:

1. Supply the utility agencies and companies with preliminary plans and
specifications and request verification of existing facility sizes and locations.

2. Coordinate with and request the utility agencies and companies to develop
temporary or permanent relocation plans of their facilities. Also, request a cost
proposal for the work.

3. The Designer and RTD shall review the relocation plans supplied by the utility
agencies and companies, and the Designer shall then develop an independent
guantity and/or cost estimate for the work.

4. Final engineering design for utilities will be completed by the Designer or
respective utility agencies or companies. Plans prepared for utilities by others
shall be reviewed and approved by the respective utility agencies or companies.
Plans prepared by a utility agency or company shall be reviewed and approved
by the Designer, RTD, and/or HDOT.

5. All utility works, either constructed by others or the Contractor, shall be shown on
the plans. If the work is to be constructed by others, it should be so indicated on
the plans.

Utility markers will be placed if so required by the utility agency or company. For
hazardous liquid pipeline, one-call markers must be placed.
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8.2.2

8.2.2.1

Sanitary Sewers (ENV and DPP-WB)

Codes and Standards

All maintenance, relocation, restoration, and construction of sewer facilities shall conform to the
current design standards and criteria, specifications, and practices of ENV and DPP-WB in
effect at the time final design is initiated, including

A.

City and County of Honolulu Department of Wastewater Management. July 1993.
Design Standards of the Department of Wastewater Management, Volume 1.

City and County of Honolulu Department of Public Works. September 1984.
Standard Details for Public Works Construction.

City and County of Honolulu Department of Public Works. September 1986.
Standard Specifications for Public Works Construction.

Design and construction of sanitary sewer laterals to abutting properties shall conform to
applicable ENV and DPP-WB standards and codes.

8.2.2.2

A.

General

Sanitary sewer mains and service laterals to adjoining properties shall be maintained
by supporting in place, providing alternative temporary facilities, or diverting to other
points.

Temporary sanitary sewer piping systems shall be of adequate size and slope to
handle the flows of those sewers taken out of service. No sanitary sewage shall be
discharged onto transit facilities, public streets, or public/private rights-of-way.

All temporary sanitary sewer facilities provided by the Contractor during construction
shall be removed and replaced with new permanent facilities.

Capacity and service of replacement sanitary sewer system shall be equivalent to
existing system and shall meet or exceed the latest design standards, based on the
published design requirements of ENV and DPP-WB.

Conduits shall be designed to maintain minimum velocities at minimum design flow
and not exceed a depth of flow at peak design flows according to ENV and DPP-WB
standards.

Separation between sanitary sewers and water lines shall be per utility design
requirements and ENV and DPP-WB standards. In general, water lines shall be
above the sewer lines.

The Designer shall review site specific conditions, including flow capacity of existing
sanitary sewers affected by transit facilities, and incorporate such modifications into
the relocation or realignment plans to protect both the utility and transit facilities.
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8.2.3

8.2.3.1

Storm Drains (DPP-CEB and HDOT-HWY)

Codes and Standards

All maintenance, relocation, restoration, and construction of drainage facilities shall conform to
the current design standards and criteria, specifications, and practices of DPP-CEB and HDOT-
HWY in effect at the time final design is initiated, including

A. City and County of Honolulu Department of Planning and Permitting. January 2000.
Rules Relating to Storm Drainage Standards.

B. City and County of Honolulu Department of Planning and Permitting. April 1999.
Rules Relating to Soil Erosion Standards and Guidelines.

C. City and County of Honolulu Department of Public Works. September 1986.
Standard Specifications for Public Works Construction.

D. City and County of Honolulu Department of Public Works. September 1984.
Standard Details for Public Works Construction.

E. State of Hawaii Department of Transportation Highway Division. 2008. Standard
Plans.

8.2.3.2 General

A. Existing storm drain facilities shall be maintained by supporting in place, if
conveyance system is water tight, providing alternative temporary or permanent
facilities, or diverting flows to other points. Unless approved by respective utility
owners, existing pipe conduits shall not be supported and reburied.

B. All temporary storm drainage facilities used during construction shall be removed
and restored with new permanent facilities. Restored facilities shall have capacities
equivalent to those of existing.

C. Area drainage conditions for local flooding shall be reviewed and incorporated into
design of storm drain facilities to provide for protection of transit facilities.

D. No catch basins, utility drains, or subsurface drains shall be connected to sanitary
sewers.

E. New pipe conduits shall have rubber gasket joints where they cross the transit
facilities.

F. No surface drains from adjoining areas shall be connected to the transit drainage
system.

G. New drainage facilities shall be designed in accordance with criteria established in
Chapter 6, Civil.
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8.24

8.24.1

8.2.4.2

F.

8.2.5

8.25.1

Water (BWS)
Codes and Standards

All maintenance, support relocation, restoration, and construction of water mains and
appurtenances shall conform to current design standards and criteria, specifications
and practices of BWS, including Water System Standards, Board of Water Supply,
City and County of Honolulu, State of Hawaii, 2002.

Construction of water services to abutting properties shall conform to applicable
BWS standards and codes.

General

Replacement of existing water mains and appurtenances shall provide capacities
and services equivalent to those provided by the replaced facilities.

Services to adjoining properties shall be maintained by supporting in place, providing
alternative temporary facilities, or diverting from other points.

Upon approval from BWS, water lines through cut-and-cover construction shall be
supported in place and braced to resist internal and external forces. New lines shall
be aligned such that further relocation for placement of temporary decking or station
construction will not be required.

Where major water distribution facilities cross an at-grade section of the project
alignment, installation of emergency isolation valves outside the construction site
shall be considered if suitable isolation valves do not presently exist. Location and
type of valve shall comply with criteria and requirements of BWS. These water
distribution facilities shall be encased, as needed, and per BWS requirements.

Cathodic protection shall be provided in accordance with Chapter 17, Corrosion
Control.

New water system materials shall comply with criteria and requirements of BWS.
Gas (The Gas Company)

Codes and Standards

All work on, or adjacent to, gas lines shall conform to the latest regulations, the design
standards, and specifications of The Gas Company (TGC).

8.25.2 General

A. The Designer shall inform TGC if and where the transit system will affect TGC'’s gas
mains.

B. Removal, installation, and connection of temporary or permanent gas mains shall be
performed by TGC.

C. The work to be done by TGC shall be indicated in the plans.
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D. Where possible, new gas lines shall be placed within the street, parkway, or in the
curbside lane 12 inches from the lip of the gutter.

E. With the exception of a minimum of 24 inches of clearance for 16 inches gas
transmission line, a minimum of 12 inches of vertical or horizontal clearance between
the gas lines and other utilities, or other facilities shall be maintained unless the other
utility has a more stringent requirement.

8.2.6 Electric Power (Hawaiian Electric Company)
8.2.6.1 Codes and Standards

All maintenance, relocation, and restoration of electric lines throughout the transit system shall
conform to the latest design criteria and standard specifications of HECO, Chapter 6-73 of
Hawaii Administrative Rules (HAR 6-73), and the requirements of the National Electrical Code
(NEC) and the National Electrical Safety Code (NESC) in effect at the time final design is
initiated.

8.2.6.2 General

A. The preparation of designs shall be coordinated with and conform to design
requirements of HECO and coordinated with any other concerned governmental
agencies.

B. Work to be done by HECO shall be indicated in the plans. HECO will install and

energize all cables, make conduit connections to existing vaults, connect and
energize all services, and de-energize and remove cables from all facilities to be
abandoned. HECO will de-energize and energize the power lines.

C. Plans shall show all existing overhead and underground power lines and indicate
those required to be abandoned or relocated. The clearances of overhead and
underground power lines shall comply with the rules and regulations of HECO and
HAR 6-73. The final design shall be approved by HECO.

D. Existing conduits and vaults within the work area shall be supported in place where
possible. When facilities must be relocated, the plans shall indicate alignment and
depths such that future relocation to facilitate construction will not be necessary.

E. All ducts and vaults to be abandoned and removed shall be identified.

F. All HECO conduits installed by the Contractor shall be encased according to HECO
standards.

G. Vertical and lateral clearances from transit facilities to overhead lines shall comply
with HECO requirements, HAR 6-73, or NESC requirements, whichever is more
stringent.
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8.2.7 Telephone (Hawaiian Telcom)
8.2.7.1 Codes and Standards

All maintenance, relocation, and restoration of telephone lines throughout the transit system
shall conform to the latest design criteria and standard specifications of Hawaiian Telcom,
HAR 6-73, and the requirements of the NEC and the NESC in effect at the time final design is
initiated.

8.2.7.2 General

A. Where possible, existing cable ducts and vaults will be supported in place or moved
in such manner to avoid cutting the cables.

B. The plans shall indicate which telephone lines are to be maintained complete in
place; which ducts are to be removed, cables supported temporarily during work and,
upon completion of work, replaced by a new system of ducts and cables; and any
rerouting or new construction. Abandoned lines, and those to be abandoned, shall
also be indicated.

C. The plans shall indicate which work, primarily pulling and cutting-over new cables,
will be performed by Hawaiian Telcom or its representative.

D. Telephone lines maintained or installed within limits of transit system excavation
shall require permanent support.

E. Preparation of the plans shall be coordinated with Hawaiian Telcom.

F. The design for lowering of cables will be coordinated with other utility work to
eliminate the need to cut and splice telephone cables.

G. Minimum depth of conduits shall be in accordance with the requirements of Hawaiian
Telcom and HAR 6-73.

H. Installation of temporary and permanent manholes, split case ducts, and duct
encasement shall conform to Hawaiian Telcom standards and practices.

l. Vertical and lateral clearances from transit facilities to overhead telephone and other
communication lines shall comply with Hawaiian Telcom requirements, HAR 6-73, or
NESC requirements, whichever is more stringent.

8.2.8 Miscellaneous Telecommunications

In the event of design involving maintenance, relocation, or restoration of communications
cables other than telephone, such as cables owned by Oceanic Time Warner Cable, AT&T
Corporation, National Defense Cables, and other private telecommunications systems, the
Designer shall verify ownership and, after consultation with the owners, coordinate the
necessary design work in accordance with the codes and standards of the companies and
agencies affected.
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8.2.9

8.29.1

Parks (DPR)

Codes and Standards

Relocation and restoration of underground utility lines, water mains, sewers, drains, catch
basins, sprinkler systems, lights, pavements, and other improvements within parks shall
conform to requirements of DPR.

8.2.9.2

General

The design for the various facilities shall be submitted to DPR for approval.

8.2.10

Street Lights (DDC-MED and HDOT-HWY)

These criteria refer to removal and restoration of existing street lighting facilities.

8.2.10.1

Codes, Regulations, and Standards

All relocation, temporary or permanent, and restoration of existing street light facilities shall be in
accordance with the practices and requirements of HECO and local electrical codes, including
the City and County of Honolulu, Department of Design and Construction, Mechanical/Electrical
Division (DDC-MED), the State of Hawaii, Department of Transportation, Highway Division
(HDOT-HWY), and the NESC in effect at the time final design is initiated.

8.2.10.2 General

A. Street light design shall conform to local electric codes and requirements, HECO
electrical code, and the NESC.

B. The Designer shall coordinate the design work with the DDC-MED, HDOT-HWY, and
the affected agencies for jurisdictional compliance.

C. Materials, spacing, height, and conduit depth shall be in accordance with the
requirements of DDC-MED, HDOT-HWY, and other affected agencies.

8.2.11 Traffic Signals (DTS)

A. These criteria refer only to relocation and restoration of existing traffic signals and
construction of temporary traffic signals within public rights-of-way. Refer to Chapter
6, Civil, and Chapter 7, Traffic, with respect to new installations.

B. Relocation, temporary or permanent, and restoration of these facilities shall be in
accordance with the practices and requirements of DTS and the Manual on Uniform
Traffic Control Devices (MUTCD). Materials used in the installation and/or
modification of traffic signal systems shall conform to the latest material
specifications of DTS.

8.2.12 Oil Pipe Lines

A. Oil transmission lines and steam lines shall be relocated to clear the transit system.
Work shall be performed by the pipeline owner or its designated contractor.
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B. After consultation with RTD or their authorized representative, the Designer shall
inform the pipeline company where the transit system will affect the company’s
facilities and shall coordinate the pipeline relocation design with the pipeline
company.

END OF CHAPTER
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9.1

9.1.1

9.0 STRUCTURAL
GENERAL

Introduction

The basic design criteria for the structures on the Project are established in this chapter. ltems
in this category include aerial guideway structures, passenger stations, maintenance and
ancillary facility structures.

9.1.2

A.

Reference Data

The basic code for this project is the City and County of Honolulu (City) Building Code
and shall govern structural designs for buildings and other structures not governed by
American Association of State Highway and Transportation Officials (AASHTO)
guidelines and specifications. This code adopts the soon to be adopted 2006
International Building Code and International Residential Code with local amendments.
This code and its amendments are referred to herein as the Building Code.

The basis of the design for aerial guideways shall be the AASHTO LRFD (Load and
Resistance Factor Design) Bridge Design Specifications, 4th Edition, 2007, including
all subsequent interim revisions as amended by the State of Hawaii Department of
Transportation (HDOT) Highway Division Design Branch Design Criteria for Bridges
and Structures dated April 15, 2008. The HDOT Design Criteria and their amendments
are referred to herein as HDOT Code. The AASHTO LRFD Specification and
applicable interim revisions and the AASHTO LRFD Construction Specifications are
referred to herein as AASHTO LRFD. Seismic Design for new aerial guideways shall
be in accordance with the HDOT Code and AASHTO Guide Specifications for LRFD
Seismic Bridge Design (May 2007), herein referred to as AASHTO Seismic Guide
Specs.

Structural-geotechnical design shall meet all applicable portions of the State of Hawaii
general laws and regulations and the current editions in effect at the time final design
is initiated of the codes, manuals, or specifications identified in this chapter of the
Compendium of Design Criteria. Where the requirements stipulated in any of the
above documents or by these criteria are in conflict, use the stricter, unless otherwise
explicitly noted herein. Unless specifically noted otherwise in these criteria, the latest
edition of the code, regulation, and standard that is applicable at the time the design is
initiated shall be used. If a new edition or amendment to a code, regulation, or
standard is issued before the design is completed, the design shall conform to the new
requirement(s) to the extent practical or required by the governmental agency
enforcing the code, regulation, or standard changed; and as agreed to by the City and
County of Honolulu, Department of Transportation Services, Rapid Transit Division
(RTD).

Where there are cases of special designs encountered that are not specifically
covered by these criteria, the Designer shall bring them to the attention of RTD along
with proposed criteria from standards of a recognized authority that address these
special designs.

Project Structural Engineer is defined herein by procurement method.
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1.

Design-build (D-B): Design-builder's engineer of record’s lead structural
engineer who shall be a licensed professional structural engineer as defined by
the State of Hawaii Department of Commerce and Consumer Affairs (DCCA)
and who shall be in responsible charge of all structural work and who shall affix
his stamp and seal on all project design work. All work shall be subject to RTD
review and acceptance.

Design-bid-build (D-B-B): Lead structural engineer who shall be a licensed
professional structural engineer as defined by DCCA and who shall affix his
stamp and seal on all project design work prepared for RTD either directly or
indirectly as an employee of the engineer of record or as a sub-consultant to
the engineer of record. All design work shall be subject to RTD review and
approval.

E. All structural calculations provided in support of these criteria shall be sealed by a
project structural engineer.

9.2 AERIAL GUIDEWAY STRUCTURES

9.2.1 General

Bridges and aerial structures that support rail transit loadings shall be designed using the
requirements of the following applicable loadings, except as otherwise noted herein. When
AASHTO LRFD is not applicable, the Manual for Railway Engineering of the American Railway
Engineering and Maintenance of Way Association shall be used. Bridges and aerial structures
that support rail transit loadings shall be designed for the maximum dead and live loads to which
they may be subjected, including erection loads occurring during construction and the following
other loads and forces:

A. Dead loads of structural components and nonstructural attachments (DC)
B. Superimposed dead loads (DW)
C. Live loads (LL)

1. Weight of Light Metro Vehicle with 3 rail power supply (LMV)

2. Weight of maintenance car (HP)
D. Pedestrian live load (PL)
E. Derailment loads (DR)
F. Earthquake loads (EQ)
G. Friction force (FR)
H. Dynamic load allowance (IMV, IMH)
I Centrifugal force (CE)
J. Longitudinal force (LF)
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A

Earth pressure (EH)

r

Vertical pressure from dead load of earth fill (EV)
Live load surcharge (LS)

Downdrag force (DD)

Earth Surcharge Force (ES)

Water load, steam pressure, buoyancy, scour (WA)
Wind load on structure (WS)

Wind load on live load (WL)

Force effects due to shrinkage (SH)

Force effects due to creep (CR)

Locked-in construction forces (EL)

Secondary forces from post-tensioning (PS)

Force effects due to uniform temperature (TU, TTR, TLR)
Rail fracture (RF)

Force effects due to temperature gradient (TG)

N < X = < c¢c 4 o 1 O T O Z £

Force effects due to settlement (SE)

>
>

Vehicular collision loads (CT)
BB. Vessel collision load (CV)

Loading criteria to which the structures are designed shall be shown on the Designer’s structural
drawings. Concrete placing and construction sequence shall be shown on the Designer’s plans
when required by design conditions. Provisions of agreements with property owners and other
agencies regarding special loading for portions of structures that pass beneath or adjacent to
their properties or facilities shall be considered in establishing the loading conditions for such
structures. Attention shall be paid to proposed future construction.

All aerial structures and bridges shall be designed for sound walls. Dead load of 270 pounds per
linear foot of structure shall be assumed per wall. Walls shall be considered to occupy either
side of the structure or both sides simultaneously.

Temporary and Staged Construction:

A. The design of all segmental girder aerial structures: The construction forces resulting
from the use of an erection gantry and locked-in forces. See Figure 9-1.
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B. Construction Loads shall be considered in the design in accordance with AASHTO
LRFD Section 5.14.2.

CORE SYSTEMS DESIGN-BUILD-OPERATE-MAINTAIN CONTRACT

October 2010 9-4 Technical Provisions
TP-9



Design Criteria
Chapter 9.0 - Structural

Figure 9-1. General Arrangement—Launching Gantry
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C. Seismic forces: Design response spectra shall be in accordance with HDOT Code.
Seismic shall be considered in the following construction load combinations:

1. For Maximum Force effects:
a. Q=1.0(DL+DIFF)+1.0CE+A+EQ
2. For Minimum Force effects:
a. Q=1.0DC+1.0CE+A+EQ
9.2.2 Dead Loads (DC, DW)

Dead loads consist of the actual weight of the structure, permanently installed trackwork,
partitions, service walks, pipes, conduits, cables, utilities, services, and all other permanent
construction and fixtures. Component dead load (DC) shall consist of the weight of all
components of the structure. Superimposed dead load (DW) shall include the weights of all
appurtenances and utilities attached to the structure, including, but not necessarily limited to,
the weights of the running rails, rail fasteners, concrete rail support (plinth) pads, emergency
guardrails, contact rail and coverboard with mountings and support pads, walkways, wireways,
cable trays, cables, railings and acoustical barriers. Dead loads for all elements shall account
for deck camber, curvature and superelevation. Since dead load stresses are always present,
the structure must be designed to sustain them at all times without reductions. For design of
aerial guideways, unit weights and loads specified in Subsection 2.03 of HDOT Code shall be
used. The dead load for all other structures shall be computed from the weights of the materials
composing the structure and its permanent fixtures. The approximate unit weights of materials
normally used in construction are shown in Table 9-1. A specific check should be made as to
the actual weight where a variation might affect the adequacy of the design or where the
construction may vary from the normal practice.

9.2.3 Live Loads (LL, PL)

Light metro vehicle with 3rd rail power supply (LMV): The FTA Transit Cooperative Report
Program 57 designates vehicle design live loading as AW0, AW1, AW2, AW3, and AW4:

A. AWO is the total revenue service ready dead weight

B. AW1 is AWO plus all seated passengers at 155 pounds each

C. AW?2 (design load) is AW1 plus standing passengers at 4 standees per square meter
D. AWS3 (crush load) is AW1 plus standing passengers at 6 standees per square meter

E. AW4 (vehicle structure design) is AW1 plus standing passengers at 8 standees per

square meter

Light metro vehicle with 3rd rail power supply (LMV) using AW3 shall be used for live loads. The
data presented in Figure 9-2 should be used for initial design, recognizing that structural
calculations will be required to confirm the adequacy of the final design after the vehicle
characteristics are confirmed. In all cases, the combination of train lengths used for structural
design shall be the one that produces the most severe conditions on the element being
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designed. The number of vehicles considered in an LMV train shall vary from one to the number
required to add up to approximately 240 feet in total train length.

Table 9-1. Weights of Materials

Material Weight
Aluminum alloy 175 pcf
Asphalt mastic, bituminous macadam 150 pcf
Ballast, crushed stone, compacted earth 120 pcf
Ceilings, plaster board, unplastered 3 psf
Gypsum ceiling tile, 2" unplastered 9 psf
Pressed steel 2 psf
Ceramic glazed structural facing tile, 4" 33 psf
Concrete: plain or reinforced; gravel aggregates 160 pcf
Special and lightweight concretes 110 pcf*
Floors: gypsum floor slab, per inch of depth 5 psf
Asphalt mastic 5 psf
Ceramic tile, on 1" mortar bed 23 psf
Terrazzo, 1" on 1/2" mortar bed 18 psf
Marble, 1" on 1/2" mortar bed 20 psf
Linoleum 2 psf
Maple, 7/8" on sheathing, 2" cinder fill, no ceiling 18 psf
Oak, 7/8" on sheathing, wood joists at 16" centers, no ceiling 11 psf
Glass 160 pcf
Gravel, sand 120 pcf*
Iron, cast 450 pcf
Partitions: plaster, 2" channel stud, metal lath 20 psf
Plaster, 4" channel stud, metal lath 32 psf
Hollow plaster, 4" metal lath 22 psf
Gypsum block solid, 3"—both sides plastered 19 psf
Gypsum block, hollow, 5" 22 psf
Marble wainscoting, 1" 15 psf
Steel partitions 4 psf
Ceramic glazed structural tile, 4" 33 psf
Rails and fastenings, per track (2 rails) 130 plf
Third rail 32 plf
Roofs: roofing felt, 3 ply, and gravel 5-1/2 psf
5 ply 6-1/2 psf
Sheathing, 3/4" thick 3-1/2 psf
Steel 490 pcf
Timber: untreated 48 pcf
Timber: treated 60 pcf
Walls: brick solid, per inch 10 psf
Walls: terra cotta tile 4"—plastering, add 5 psf per side 25 psf
Glass, structural, per inch 15 psf
Windows, frame, glass, sash 8 psf
Stone, 4" 55 psf
Steel sheeting, 14 gauge 3 psf

*See HDOT Code for special weight conditions
pcf = pounds per cubic foot

psf = pounds per square foot

plf = pounds per linear foot
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Figure 9-2. LMV Loading Diagram
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9.24 Derailment Loads (DR)

Guideway structures supporting LMV trains are subject to derailment forces. These shall be
applied as follows.

9.2.4.1 Vertical

The vertical derailment load shall be taken as that produced by fully loaded vehicles placed with
their longitudinal axes parallel to the track. Lateral vehicle excursion shall vary from 4 inch
minimum to 3 feet 0 inches maximum for tangent track and curved track with radii greater than
5,000 feet. For track with smaller radii and where the distance from the rail to the edge of the
deck slab is less than 3 feet 8 inches, the maximum excursion shall be adjusted so that the
derailed wheel flange is located 8 inches from the rail traffic face of the nearest barrier, if any, or
the edge of the deck. See Figure 9-4.

Figure 9-4. Lateral Vehicle Excursion for Vertical DR Load

TRACKWAY
!
L—lExwrsionEVarqw 04" to 3:0° for Tangent Track fo R = 5000 feet
! Lo
DR l-" DRﬂ 'n

Vv

Ral TraficFaceof |
Curb, Sidewalk, or Barrier -_:

\
\
\
\
1

1
1
']
1
1

",

— - -

p X . For Track Radii Smaller Than R = 5000 feet and
Distance from Rail to Edge of Slab < 38", X = 0'8"

A vertical impact factor of 100 percent of vehicle weight shall be used to compute the equivalent
static derailment load. This vertical impact shall be in lieu of the dynamic load allowance
provided in Section 9.2.6.

When checking any component of superstructure or substructure that supports two or more
tracks, only one train on one track shall be considered to have derailed, with the other track
being loaded with a stationary train without impact. All elements of the structure shall be
checked assuming simultaneous application of all derailed wheel loads. However, the reduction
of positive moment in continuous slabs due to derailed wheel loads in adjacent spans shall not
be allowed.

9.2.4.2 Horizontal

Aerial guideways and guideways supported on embankments more than 4 feet above the
surrounding grade shall be provided with restraining rails on the inside running rail on all curves
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on a radius of less than 500 feet. In addition, a concrete curb a minimum of 8 inches high shall
be provided at the outside edge of the guideway or embankment that is above and composite
with the structure supporting the guideway and structurally capable of sustaining the DR
prescribed in the paragraph below.

For guideway cross-sections having a clearance between the vehicles and the barrier walls of
between 6 inches and 2 feet 6 inches, with LMV speed of 55 mph or greater, the force due to
horizontal DR shall be taken as 40 percent of a single fully loaded vehicle acting 2 feet above
the top of rail and normal to the barrier wall for a distance of 10 feet along the wall (See
Figure 9-5). For guideway cross-sections having a clearance between vehicles and adjacent
obstructions of greater than 3 feet 0 inches, the centerline of the trackway shall be located so
that the face of an 8-inch curb can be provided with a minimum of 3 feet 0 inches from the face
of the obstruction and capable of sustaining the DR prescribed in the above paragraph (See
Figure 9-5).

Figure 9-5. Lateral Force Distribution for Horizontal DR Load
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9.25 Earthquake Loads (EQ)

A. All aerial structures and bridges shall be designed to resist earthquake motions in
accordance with the HDOT Code and AASHTO Seismic Guide Specs. In some cases,
aerial structures with bridges may be under jurisdictions other than RTD and design
criteria specified elsewhere.

B. Earth retaining structures shall be designed to resist lateral earth pressure induced by
earthquakes as recommended by the project geotechnical engineer see Section 9.6.1.

C. All other structures shall be designed to resist earthquake motions in accordance with
applicable building codes.

9.2.6 Dynamic Load Allowance (IMV, IMH)

Dynamic load allowance is the statically equivalent dynamic effect resulting from vertical and
horizontal acceleration of the LL given as a percent of LL.
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9.2.7

Dynamic load allowance considerations for aerial structures supporting rail transit
loading shall be as follows:

1. Dynamic load allowance shall be used for the design of the superstructure and
generally to those members of the structure that extend down to the main
footings as well as the portion above the ground line of concrete or steel piles
rigidly connected to the superstructure. Dynamic load allowance shall not be
used for abutments, retaining walls, wall-type piers, embedded piles, footings,
and service walks. Dynamic load allowance shall not be applied to the
maintenance car (HP).

2. Vertical dynamic load allowance (IMV) for aerial structures shall be 33 percent
of LL.
3. In addition to IMV provided above, a horizontal dynamic load allowance (IMH)

equal to 10 percent of LL shall be applied. This force shall be equally
distributed to the individual axles of the vehicle and shall be assumed to act in
either direction transverse to the track through a point at 3.5 feet above the top
of the low rail. The horizontal force component transmitted to the rails and
supporting structure by an axle shall be concentrated at the rail having direct
wheel flange to rail head contact. When IMH acts simultaneously with CE, only
the larger of the two forces needs to be considered.

Design of the top slab of utility vaults and other underground structures supporting
highway loading shall conform to the following:

IM =33(1.0 - 0.125D,) > 0%
where: D = Minimum depth of earth cover above the structure (feet)

The depth of cover shall be measured from the highest top of ground or paving to the
top of the underground structure.

Structures supporting special vehicles, such as moving equipment or other dynamic
loadings that cause significant impact, shall conform to the local building code or, if not
covered by code, shall be considered individually using the best technical information
available.

Centrifugal Force (CE)

Structures on curves shall be designed for a horizontal radial force (CE) equal to the following
percentage of the LL, without Dynamic Load Allowance, in all trackways:

CE=f(V)?/gR

where: g = 32.2 feet/second?

vV = design speed (feet/second)

f = 4/3 for load combination other than fatigue and 1.0 for
fatigue

R = the radius of the curve of the track centerline (feet)-
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The centrifugal force shall be applied 4 feet above the top of low rail on all tracks.
9.2.8 Longitudinal Force (LF)
9.2.8.1 Forces due to Acceleration and Deceleration

Provision shall be made for LF due to the train acceleration and deceleration. The magnitude of
LF shall be computed as follows:

A. For decelerating trains, LF shall be equal to 28 percent of LL without dynamic load
allowance.

B. For accelerating trains, LF shall be equal to 14 percent of LL without dynamic load
allowance.

This force shall be applied to the rails and supporting structure as a uniformly distributed load
over the length of the train in a horizontal plane at the top of the low rail. Consideration shall be
given to various combinations of acceleration and deceleration forces where more than one
track is carried by the structure.

9.2.8.2 Forces due to Restraint of Continuous Welded Rail

Wherever a continuous welded rail (CWR) is terminated, provision shall be made to fully restrain
its end. This restraint shall be assumed to introduce an LF in the end of each rail of
165,000 pounds based on 85°F temperature change. Unless aerial structures and direct fixation
bridges are designed to resist this force, CWR shall not be terminated thereon. See Trackwork
Standard Drawings.

Termination, as used in the above paragraph, means absolute termination. The placement of a
turnout or crossover between ends of CWR does not necessarily result in absolute termination
of the rail; the CWR is not considered to be terminated if some means is provided, through the
turnout or crossover, to transmit the above force from the end of one rail to the end of the other.
The rail shall extend beyond the aerial or bridge structure such that a minimum of 100 rail
fasteners, adjacent to each other, are engaged in the continuous at-grade or underground
portions of the track.

9.2.8.3 Forces due to Rail Bumping Posts

A rail-mounted vehicle retarding device in the form of bumper posts shall be used on stub-end
tracks located in yards, on main lines, or on sidings.

The transfer of loads due to collision between any number of rail transit cars, traveling at the
design speed and any structure-mounted rail bumping post shall be limited to 200 kilo pounds
(kips), including impact. The bumping post shall be attached only to the rail it protects and shall
transfer load to the structure only through rail seat assemblies. The structure will be designed
for the loads transmitted through the rail seat assemblies for only one bumping post being
activated at one time.

To further protect the structure, the bumping post shall be designed with mountings so that
excess loads will cause the bumper to slide over a safe distance. As an alternative to a frangible
mounting, the design shall preclude any device that would cause the transferred loads to
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exceed 200 kips. For structural design, the bumping post load shall be evenly divided between
the two rails it is attached to. Structures shall be designed to resist the lesser of 200 kips or the
total available restraint provided by the rail seat assemblies on the structure supporting the rails
and the bumping post in question.

9.2.9 Earth Pressures (EH, EV, LS)
A. Earth pressures shall be as specified in AASHTO LRFD Section 3.11

B. Surcharge loads values shall not be less than those specified in AASHTO LRFD
Section 3.11.6.

1. Rail transit loading shall be based on actual axial loads, including impact factor,
and car spacing.

2. Vehicle [non-rail transit] loading shall be in accordance with AASHTO LRFD
Section 3.11.6.

3. LL and DL from adjacent foundations of structures within the zone of influence
shall be considered in computing horizontal pressures on new or existing
structures. The zone of influence is defined as being a line projected downward
at a slope of 1H:1V from the outside edges around the entire perimeter.

4, The lateral earth pressures to be used in design of structures either fully or
partially embedded in “rock” shall be per the recommendations of the project
geotechnical engineer as defined in the geotechnical section herein.

9.2.10 Water Load, Stream Pressure, Buoyancy, Scour (WA)

Design ground water level shall be in accordance with recommendation from the project
geotechnical engineer and geotechnical data obtained from subsurface data. In addition, design
surface water level, if any, shall be in accordance with site/area-specific hydraulics report. The
effects of hydrostatic pressure and buoyancy shall be considered whenever groundwater is
present or may be present at a future date. The possibility of future major changes in
groundwater elevation shall be considered. The total weight of structure and backfill shall
always exceed the calculated uplift due to buoyancy by not less than 10 percent. The design
shall take into account the effect of hydrostatic pressures pertaining to construction sequence.
The backfill shall be considered as the volume contained within vertical planes defined by the
outside limits of the structure. Soil shear resistance on the sides of the structure and vertical
planes defining outside limits of the structure shall not be included in resistance to buoyancy
calculation.

Local flooding may add to loading on structures within the flood plain. Anticipated flood
elevations shall be determined by a study of official flood records. The consequences of
changes in foundation conditions resulting from the “check flood” for bridge scour and “design
flood” for scour shall be considered. Water load shall be included in the design of aerial
structures where applicable. All piers and other portions of structures that are subject to flood
forces shall be designed in accordance with the requirements outlined in AASHTO LRFD and
HDOT Code.
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Guideways that cross over flood control channels and rivers shall meet requirements of the City
and County Flood Control Districts and the Corps of Engineers.

9.2.11 Wind Load on Structure (WS)

The aerial structures shall be designed to withstand wind loads of uniform pressure acting upon
the superstructure, substructure, and live load (see the wind load on live load section below).

9.2.11.1 Wind Load on Superstructure

A horizontal uniform wind load of the intensities given by AASHTO LRFD shall be applied
simultaneously at the centroid of all exposed areas.

9.2.11.2 Wind Load on Substructure

The substructure shall be designed to withstand the preceding loads applied to the
superstructure as they are transmitted to the substructure. In addition, a horizontal wind load of
magnitude specified in AASHTO LRFD in any direction shall be applied simultaneously at the
centroid of the exposed projected substructure area.

9.2.12 Wind Load on Live Load (WL)

A. For trains operating on aerial structures with the underside of the main girders not
more than 40 feet above the mean retarding surface, WL shall consist of a transverse
wind load of 115 plf of train and a longitudinal wind load of 28 plf of train. These loads
shall be applied simultaneously. The transverse force shall be applied to the rail and
superstructure as loads concentrated at the axle locations and in plane 6 feet 4 inches
above the top of the lower rail. The longitudinal force shall be applied to the rails and
superstructure as a load uniformly distributed over the length of the train in a horizontal
plane 6 feet 4 inches above the top of the lower rail.

B. For higher aerial structures, the values of WL in the transverse and longitudinal
directions shall be as follows:

H = 41 feet to 60 feet

where: Transverse wind pressure = 126 plf
Longitudinal wind pressure = 31 plf

H =61 feet to 100 feet

where: Transverse wind pressure = 130 plf
Longitudinal wind pressure = 34 plf

Where H is measured from the mean retarding surface to the underside of the main
girder.

These loads apply to the design of substructure elements supporting a single track.
For the design of substructure elements supporting two tracks, these loads shall be
increased by 30 percent when both tracks are loaded; this factor accounts fully for
shielding effect of vehicle-on-vehicle as the two trains run alongside each other.
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9.2.13 Force Effects due to Temperature Gradient (TG)

Temperature gradient shall be considered, if applicable. Internal stresses and structural
deformations due to both positive and negative temperature gradients may be determined in
accordance with the provision of AASHTO LRFD Section 3.12.3.

9.2.14 Force Effects due to Shrinkage and Creep (SH, CR)

Stresses and movements resulting from concrete shrinkage and creep shall be incorporated into
the design of the structures in accordance with AASHTO LRFD. Refer to NFPA 130, CEB-FIP
1990, for creep and shrinkage coefficients.

9.2.15 Force Effects due to Uniform Temperature (TU, TTR, TLR)

A. Provision shall be made for stresses and deformations resulting from temperature
ranges as follows.

1. Concrete
a. Temperature range = Tmaxpesign = T mindesign = 60°F (see HDOT Code)
b. Coefficient of expansion .0000060 inch/inch/°F
2. Steel
a. Temperature range = Tmaxpesign = T mindesign = 7 9°F (See AASHTO LRFD)
b. Coefficient of expansion .0000065 inch/inch/°F
3. Direct Fixation Track
a. Controlled setting temperature
b. 80°F minimum
C. 95°F maximum
d. Temperature rise 34°F maximum
e. Temperature fall 43°F maximum
f. Coefficient of expansion 0.0000065 inch/inch/°F

The temperature ranges specified above are based on a range of ambient air
temperature of 52°F (minimum) to 94°F (maximum). The CWR is assumed to achieve
a minimum temperature of the ambient air temperature and a maximum temperature of
20°F above the ambient air temperature.

B. For direct fixation track, provision shall be made for transverse and longitudinal forces
due to temperature variations in the rail. These forces shall be applied in a horizontal
plane at the top of the low rail as follows:
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1. Transverse Force (TTR): The transverse force per linear foot of structure per
rail shall be determined by the following formula:

T =151 Kips/R
where: R = radius of curvature in feet

2. Longitudinal Force (TLR): The longitudinal force per structure per rail shall be
determined by the smallest of 200 kips or by the following formula:

T=065xPxL

where: P = longitudinal restraint force of rail per linear foot
L = average length of adjacent structures (feet)

9.2.16 Rail Fracture (RF)

The final design of structures shall consider the possibility of any one CWR
breaking under a tensile load of 200 kips. The break will be restrained by a
longitudinal restraint force in the range of 1,600 pounds to 2,200 pounds per
rail seat assembly. The structures will be designed for the possibility of only
one rail break at one time.

Structures shall be designed to resist the lesser of 200 kips from the rail break
or the total available restraint available from the rail seat assemblies on the
structure for that rail. Rail seat assemblies will be spaced typically at 30 inches
on-center except at bonded rail joints and at special trackwork.

At special trackwork locations, design details for anchoring rails using the same
type of rail fasteners as the typical structures shall be provided.

9.2.17 Force Effects due to Settlement (SE)

Load(s) induced on the structures by differential settlement shall be considered in the loading
combination. Consider this load similar to shrinkage and thermal forces or in the section on
settlement and deflection below. Requirements for allowable differential settlements are
prescribed in the geotechnical section below.

9.2.18 Vehicular Collision Loads (CT)

Piers or other support elements for elevated guideways or roadways which have less than
30 feet clearance from the edge of travel way of an adjacent roadway, or less than 50 feet from
the centerline of a railway track, shall be designed to withstand a horizontal static force of
400 kips, unless protected with suitable barriers. This force is assumed to act in any direction in
a horizontal plane at a height of 4 feet above ground level. This condition occurs with the dead
load of the structure but need not be applied concurrently with other applied loadings.
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9.2.19

Design Specifications

Use the AASHTO LRFD method for the design of all structural components and connections.
Each component and connection shall satisfy each of the following limit states, unless noted

otherwise:

9.2.19.1 Service limit state

A. Service |: Load Combination relating to operational use of the guideway with
operational wind.

B. Service Il: Load Combination intended to control yielding of steel structures and slip of
slip-critical connections due to live load.

C. Service lll: Load Combination for longitudinal analysis relating to tension in
prestressed concrete structures with the objective of crack control and to principal
tension in the webs of segmental concrete girders.

D. Service IV: Load Combination relating only to tension in prestressed concrete
substructures with the objective of crack control.

E. Service V: Load Combination relating to non-operational use of the guideway with high
velocity wind.

F. Service VI: Load Combination relating to only to control uplift and concrete tension
during derailment.

G. Service VII: Load Combination relating only to segmental bridges, with no live loads
and full temperature gradient.

9.2.19.2 Fatigue and fracture limit state

A. Fatigue |: Fatigue and fracture load combination relating to repetitive live load and
dynamic response.

9.2.19.3 Strength limit state

A. Strength I: Load Combination relating to operational use of the guideway without wind.

B. Strength 1l: Load Combination relating to use of Owner-specified permit vehicles
without wind.

C. Strength Ill: Load Combination relating to non-operational use of the guideway with
high velocity wind.

D. Strength IV: Load Combination relating very high dead load to live load force effect
ratios.

E. Strength V: Load Combination relating to operational use of the guideway with
operational wind.
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F. Strength VI: Load Combination relating to operational use of the guideway with
emergency braking.

9.2.19.4 Extreme event limit state

A. Extreme Event |: Load Combination relating to operational use of guideway during a
seismic event for connection of superstructure to substructure and substructure to
foundation only.

B. Extreme Event II: Load Combination relating to operational use of guideway during a
vessel or truck collision. (Vessel and truck collision are considered to be separate
events and should not be applied simultaneously).

C. Extreme Event Illl: Load Combination relating to operational use of the guideway
during a derailment.

D. Extreme Event IV: Load Combination relating to a rail fracture.
E. Extreme Event V: Load Combination relating to superflood (500 year) scour event.

Limit states are defined herein to establish a set of performance criteria that shall be met for
given loading conditions. These loading conditions combine various loads which can occur
simultaneously during operational and non-operational service.

9.2.20 Application of Loadings

Where applicable, use loads and forces listed above for the design of rail transit aerial
structures. Rail transit vehicle live loads, buoyancy, wind loads and other variable loads shall be
reduced or eliminated to create the maximum force effect on the structure. When all or a portion
of deck width is dedicated exclusively to rail transit, apply only the rail transit loads to that width.

9.2.21 Multiple Presence Factor

For structures carrying rail transit loads, tracks shall be treated as a traffic lane in applying the
provisions of AASHTO LRFD, except the multiple presence factor for the first two loaded tracks
shall be 1.0 and for three or more loaded tracks shall be 0.85.

9.2.22 Special Design Considerations
9.2.22.1 Vibration

A moving vehicle exerts a dynamic effect on the guideway resulting from a highly complex
interaction of the vehicle suspension system, vehicle speed, and roughness of the riding surface
with the guideway. In order to avoid resonance and provide passenger comfort, the dynamic
interaction between the vehicles and the guideway structure shall be performed.

To limit vibration amplification due to the dynamic interaction between the superstructure and
the rail car(s), the first-mode natural frequency of flexural vibration of each simple span
guideway should generally be not less than 2.5 hertz.

Special analysis shall be performed for any bridge or for superstructures having a first mode of
vertical vibration less than 2.5 hertz. To assure passenger comfort, the vehicle amplitude of the
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vehicle — structure dynamic response must be limited to 0.05 g, where g is the acceleration of
gravity.

This special analysis shall model the proposed structure and the transit vehicle. The analysis
shall contain a sufficient number of degrees of freedom to allow modeling of the structure,
vehicle truck spacing, vehicle primary suspension, vehicle secondary suspension, and the car
body. It shall make provision for the placement of the vehicle on the structure in various
locations to model the passage of the transit vehicle. When the exact configuration of either the
vehicle or the structure is not known, the analysis shall assume a reasonable range of
parameters and shall model combinations of those parameters as deemed appropriate.

The analysis shall determine whether vertical dynamic load allowance loads in excess of
33 percent of LL are required for the design of the structure.

Thermal force interaction between the structural components and the trackwork system shall be
considered, as specified in the section on force effects due to uniform temperature above.

9.2.22.2 Fatigue

The effect of stress level changes caused by passage of rail trains over structures shall be
considered using 3 million cycles of maximum stress over the life of the structure to estimate the
number of repetitive maximum stress cycles.

9.2.22.3 Uplift

There should be no uplift at any support for any combination of service loading. See the section
on loading combinations herein.

9.2.22.4 Friction
Friction shall be considered in the design where applicable.
9.2.22.5 Sound Barriers

Sound barriers, both presence and absence, shall be considered in the evaluation of vibration
and deflection limits.

9.2.22.6 Bearings
AASHTO LRFD shall be used for design of bearings.
9.2.22.7 Camber and Deflections for Aerial Guideway Structures

As a guide in design, the total long-term predicted camber growth, less deflection due to full
dead load, shall be limited to 1/2000 of the span length for non-ballasted, prestressed concrete
aerial structures, unless approved otherwise by RTD.

To ensure rider comfort, the deflection of longitudinal girders under normal live load plus
dynamic load allowance shall not exceed 1/1000 of the span length. For main cantilever girders,
the deflection under normal live load with dynamic load allowance shall not exceed 1/375 of the
cantilever span.
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The differential deflection of the slab at the centerline of the two rails of the same track, due to
girder and slab deformations, shall not exceed 1/5000 of the span length.

9.2.22.8 Longitudinal Tension Stresses in Prestressed Members

HDOT Code shall be used for allowable longitudinal tension stresses. Tension stresses are not
allowed in pre-compressed tensile zones after all losses have occurred.

9.2.22.9 Structure Deformations and Settlements

The control of deformations through proper geotechnical and structural design is of paramount
importance in obtaining acceptable ride quality for the transit vehicles and passengers. Consider
all structure deformations, including foundation settlement, not only for the effects on structural
behavior but also for their effect on trackwork. As a minimum, guideway piers and abutments
settlement as measured at the top of concrete of the finished guideway girder deck shall be
limited as prescribed in Section 9.6.6, Settlement and Deflection.

9.2.22.10 Additional Requirements for Segmental Guideway Construction

A. Shear and torsion design to conform to AASHTO LRFD Section 5.8.6.
B. Principal tensile stresses in webs to conform to AASHTO LRFD Section 5.8.5.
C. If hollow precast columns are used, the columns shall have access opening for future

inspection. The columns shall have a solid section minimum 5 feet above finished
grade or 12 feet above high water level. Vertical Post-tensioning is not allowed in the
solid sections.

D. Dry joints not allowed in the superstructure and substructure precast elements with
match cast joints.

E. Box girders shall be transversely post-tensioned. No transverse pre-tensioning is
allowed.

9.2.22.11 Crack Control

The design of prestressed concrete aerial structures shall consider the effect of temporary loads
imposed by sequence of construction stages, forming, falsework, and construction equipment,
as well as the stresses created by lifting or placing pre-cast members, stress concentration
(non-uniform bearing at the ends of pre-cast beams), end block design and detailing, methods
of erection, shrinkage, and curing. Ensure that the structural design of all pre-stressed or
reinforced concrete members is adequate and clear and that specifications are prepared which
are compatible with the design so that objectionable cracking does not occur in erection or
service.

9.2.23 LOADING COMBINATIONS

The following groups (Table 9-2) represent various combinations of loads and forces to which a
structure may be subjected. Each structural component shall be designed for the appropriate
load combination limit states and load factors as specified in AASHTO LRFD. Additionally, for
segmentally constructed bridges, consider load combination in AASHTO LRFD equation 3.4.1-2
for service limit state (Service VIl in Table 9.2).
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9.2.24 LOAD DISTRIBUTION

Distribute live loads in accordance with provisions of AASHTO LRFD, except as noted herein.
Modify AASHTO LRFD by the following additions:

9.2.24.1 Ballasted Track

Axle loads may be assumed as uniformly distributed longitudinally over a length of 3 feet, plus
the depth of ballast under the tie, plus twice the effective depth of slab, except as limited by axle
spacing.

Table 9-2. Load Combination and Load Factors

Pe[?:dn:nt Transient Loads V0||:J ?T?gt? i?é?\;%ge Exceptional Loads

DC

DD

DW

EH LL

EV IMV

ES IMH

EL CE
Load PS LF TU*
Combination CR PL TTR**
Limit State SH | SE ] LS |[WA| WS | WL]| FR TLR™ | TG EQ | CT | CV | DR | RF
Strength | ¥ | 1.00 170 ]1.00| - - | 1.00 | 0.5/1.20 - - - - - -
Strength lI v | 1.00 | 1.40 |1.00| - - | 1.00 | 0.5/1.20 - - - - - -
Strength llI yp | 1.00 - |1.00/140| - |1.00 | 0.5/1.20 - - - - - -
Strength IV Yo - - |1.00| - - | 1.00| 0.5/1.20 - - - - - -
Strength V v | 1.00 | 1.40 |1.00|0.40[1.40] 1.00 | 0.5/1.20 - - - - - -
Strength VI v, | 1.00 | 1.40 |1.00| - - ] 1.00 | 0.5/1.20 - - - -
Extreme Event | Yo - 1.0 [1.00] - - 11.00 - - 1110 - - - -
Extreme Event Il Yo - 1.0 [1.00] - - 11.00 - - - (110110 - -
Extreme Event ll| Yo - 1.0 [1.00] - - 11.00 - - - - - [130] -
Extreme Event IV v | 1.00 - - - - 1 1.00 | 0.5/1.20 - - - - - 11.30
Extreme Event V Yo - 1.0 [1.00] - - | 1.00 - - - - - - -
Service | 1.00 | 1.00 ] 1.00 [1.00| 0.30 [1.00] 1.00 | 1.00/1.20 | y1c | - - - - -
Service |l 1.00 - 1130 (1.00] - - 11.001.00/1.20 | - - - - - -
Service llI 1.00 | 1.00 | 0.80 [1.00| - - 1 1.00 | 1.00/1.20 | y1¢ | - - - - -
Service IV 1.00 | 1.00 - [1.00/070| - |1.00|1.00/1.20 | - - - - - -
Service V 1.00 | 1.00 - |1.00{1.00] - ]1.00]1.001.20 | yra | - - - - -
Service VI 1.00 | 1.00 ] 1.00 |1.00| - - ] 1.00|1.001.20 | yr6 | - - - |[1.00] -
Service VII 1.00 - - |1.00| - - - - yio | - - - - -
Fatigue - - 100 - - - - - - - - - - -

*  Live load from Light Metro Vehicle (LMV)—loaded only on one track.

**  Larger value shall be used for deformations and the smaller value for all other effects.

*** Fatigue Load Combination shall include LL, IMV, IMH & CE only.

Yo Values, See AASHTO LRFD Table 3.4.1-2, Load Factors for Permanent Loads, except as noted herein.

Yo Values for PS, CR and SH; see AASHTO LRFD Table 3.4.1-3, Load Factors for Permanent Loads Due to
Superimposed Deformations.

Yo Value for EL shall equal the value for DC.

yre Value for Service |, lll, V & VI shall be 0.5, value for Service VIl shall be 1.0.
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Wheel loads may be assumed to have uniform lateral distribution over a width equal to the
length of the tie plus the depth of ballast under the tie, except as limited by the proximity of
adjacent tracks or the extent of the structure.

9.2.24.2 Direct Fixation Track

Where wheel loads are transmitted to the deck slab through rail mountings placed directly on
the slab, the wheel load shall be assumed as uniformly distributed over a length of 3 feet along
the rail. This load may be distributed transversely (normal to the rail and centered on the rail) by
the width of the rail fastener pad plus twice the depth of the deck and track concrete.

For derailment loads where the vehicle wheels bear directly on the slab, the wheel loads shall
be assumed to be distributed over 3 feet of the slab in a direction perpendicular to the main
reinforcement.

9.3 SURFACE STATIONS AND BUILDINGS

Surface stations are defined as those stations with platforms constructed at or below adjacent
finished grade (at-grade stations). Design the following structures and buildings (but not limited
to the following) included in the Project in accordance with the Building Code when the
structures do not participate in the loads carried by the aerial guideway girders.

A. All building framing and components for surface stations, excluding aerial station
platforms, mezzanines, and aerial pedestrian access/ramps

B. Maintenance facilities
C. Ancillary facilities
1. New building(s) by private developers representing commercial interests or

other public agencies that are planning pedestrian entrance access to RTD
facilities must have their designs reviewed and accepted by RTD. It is the
general policy of RTD to review designs on a case-by-case basis. This includes
not only plans for physical attachment but also all new construction within the
influence zone of the existing RTD facilities.

2. Foundation and soils investigations and reporting requirements shall be in
accordance with Section 1802 of the Building Code, except as modified herein.

3. Temporary support of project facilities during the adjacent excavation for new
buildings will be such that at any level, the project facilities lateral displacement
shall not exceed 0.001 times its overall height above the bottom of the base
slab, but not to exceed 1/2 inches without Engineer’s prior approval. Unless
otherwise approved by RTD in advanced and in writing, the lateral forces used
for the design of temporary excavation support shall consider both the static
and dynamic loads for which the project facility was designed. Temporary
support shall not endanger the safety of any persons or cause damage to any
property and shall conform to HDOT Standard Specifications Section 107.12.

4, Areas of new buildings adjacent to project facilities where the public has
access or that cannot be guaranteed as a secure area, such as parking
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garages and commercial storage and warehousing, shall be treated as areas of
potential explosion. NFPA 130, Standard for Fixed Guideway Transit Systems,
life safety separation criteria shall be applied that assumes such spaces
contain Class-lI flammable or Class-Il or Class-lll combustible liquids. For
structural and other considerations, separation and isolation for blast shall be
treated the same as for seismic, and the more restrictive shall be applied.

5. Parapets

Where parapets are used, they shall be designed to withstand dead load, wind
load, force due to thermal expansion and contraction, shrinkage force, and
earthquake forces equal to the full dead load of the parapet acting at the center
of mass of the component parts.

6. Elevators
Surface structures shall be designed for the loads described below:
a. Dead load of structure
b. Live load of 100 plf applied at the free edges of the frame
c. Wind load of 40 psf on windward side

d. For traction type elevators, the surface structure shall be designed to
support elevator beams. The end reaction of the elevator beams shall be
18,000 pounds minimum. The location of the elevator beams varies with
the type of elevator and its relative machine room location. The Designer
shall coordinate with elevator manufacturers regarding elevator beam
locations.

D. Escalators

The support elements shall be designed for the end reactions from the escalators. The
end reactions shall be provided to the Designer by RTD.

E. Elevators, Escalators, and Passenger Conveyors

Structures supporting elevators, escalators, or passenger conveyors shall be designed
for the maximum reactions from any of the manufactured units considered for use in
the system.

F. Stairs

Stairways shall be designed for a uniform LL of 100 psf or a concentrated load of
300 pounds on the center of stair treads, whichever is critical. Impact shall not be
considered for stairways.

G. Storage Space and Machinery Rooms

Electrical equipment rooms, pump rooms, service rooms, storage space, and
machinery rooms shall be designed for uniform LL of 250 psf, to be increased if
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9.4

storage or machinery loads so dictate. Fan rooms and battery rooms shall be designed
for uniform loads of 350 psf.

Railings

Railings in station platforms, mezzanines and service walkways shall be designed in
accordance with the Building Code.

Gratings

1. Gratings in areas that are subject to loading from vehicles shall be designed to
carry HL-93 loading in accordance with AASHTO LRFD. Gratings in sidewalks
and in areas protected from vehicular traffic shall be designed for a uniform LL

of 300 psf.

2. Pedestrian assembly areas and platforms shall be designed for a Uniform LL of
125 psf.

3. Service and emergency walks shall be designed for a uniform LL of 85 psf of

walkway area.
Seismic Design of Buildings

Building framing and components shall be designed to resist earthquake motions in
accordance with the applicable codes of the Building Code. Seismic parameters shall
be as prescribed by the Code or site-specific recommendations in the RTD
Geotechnical Engineering Report.

AERIAL STATION PLATFORMS AND PEDESTRIAN BRIDGES

The following structures (but not limited to the following) included in the Project shall be
designed in accordance with AASHTO LRFD, AASHTO Seismic Guide Specs, and HDOT Code
when the structure participates in loads carried by the rail guideway girders, or in accordance
with the Building Code when it does not.

A. Aerial station platforms

B. Pedestrian bridges and ramps/access

C. Mezzanines

9.4.2 Pedestrian Area Live Load
Pedestrian ramps, pedestrian bridges, mezzanines, and other pedestrian areas shall
be designed for a uniform LL of 100 psf. Station platform areas shall be designed for a
uniform LL of 125 psf. Pedestrian loads shall not be subject to a dynamic load
allowance.

9.4.3 Vibration Criteria for Structures Supporting Pedestrian Traffic Only
To avoid the possibility of resonant vibrations induced by pedestrian traffic, the natural
frequency of the unloaded structure shall be not less than 3.0 hertz. To avoid
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vibrations that might be objectionable to patrons, the calculated live load deflection, in
inches, shall be limited to 1/500 of the span length.

944 Seismic Design

Station platforms, pedestrian ramps, pedestrian bridges, and mezzanines shall be

designed to resist earthquake motions in accordance with the applicable Building Code

or AASHTO LRFD, whichever is stricter... Seismic parameters shall be as prescribed
by the above or site-specific parameters provided by the project geotechnical
engineer.

9.5 MATERIAL DESIGN REQUIREMENTS AND CRITERIA

9.5.1 Reinforced and Prestressed Concrete Design

A. Minimum material properties: For all above ground reinforced concrete cast-in place
structures, including columns, cap beams, and superstructure for aerial structures and
bridges, columns, beams, slabs, and walls for the buildings: f'c = 4000 psi minimum.

B. Cast in place drilled shaft foundations.:

1. Unconfined compressive strength (f'c):

a. Strength in accordance with the requirements of Standard Specification
31 63 30 — Drilled Concrete Shaft Foundations.

b. Any request for extending beyond the 28 days specified for
determination of f'c shall be subject to City approval before finalization of
mix design.

2. Mix design shall account for construction method, reinforcement clear space
openings, and estimated time of placement.

3. Maximum 3/8-inch aggregate shall be used and rebar minimum clear spacing
5inches unless it is demonstrated that drilled shaft reinforcing cage clear
space opening of at least 10 times the maximum size aggregate is maintained.

4, No accelerants shall be permitted.

5. Temperature monitoring of one or more trial shafts using the proposed
concrete mix shall be performed at three elevations within each trial shaft to
establish the heat of hydration development vertical and radial profiles and
show conformance with Specification Section 03 70 00 — Mass Concrete. One
Temperature sensors group shall be located within the upper third but not more
than 20 feet from the top; the remaining two temperature monitoring elevations
shall be at approximate top and bottom of the middle third as measured along
the length of the completed test shaft. A minimum of three sensors are required
at each elevation: one in the center and two on opposite sides of the reinforcing
cage. For purposes of temperature monitoring, the shaft diameter groupings
shall be:
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a. 5 feet to 8 feet,

b. 8 feet to 10 feet, inclusive

C. Greater than 10 feet or up to 14 feet, inclusive
d. Greater than 14 feet

The data acquisition system shall be capable of acquiring, storing, printing, and
downloading [archiving] data to a computer for evaluation and documentation.

6. Type-IV or Type-ll (moderate heat) cement may be used in lieu of temperature
monitoring if cement content is less than 650 Ib/yd®.

7. Supplementary cementitious materials if used shall be fly ash and natural
pozzolan, excepting Class-C fly ash, which is prohibited.

8. Once a mix design has been approved, it shall not be changed without
substantiation as described above.

C. For prestressed concrete: fc = 6000 psi minimum.

D. For all building foundations, floor slabs, pits, and other miscellaneous foundations at
yards and shops; miscellaneous foundations other than those specified; and station
platform foundations: fc = 3000 psi minimum.

E. In certain cases, strengths of concrete other than those specified above might be
required. These cases will be as recommended by the Designer and accepted by
RTD.

F. Reinforcing steel: Bar reinforcement shall conform to AASHTO M 31 for billet-steel

bars or ASTM A706 for low-alloy steel bars and the following minimum requirements:
1. Bars shall be deformed type.

2. Bars shall be Grade 40 or, for ASTM A615/A706 bars or when specified for
AASHTO M 31 bars, Grade 60.

G. Prestressing steel: Stress relieved steel strand ASTM A416 (AASHTO M 203) (low
relaxation), high strength steel bar ASTM A722 (AASHTO M 275).

H. Deviations from the AASHTO LRFD Bridge Design Specifications:
1. Since the deck will not be subjected to direct traffic, deck rebar shall have a

minimum concrete cover of 2 inches in lieu of the 2.5 inch cover specified in
section 5.12.3 of the AASHTO LRFD Bridge Design Specifications.

2. A modulus of rupture of 0.24V f. shall be used in lieu of the 0.37 f. modulus
specified in section 5.4.2.6 of the AASHTO LRFD Bridge Design Specifications.
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9.5.2

mo o w »

9.6

9.6.1

Structural Steel Design

Structural steel channels, angles, MC shapes: ASTM A36 or ASTM A50.
Structural steel W shapes for building frame: ASTM A992.

Structural steel tube: ASTM A500 Gr B.

Structural steel pipe: ASTM A53 Gr B.

For uses requiring higher steel strengths or where economically justifiable: ASTM
A242, Ad441, A514, A572, A588.

Structural steel and composite steel-concrete flexural members for aerial structures
shall conform to the requirements of AASHTO LRFD.

The requirements governing LL deflections and structure deformations and
settlements as outlined for reinforced and prestressed concrete design also apply to
structural steel design.

Bolts: ASTM A325, unless otherwise shown.

Refer to AISC Manual of Steel Construction, Load and Resistance and Factor Design,
Third Edition, Specification for Structural Joints Using ASTM A325 or A490 Bolts for
use of bolts in snug-tightened, pretensioned, and slip critical joint applications.

Shop connections as detailed by the Designer shall be welded unless otherwise
directed by RTD. Weld in accordance with the current code or specifications of the
AWS, as applicable.

GEOTECHNICAL

Definitions
Project geotechnical engineer is defined herein by procurement method.

1. Design-build (D-B): Design-builder's engineer of record’s lead geotechnical
engineer who shall be a licensed professional engineer (civil or structural) as
defined by the State of Hawaii Department of Commerce and Consumer Affairs
(DCCA) and who shall be in responsible charge of all geotechnical work and
who shall affix his stamp and seal on all project geotechnical reports. Reports
shall be subject to RTD review and acceptance.

2. Design-bid-build (D-B-B): Lead geotechnical engineer who shall be a licensed
professional engineer (civil or structural) as defined by DCCA and who shall
affix his stamp and seal on all project geotechnical reports and
recommendations prepared for RTD either directly or indirectly as an employee
of the engineer of record or as a subconsultant to the engineer of record.
Reports and recommendations shall be subject to RTD review and approval.

3. Lead geotechnical engineer for aerial guideway foundations shall have at least
ten years experience in design of foundations for bridges or aerial guideways of
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similar size, type, and loading: ; and for at-grade facilities shall have at least ten
years experience and not less than five years local experience, in foundations
engineering and earthworks.

Site is defined per AASHTO LRFD Section 10.5.5.2.3: “A site shall be defined as a
project site, or portion of it, where the subsurface conditions can be characterized as
geologically similar in terms of subsurface stratification, i.e., sequence, thickness, and
geologic history of strata, the engineering properties of the strata and the groundwater
conditions.” For aerial guideway foundations, this definition is modified herein to read,
“...not exceeding 5,000 feet in total length.”

Dry Construction for drilled shafts is defined herein as the excavation condition and
concrete placement method wherein the bottom of shaft may be visually inspected
prior to placement of concrete and where water depth at the bottom of the shaft is not
more than 3 inches at the start of concrete placement and where water accumulation
in the bottom of the shaft is not greater than 12 inches per hour when no water
pumping is permitted.

Wet Construction for drilled shafts is defined herein as condition not qualifying as dry
construction, requiring excavation and concrete placement through water or slurry,
whether intended for excavation stabilization or result of naturally occurring
hydrogeologic conditions.

Non-redundant drilled shaft foundation is defined herein as foundations consisting of
three or fewer shafts per guideway bent or pier or those shafts deemed non-redundant
per AASHTO LRFD Section 1.3.4.

Deep foundations as used herein are defined to include drilled shafts, driven piles,
micro-piles, and other foundation types deriving their principal support from
embedment into the subsurface and where embedment depth exceeds minimum
element dimension.

Shallow foundations as used herein are generally footings for which capacity is derived
principally from its bearing at shallow depth below existing or final ground surface
adjacent to the foundation, e.g. embedment depth generally less than foundation width
or length.

Reference AASHTO LRFD Section 10.2 for additional foundations-specific definitions.

9.6.2

Geotechnical Planning Report

Within 90 days following NTP, the project geotechnical engineer shall prepare a Geotechnical
Planning Report (GPR) and submit the GPR to the RTD for review and acceptance (D-B
contract) or approval (D-B-B contract) prior to the start of field investigations.

The GPR shall define the engineering and design approach that the project geotechnical
engineer will follow to develop the necessary geotechnical information for the Project in
accordance with the requirements of these design criteria. The GPR will address all aspects of
the required geotechnical effort and foundation design and analysis, including, but not limited to,
the following:
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A. Succinct description of the structural and civil project components that the
geotechnical work scope addresses.

B. Methods proposed to execute any of the identified subsurface investigation and data
needs and develop sufficient data, including laboratory and field tests, for the analyses
per AASHTO LRFD Sections 10.4.3 and 10.4.5. Demonstrate that the investigation
meets or exceeds the requirements of the Contract.

C. Proposed methods of geotechnical analyses and construction:

1. Proposed geotechnical analyses for the identified structural and civil
components, including software to be used.

2. Proposed construction methods for drilled shaft and pile foundations.
D. Coordination with structural engineer.
E. Proposed format of geotechnical reports and topical outline.
F. Proposed deflection and settlement criteria to be used for design of deep foundations.

9.6.3 Geotechnical Investigations

Frequency of investigations shall be sufficient for the design and construction planned but not
less than minimums set forth herein. Subsurface investigations for structures governed by
AASHTO guidelines shall be conducted in accordance with AASHTO LRFD Section 10.4.2
(Subsurface Exploration) and FHWA HI-97-021 (Subsurface Investigations-Geotechnical Site
Characterization);. The frequency of investigations shall be not less than minimums set forth in
AASHTO LRFD Table 10.4.2-1 and specified herein. Furthermore, investigations for aerial
guideway foundations require a minimum of one boring for each pier or foundation as detailed
below. Subsurface investigations for buildings and other structures not governed by AASHTO
guidelines shall be conducted in accordance with the Building Code. Geotechnical
investigations completed for the Project as well as other existing geotechnical information are
made available for the project geotechnical engineer’s use. These completed investigations are
included in the Geotechnical Data Report.

City Data: Field investigation locations for deep foundations completed by the City shall be
deemed acceptable when located within 20 feet of the final deep foundation location as
measured from the center line of the foundation(s) and where foundations derive less than 25%
of their support from end bearing on or in rock, coralline, or coralline detritus formations. Where
deep foundations derive 25% or more of their support on or in rock, coralline or coralline detritus
formations, all subsurface investigation holes whether completed by the City or new, shall be
located within the footprint of each drilled shaft, or within the footprint of the foundation of other
types of deep foundations.

Additional Data: For all structures to be supported on deep foundations, at least one
geotechnical boring completed in accordance with the criteria presented herein and with the
Standard Specification 02 32 00 - Geotechnical Investigations shall be located within foundation
plan limits. Furthermore, at aerial guideway bents where multiple drilled shafts are used to
support the pier or column, geotechnical investigations shall be performed at each drilled shaft
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locations where the drilled shafts derive 25% or more of their support on or in rock, coralline, or
detritus formations.

9.6.3.1 Field Investigations

The project geotechnical engineer shall, prior to the start of any field investigations, submit a
detailed plan addressing how the planned field investigations meet the requirements of the
GPR. The locations of these investigations shall be shown on a site plan not smaller than 1 inch
equal to 100 feet for aerial guideway and not smaller than 1 inch equal to 40 feet for
appurtenant facilities and civil structures. The plan shall clearly state the types of equipment to
be used, planned completion/ penetration depths, sampling types and intervals, any down hole
testing planned, and completion details. In addition, the plan must address management of
investigation, spoil material, maintenance of traffic requirements, environmental compliance
requirement, and a time line for execution of the work, including permitting and utility
clearances. Investigation methods shall conform to the recommendations of FHWA HI-97-021
and these criteria. Handling and storage of investigation derived samples shall be in accordance
with the requirements Standard Specification Section 02 32 00 — Geotechnical Investigations.
For buildings and other structures not governed by AASHTO, the field and laboratory testing
plan may be submitted concurrent with the Geotechnical Planning Report.

9.6.3.2 Field and Laboratory Testing

The project geotechnical engineer shall, prior to the start of any field and laboratory testing,
submit a detailed plan addressing how the planned testing meets the requirements of the GPR.
Applicable testing methods and procedures shall be cited. Unless otherwise noted, all testing
standards shall be in accordance with HDOT standards. In addition, the plan shall clearly state
the name(s) and locations of the testing facility that will be used and any applicable
certifications/accreditations. Testing facility shall have current accreditation by HDOT, AASHTO
Materials Reference Laboratory (AMRL) or Navy for the specific laboratory tests to be
performed. Laboratory testing shall meet the requirements of AASHTO LRFD Section 10.4.3
and Standard Specification 02 32 00-Geotechcnical Investigations.

For buildings and other structures not governed by AASHTO, the geotechnical report may be
submitted concurrent with or combined with the Geotechnical Data Report required in 9.6.4.

9.6.4 Geotechnical Data Reports

Geotechnical reports or memoranda as detailed below, signed and sealed per the requirements
of 9.6.1 above, shall be submitted to the City for review and acceptance (D-B contract) or
approval (D-B-B contract). Reports to be based on FHWA ED-88-053 (Checklists and
Guidelines For Review of Geotechnical Reports and Preliminary Plans and Specifications).

The project geotechnical engineer shall prepare and submit to the City, report(s) documenting
the field investigations and all field and laboratory testing performed, explicitly noting the date,
project limits or specific area represented, the report’s intended purpose, and all field and
laboratory data obtained. These investigation data, together with investigation data included in
the Geotechnical Data Report, shall be the bases for the engineering analyses and geotechnical
designs.
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9.6.4.1 Interpretation, Analyses, and Recommendations

The Project Geotechnical Engineer shall prepare and submit to RTD a geotechnical report,
which shall be based on the available subsurface information, and shall include at a minimum a
discussion of the interpreted subsurface and ground water conditions, including but not limited
to:

A. How RTD-provided geotechnical information is incorporated.
B. Evaluation of geotechnical conditions encountered.
C. Site subsurface characteristics, variation thereof, and rational or bases for selected

engineering design properties. At a minimum, site characterization(s) shall include
formation, location and thickness of soil and rock units, ground water conditions
observed, including design profile, interpreted engineering properties for each soil and
rock unit encountered, recommended design parameters for design of the foundations,
and an assessment of geologic and seismic hazards. At a minimum engineering
properties and design parameters to be addressed include but not limited to:

1. Cohesion and adhesion,
skin friction,

end bearing,

lateral earth pressures,

soil or rock spring constants or horizontal modulus, and

o o k~ w b

intermediate factors.

D. Site characterizations for seismic design, including bases for seismic design
parameters if different from HDOT Code, site classification (AASHTO Seismic Guide
Spec Section 3.4.2.1 or Building Code Section 1613.5.2), response spectra, and site-
specific properties used for sites requiring site-specific evaluations under the
governing code.

E. Definition of the extent [alignment station or area] that the characteristic site ( as
defined in these criteria) represents, and variations of engineering properties, if any.

F. Areas where foundation excavation will extend below first ground water, discussion of
ground water chemistry and the potential for ground water fluctuations whether
seasonal or tidal, and artesian.

G. Discussion of how the engineering designs, design parameters, and analyses take
construction means and methods into account.

H. Discussion of recommended resistance factors for design of structure foundations in
accordance with requirements of HDOT Code and discussion of recommended factors
of safety for structures or facilities where design is governed by the Building Code.
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9.6.5 Geotechnical Designs

Project structures and improvements shall be designed so that imposed loadings do not exceed
soil resistance while limiting deflections, as applicable, to prescribed maximums. Foundations
supporting aerial guideways and transit rail retaining walls shall be designed in accordance with
the requirements of AASHTO LRFD Chapter 10 and 11, and AASHTO Seismic Guide Spec.
Foundations for buildings, retaining walls, and appurtenances not governed by these design
criteria, shall be designed in accordance with Building Code Chapter 18 (Soils and
Foundations). Presumptive load resistance values (i.e., maximum allowable bearing pressures
and lateral resistance) shall not exceed the maximum values specified. Additionally, for aerial
guideway designs a minimum of 50% of the bent locations within the specified reach or segment
shall have been investigated and reported to the City in accordance with Geotechnical
Investigations (listed above), prior to submittal of the design report required by the following
subsection.

9.6.5.1 Deep Foundations

Design of deep foundations shall be based on project-specific information developed for the
location and foundation type(s) planned. Soil and rock engineering properties shall be based on
the results of field investigations as presented in the geotechnical report required by 9.6.4.1
above; use of presumptive values will not be allowed. Auger cast piles are not acceptable for
support of aerial guideway.

Tops of deep foundations, including top of single drilled shafts or pile caps where multiple shafts
or piles are employed, shall be a minimum of 2 feet below lowest adjacent finished grade.

The upper 5 feet as measured from lowest adjacent grade shall be discounted in any axial and
lateral load analyses to account for possible future excavations around the shaft or pile group.

Statnamic or APPLE type testing shall not be substituted for the specified drilled shaft or pile
capacity testing required herein.

Axial demands must account for down drag loads.
A. Drilled Shafts

Permanent steel casing shall be provided in areas and to depths where, based upon
subsurface investigation and laboratory testing programs, the soil strength is
determined to be 600 psf or less. Where permanent steel casing is used and is relied
upon for structural capacity, it shall have a minimum wall thickness of 3/4 inch.
Additionally, the design basis of the steel section shall be reduced to account for
corrosion over the life of the structure based on actual soil and ground water
conditions but not less than 1/8 inch; in lieu of a site specific corrosion study, a
presumptive value of 1/4 inch shall be used. Steel casing shall not be considered for
structural support in extremely aggressive environments.

Drilled shafts designed with their tips founded on coralline or coralline detritus
formations shall not include end bearing capacity in the design. Drilled shafts
designed with their tips founded on or within cobbles and boulders shall not include
end bearing capacity in their design without a load test to substantiate design values.
Base grouting, in accordance with the requirements of Specification Section 31 63 30
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— Drilled Concrete Shaft Foundations, shall not be allowed without prior written
consent of the City and where allowed shall not relieve Contractor from any of the
Contract requirements.

A minimum of one method shaft shall be performed for each method of construction
proposed and each variation in subsurface and ground water conditions. Proposed
construction means and methods shall be distinguished between cased vs. uncased
excavations, rotary vs. non-rotary tools, and dry vs. wet construction. Artesian
conditions and likewise excavation with water or mineral and polymer slurry are distinct
aspects associated with wet construction.

Load tests shall be performed on a minimum of one drilled shaft at any given Site but
not less than one per 5,000 cumulative feet or portion thereof of aerial guideway
alignment where subsurface conditions are defined as being similar (i.e., Site). Load
tests shall be performed on shafts of the same diameter, length, reinforcement and
permanent casing as planned for the production drilled shafts and using the means
and methods of the accepted method shaft test.

At least 50% of the subsurface investigations shall be completed prior to finalizing
locations for method and load test shafts. Load tests for each Site shall be completed
before starting any production shafts within that Site. Load tests shall not be
performed on any permanent drilled shaft. Load tests shall be performed using the
Osterberg load cell (O-Cell) test method.

B. Driven Piles

Driven piles founded on coralline or detritus formations shall not include end bearing
capacity in the design, driven piles founded on or within cobbles and boulders shall not
include end bearing capacity in their design without a load test to substantiate field
values.

Geotechnical capacity of the pile size, length, and grouping shall be based on the
design parameters reported in the geotechnical report specific to the Site or segment
under consideration. Adjustments to reported engineering properties based on local
experience of field load tests shall be explicitly noted and justification documented.

Wave Equation Analyses shall be performed prior to pile driving to verify that the pile
can be driven to the required capacity and penetration depth at a reasonable driving
resistance without excessive driving stresses.

Dynamic load tests with signal matching shall be performed, in accordance with ASTM
D7383-08 Standard Test Methods for Axial Compressive Force Pulse (Rapid) Testing
of Deep Foundations, on all test piles and on a minimum of 2 percent of production
piles. Static load tests shall be performed in accordance with ASTM D1143/D1143-
07e1 Standard Test Methods for Deep Foundations Under Static Axial Compressive
Load on a minimum of one driven pile at any given Site but not less than one per
2,500 contiguous feet or portion thereof of aerial guideway alignment where
subsurface conditions are defined as being similar (i.e., Site) in the geotechnical
report.
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C.

9.6.5.2

Micropiles

Design of micropiles shall be in accordance with AASHTO LRFD Section 10.9
(Micropiles) and FHWA-SA-97-070 (Micropile Design and Construction Guidelines,
June 2000).

End bearing resistance shall not be included in the design of micropiles.

Verification load tests shall be performed in accordance with ASTM D1143/D1143-
07e1 Standard Test Methods for Deep Foundations Under Static Axial Compressive
Load on a minimum of one micropile at any given Site but not less than one per 2,500
contiguous feet or portion thereof of aerial guideway alignment where subsurface
conditions are defined as being similar (i.e., Site) in the geotechnical report.
Verification load tests shall not be performed on any permanent micropiles.

Shallow Foundations and Miscellaneous Structures
Shallow Foundations

Per AASHTO LRFD Section 10.2 (Definitions): “Shallow Foundation— A foundation
that derives its support by transferring load directly to the soil or rock at shallow depth.”

Design of shallow foundations, e.g., spread and strip footings, shall be based on
project-specific information developed for the location(s) and foundation type(s)
planned. Soil and rock engineering properties shall be based on the results of field
investigations as presented in the geotechnical report; use of presumptive values will
not be allowed. Designs of shallow foundations supporting rail structures or attached
appurtenances shall be as required in AASHTO LRFD Section 10.6) and in
accordance with FHWA-SA-02-054 (Geotechnical Engineering Circular No. 6 Shallow
Foundations)). Shallow foundations for support of structures under the purview of the
Building Code, buildings not directly supported off the aerial guideway, shall be
designed in conformance with the requirements of Building Code Section 1805
(Footings and Foundations).

Shallow foundations shall have a minimum ground cover of 2 feet as measured from
top of footing to finished grade.

Support of aerial guideway on shallow foundations will not be permitted.

Geotechnical investigations for shallow foundations shall be in accordance with
AASHTO LRFD Section 10.4.2 Subsurface Exploration and Table 10.4.2-1 therein.

Miscellaneous Structure Foundations

Design of shallow foundations for miscellaneous structures shall be in accordance with
the above requirements for shallow foundations, excepting that presumptive values
may be used. These include, but are not limited to miscellaneous structures such as
light standards, signs, retaining walls less than 10 feet in height and not supporting any
structures, and other such lightly loaded and uninhabited structures.
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9.6.6 Settlement and Deflection

Allowable foundation settlements and lateral deflections (deformations), except as prescribed
herein, shall be established by the project structural engineer in consultation with the project
geotechnical engineer.

9.6.6.1 Deep Foundations

Settlement of deep foundations (i.e., drilled shafts, micropiles, or driven piles) shall be limited to
no more than 1/2 inch total vertical deflection as measured at the pile head or top of pier cap
after placement of the pier column. Total settlement measured after placement of the guideway
girder shall be limited to not more than 1 1/2 inches. Differential settlement between adjacent
bents spaced not less than 100 feet apart shall be limited to no more than 1 inch; this maximum
decreases proportionately for lesser bent spacing and increases by %z inch per 100 feet for bent
spacing exceeding 100 feet to a maximum of 1 1/2 inches.

Lateral deflection limitations for design of deep foundations for Service | Loading demand shall
be limited to no more than one inch (1") for drilled shafts greater than or equal to six feet (6') in
diameter and not more than 3/4 inch for drilled shafts less than six feet (< 6') in diameter. For
deep foundations other than drilled shafts and less than thirty inches (< 30") in diameter lateral
deflections under Service | Loading demand shall be limited to no more than 1/2 inch. Lateral
deflection limits as prescribed herein shall be based on Service | excluding wind load
contributions and shall be measured at the top of drilled shaft or at the interface with the pile
cap.

Deflections of deep foundations under extreme or earthquake loadings shall be established by
the project structural and geotechnical engineers but not greater than the deflection and rotation
which would result in a deflection of 18 inches at the top of rail.

9.6.6.2 Shallow Foundations

Shallow foundations shall be designed to limit total settlement to no more than 1 inch and
differential settlements or heave between adjacent footings to no more than 1/2 inch and
differential settlement or heave across the length or width of a footing to an angular distortion of
not more than 1:750.

9.6.6.3 Slabs-on-Grade

Slabs-on-grade shall be designed to limit total settlement to no more than 1 inch and differential
settlements to an angular distortion of not more than 1:750.

9.7 STATIONS

Design requirements for transit stations shall be in accordance with the criteria and bases
defined herein.  Station design shall be coordinated with aerial guideway design and
performance. Station designs must include and account for the deflections and settlement of
the separately designed and constructed aerial guideway.
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9.8 RETAINING WALLS

Retaining walls for structures governed by AASHTO shall be designed in accordance with
AASHTO LRFD Section 11. Reinforcing elements for mechanically stabilized earth and other
such proprietary retaining walls shall be of non-metallic type. For retaining walls for buildings
and other structures not governed by AASHTO, design shall be in accordance with the Building
Code.

Segmental retaining wall (SRW) system design shall be in accordance with Specification 32 32
23 — Concrete Segmental Retaining Wall System.

e SRW under Building Code purview: NCMA TR127, Design Manual for Segmental
Retaining Walls, Second Edition, Second Printing, 1997

o SRW structures supporting rail or subject to HDOT review: FHWA NHI-00-043,
Mechanically Stabilized Earth Walls and Reinforced Soil Slopes Design and
Construction Guidelines (NHI Course No. 132042), March 2001

9.9 EXCAVATION SUPPORT STRUCTURES

Excavation support structures shall be designed by a Hawaii-registered Professional Engineer
and constructed to resist the loads and displacements caused by in-situ ground and water
pressures, applicable roadway and structure surcharge loads, construction surcharges, and the
installation and removal of ground support elements. Excavation support structures shall be
designed and constructed in accordance with the Standard Specifications.

END OF CHAPTER
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10.0 ARCHITECTURE

10.1 GENERAL
10.1.1 Introduction

This Chapter of the criteria pertains to all stations and station sites. Elements discussed in this
Chapter include area requirements, design of platforms, amenities, platform access, guidelines for
the selection of materials, general guidelines for use in the design of bus facilities, kiss-and-ride and
park-and-ride facilities, stations, and ancillary facilities. It includes space requirements, materials
and finishes, and standards for planning and construction.

10.1.2 Goals

The design of all elements should anticipate a 50-year design service life that will minimize future
replacement and maintenance. System facilities should be consistent with the Project’s
sustainability goals and objectives.

Considering the anticipated growth and longevity of the system, careful consideration must be given
to station compatibility with proposed future development in the neighborhood of each station.

The Design Language Pattern Book shall be used as a guide for the station design.

The Station Designer should become familiar with the general aspects of the entire system in order
to determine how the Designer’s individual project relates to the whole. It is essential that a
consistency of space design and equipment layout be maintained throughout the system for the
convenience of the patrons. Operational and maintenance requirements must be considered so that
each station functions with maximum economy and efficiency.

10.1.3 Reference Data
A. Applicable Codes and Standards

1. This section lists the codes, regulations, standards, and other architectural criteria to
which the design of the Project shall conform. In the event that a condition exists
that is not covered by the codes, regulations, and standards listed below, the RTD
shall be notified for further determination. The basic goal of these codes and
standards is to ensure the public welfare by providing project facilities that do not
compromise the health and safety of the public or the users of the system.

2. The design of the stations shall comply with all Federal, State, and Local codes.
These codes and standards shall in each instance be the most recent revision,
amendment, or supplement adopted by Federal or State authorities or as
administered by the City at the date of notice to proceed with the final design of
each specific project, or as directed by the RTD.

3. According to the U.S. Department of Justice Code of Federal Regulations (28
CFR 36, Appendix A, Standards for Accessible Design), all transportation facilities
constructed for the general public must be accessible and barrier-free. Related
standards, including those of the Department of Transportation and of other Federal
and State government agencies having jurisdiction, shall be used in designing and
constructing the system so that it is free of architectural or transportation barriers.
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4. Unless specifically noted otherwise herein, the latest edition of the code, regulation
and standard as amended by the local jurisdiction shall be used.

5. ltis the responsibility of the Station Designer to ensure that all code requirements
are met, whether or not they are cited here.

6. With the exception of the variances described herein, where the requirements of
more than one code or standard are applicable, the more restrictive shall govern.

7. Codes, Regulations, and Standards

a.
b.

C.

Federal and State, latest editions

Codes as administered by the City

International Building Code (IBC) as amended by Federal and Local jurisdictions
American National Standards Institute, Inc. (ANSI)

ICC/ANSI 117.1-03

Architectural Barriers Act (ABA) Accessibility Guidelines

American with Disabilities Act Accessibility Guidelines (ADAAG)

Accessibility Guidelines and USDOT standards and 49 CFR 37

American Society of Testing and Materials (ASTM)

American Society of Mechanical Engineers/ANSI Safety Code for Elevators and
Escalators ANSI/ASME Al17.1

ASCE 7-88 Minimum Design Loads for Buildings and Other Structures

NFPA 70, National Electric Code (NEC)

. NFPA 101, Life Safety Code

NFPA 130, Standard of Fixed Guideway Transit and Passenger Rail Systems
NFPA National Fire Codes (as applicable)

Structural Welding Code: Steel, 13th Edition (AWS D1.1)

Underwriters Laboratory, Inc. (UL)

U.S. Department of Transportation (DOT) 49 CFR, Part 37, Transportation
Services for Individuals with Disabilities

Other Regulations and Applicable Documents

i. Americans with Disabilities Act (ADA)
il. Architectural Barriers Act (ABA)
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iii. Occupational Safety and Health Act (OSHA)

iv. American Public Transportation Association (APTA)—Rapid Transit
Design Guidelines

V. U.S. Green Building Council LEED® Rating System for New
Construction and Major Renovation
Vi. U.S. Green Building Council LEED® Rating System for Neighborhood
Design
B. Patronage Analysis

Patronage analysis will be prepared and provided to the designer. Patronage analysis
studies use the latest projections of future employment, population, building
development, and other activities in proximity to the system’s stations to predict the
ridership of the system, as well as each of its stations. These studies identify such
fundamental factors as locations of trip origins and expected modes of access to the
station that vary with the time of day and time of year.

The system’s ridership projections, operational information, and the pertinent
requirements of National Fire Protection Association (NFPA) 130 will be used to
determine the size and number of station entrances, size of the platforms, number of
fare devices, and the number of stairs, escalators, and emergency exits.

C. Design Aesthetics

Station Designers will be furnished a Design Language Pattern Book by the RTD that
will be used to guide the design of the stations. Site-specific local characteristics at
certain stations may yield unique design considerations that may be presented to the
RTD for possible inclusion in the station designs where not addressed in the Pattern
Book.

D. Prototype Station Designs

Prototype or preliminary engineering station design drawings will be furnished to the
Station Designers by RTD. These drawings will describe basic station configurations,
including platform, concourse, and ancillary and entrance plaza concepts and will serve
as a basis for the Station Designers to further refine the design based on RTD
instructions then prepare either preliminary engineering or final design drawings as
applicable.

E. Station Scope of Work

These documents outline the work of the Station Designer and include stages of design,
submittals, budget, and schedules. This scope of work information also includes
baseline drawing and mapping files, prototype or preliminary engineering station
designs, programmatic data, the Design Language Pattern Book, and the Compendium
of Design Criteria.

F. Utility Locations
Utility drawings for the various sites will be made available by the RTD.
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G. Other General Data

Master plans, urban renewal plans, and plans for specific future projects in the area of
influence for a particular station should be reviewed for pertinent information that might
influence site development and design possibilities. This contextual station planning
data shall be provided to the Station Designers by the RTD in the form of the following
reports and guidelines:

1. Station Area Interface and Access Report

2. Transit System Urban Design Guidelines

3. Archeological resources Technical Report

4. Cultural Resources Technical Report

5. Street Trees Technical Report

6. Sustainable Community Impact Report

7. Station Area Development Potential Report

H. Definitions

1. Aerial Station: A station in which the tracks and platform are located on an aerial
structure.

2. Artist: An individual or team contracted to produce artwork that is integrated with the
station architecture.

3. Aerial Structures: A structure, other than a culvert, which carries transit tracks and
spans above land or water surfaces.

4. Architect: Individual or firm responsible for station architectural design.

5. CPTED: Crime Prevention through Environmental Design.

6. Conceptual Drawings: Site-specific general plans using the prototype designs as
required to fully describe each facility to a 10 percent level of design.

7. Concourse: The public area station level between the station entrances and the
platform. The concourse may include both free and paid areas.

8. Directive Drawings: Drawings defining the arrangement or configuration of specific
components of transit facilities (see also Prototype Designs).

9. Fare Barrier: The separation between the paid area and the free area consisting of
fare collection gates and other devices.

10. Final Design: Construction drawings and specifications prepared by the Station
Designers, approved by the Rapid Transit Division (RTD), and ready for issuance to
construction contractors for bidding.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Free Area: The public space within the station that the passengers use before
entering or after exiting the Paid Area.

GEC: General Engineering Consultant.

Kiss-and-Ride: A short-term parking area that includes passenger drop-off and pick-
up areas, short-term off-peak parking, and taxi-waiting areas.

Off-Street Entrance: An entrance to a station where the point of access to the
vertical circulation elements is located within an adjacent property.

Paid Area: The space within a station that passengers use after paying a fare.

Pattern Book: Definition of key historic and cultural elements of the Project’s Basis
of Design.

Platform: The area of a station that is directly adjacent to the tracks where trains
stop to load and unload passengers.

Park-and-Ride: An area designated for long-term parking, most often all-day parking
of motor vehicles used by transit patrons.

Preliminary Engineering: That portion of the total Project Design that identifies all
essential elements of the stations and their sites, all ancillary facilities, and the full
extent of the fixed-guideway structures to a 30-percent level of design.

Prototype Designs: The designs that define the spatial and functional requirements
for different types of stations and fixed facilities. Directive Drawings will be used to
illustrate Prototype Designs.

Platform Loading: The area or areas on a platform through which passengers enter
and exit. Examples would include center loading, end loading, quarter loading, and
third loading.

Platform Types: Center Platform—A platform between tracks that gives patrons
access to trains arriving from either direction. Side Platform—A platform adjacent to
a track that gives patrons access to trains traveling in only one direction.

Operation Control Center (OCC): That portion of the Central Control Facility where
all train control and communications systems, controls, displays, and monitors are
housed. It is also the area where all emergency and malfunction alarms are
sounded and recorded, and from which the operating controllers can intervene and
manage system operations, the structure, the parking area, and office and other
fixed facilities related to the management and operation of the rail system.

Queuing Area: Area of a station where pedestrians may line up (queue) without
interrupted passenger flow or cross movements.

RTD: Rapid Transit Division—A division of the Department of Transportation
Services, City and County of Honolulu (City), Hawaii.
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26. Right-of-Way (ROW): All land used by RTD for the development and operation of
the Project.

27. Station Designers: The architectural and engineering firms responsible for preparing
preliminary engineering and/or final design documents for the Project stations and
other Project facilities.

28. Standard Drawings: Drawings defining standard arrangements and details that will
be repetitively used throughout the Project and incorporated into the Station
Designers’ preliminary engineering and final design drawings.

29. Station: All areas and improvements within the boundaries of the station site,
including entrances, concourses, platforms, and ancillary spaces.

30. Station Site: Land owned by the transit property that is used for the station, the
immediate guideway, and all on-site provisions constructed for vehicular and
pedestrian access and egress.

31. Station Design Scope of Work: A definition of the work to be performed by the
Station Designer, including milestone submittals, budget, and schedules.

32. Top-of-Rail Profile: The profile line representing the elevation of the top of running
surface rail.

33. Train: Single or multiple vehicles combined to operate as one unit.

34. Trainway/Trackway: That portion of a station or structure on/through which the trains
run.

35. TOD: Transit-oriented development.

10.1.4 Related System Interface

For additional design criteria relating to this chapter, refer to Chapter 3, Environmental
Considerations, Chapter 4, Track Alignment and Vehicle Clearances, Chapter 6, Civil, Chapter 7,
Traffic, Chapter 8, Utilities, Chapter 11, Landscape Architecture, Chapter 12, Passenger Vehicles,
Chapter 15, Communications and Control, Chapter 19, Facilities Mechanical, Chapter 20, Facilities
Electrical, Chapter 23, Fire/Life Safety, and Chapter 25, System Safety and Security.

10.2 STATION SITE DESIGN

10.2.1 Introduction

The location and boundaries of station sites, adjacent street improvements, and each station
location shall be established by the RTD or its designee. The site layouts consider the relationships
of the station facilities to the surrounding area and the pedestrian and vehicular circulation patterns
required for safe and effective access to the transit system.

10.2.2 Basic Goals

The basic goal of site design is to ensure that each station satisfies operational demands and is
well integrated into the existing urban fabric and the communities that the stations serve.
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Site design should respond to the unique climate of Honolulu and adhere to the sustainable design
principles established for the system. Station site design shall be of high quality and achieve cost
effectiveness while successfully satisfying the various functional and aesthetic requirements.

10.2.3 Prioritized Access Modes
A. General

A hierarchy of access modes has been established based on the importance of the

access mode, the convenience of access, and the proximity to the station entrance(s)

from the various modes. Priority is given the following modes in order of importance:

1. Pedestrians: Pedestrian access to the stations, including accessible routes, shall be
given first priority for reasons of safety.

2. Bicycles: As a non-motorized mode of access, bicycle access will be given priority
over motorized vehicular access modes.

3. TheHandi-Van: Turn-out spaces shall be provided immediately adjacent to the
station entrances.

4. TheBus: Feeder buses will play an important role in intermodal connections and the
overall success of the system. TheBus will be given priority as a vehicular mode of
access. Bus access to and from the site shall not be compromised by other modes
of transportation.

5. Kiss-and-Ride (including taxis): Kiss-and-Ride spaces allow high volumes of patrons
to access stations in short periods of time. The kiss-and-ride area will include taxis
and drop-off and pick-up spaces. These spaces shall be configured for short-term
parking in off-peak hours of operation. Kiss-and-ride spaces should be as close to
the station entrance as possible without interfering with bus facilities and be located
S0 as to provide incentive not to stop on adjacent public streets.

6. Park-and-Ride (including motorcycles): Park-and-ride, or long-term parking, while
not the highest priority, is still necessary for the success of transit systems. Whether
at-grade or within a structure, such parking shall be located at a greater distance
from the station entrance than other modes where site conditions allow. Whenever
possible, the walking distance from the station entrance to the most remote parking
space should not exceed one-quarter of a mile measured along the actual
pedestrian travel route.

7. The Station Interface and Access Planning Report provides information on
estimated space requirements involving various access modes at each station.

10.2.4 Pedestrian Access
A. General

Pedestrian access will vary from one site to another depending on location and function

of the station. In all cases, however, pedestrian access to the station should be as direct

and safe as possible, and shall be accessible in accordance with ADAAG.
CORE SYSTEMS DESIGN-BUILD-OPERATE-MAINTAIN CONTRACT
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B. Station Access/Egress Routes

1. Adequate pedestrian circulation routes shall be provided with an emphasis on
avoiding pedestrian/vehicular conflicts, enabling good visibility to each station
entrance, and complemented by distinct and clear graphic signage.

2. Pedestrian paths shall be as direct as possible from the surrounding street system
or from any point within the station site.

3. Station entrances should be located at or in close proximity to signalized
crosswalks.

10.2.5 Bicycle Access

A. Provisions shall be made for access to and from stations by bicycle, including their
storage at station sites.

B. Bicycle racks shall be placed at the station plaza near the station entrance where public
visual surveillance is possible and/or where closed circuit television (CCTV) monitoring
is present.

C. The total number of bicycle parking spaces per station should be at a minimum one
space for every one thousand (1,000) predicted daily rail transit boarding for that station,
based on the greater number provided in any current or revised Environment Impact
Statement (EIS), as space permits.

1. The minimum total number of bicycle parking spaces at any transit station shall be
20. Space for expansion of bicycle parking for an additional 20 spaces shall be
provided.

2. Racks should allow securing front wheel and frame with high security locks.

3. Inthe design of each station, space for the required total bicycle parking should be
provided.

10.2.6 TheHandi-Vans and TheBus

A. General
1. TheBus and TheHandi-Van vehicles shall be given priority for vehicular access in

terms of their proximity to station entrance(s).

2. The Handi-Van parking space should be located adjacent to or near station entrance
plazas.

3. The Handi-Van parking space should be in a safe location, outside of traffic lanes,
and oriented so that the wheel chair ramp is deployed directly onto the station
entrance plaza or nearby accessible pedestrian walkway.

4. Signage should clearly identify a space reserved for Handi-Van parking.

B. Characteristics of Bus Facilities
1. Off-Street Bus Transit Centers
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Off-street bus transit centers should be located with convenient access from
highway and arterial bus routes to minimize out-of-direction travel.

Transit centers shall be located as close as feasible to transition plazas located near
station entrances.

Patrons should move safely and efficiently between transit centers and station
entrances. A one minute travel time between on-street bus zones and station
entrance(s) is the goal. However, site constraints could frequently dictate greater
transfer distances. Where buses will circulate within a transit center designs shall
conform to bus turning templates.

Activity at off-street bus transit centers will generally occur at three levels:

a. Active, involving quick loading and unloading (bus routes do not terminate at the
station),

b. Layover, where buses wait for a short time-period (bus routes terminate at
station), and

c. Staging, where buses have a longer layover time and should wait in a zone
separate from passenger areas.

Off-street bus transit centers shall be designed to be seen from arterial streets and
nearby activity areas to increase the visibility and personal security of waiting
patrons.

2. On-Street Bus Zones

On-street bus zones shall provide a safe and accessible place for patrons to board
and disembark from buses, as well as places where buses can efficiently operate.
On-street bus zones shall be located as close as feasible to transition plazas located
near station entrances.

C. Bus Shelters

1. Buswaiting areas at transit centers shall have weather protection of 100 square feet
(minimum) and shall be equipped with seating with space for wheel chairs..

2. Bus shelters at bus transit centers adjacent to the station area should be consistent
with the architecture of the stations.

10.2.7 Kiss-and-Ride Facilities
A. General
1. Kiss-and-ride areas are set aside for drivers to allow both pick-up and drop-off of
transit customers. These areas could be on-street as well as off-street in park-and-
ride facilities or transit centers.
2. If kiss-and-ride areas are provided in a park-and-ride facility or transit center,
placement should avoid conflicts with entering and exiting traffic.
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Parking at kiss-and-ride locations shall be short-term only; no more than 10 minutes.

Kiss-and-ride facilities should be provided in close proximity to station entrance(s),
and separate from bus zones.

A dedicated kiss-and-ride zone should be provided for persons with disabilities.

Kiss-and-ride areas should be within view of the station transition plaza/station
entrances(s) as much as possible.

For off-street locations, convenient recirculation of passenger drop-off vehicles
should be provided in the event that short-term parking stalls become filled. For
example, routing passenger drop-off vehicles through the park-and-ride areas shall
be avoided wherever possible.

Kiss-and-ride areas should be designated with a sign and curb markings indicating
that they are for passenger pick-ups and drop-offs only and have time limits.

Signage should clearly identify various kiss-and-ride, short-term parking, accessible
parking, etc.

10.2.8 Park-and-Ride Facilities
A. General

1.

Park-and-Ride is primarily a suburban transit station activity that enables long-term
parking, including all-day usage. Pedestrian safety and security is of the highest
priority in the design of these facilities.

Park-and-ride facilities shall be provided at designated stations. The amount of
parking spaces at a particular station will depend upon the demand for park-and-ride
spaces, the ability of the local street system to accommodate a station site’s
vehicular access and egress requirements, as well as the determined
appropriateness of a park-and-ride facility at specific stations from a land use
standpoint as regulated by local zoning codes.

Park-and-ride facilities shall be designed to provide visual connections that are as
direct as possible to the station entrance(s) (see Iltem 5 below).

Parking facilities may be at-grade with provision for structured parking in the future,
or structured parking with expansion capability.

The ability to have paid parking at or near the parking stalls or upon exit must be
designed into all park-and-ride facilities. Provisions for pay-on-exit capability shall
include space that will enable the installation of booths and/or gates at both the
facility’s entry and exit roadways. The space provided for the booths and exits shall
be located such that car queuing is contained within the park-and-ride site so as to
not disrupt vehicular flow along adjacent roadways or within the station site itself.

The application of emerging technologies such as smart-cards or remote payment
systems should be considered in the design.

The facilities for park-and-ride should be designed for self-parking.
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8.

Strategically located signage, identifying the park-and-ride facility should be located
at or near major roadways or entrance drives into the parking area.

B. At-Grade Parking Facilities

1.

Pedestrian safety and security within at-grade park-and-ride facilities shall be the
highest priority in the design of these facilities. Emergency Blue Light phone(s) will
be strategically located within the parking area. The number of phones and exact
location will be determine by RTD.

Parking facilities shall provide standard parking spaces, compact parking spaces if
required by local regulations, accessible parking spaces, and spaces for
motorcycles, vanpools and carpools.

Where directed by the City, at-grade parking facilities shall incorporate provisions for
kiss-and-ride facilities.

On-site access roadways to parking facilities shall be kept to a minimum, thereby
enabling the clearest, most direct access circulation.

Interior circulation shall be intuitively clear, include two-way traffic, double-loaded
aisles, 90-degree parking for maximum efficiency, and a minimum of dead-end
parking areas.

The ability to have paid parking must be designed into all at-grade parking facilities.
Provisions for pay-on-exit capability shall include space that will enable the
installation of booths and/or gates at both the facility’s entry and exit roadways. The
space provided for the booths and exits shall be located such that car queuing is
contained within the parking facility and, to a reduced extent, its off-street access
roadways. The goal is to minimally disrupt the station site’s internal roadways and
not disrupt vehicular flow along adjacent roadways.

The application of emerging technologies such as smart-cards or remote payment
systems should be considered in the design.

At-Grade parking facilities shall conform to the following:
a. Parking spaces: 8 feet — 6 inches x 18 feet stall with 24 foot driving aisle
b. Drop-off spaces: 9 feet x 18 feet

c. Motorcycle: 4 foot x 8 feet; signage indicating that spaces are for two wheel
cycles only

d. Compact cars: To be provided in accordance with local zoning requirements

e. Disabled Parking: Accessible spaces shall comply with ADA guidelines and
regulations and any local codes whose requirements may be more stringent

f.  Width of entrance/exit lanes: 12 feet

g. Aisle turning radii: 16 feet inside, 30 feet outside
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9.

10

11

h. Curb height: 6 inches

Electric car charging stations: a minimum of two stations per parking facility, with
provisions to expand to 12 charging stations. As the station design is finalized,
additional spaces may be required as directed by the City. Spaces shall be located
in a manner that is convenient to station entrance(s)

. Pedestrian Circulation

a. To enhance pedestrian circulation, design shall provide safe and direct access
to the station entrance(s) with pavement striping and curb ramps where
required.

b. Travel pathways from the parking facility to station entrance(s) shall be direct,
clearly defined, and well lit.

c. Where pedestrians must cross traffic within the parking facility, clearly defined
crosswalks shall be provided giving right-of-way to pedestrians.

. At-grade parking facilities shall conform to landscaping requirements in Chapter 11,
Landscaping.

C. Parking Structures

1.

Pedestrian safety and security within parking structures shall be of the highest
priority in the design of these facilities. Emergency Blue Light phone(s) will be
strategically located within the parking structure. The number of phones and exact
locations will be determine by RTD.

Parking structures shall provide standard parking spaces, compact parking spaces if
required by local regulations, accessible parking spaces, and spaces for
motorcycles, carpools, and vanpools.

Where directed by RTD, parking structures shall incorporate provisions for vans
and/or for kiss-and-ride facilities.

Space shall be provided for elevators in the event the parking structures exceed
three levels (two levels above-grade). Elevator locations shall be as close as
practical to the station entrance.

On site access roadways to parking structures shall be kept to a minimum, thereby
enabling the clearest, most direct access circulation to the garage.

Interior circulation within parking structures shall be intuitively clear, include two-way
traffic, double-loaded aisles, 90-degree parking for maximum efficiency, and a
minimum of dead-end parking areas.

Driving aisles shall be oriented toward the primary vertical circulation elements,
which shall in-turn be located close to the station entrance.

For maximum efficiency, circulation ramps shall be used for both parking and the
vertical circulation of vehicles. The maximum ramp slope shall be 4 percent. Greater
slopes of up to 5 percent will require special RTD approval.
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9. |If special circumstances preclude an on-ramp parking design, separate ramps (or
spiral ramps) may be employed with preferred slopes of 8 percent or less and an
absolute maximum of 12 percent. Slopes greater than 8 percent will require special
RTD approval.

10. The ability to have paid parking must be designed into all parking structures.
Provisions for pay-on-exit capability shall include space that will enable the
installation of booths and/or gates at both the facility’s entry and exit roadways. The
space provided for the booths and exits shall be located such that car queuing is
contained within the parking structure and, to a reduced extent, its off-street access
roadways. The goal is to minimally disrupt the station site’s internal roadways and
not disrupt vehicular flow along adjacent roadways.

11. Parking structures shall conform to the following:

a. Vertical clearances between finished floor and any overhead structural elements
shall be a minimum of 7’-8”, with obstruction including signs, lighting fixtures,
piping, or any other appurtenances clearance shall be a minimum of 7°-0” clear.
If the parking structure or areas thereof are designated to be personally-owned
van accessible, the vehicular clearance height between finished floor and any
overhead obstruction including structural elements, signs, lighting fixtures,
piping, or any other appurtenances shall be a minimum of 8’-4”, with a higher
clearance of 9-8" minimum required for passenger loading zones to
accommodate other types of transit vehicles, including vans used for shuttle
service. Refer to latest IBC and ADAAG codes for additional vehicular
clearance height requirements.

b. Ramp Grades
i. Parking on ramp: 4 percent desirable, 5 percent maximum
ii. No parking on ramp: 5 percent desirable, 12 percent maximum

Standard parking space: 8 feet — 6 inches x 18 feet stall with 24-foot driving aisle
d. Drop-off spaces: 9 feet x 18 feet

e. Motorcycle: 4 foot x 8 feet; signage indicating that spaces are for two wheel
cycles only

f. Compact cars: To be provided in accordance with local zoning requirements

g. Disabled Parking: Accessible spaces shall comply with ADA guidelines and
regulations and any local codes whose requirements may be more stringent

h. Width of entrance/exit lanes: 12 feet
i. Aisle turning radii: 16 feet inside, 30 feet outside
j. Curb height: 6 inches

12. Electric car charging stations: a minimum of two stations per parking structure, with
provisions to expand to 12 charging stations. As the station design is finalized,
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13.

14.

additional spaces may be required as directed by the City. Spaces shall be located
in a manner that is convenient to station entrance(s)

Pedestrian Circulation

a.

To enhance pedestrian circulation, design shall provide safe and direct access
to the station entrance(s) with pavement striping and curb ramps where
required.

Where specifically desighated by RTD, weather protection shall be provided
between the parking structure and the station entrance(s)..

Travel pathways from the parking structure to the station entrance(s) shall be
direct, clearly defined, and well lit.

Pedestrian movements shall be directed along driving aisles to the primary
vertical circulation elements.

Where pedestrians must cross traffic within the parking structure, clearly defined
crosswalks shall be provided giving right-of-way to pedestrians.

Stairways and Elevators

a.

There shall be one primary stairway/elevator in each parking structure located
closest to the station entrance. Appropriately sized vestibules shall be included
adjacent to the stairway/elevator entrances.

To minimize the use of elevators by the disabled, as well as to shorten their
travel distance to the station entrance, the accessible parking spaces shall be
located at the ground level or at the station entrance level if it is not at grade.

A minimum of two elevators shall be provided at each elevator bank.

Primary stairways shall be designed as fire stairs, with width, height, treads,
risers, ventilation, and lighting in accordance with the governing building code.

Primary stairways shall be designed to accommodate the anticipated traffic from
the station entrance. Additional fire stairs shall be spaced and located within
parking structures as required by the governing building code.

15. Structural Requirements

a.

Parking structures shall be constructed of cast-in-place and/or pre-cast
concrete.

Parking structures shall be designed in accordance with criteria for an open
parking structure as defined in the most current, approved IBC with local
jurisdictional amendments, and shall be considered an external exposure
structure.

The structural bay for double-loaded spaces shall be 24 feet x 62 feet nominal,
yielding a column-free parking bay.

Parapets should be as open as possible to promote good sight distances, security,
and wayfinding; be designed to discourage climbing by pedestrians; and
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be aesthetically pleasing and integrated visually, functionally, and in the
selection of materials. Parapets shall not be designed to receive vehicle impact.
That function shall be achieved with a guard rail designed to withstand vehicle
impact, placed between the parapet and the vehicles.

10.2.9 Intermodal Circulation in Station Areas
A. General
1. Within each station area, design features shall be included that result in safe,

efficient, and convenient intermodal circulation.

2. Intermodal circulation shall address connections between station entrances and
other transit modes and between stations and nearby pedestrian and bicycle
facilities.

3. Intermodal circulation shall provide clear and easily understood transit information
that can be referenced quickly and that minimizes disorientation

4. Intermodal circulation shall recognize station access priorities with highest priority
given to pedestrian access to stations and within station areas.

B. Transition Plazas

1. Atransition plaza shall be provided to facilitate movement of riders between station
entrance(s) and park-and-ride facilities, transit centers, and other means of access
to the station.

2. Transition plaza design shall be coordinated with design of transit centers, kiss-and-
ride, park-and-ride, and pedestrian/bicycle access facilities.

3. Wayfinding signage in the transition plaza shall incorporate signage and graphics
criteria identified herein.

4. Design of transition plaza design shall be coordinated with any facility design being
carried out in the adjacent community.

C. Circulation and Site Requirements

1. Location of bus loading facilities, both off- and on-street, shall be as close as
possible to transition plazas with a maximum of 400 feet to the station entrances.

2. Conflicts between buses, automobiles, bicyclists, and pedestrians shall be
minimized.

3. Pedestrian access between station entrances and bus, kiss-and-ride, park-and-ride,
and walkways shall be clear and as simple as possible to facilitate wayfinding.

4. Location and design characteristics of intermodal circulation shall incorporate
CPTED features as much as possible.

D. Connections to the Community
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Sidewalks shall be provided that connect station entrance(s) with existing/planned
pedestrian facilities in the adjacent community.

Location and design of pedestrian walkways within stations shall be coordinated
with local jurisdictions to identify and reinforce connections with existing or planned
pedestrian access ways.

Pedestrian walkways between the station entrances and neighborhood sidewalk
systems shall be segregated from motorized vehicles.

Location and design of bicycle paths shall be coordinated with local jurisdictions to
determine connections with existing and proposed bicycle facilities.

Using available information, intermodal circulation shall recognize potential
opportunities and shall avoid potential conflicts with potential transit oriented
development that could occur in the station area.

Circulation elements shall recognize sight distances to increase guidance and rider
safety and security.

Well lit walkways shall be provided between station entrance(s) and park-and-ride
facilities, kiss-and-ride areas, and nearby sidewalks and bicycle lanes.

10.2.10  Facilities for the Elderly and Disabled

1.

General

These provisions are intended to make all station sites and facilities used by the
public accessible to and functional for the disabled and elderly.

Parking spaces as close as practical to the station entrance should be set aside and
identified in the park-and-ride area for use by individuals with physical disabilities.

B. Parking Structures

1.

2.

Accessible parking spaces shall be located as near as practical to a primary
entrance to a facility (building or boarding platform). The space shall be located so
that a person with a disability does not have to wheel or walk behind parked cars
other than his or her own. Pedestrian pathways shall be provided so as to ensure an
accessible path from each such parking space to the facility.

When parking is provided for patrons, employees, or visitors, the minimum number
of accessible spaces required is as shown in Table 10-1.
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Table 10-1: Number of Accessible Parking Spaces

Minimum Total Number of Parking Spaces Spaces Required
1to 25 1
26 t0 50 2
51t0 75 3
76 to 100 4
101 to 150 5
151 to 200 6
201 to 300 7
301 to 400 8
401 to 500 9

501 to 1000 2 percent of total

1,001 or more 20 plus 1 for each 100 over
C. Walkways

1. Ramps and curb cuts shall be provided as required to provide safe and convenient
circulation by the physically disabled to and from the station.

10.3 STATIONS

10.3.1 Introduction

Much of the success of the Project will depend on the attractiveness and efficiency of the individual
stations. The system and its stations should provide a means of transporting people that is safe,
convenient, pleasant, and efficient. The station designs should be of the highest quality so that they
attract riders and be lasting sources of civic pride for the City.

10.3.2 Basic Design Goals

A. Embody Honolulu and Hawaii's rich cultural heritage in the physical form of the system’s
stations and support facilities.

B. Provide a functional identity for the system as a whole through the use of standard
elements that will enhance wayfinding and ease-of-use for patrons, while also improving
cost-effectiveness.

C. Encourage station designs that are context-sensitive, functionally integrated, and
culturally expressive of their specific locations.

D. Incorporate the principles and practices of sustainability in the design of all facilities.
E. Ensure the safety and security of all passengers.

10.3.3 Configuration
A. Station Accessibility
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All

station entrances shall be completely accessible and comply with ADAAG.

B. Patron Circulation

The majority of transit passengers will be familiar with the process of entering and using
the system. However, by using identical or similar entry and concourse and platform
configurations, all passengers, regular users, newcomers, tourists, the elderly, and the
physically handicapped will find the system user-friendly and inviting.

The following basic principles should be considered in planning station circulation:

1. Stations shall be designed to enable passengers to maintain a clear understanding
of their location along the station entry, circulation, waiting, and exiting sequences
that is enabled by clarity of design and a repetition of functional layouts from station
to station.

2. People will tolerate longer delays in entering than in exiting stations. Therefore,
exiting routes and their configurations must be apparent and easily used for both
normal everyday use as well as emergency conditions.

3. People tend to keep to the right, and for that reason, right-hand flows are
recommended, although not mandatory.

4. Cross-flow of passengers is undesirable and is to be avoided where possible.

5. Station designs shall comply with CPTED principles. Dead-ends and hidden
recesses shall be avoided wherever possible.

C. Queuing Distance Requirements

Queuing distances shall be provided at all stations to promote safety and enable ease of
circulation. Adequate space shall be provided around ticket vending machines and fare

co

llection machines to allow patrons to buy their tickets and pass through without undue

.crowding. See Table 10-2 for minimum queuing distance requirements.

Table 10-2: Minimum Queuing Distance Requirements*

Feature Queuing Distance

Fare collection

machines 15 feet 0 inches

Ticket vending

machines 10 feet 0 inches when facing wall or similar obstruction
6 feet 0 inches when adjoining another queue space

Stairways 15 feet 0 inches

Escalators 20 feet 0 inches when facing wall or other similar obstructions
15 feet 0 inches when adjoining another queue space

(Two devices) Stair/escalator 15 feet O inches

(Four devices)

Stair/escalator 25 feet 0 inches

Elevator

10 feet O inches

In situations where a stair or escalator faces a stair or escalator, the minimum clear space between them shall be the
sum of that required by each less 25% (two devices = 15 + 15 - 25% = 22 feet 6 inches).
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Where an elevator faces a stair or escalator, the minimum clear space between each device shall be the sum of that
required by each less 25% (two devices = 15 + 8 - 25% = 17 feet 3 inches).
Where an elevator faces an elevator, the minimum clear space between the two shall be 15 feet 0 inches.
* Distances are measured as follows:
« From the face or leading edge of ticket vending machines and fare collection machines to any obstruction or
vertical circulation element.
« From the leading edge of a stairway handrail to any obstruction or vertical circulation element.
« From the leading edge of an escalator balustrade to any obstruction or vertical circulation element.
« From the face of an elevator enclosure to any obstruction or vertical circulation element.

10.3.4 Concourse
A. General

When included in a station’s design, a concourse functions as a transition level between
ground-level entrances and the platform(s) above. The concourse may provide space
for various functions, including fare collection equipment, telephones, map cases,
ash/trash receptacles, and other patron amenities.

B. Fare Vending and Fare Collection Arrays

All stations shall incorporate provisions for the inclusion of fare vending machines in
number and size as determined by the ancillary space program.

The fare vending system shall be self-service and use exact change, tokens, transfers,
or a pass. The layout of the fare vending machines shall be arranged so that the
equipment can be used easily and quickly.

Although an honor system of fare collection will be used initially, all station entrances (or
concourses when so stipulated by RTD or its designee) shall be sized and configured to
accept the installation of fare collection arrays, either initially or in the future.

RTD shall determine the required number of fare collection machines and aisles for
each station based on two key factors: station peak loading requirements and platform
clearance under emergency exiting conditions. Platform clearance calculations shall
include a determination of the number of fare collection array aisles that will ensure
exiting passengers will have unimpeded flow to and through the fare collection array
without the danger of passenger back-ups.

All fare collection arrays shall be sized by RTD to include a spare aisle, a service gate,
and at least one accessible fare gate aisle, all in addition to the number of standard fare
gates.

The fare collection array will separate the free area from the paid area. This array shall
prevent anyone from reaching the paid area without passing through a fare gate, or
leaving the paid area without passing through a controlled exit gate, except in certain
instances through the service gate. Barriers between paid and free areas should be
designed to provide appropriate physical separation without excessive visual emphasis
on security.

Provide for required number of power and data conduits for fare vending machines and
underfloor tray/conduits for fare gates. Refer to Architectural Standard Drawings.

C. Vertical Clearances
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In all concourse areas, the minimum overhead clearance to obstructions shall be 11 feet
above the finished floor. However, where a concourse crosses under the guideway
structure, this overhead clearance dimension can be reduced to 7 feet 6 inches to
reduce the station’s overall height.

10.3.5

Ancillary Space Program

Table 10-3 summarizes the station’s ancillary space requirements.

Table 10-3: Station Ancillary Space Program

(Based on Two Station Entrances)

Approx. | Approx. Operational/
Activity/Space | Quantity | Size Area Locational Needs Design Criteria Notes
Train Control & 1 25'x40' | 1,000 SF Ground level = 6'X 8’ out-swinging
Communications Exterior access access door
(TC&C) Central in station = 9 vertical
complex where clearance
possible = Conduit access to
track w/bends not
to exceed 180
degrees
= 10-ton AC unit
Mechanical room 1 10'x16’ 160 SF Adjacentto TC&C |= Adjacent & = Condensing unit
for TC&C Can be upper level accessible can be on roof
outdoor
condensing unit
w/secure
enclosure 2'-7”
clear all sides
= 3'x 7" access door
Elevator 2 10'x14’ 140 SF Can be upper level |= Through wall AC |Equipment Room
equipment room For elevator to each| unit area as required
platform = 3’8" 7" access by elevator
door manufacturer
= Provide for oil
containment and
recovery
Escalator Per unit NA NA Built into escalator |= Natural/
equipment truss mechanical
ventilation
Electrical room 1 6'x 8’ 48 SF At entrance = 3'x 7" access door
opposite from
UPS/Electrical
Room location
Can be upper level
UPS/electrical 1 20'x25’ 500 SF Ground level = 3-ton AC unit = Serves both
room Access from TC&C |= 9’ vertical TC&C and
clearance electrical
= 6'x8’ outswinging requirements
door
= 3'x 7" access door
to TCCR
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Janitor/storage 2 10'x 20° | 200 SF |= Ground level = 3-6"X 7' access
= At each station door
entrance = V/IAC
Trash room 2 6'x 8 48 SF |= Ground level = 3-6"x 7' access
= Exterior access door
= At each station = Ventilated
entrance
Security staff 1 12'’x 25’ | 300 SF |= Ground Level = 3'x 7" access door |= Location as
room = Separate exterior |= V/AC directed by RTD
entrance
Station 2 8'x 8 64 SF  |= Adjacent to fare = Accessible from = Standard
attendant’s gates free and paid drawings to be
booth = At each station areas provided
entrance = 3'x 7" access door
Restroom 2 8'x 8 64 SF  |= Near station = ADA accessible = Serves staff and
attendant’s booth  [= Unisex/single general public
for observation and occupancy
control = VIAC
= At each station = 3'x 7" access door
entrance
= Within fare paid
area
Ticket vending TBD by | 4'x14 56 SF  |= Prior to fare gates |= Number of = Standard
machines and each each in free area machines varies drawings to be
gueuing RTD with passenger provided
volumes
Fare collection TBD by | 3'x 36’ 108 SF |= One line for each = Gate for ADA = Standard
machines and each each platform = Number of gates drawings to be
queuing RTD = Ground level varies with provided
(concourse in passenger = Space allocated
special situations) volumes but not installed
Advertising As As As = Wall mounted = Lighted (type TBD) |= Policy TBD by
available |available| available |= Eye level RTD
TheHandi-Van 1 10'’x 20" | 200 SF |= Adjacent to station
parking entry
= Pullout from curb
travel lane
Maintenance 1 10'’x 20’ | 200 SF |= Adjacentto TC&C |= Curb cut from
vehicle parking Room street
Bicycle racks 20 2'x 5 200 SF |= Adjacent to each
each station entry
Entry plaza 2 30'’x 50" | 1,500 SF |= At each station = Landscaped = To be
min entry accommodated
as site allows
10.3.6 Platform
A. General
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1. Stations shall have raised platforms at a level 3.77 feet above the top of rail
(dimension subject to final determination). Center platform, side platform, and
multiple platform station configurations shall be used in the design of the stations.
RTD shall determine the specific platform types for each station.

2. The detectable platform edge detail design shall be consistent with ADAAG
standards, and regulations and will be shown on the standard drawings as a
systemwide standard detail.

3. Clear, unobstructed views of all areas of the platforms shall be provided by
minimizing the number of canopy columns and equipment blocking those views.

4. Ingeneral, platform entry points shall be evenly distributed to reduce congestion and
walking distances.

Platforms shall be sized to accommodate the patronage expected at the station.

Elevator, escalator, and stair-queuing space shall be free of any and all
obstructions.

7. Station canopies shall be provided along a minimum of one-third of a platform’s
length and shall, at a minimum, cover all stairway, escalator, and elevator landing
areas along those platforms.

B. Platform Widths
1. The minimum width of a center platform is 30 feet O inches.

2. The minimum width of a side platform is 13 feet 6 inches where the vertical
circulation elements (stairways, escalators, and elevators) are located outside the
limits of the platform.

3. In no case shall the clear distance between the edge of the platform and the
obstruction be less than 8 feet O inches, unless stipulated by RTD.

C. Platform Lengths
The length of the boarding platforms shall be 240 feet.

10.3.7 Vehicle Clearances

Refer to Chapter 4, Track Alignment and Vehicle Clearances and Chapter 12, Passenger Vehicles.

10.3.8 Elements of Continuity and Element of Variability

Station design elements are divided into two classifications: Elements of Continuity and Elements of
Variability. Elements of Continuity are standard designs established for the purpose of systemwide
station identity, functional consistency, and a reduction in capital, operations, and maintenance
costs. They include systemwide components such as signage, elevators, and escalators; systems
equipment; ancillary facilities; and the guideway structure, as listed in Table 10-4.

To encourage station designs that are context-sensitive and historically and culturally expressive of
specific locations, a certain level of design freedom will be permitted through the use of Elements of
Variability.
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10.3.9

Weather Protection

Canopies

Protection from the rain shall be provided for the following station areas:

1.

Station Entrances: The free area of ground-level station entrances, within the limits
established by the location of the station closure gates, shall be protected from
rainfall.

a. The free area associated with station entrance plazas, outside the station
closure gates but within the limits of the property owned by the transit system,
may be covered in part or in whole as determined by RTD on a case-by-case
basis.

b. The paid area of ground-level station entrances shall be protected from rainfall.

Station Concourses: All areas of station concourses shall be protected from rainfall,
as shall all stairways and escalators connecting to and originating from each
concourse.

Station Platforms: A minimum of one-third of each platform’s length shall be
protected from rainfall. To ensure coverage of all stairway, escalator, and elevator
landings, this proportion may be increased.

Pedestrian Bridges: Pedestrian bridges connecting the system’s facilities, cross-
street bridges from station entrance to station entrance, station entrances to bus
loading zones, etc. shall be provided with canopies to protect patrons from rainfall.
Exceptions to these criteria shall be considered on a case-by-case basis.

Bus Bays: Bus waiting areas at transit centers shall have weather protection.

Canopies providing coverage from station entrances to bus loading areas shall be
considered on a case-by-case basis and determined for inclusion by RTD.
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Table 10-4: Elements of Continuity/Variability

Element CorV Element CorV
Systemwide Elements o Safety/security accessibility sighage C
Information devices, all signs/graphics, including C Fare collection equipment
accessibility signs/graphics - - 5
S Station markers C e Ticket vending machines C
e System and station vicinity/maps C » Fare Bariers =
< Bus nformation C ¢ Fare collection machines C
¢ Directional signage and graphics C » Emergency exit gates =
< Identification C ¢ Accessible gates (for the disabled) C
Materials, building components, and fixtures integral with
* Regulatory C station construction
* Variable message signs C Site development plazas \
Vertical circulation e Paving \4
e Stairs c e Streets, curbs, and gutters
« Escalators C « (City standards) C
e Elevators C e Walkways v
Communications and train control ¢ Retaining walls \4
e Public address speakers C e Bollards, bumpers \%
¢ Public address systems for hearing impaired C e Handrails/railings V
« Radiax cable C e Landscaping \4
e Fire phones c e Fences v
» Emergency telephones C « Benches \
¢ Administrative telephones C e Bus stop shelters C
¢ Patron assistance telephones C e Trash receptacles C
e Patron assistance for hearing impaired C e Planters \Y
 Maintenance telephones C e Lighting (lamp) C
Station control and security e Lighting (fixture) \Y
e Intrusion alarms C e Bicycle racks C
e CCTV equipment C e Bus bays C
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Element CorV Element CorV
Station ¢ Ancillary rooms
e Station Attendant’s booth C e Incoming power room C
¢ Platform configuration (per prototypes) C e Train control/communication room C
¢ Platform seating C e Substations C
e Trash receptacles C o Auxiliary electrical rooms C
e Public address speaker housing C e Battery room C
e Fare collection equipment C ¢ Miscellaneous auxiliary rooms C
¢ Doors, gates, and hardware C ¢ Toilet room—fixtures, accessories materials C
¢ Floor material \% ¢ Drinking fountains C
e Wall and ceiling finishes public areas \% e Custodial rooms C
e Hose bibs C e Trash room C
¢ Lighting (lamp) C ¢ Staff room C
¢ Lighting (fixture) C e Fan rooms C
e Security gates at station entrances C e Storage rooms C
¢ Acoustical materials and details \% o Utility boxes C
¢ Escalator cladding, lighting, and detailing C ¢ Doors and hardware C
¢ Elevator enclosure design and detailing C e Ejector room C
e Elevator cab design and detailing C e Sump room
e Concourse configuration \% ¢ Elevator Machine Room C
e Smoke and exhaust enclosure \% e Mechanical grates, louvers, and grilles
¢ Railings/handrails—public areas C Artwork \VJ
e Railings/handrails—emergency exits C Advertising C
e Linear platform edge detail and material C C = Elements of continuity
e Stairway details and materials C V = Elements of variability
¢ Electrical outlets C
e Platform service gates C
e Fire hose cabinet C
e Emergency telephone C
e Crowd control devices C
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10.3.10

10.3.11

Protection from Sunlight

The canopies described above shall provide a large measure of protection from the sun
for transit passengers. Additionally, full coverage of the fare vending and fare collection
machines shall be provided such that direct sunlight does not reach these machines
since sunlight may affect their photo sensors and thus their performance and operation.

Windscreens

Windscreens shall be provided at station platforms to protect patrons from wind and
wind-blown rain. Although windscreen design varies significantly between center and
side platform stations, the following criteria is to be followed in their design and
placement:

Windscreens shall be provided at seating and incrementally along the platform in areas
sheltered by the canopy. The extent, placement and height shall be determined by site
specific design considerations.

Seating
Seating shall be provided, along station platforms, and at bus waiting areas.

1. Station Entrances: Seating shall be provided within the station’s entrance plazas.

2. Station Platforms: The design and placement of platform seating or leaning rails
varies significantly between center and side platform stations. Center platform
seating shall be configured as back-to-back assemblies, while side platform seating
shall be designed integrally with the parapet wall.

a. Atcenter platform stations, seating is to be along the centerline of each platform,
located such that it does not interfere with the movement of passengers,
particularly in stairway, escalator, and elevator landings. Platform seating both
within and beyond the limits of the platform canopies is encouraged.

b. At side platform stations, seating is to be along the back of the platform.
Similarly, it shall be located such that it does not interfere with passenger
movement, particularly at the landings of vertical circulation elements, and is
encouraged beyond the limits of the platform canopies.

3. Transit Center Bus Waiting Areas: Seating shall be provided both within each bus
shelter and outside their limits, located such that it does not impede the flow of
passengers boarding or alighting from buses.

4. Seating on station platforms shall be configured as shown on the architectural
standard drawings.

Trash Receptacles

Standard trash receptacles shall be provided at station plazas, station entrances, at ticket vending
areas, concourses, bus shelters, at park-and-ride lots, and parking garages. Trash receptacles shall
be bolted down to avoid removal by unauthorized persons. Liners shall conform to a standard 15-
gallon receptacle.
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Maximum travel distance to the nearest receptacle on the platforms shall be 70 feet.

Trash receptacles shall be fabricated to allow complete visibility of receptacle contents. A clear
trash bag shall be secured inside the receptacle.

10.4 STATION ENTRANCES

Successful siting, layout, and design of station entrances probably contributes more than any other
station functional area to attracting passengers to the system. Given the overall importance of
station entrances, the following criteria and considerations shall be followed and addressed in their
design:

A. Station entrance design shall embody Honolulu and Hawaii’s rich cultural heritage in
their physical form, as suggested in the Design Language Pattern Book.

B. Entrance designs configured in a similar manner and layout from station to station, using
standard elements and functional sequences, will enable all passengers, including
tourists, the elderly, and the physically handicapped, to find the system user-friendly and
inviting.

C. Entrance designs shall be context-sensitive and functionally integrated with site-specific
pedestrian and vehicular networks. Particular care shall be taken in the placement and
orientation of station entrances to pedestrian crosswalks at intersecting roadways and
mid-block crosswalks where they exist. Chapter 3, Environmental Considerations, sets
forth specific guidelines and criteria governing the orientation and inter-relationships of
the entrance design and placement of the adjoining vehicular modes that serve station
entrances.

D. Critical to station entrance design is a clear understanding of the functional sequences
traversed by passengers entering the station versus those exiting the station. A right-
hand movement orientation, clear and logical movement scenarios through properly
ordered functions, the provision of adequate queuing areas, and a separation of cross-
flows are all imperative. Station entrance functions shall also accommodate short-term
waiting by passengers exiting the station who may wish to wait within the station proper
for friends, to be picked up, for example.

E. Prototype station design and the conceptual design work have identified two basic
station entrance configurations: one where the station attendant and the fare vending
and fare collection machines are located at ground level and another where the footprint
of a station entrance is minimized by placing the station attendant and the fare
vending/collection activities at the concourse level. The determination of which station
entrance configuration to use at each station shall be made by RTD.

F. Station entrances shall be characterized by a feeling of openness and transparency
similar to open-air pavilions. While secure during non-operating hours, this openness
will contribute in large measure to their being user-friendly, inviting, safe, and easily
monitored.

G. The station attendant’s booth shall be located to enable clear visibility of the station
entrance and entrance plaza, the fare vending and collection machines, the vertical
circulation elements, the restrooms, and other key functions of the station entrance.

H. Security gates at each station entrance shall be electric roll-up grilles.
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10.5

10.5.1

Station entrance designs shall incorporate information displays and handouts explaining
the many aspects of the system, including route and neighborhood maps, fare structure
explanations, and connecting bus route data. All such displays shall be carefully
integrated into each entrance’s arrival and departure passenger movement sequence.

VERTICAL CIRCULATION

Introduction

This section lists the main principles and standards relevant to the design of vertical circulation
elements, including escalators, elevators, stairs, and pedestrian ramps.

A. All stations will require some form of vertical circulation, such as ramps, stairs,
escalators, and elevators.

B. Escalators and stairs shall be sited so that they carry passengers to and from the
platform(s) at a location convenient for boarding and alighting from their particular train.
Changes of direction should be avoided when possible. The vertical circulation elements
shall be strategically located at all station levels to enable circulation routes within each
station to be as direct as possible.

C. The number and width of stairs shall be determine by projected passenger loading and
related code requirements. The number of escalators will be determined by RTD.

D. Elevators from street level to concourse level, and from concourse level to platform
level, will be provided as required to make the system accessible to the disabled, as well
as for maintenance equipment.

E. At-grade stations shall have, in order of preference, sloping walkways, ramps, and/or
stairs. In addition to stairways, aerial stations will require other vertical circulation
elements, such as elevators, escalators or both.

10.5.2 Basic Goals

A. Safety, achieved through the provision of adequate queuing spaces (see Table 10-2,
proper relationship of basic vertical circulation elements, and the details of construction.

B. Maximum convenience for patrons, achieved through the establishment of uniform
circulation patterns throughout the system’s stations.

C. Comfort, achieved through proper sizing and layout of the vertical circulation elements.

D. Facilities designed to provide for the physically disabled.

E. Standard design to facilitate maintenance.

10.5.3 Layout Requirements

A. All stations must have at least one main entrance/exit to the street level.

B. Where changes in level occur, elevators, stairs, and escalators shall be provided at
each station.
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Sufficient vertical circulation shall be provided to allow the passage of the “Peak Five
Minute Patronage” (pp5m) in five minutes or less. For this purpose, capacities of vertical

circulation elements shall be assumed (Table 10-5).

Table 10-5. Assumed Capacities of Vertical Circulation Elements

Element ‘ Capacity

Escalator

48 inches nominal width @90 fpm | 400pp5m

Elevator

Each direction | 65pp5m

Stair or ramp with slope of 4 percent or steeper (per 22-inch-wide lane)

Up direction 144pp5m

Down direction 155pp5m

Horizontal corridor or ramp with slope flatter than 4 percent 150pp5m

Note: For ramps and horizontal corridors, a 1-foot, 0-inch buffer shall be provided at side walls; this
width shall be discounted in determining effective lane width.

An unobstructed run-off or queue space shall be provided at each end of all stairs and
escalators. This space shall have a minimum length of 20 feet at escalators and 15 feet
at stairs. Where stairs and/or escalators oppose one another at the same level, the total
unobstructed run-off/queue space may be reduced by 25 percent (see Table 10-2).

All vertical circulation elements shall comply with the requirements as referenced under
the Codes and Standards Section.

Escalators and stairs, or ramps, shall be provided between station levels in accordance
with the following criteria:

1. Elevation difference less than 18 inches—ramp only

2. Elevation difference at least 18 inches but not greater than 20 feet—escalators will
be provided as directed by RTD

3. Elevation difference greater than 20 feet but not greater than 40 feet:
a. Where reverse flow is 65pp5m or less—one escalator and one stair

b. Where reverse flow exceeds 65pp5m—two escalators, one up and one down,
and one stair

4. Elevation difference greater than 40 feet—two escalators, one up and one down,
and one stair

Guardrails for ramps shall be continuous 34 to 38 inches in height, unless next to an

elevation drop-off of 18 inches or more, where a minimum of a 42-inch-high guardrail is
required.
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10.54 Stairs
A. General Requirements

1. Noncombustible materials shall be used for stair construction.

2. All treads, landings, and nosings shall have slip-resistant surfaces.
B. Standard Stair Widths (Minimum)

1. For public use: 5 feet 6 inches.

2. Emergency Stairs: Where emergency stairs are required by code, and in addition to
public stairs, the minimum width shall be 4 feet 3 inches clear.

3. Area of Rescue Assistance: Where and area of rescue assistance is required by
code, the adjacent exit stairway shall be 4 feet 7 inches minimum (48 inches
between handrails).

C. Stair Landings
1. For straight run stair, minimum and recommended length of landing: 4 feet O inches.
2. For return stair, minimum width of landing must be at least equal to width of stair.
3. Concealed reverse landings will be avoided in public stairs.

D. Treads and Risers

1. Public stairs running parallel to and adjoining escalators shall have a tread and riser
relationship with a component of 30 degrees.

2. The maximum height of riser at public stairs shall be 7 inches. Minimum tread shall
be 11 inches.

3. Maximum vertical distance between landings in any one run of public stairs shall not
exceed 12 feet.

4. Solid treads and risers shall be used.
5. Tread and riser dimensions shall be uniform in any one stair.

6. Minimum allowable number of risers is three. Where a change in elevation is less
than 18 inches, a ramp shall be used.

7. Minimum headroom at public stairs measured vertically from the line of nosing:
10 feet 0 inches. Continuous soffits, without obstructions, should be held to 10 feet
0 inches.

8. Emergency stairs shall have a maximum 7-inch riser and a minimum 11-inch tread.
The number of risers in any one run of stairs shall not exceed 20. The minimum
clear headroom shall be not less than 8 feet 0 inches measured perpendicular to the
tread at nosing.
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9. Tread riser formula: The ratio of risers to treads shall fall within the following limits:

2R + T = 24 inches to 25 inches.
E. Handrails

1. Height of railing: 2 feet 10 inches measured vertically from the top of the tread, at
the nosing, to the top of the handrail (2 feet 10 inches at landings and 3 feet
8 inches around well openings or concourse edge).

2. Handrails may extend a maximum of 4-1/2 inches into required stair width.

3. Handrails shall be continuous through landings for the full length of the stair.

4. Handrails should extend a minimum of 12 inches beyond the top riser and 12 inches
plus one tread width beyond the bottom riser.

5. Handrails must be provided on both sides of all stairs.

6. Maximum allowable stair width without a center handrail: 6 feet 3 inches. Center
handrails could be provided on narrower stairs where needed or required to aid
circulation. All stairs (except monumental stairs) in excess of 6 feet 3 inches wide
must have center handrails spaced no more than 5 feet 0 inches apart.

7. Where railings are not solid, members shall be installed to prevent a 4 inch sphere
from passing through and prevent a 6 inch sphere from passing through the triangle
formed by the riser.

8. Handrail ends shall be returned to the wall or curved down 90 degrees where free-
standing.

9. For public stair avoid horizontal design of intermediate rails to avoid ladder-type
effect and to discourage children from climbing the rail.

10.5.5 Escalators
A. General

Escalators shall be provided as directed by RTD.
B. General Requirements

1. Direction: Dual direction.

2. Width: All escalators shall be 48 inches nominal width.

3. Speed and Capacity: The speed of escalators shall be 90 and 120 feet per minute
(fpom) in both the up and down directions. They shall be capable of operating
24 hours non-stop.
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4. Rise and Slope: Rise (H) is the true vertical distance between working points (WP).
All escalators shall be installed with the line of step nosings 30 degrees from true
horizontal.

C. Structural Consideration

A slip connection at the head of escalators in aboveground stations will be provided by
the escalator manufacturer to allow for movement (deflection, torsion, etc.) due to the
dynamic loading on the station structure caused by the train as it moves in and out of
the station. Escalator trusswork and other structural members are not to receive loads
other than those imposed by the escalator itself (see architectural directive drawings for
further information).

D. Floor Slope

Landing plates must be level. Adjacent floors shall be sloped away from the escalator.
The texture of the floor in proximity to the landings shall contrast with the finish of the
surrounding area for detection by the visually impaired.

1. Safety Requirements for Escalators Treads

a. At the top and bottom of each escalator run, at least three contiguous treads
shall be level beyond the comb plate before the risers begin to form.

b. All escalator treads shall be marked by a strip of clearly contrasting color,
2 inches in width, placed parallel to and on the nose of each step. The strip shall
be of a material that is at least as slip resistant as the remainder of the tread.
The edge of the tread shall be apparent from both ascending and descending
directions.

c. Noise produced by escalators operating individually in either direction under no
load and under maximum load in the station environment shall not exceed
55 dBA 5 feet above the tread at the entrance combs at both ends of the
escalator.

d. Skirt guards shall be provided
2. General Requirements
a. Stop controls onsite and at the Operations Control Center shall be provided.

b. Emergency-stop buttons accessible to the public shall be provided at the top
and bottom of each escalator behind a transparent cover. When activated, the
emergency stop button shall cause a local alarm to be activated in the station
attendant’s booth and at the Operations Control Center.

c. Publically inaccessible remote stopping capability shall be provided from the
station’s Emergency Management Panel. Each escalator shall be equipped with
glide stop capability for use during remote stopping.

d. Weather protection for outdoor escalators shall be provided.
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10.5.6

Elevator

Planning Requirements

1.

Elevators (or ramps when less than a full story level change) shall be installed in all
stations where there are differences in level. Depending on the configuration of the
station, a minimum number of elevators shall be used to serve the separated areas
and levels.

Elevators shall be located to minimize travel distances for the elderly and disabled.

Elevators contained within station entrances shall be placed as close to the
entranceway as possible to decrease travel distances for the elderly and
handicapped to the The Handi-Van, bus loading areas, and parking areas. A
convenient elevator location is also desirable for Emergency Medical Service staff
that may use the elevator to transport infirm or injured passengers from stations to
their vehicles.

Elevator cabs shall have transparent panels to allow an unobstructed view both into
and out of the cab.

Elevator cab finish materials shall be determined by RTD or its designee during the
preliminary engineering design process. Transparent surfaces shall be tempered
laminated glass.

Elevator Hoistway

a. Ground level to concourse, ground level to platform, and concourse to platform
elevator enclosures shall be configured as set forth in the architectural standard
drawings.

b. Hoistway and elevator entrance shall comply with ADAAG and Honolulu
Municipal Code.

c. Safety glazed in a metal framed system.
Elevator Cabs

a. Safety glazed in a metal framed system with safety glazed doors. Front panels
alongside doors shall have opaque walls.

b. Visibility into cab at all points of travel to enhance security. Elevators in stations
are to be located so as to make the requirement for visibility of cab effective on
all four sides when possible, but no fewer than two sides.

c. An accessible intercom device shall be connected to the station attendant’s
booth and the security center at the Operation Control Center (see Chapter 15,
Communications and Control).

d. Speed from 125 to 150 fpm.
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10.5.7
A.

D.

10.6

10.6.1

Pedestrian Ramps

Slope of Ramp: 1 foot, 0 inches in 20 feet 0 inches (5 percent) preferred; not to exceed
1 foot, 0 inches in 12 feet 6 inches (8 percent) maximum.

For ramps with a slope greater than 5 percent, landings are required for each 2-foot
6-inch rise in elevation.

Surface of ramps shall be slip-resistant. Static coefficient of friction shall be 0.8 as
defined by ASTM C1028.

Cleaning trough is not required for ramps.
ACCESSIBILITY FOR INDIVIDUALS WITH DISABILITIES

Introduction

The following design requirements shall render the Project accessible and usable by the elderly and
individuals with disabilities. The system shall contain specific design provisions to reduce and
eliminate architectural or transportation barriers to the use of the system by the disabled, and to
accommaodate all persons who, without intervention or assistance by others, can arrive at and enter
the system.

10.6.2
A.

Systemwide Criteria
Signhage and Graphics

Signage shall conform to the standards specified in the Standards for Accessible
Design. The International Symbol of Accessibility shall be displayed according to these
standards to identify accessible facilities and elements.

Raised and Braille characters shall be provided at signs identifying station names, signs
bearing instructions, and all information for use of emergency phones, automatic fare
vending, collection, and adjustment equipment, and where required by ADAAG. For
elevator graphics, see ADAAG.

Emergency Warning Systems

Emergency warning systems shall include both audible and visible alarms, in
accordance with ADAAG.

Controls

All equipment required to be accessible shall be positioned and mounted in such a way
that wheelchair occupants can use the controls. Anthropometric standards are
addressed in ADAAG. This requirement applies to, but is not limited to, the following
equipment: emergency and system information telephones; fare vending, collection, and
adjustment equipment at stations/stops; and furnishings such as drinking fountains.

Installation height of manual fire alarm initiating devices shall be as specified in ADAAG.
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In facilities where system employees have access (e.g., hon-public portions of stations,
the yards and shops, and the Central Control Facility), accessibility of controls and
operating mechanism shall be as defined in ADAAG.

TP-9

D. Hazards
Hazards due to abrupt changes in floor level, ground and floor surfaces, and gratings
shall be mitigated in accordance with ABA/ADAAG.
Objects protruding from walls or ceilings shall be located so as to provide the
dimensional clearances cited in ADAAG.

E. E. Doors
Doors in stations required to be accessible to the public or system employees shall be
as specified in ADAAG.

10.6.3 Stations

A. Access
All entrances to buildings and facilities shall be made accessible to individuals with
disabilities.
Site development and grading shall be designed to provide access to entrances and
normal paths of travel. Where necessary, pedestrian ramps, curb ramps, and/or
elevators shall be incorporated in such paths.
Specific requirements for elements of vertical circulation (ramps, stairs, and elevators)
are discussed in the Vertical Circulation section of these criteria.
Floors and levels within a station/stop shall conform to USDOT regulations (49 CFR 37,
Appendix A). At multilevel stations, direct access shall be provided for individuals with
disabilities between levels. Walks and sidewalks at the station site shall be fully
accessible.

B. Platform
The platform edge strip (detectable warning pavers) shall conform to ADAAG and
USDOT standards and shall run the full length of the platform and contrast visually with
adjoining surfaces.
Where seating is provided, there shall be spaces provided for wheelchair users and the
seating shall be accessible.

C. Communications
Emergency Telephones (ETEL) and Passenger Assistance Telephones (PTEL) shall
be accessible and ADA compliant in conformance with Chapter 15, Communications
and Control.
A means of conveying equivalent information announced through the public address
system shall be provided for persons with hearing loss or who are deaf.
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10.6.4 Vertical Circulation

Ramps, stairs, and elevators shall be used to provide access to all station/stop facilities and
between levels of multistory stations/stops. They shall also be provided in the operations and
maintenance buildings and other facilities to which only system employees have access as
necessary, given the job requirements. Any facility open to the public shall be accessible.

A. Ramps
A path of travel with a slope greater than 1:20 (5 percent) shall be considered a ramp.

1. Pedestrian ramps shall have a minimum of 48 inches in clear width, except that
pedestrian ramps serving primary entrances to buildings having an occupant load of
300 or more shall have a minimum clear width of 60 inches.

2. The maximum slope shall be a 1-foot rise in 12 feet of horizontal run with a cross
slope no greater than 1:50, although more gradual slopes are desirable.

3. Ramp landings shall be provided at the top and bottom of each ramp at intervals not
exceeding 30 inches of vertical rise, and at each change of direction.

4. Handrails shall be provided on each side of any ramp whose slope exceeds 1:20 or
whose rise is greater than 6 inches. The handrails shall be continuous, placed 34 to
38 inches above the ramp surface, and shall extend at least 12 inches beyond the
top and bottom of the ramp, with returned ends.

5. The surface of ramps shall be slip-resistant, and wheel guides or curbs shall be
provided on ramps longer than 10 feet.

B. Stairs

1. The upper approach and the lower tread of each stair shall be marked by a strip of
clearly contrasting color at least 2 inches wide, placed parallel to and not more than
1 inch from the nose of the step or landing to alert the visually impaired. The strip
shall be of material that is at least as slip-resistant as the other treads of the stair.

2. Where stairways are located outside a station, the upper approach and all treads
shall be marked by the strips described above.

3. Openrisers are not permitted. Treads shall not have rough edges at the nosing, and
shall not project more than 1-1/2 inch past the face of the riser.

C. Elevators

Elevators shall be provided at aboveground stations and in all accessible buildings
having more than one floor level. The minimum inside clear dimensions of the car shall
be 96 inches by 72 inches, to accommodate a gurney. The clear opening width of the
hoistway and elevator entrance door opening shall be 42 inches.

1. The elevator shall have an automatic leveling feature with a tolerance of £ ¥ inch
(with respect to the adjacent floor landing), which shall be maintained under normal
loading and zero loading conditions.
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2. Passenger elevators shall be provided with at least one handrail at a nominal height
of 34 to 38 inches above the car platform on the side and rear walls.

3. Elevator floor buttons shall be no higher than 54 inches from the car floor for side
approach and 48 inches for front approach.

4. Emergency controls shall be grouped at the bottom of the elevator control panel and
shall be no lower than 35 inches to the center line from the car floor. The emergency
telephone handset shall be positioned no higher than 48 inches above the floor and
shall be of hands-free operation.

5. Hall call buttons shall be within 42 inches of the floor. Other factors that shall comply
with ADAAG are minimum button dimensions, tactile, Braille, and other identification
for the visually impaired, visual and audible car call signals, non-voice emergency
communication, hall lantern location and dimensions, and floor designations at each
hoistway entrance.

10.6.5 Fare Collection

A. The baseline fare collection concept for the system is self-service. Initially it will be an
honor system with provisions for future fare barriers. The location of the fare gates
provides the physical separation between a free area and a paid area of a station.
Ticket vending machines will be provided at each station.

B. The control and operating mechanism of all ticket vending machines shall be no higher
than 48 inches above the finished floor if the clear floor space is such that it allows
forward approach only, or up to 54 inches above the finished floor if the clear floor
space allows parallel approach by a person in a wheelchair. Clear floor space and
maneuvering clearance requirements shall comply with ADAAG standards

C. At stations providing direct physical interchange with other transit modes, means shall
be provided for wheelchair occupants to make the transfer independently (i.e., with no
more assistance required from the operating staff than is required by other passengers).

D. Both the customer and employee side of the station attendant’s booth shall be made
accessible to individuals with disabilities.

10.6.6 Emergency Egress Provisions

The design of the rail system’s facilities shall include provisions to enable the safe, timely, and

unsupervised evacuation of passengers and employees from all fixed structures and facilities.

Vehicle evacuation is to be accomplished only under the direct supervision of trained emergency
forces or system employees. In particular, the design shall include provisions and procedures for
supervising the safe, timely, and orderly evacuation of passengers with disabilities from vehicles
located anywhere in the system.

10.6.7 Operations and Maintenance Facilities

The operations and maintenance facilities include the operation control center, the maintenance
and storage facility, and portions of stations/stops open to system employees but not to the public.
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Employee work areas shall be designed to be fully accessible. Accessibility is not required in non-
occupied spaces accessible only by ladders, catwalks, crawl spaces, narrow passageways, freight
elevators or lifts frequented only by service personnel for repair purposes.

10.7 SUSTAINABLE DESIGN

10.7.1 Introduction

The design of an urban transit system as sustainable infrastructure requires the use of creativity
and technical understanding to achieve cost-effective solutions that are not dependant on traditional
patterns of resource consumption. A sustainable design approach to the Project’s stations and fixed
facilities will help ensure that sustainability principles and practices are integrated into the Project’s
design and construction. The design of the system will be consistent with the City’s “Principles of
the 21% Century Ahupua‘a” Vision, and the City’s Sustainability Plan.

10.7.2 Basic Goals

A. Integrate sustainability principles and practices, including multimodal access into the
planning, design, and construction of stations and related facilities.

B. Apply sustainable techniques and procedures into the Project's maintenance
procedures and operations in a cost-effective manner.

C. Incorporate proven sustainable materials, methods, and technologies into station design
to increase life-cycle value and reduce energy and resource use.

10.7.3 Site Design Goals

A. Promote sustainable, transit-oriented development in the communities the Project
serves to maximize the use of the system as the primary mode of transportation.

B. Enhance the use of resource-efficient and environmentally friendly access modes (e.g.,
bikes or walking), and other sustainable features at stations.

C. Avoid development of inappropriate sites and reduce site disturbance and
environmental impacts from the location of a building or station structure on a site.

D. Limit disruption to the hydrology of natural waters by reducing impervious cover and
increasing on-site infiltration. Incorporate on-site rainwater retention methods such as
bio-retention cells and natural swales.

E. Limit disruption and pollution of natural water flows through innovative stormwater
management design.

F. Reduce heat islands and incorporate water efficient and native landscape materials.

10.7.4 Station Design Goals

The design of stations will be based on sustainable methods of construction and the selection of
materials, design approaches, and construction methods and materials. Use of innovative green
technologies and Green Specifications as identified in the U.S. Green Building LEED® rating
system is encouraged.
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A. Reduce the heat island effect (thermal gradient differences between developed and
undeveloped areas) to minimize impact on microclimate and human and wildlife habitat.

B. Use roofing materials having a Solar Reflectance Index equal to or greater than 50 for a
minimum of 75 percent of the roof surface.

C. Reduce Light Pollution.

1. Minimize light trespass from the building and site; reduce sky-glow to increase night
sky access; improve nighttime visibility through glare reduction; and reduce
development impact on nocturnal environments.

2. Only light areas as required for safety and comfort. All hon-emergency interior
lighting shall be automatically controlled to turn off during non-business hours.
Provide manual override capability for after-hours use.

D. Increase use of building products that incorporate recycled content materials, thereby
reducing impacts resulting from extraction and processing of virgin materials.

E. Commit to the use of local and regional materials, recycled construction materials, and
those with recycled content.

F. Reduce energy consumption and consider the generation of a portion of each station’s
and support facility’'s energy requirements through incorporation of new generation
integrated photovoltaic technology in canopy structures and roofs.

G. Reduce potable water use as well as the generation of wastewater.

H. Reduce material usage, minimizing superfluous materials and finishes while providing
incentives for “zero-waste” construction activities.

l. Consider rainwater retention for non-potable water usage (e.g., toilet flushing and
irrigation).

J. Stations and support facility designs should be configured to take maximum advantage
of day-lighting and natural ventilation.

K. Reduce the use of volatile organic compounds in all adhesives, sealants, paints,
coatings, and interior finishes.
10.7.5 Maintenance and Storage Facility

The Maintenance and Storage Facility will incorporate proven sustainable materials, methods, and
technologies into their facility design to increase life-cycle value, including a reduction in energy and
resource use, and to enhance the health and comfort of system employees and customers.

The shop facility shall be designed to achieve a LEED Silver certification level as defined by the
U.S. Green Building Council LEED rating system for new construction.

10.7.6 Life Cycle and Maintenance Components

Components will be selected so as to effectively incorporate proven sustainable materials,
methods, and technologies into the Project’s Facilities Standard to increase life-cycle value,
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including a reduction of energy and resource use and to enhance the health and comfort of
employees and patrons.

10.8 MATERIALS AND FINISHES

10.8.1 Introduction

The purpose of this section is to specify basic requirements and criteria established for the finish
materials to be used in public areas of the stations. While harmony and attractiveness shall be
considered in the selection and application of these finishes, RTD or its designee and the Station
Designer shall ensure that the goals of safety, durability, ease of maintenance, resistance to
vandalism, and aesthetic quality are achieved.

10.8.2 Basic Goals
A. Safety

1. Fire Resistance and Smoke Generation

Reduce hazard from fire by using materials with minimum burning rates, smoke
generation, and toxicity characteristics for station finishes, consistent with
requirements of the Fire/Life Safety Criteria.

2. Attachment

Material shall be secured to eliminate hazard from dislodgement due to temperature
change, vibration, wind, seismic forces, aging, or other causes by using proper
attachments and adequate bond strength.

3. Slip-resistant walking surfaces

Increase pedestrian safety, in compliance with accessibility requirements, by using
floor materials with slip-resistant qualities. Entrances, stairways, platform edge
strips, and areas around equipment should have high slip-resistant properties.

The static coefficients of friction in Table 10-6, as defined in ASTM C1028, shall be
provided as a minimum.

Table 10-6: Coefficient of Friction

Public Horizontal Surfaces Coefficient of Friction

Pubic horizontal surfaces within the paid areas of stations; 0.6 min
entrances, concourses, platforms, and stairways

Public horizontal surfaces within the free area of stations as 0.6 min
limited by the entrance enclosures and security closure gates

Non-public horizontal surfaces, exterior 0.6 min.
Exterior ancillary areas

Non-public horizontal surfaces, interior 0.5
Interior ancillary rooms

Detectable warning strip Textured and visually
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10.8.3

contrasting, conforming to
ADAAG Section 4.29.2

Stairs, ramps 0.8

Durability

Finish materials used within the stations shall be characterized by durable qualities such
as wearability, inherent strength, excellent weathering qualities, and colorfastness.
Finish materials shall have a useful lifetime of 50 years before their replacement is
required.

Ease of Maintenance
1. Cleaning

Reduce cleaning costs by using materials that do not soil or stain easily, which have
surfaces that are easy to clean in a single operation, and on which minor soiling is
not apparent. Materials shall be cleanable with standard equipment and non-toxic
cleaning agents.

2. Repair or Replacement

Reduce maintenance costs by using materials that, if damaged, are easily repaired
or replaced without undue interference with the operation of the system. Spare
materials shall be provided for tile and other unit materials in a quantity of
approximately 2 percent of the total used.

Resistance to Vandalism

Select materials and details that do not encourage vandalism and that are difficult to
deface, damage, or remove.

1. All surfaces exposed to the public are to be finished in such a manner that the
results of casual vandalism can be readily removed with normal maintenance.

2. Station Designers are required to describe procedures for removal of more serious
defacement for each proposed finish in public areas and within 9 feet of the floor
surface.

Aesthetic Qualities

Choose materials that will create a feeling of attractiveness and quality that will instill
civic pride in the station facilities. Materials shall be consistent with the cultural and
historical guidance and recommendations set forth in the Design Language Pattern
Book.

General Criteria

The following general criteria for finish materials are indicated to achieve the goals outlined above.

A. Surface Materials
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Applied materials shall be hard, dense, non-porous, non-staining, acid and alkali
resistant, for long life and low maintenance. Wall surfaces within reach of the public, up
to 9 feet above the floor level may be finished with applied materials when it is
determined that infill materials are needed and/or that the structural materials are not
sufficient to withstand the projected wear.

Color

Lighter colors shall aid in the maintenance of higher illumination levels, with sufficient
contrasts and accents to provide visual interest and conceal minor soiling.

Texture

Smooth surfaces are preferred over rough ones for ease in cleaning and because they
are less prone to catch settling dust. Rough surfaces are desirable where a slip-
resistant feature is important and are acceptable where surfaces are difficult to reach
and are therefore unlikely to be cleaned very frequently. A rough surface may hold dust
without being visually apparent.

Unit Size

Units should be large enough to reduce the number of joints yet small enough to
conceal minor soiling and scratches and to facilitate replacement if damaged. Monolithic
materials may be used if they have inherent soil-hiding characteristics that can be easily
repaired without the repair being noticeable.

Joints

Joints are a major source of maintenance problems. Joints should be small, flush,
limited in number, and of the best material. Horizontal joints should not be raked but
should be flush or tooled concave. Monolithic materials should have adequate control
joints and expansion joints at the proper spacing to prevent surface cracking. Floor
finish joint widths shall be 3/8-of-an-inch wide maximum.

Cost

Materials shall be selected for long life, low maintenance, replacement considerations,
and overall aesthetic and functional qualities. Their costs shall be subject to cost-benefit
analyses that consider maintenance and replacement costs for such long-life facilities.

Availability

Materials should be selected that are readily available. Productions from the Hawaiian
Islands use shall be strongly emphasized, followed by Mainland products and finally
products that are not produced in the U.S.

Nonproprietary Materials

To obtain competitive bids and to comply with Federal regulations, proprietary items
should only be used where it is established that no other material would meet the
particular design requirements.

Installation Standards
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10.8.4

Materials shall be detailed and specified to be installed in accordance with industry
standards and manufacturer's printed directions.

Flammability

Finishes shall meet requirements of the Uniform Building Code, NFPA 130, and
NFPA 101.

1. Finishes for all protected exitways shall be Class I, as defined by the Uniform
Building Code, and Class A as defined by NFPA 101.

2. Finishes in all other areas shall be Class Il, as defined by the Uniform Building
Code, and Class B as defined by NFPA 101.

3. Combustible adhesives and sealants may be used when they meet the
requirements stated above.

Paint

Field application of all types of paint shall be kept to an absolute minimum. Materials
with painted surfaces proposed for installation at stations shall be those with high
durability, long-life paint systems that are factory applied and, most desirably, are baked
onto the material/equipment at high temperatures.

List of Finished Materials

This list will apply to all facilities. For the use of items listed as "Acceptable," installation is subject to
location and environmental considerations.

A. Floor Finish Materials: Finish to Provide Slip-Resistant Surface
1. Acceptable
a. Monolithic Materials
i. Concrete with appropriate finish to provide slip-resistant surface
ii. Rusticated Terrazzo
b. Unit Materials (minimum 4 inches by 8 inches by %, inch)
i. Natural granite: Mandatory at public stairs and platform edges; pre-
warning strip to contrast with platform edge band
ii. Manufactured granite
iii. Terrazzo: Precast only, up to 24 inches x 24 inches, slip-resistant
texture, with sealed surface
iv. Paver brick: Dense, hard
V. Quarry tile
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2. Not Acceptable

a. Monolithic Materials

Bituminous toppings
Synthetic resin toppings

Resinous Terrazzo tile

b. Unit Materials

Resilient tile and sheet products in public areas

ii. Marble
iil. Mosaic tile
iv. Glazed ceramic tile
V. Wood
B. Wall Finish Materials

1. Acceptable

a. Monolithic Materials

Concrete—use of clear sealers may be considered in areas accessible
to the public

b. Unit Materials: Minimum 2 inches by 2 inches

i.
ii.
iii.
iv.
V.
vi.

Vii.

Glazed and unglazed ceramic mosaic tile

Glazed and unglazed brick

Precast concrete

Structural glaze-faced concrete masonry units

Porcelain enamel steel panel—noncombustible assembly
Laminated glass panels

Concrete masonry units

c. Surface Applied Finishes

Clear sealer—on concrete surfaces or concrete masonry units

2. Acceptable for use for walls more than 9 feet above finished floor level

a. Smooth concrete
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b. Acoustical panels
3. Base Materials
a. Ceramic Tile—Cove
b. Quarry Tile—Cove
c. Granite—Cove
4. Not Acceptable
a. Monolithic Materials

i. Rough or textured concrete (within 9 feet of floor immediately adjacent to
public circulation and flow areas)

ii. Plaster
iii. Exposed steel as a wall finish
iv. Non-laminated glass

b. Unit Materials

i. Gypsum board (acceptable for two-hour rated enclosure at smoke
exhaust duct where passing through ancillary space)

ii. Plastics
iii. Non-laminated glass
c. Surface-Applied Finishes
i. Vinyl wall covering
ii. Paint
iii. Special epoxy coatings
C. Ceiling Finish Materials
1. Acceptable
a. Monolithic Materials
i. Smooth concrete
b. Unit Materials

i. Non-corrosive metal panels with shop-applied coating, with perforations,
with wrapped and encapsulated acoustical material

il. Rigid, cellular glass blocks

CORE SYSTEMS DESIGN-BUILD-OPERATE-MAINTAIN CONTRACT

Technical Provisions 10-45 October 2010
TP-9



Design Criteria

Chapter 10.0 - Architecture

iii. Structural wood

2. Not Acceptable

a. Surface-Applied Materials
i. Gypsum plaster
b. Unit Materials
I. Acoustic tile (ceramic and mineral, glass and wood fiber)
ii. Gypsum board
iii. Suspended plaster systems
D. Door Materials

1. Acceptable

a.

Flush hollow metal doors and frames

i. Public areas—alkyd enamel finish

Wire glass at doors with vision panels

Laminated safety glass at elevator, glazed doors, and hoistways

Roll up grill at station entrance

2. Not Acceptable

a.
b.
c.

d.

Anodized aluminum doors and frames
Fluoropolymer finished doors and frames
All upward-acting sectional doors

All non-tempered, non-safety glass

E. Canopy Materials

1. Acceptable

a.
b.
C.

d.

Steel with factory-finished aliphatic polyurethane coating
Laminated glass
Structural wood

Coated fabric

2. Not Acceptable
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a. Non-laminated glass
b. Uncoated fabric
c. Plastics
F. Handrails
1. Acceptable
a. Stainless steel
b. Bronze
c. Aluminum
d. Factory-finished steel
2. Not Acceptable
a. Uncoated steel
b. Uncoated galvanized steel
c. Polyurethane-coated aluminum or steel
G. Benches
1. Acceptable
a. Concrete
b. Granite
c. Polyester powder-coated woven or punched steel
2. Not Acceptable
a. Uncoated steel
b. Aluminum
c. Uncoated galvanized steel
d. Wood
10.9 ADVERTISING

10.9.1 Introduction

Advertising may be permitted in the stations subject to future determination. If permitted, it shall be
subject to all local regulations, in particular those that state that such advertising cannot be seen
from outside each station, from at-grade, or from elevated vantage points.
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10.9.2 Basic Goals

Incorporate advertising, but only to the extent that the advertising does not interfere with the
stations design elements, patron convenience, and safety and security, or adversely affect
combustible loading.

Ensure that advertising, by its placement and treatment, does not interfere with orderly patron
circulation. Placement of advertising on or adjacent to escalators, stairs, or system graphics will not
be permitted.

Discourage defacement or damage by placement and form of advertising. Because of potential
vandalism, merchandise display cases will not be permitted.

10.9.3 Criteria

Station Designers will identify potential spaces for advertising and submit to RTD for its review.

Advertisements will be carefully located, adjacent to areas of heavy traffic, but out of the direct
passenger flow, so that they do not obstruct or retard such flow.

Capital, maintenance, and operating costs shall be the sponsor’s/vendor's responsibility.
For related information, refer to the Signage and Way-finding Manual.
10.10 ARTWORK

10.10.1 Introduction

The purpose of this section is to identify the goals and general requirements of the City’s Public Art
Program as it pertains to the Project. The implementation of the station art program shall be in full
compliance with the City’s Public Art Program Ordinance that is administered by the Mayor’s Office
of Culture and the Arts.

This section of the criteria explains the intention of the RTD and Station Designers to involve the
artists as members of the design teams and to integrate works of art into the design documents
during the design phase.

10.10.2 Basic Goals

A. Enhance the everyday commuting experience and expand the public awareness of art
through the commissioning of high quality art for the stations.

B. Enrich the rail transit system for both residents and visitors by creating a unique visual
element or treatment for each station through relevant works of art that contribute to a
sense of community identity and pride.

C. Heighten public awareness of the unique cultural and historical influences of the
communities surrounding the stations.

D. Assist Honolulu in the preservation of the artistic and cultural heritages of all its people.

E. Encourage and provide equal opportunity for the development of cultural and artistic
talents of the people of Honolulu.
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10.10.3  General Requirements

A. Artwork will be incorporated into the station facilities and/or facility sites in accordance
with the City’s Public Art Program Ordinance. The Station Designers will be responsible
for incorporating the artwork proposals into the preliminary engineering and final design
drawings.

B. All artwork locations and materials shall be reviewed by the Station Designer and
approved for code compliance, safety considerations, and acceptability with regards to
their impact on each station’s functional requirements.

C. The Station Designer should review art materials for durability, maintainability, longevity,
and fire-resistance, as well as for practical considerations with regard to fabrication and
installation.

10.11 ACOUSTICS

10.11.1  Introduction

The purpose of establishing noise criteria is to determine the appropriate areas, absorption
coefficients, and placements of the acoustical material to obtain the most economical and
appropriate design for the station acoustical treatment that will result in a desirable acoustical
environment at and around stations throughout the system.

10.11.2 Basic Goals

The basic goals of acoustical design are to achieve both physical and psychological comfort at
stations through the following:

A. Control and reduction of noise from train operations and to provide control of train and
eguipment noise to mitigate impacts on nearby properties.

B. Provision for good intelligibility of announcements from the public address system.

C. Select finish materials that will aid in the control of general crowd noise generated by
patrons talking and walking or noise from exterior sources.

D. Assistance in the control of noise from the station’s air conditioning system and other
mechanical equipment contained within the station’s ancillary spaces.

The acoustic treatment accomplishes these objectives by the absorption of sound energy as it
impinges on the interior surfaces of the station, thus preventing multiple reflections and the build-up
of reflected or reverberant sound energy. The amount of control of reverberation and the
consequent reduction of noise obtained are dependent upon the area of the acoustical treatment,
the absorption coefficient, and the placement of the treatment.

10.11.3 General Criteria

A. No long-distance echoes should be audible in public spaces when they are nearly
empty.

B. Consideration must be given to the effect of project-generated noise on the area
surrounding the line and station, and of street and highway noise coming into the
station.
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C. Acoustical insulation material shall be selected from noncombustible building

co
fol

1.
2.

nstruction materials, as defined by NFPA 101, Chapter 3, which fall in one of the
lowing groups:

Materials no part of which will ignite and burn when subjected to fire.

Materials having a structural base of noncombustible material as defined above with
a surfacing not more than 1/8-inch thick and has a flame spread rating not higher
than 50 when tested per NFPA 251, Standard Methods of Fire Tests of Building
Construction and Materials.

10.11.4  Special Criteria

A. General
1. Areas involved
a. Entrance areas
b. Concourses
c. Platforms
d. Stairways
e. Escalators
f. Elevators
2. Considerations
Where feasible and practical, these areas should be shielded from street and
highway vehicle noise.
B. Ancillary Spaces
1. Areas involved: Ventilation and Air Conditioning Equipment Area
2. Considerations
a. Spaces for fans and other potentially noisy equipment shall be separated from
public areas where possible. If direct access into such rooms from public areas
cannot be avoided, provide doors with a suitable sound rating.
b. The criteria in Table 10-7 apply to noise from transit system ancillary facilities.
Table 10-7: Noise from Transit System Ancillary Facilities
Transient Continuous
Community Area Category (in dBA) (in dBA)
Quiet residential 45 40
Average urban residential 50 45
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10.12

10.12.1

Semi-residential/commercial 55 50

Commercial 60 55

Industrial highway corridor 65 60
LIGHTING

Introduction

The quality of the lighting design will greatly influence the appearance and attractiveness of the
stations and will play an important role in enabling the public’'s acceptance of the system and the
stations. Although the stations will vary in appearance, there should be an overall design unity
throughout the system.

10.12.2 Basic Goals

A. Designs that maximize the use of daylighting in public spaces are encouraged. The use
of artificial lighting, in daylight hours, should be limited to locations that require specific
illumination levels for safety and security purposes.

B. Well planned lighting can assist in wayfinding and minimize confusion in station
circulation and enhance the identity of the individual station.

C. Lighting should produce visual appeal. Variations in placement and selection of light
sources as well as in application techniques, color, direction, and quality should be used
to create interest and variety. However, extreme contrasts that create “dramatic” effects
should be avoided (e.g., pools of light in a generally dark surround or alternating bands
of very high and very low illumination).

D. Lighting of the station, platform areas, and parking lots shall be designed to deter crime
and comply with the principles of CPTED.

E. Lighting design shall focus on energy conservation and the use of maximum energy-
efficient products.

F. The use of standard lamps shall be encouraged, although a range of fixture types will be
permitted. Establishing a limited range of lamp types will enable reasonable
maintenance expenditures for replacement inventories and relamping activities.

10.12.3 Technical Requirements

A. lllumination levels
See Chapter 20, Facilities Electrical, for illumination levels.

B. Fixture placement
The coordination of fixture placement with respect to graphics, CCTV, telephones,
speakers, and other miscellaneous elements should be given particular attention to
minimize visual clutter.

C. Emphasis
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It is desirable to use light as an indicator of areas of special importance, such as a fare
vending area or station entrance. The highlighting of such areas is best accomplished
by lighting emphasis on vertical surfaces (wall washing) rather than by pools of light on
the floor. A bright surface perpendicular to the line of sight will be more readily seen
than a surface parallel to the line of sight.

D. Transition Spaces

Special care should be taken in the lighting of exterior-to-interior transition spaces to

reduce problems of eye adaptation that results from high contrast areas. This can be

accomplished in some cases by using high-reflectance wall, floor, and ceiling surfaces,
as well as by the placement and quantity of illumination.
E. Color

Finish colors are affected by the light source color; finish colors and light source colors

should be compatible with one another. Light source colors used throughout the system

should be in the warm end of the spectrum, such as the following:

1. Fluorescent—warm white

2. Mercury vapor—deluxe white

F. Brightness and Glare

Glare from transit station light sources or reflective surfaces must be reduced to an

absolute minimum such that it in no way affects the vision of motorists.

Light spill must also be prevented from the stations onto the roadways and areas

adjacent to the stations and station sites.

Reduce brightness and glare to an absolute minimum, as follows:

1. Minimize specular reflection on signage by locating light sources to avoid direct
reflection or by selecting anti-reflective finishes.

2. Minimize or eliminate direct glare from exposed lamps and high brightness areas of
individual fixtures.

3. Minimize or eliminate undesirable reflections in glazed or polished surfaces, glass,
walls, and other similar elements.

4. Minimize or eliminate light spillage onto adjacent properties and eliminate night sky
pollution. Use full cut-off luminaires (fixture and lamp design) and low-reflective
surfaces.

G. Parking Structures

1. Light sources in a parking structure should not be visible from outside the structure,

in particular those of the upper decks.
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10.12.4

10.12.5

10.12.6

Vandalism

Mount fixtures at least 8 feet, 6 inches above the finish floor in public areas to minimize
vandalism. The selection and location of each fixture should be considered with respect
to its vulnerability to vandalism.

Use vandal-resistant materials and tamper-proof hardware for fixtures and lenses.

Maintenance
Locate fixtures so that they are accessible for regular maintenance. Lamps must be
easily serviced without the need for special maintenance equipment.

Fixtures shall not be mounted more than 20 feet above the finished floor; luminaries
shall not be mounted at a greater height.

Adequate space and clearances must be maintained for the use of fixture-maintenance
equipment.

Lighting Design Review
As part of the Preliminary Design submittal, the Station Designer shall provide the
following information:

1. A brief statement of the lighting design approach for the specific project. This report
should include the aesthetic concept and the requirements to achieve it, as well as a
description of any special design features.

2. Lighting layouts for all major areas, including platforms, concourse and entry areas,
pedestrian bridges, pedestrian tunnels, plazas, parking lots, and bus loading zones.

3. Atappropriate locations on the drawings, the footcandle values for the major areas.

4. Calculations supporting the indicated footcandle values, keyed to the specific areas
on the plans to which the calculations apply. Where the design of a space creates
non-uniform illumination levels, calculations of both the maximum and minimum
levels shall be provided.

5. A preliminary lighting fixture schedule and any special lighting fixtures proposed.

As part of the pre-final design submittal, the Station Designer shall provide the following
information:

1. Lighting layouts for all areas, including non-public spaces.

2. At appropriate locations on the drawings, the footcandle values for all areas,
including non-public spaces.

3. Calculations supporting the indicated footcandle values, keyed to the specific areas
on the plans to which the calculations apply. Where the design of a space creates
non-uniform illumination levels, calculations of both the maximum and minimum
levels shall be provided.
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4. Calculations demonstrating that emergency lighting in all station areas traversed by
emergency exitways comply with Chapter 20, Facilities Electrical.

5. Mounting details for all fixtures in public spaces and for unusual conditions in
ancillary spaces.

10.13 SIGNAGE AND GRAPHICS

10.13.1 Introduction

This section lists the main principles and basic requirements for signage and graphics throughout
the system.

A system of symbols/pictograms will be established to identify each station in the system for
informational signs

Electronic display signs (variable message signs) are required in all stations to provide train
information as well as limited advertising messages. In addition, the electronic display signs will
provide equivalent public information to the hearing impaired.

Art work shall be coordinated with sighage to avoid conflicts.

10.13.2 Basic Goals

A. To guide patrons through the system in the most efficient and least complicated manner.

B. To provide orientation and information required by the patron to aid directional decision
making.

C. To provide a safe trip for patrons and to warn patrons and non-patrons of potential

system hazards.
D. To provide a fast and safe exit in case of emergency.
E. To allow patrons to know where they are and where they are going at all times.

10.13.3 Types of Sighage

A. Directional and wayfinding signage
B. Informational signage

C. Safety signage

D. Operational signage

10.13.4  Definitions
A. Directly llluminated

A sign for which special external illumination is required.

B. Fixed Sign
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10.13.5

10.13.6

A sign with a set format that remains constant through all applications.

Indirectly llluminated

A sign that is illuminated by ambient light. No special means of illumination is needed.
Internally lHluminated

A back-lighted sign with its own internal illumination.

General Requirements

The design of signs and graphics shall be based on the Signage & Wayfinding Systems
Manual for the system and will be uniform throughout the system.

As the individual station design is developed, a signage layout will be prepared by the
Station Designer in cooperation with RTD for all signs. Provisions of electrical power,
where required, will be the responsibility of the Station Designer, unless specifically
noted otherwise.

A standard station marker or pylon will be used to identify each station entry. Where
pylon installation is not possible, provision will be made for a suitable station
identification marker. There shall be a minimum of one pylon or station marker per
entrance. Where possible, the location is to be visible from at least two cross streets or
roads bisecting the station entrance so that patrons will recognize and locate the
entrance on approach by foot or vehicle.

Messages, type faces, colors, materials of signs, and station identification pylons will be
uniform to ensure legibility and clarity of messages for efficient functioning of the overall
station, as well as economical purchase of the signs and their long-term maintenance.

Signs should be kept to the minimum necessary for passenger guidance. Signs should
reinforce architectural elements in identifying entrances, exits, traffic routes, etc.

Certain signs will have priority over others, such as signs directing passengers to normal
and emergency exits. This priority may be indicated by differences in sizes, color, or
location.

Signs will have precedence over artwork and advertising with regard to their location
and prominence.

Signs should occur at key points of separation and at intervals frequent enough to allow
patrons to find their way confidently.

Sighage shall comply with ADAAG and ABA standards, and shall comply with
Flammability Standards of the Fire/Life Safety Criteria.

Signage System

Architectural Directive Drawings identify the format of the signage layout to be prepared by the
Station Designer.
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10.14

10.14.1

SANITATION AND MAINTENANCE

Introduction

This section presents the general standards for station sanitation and maintenance facilities.

A.

10.14.2

10.14.3

The maintenance and sanitation concept assumes that the operating authority will
provide all necessary maintenance equipment and facilities, regardless of whether the
maintenance work forces consist of authority employees or contract personnel.

Maintenance crews will be based at the Maintenance and Storage Facility, and possibly
at other off-station locations. Most maintenance equipment, materials, and supplies will
be stored in the Maintenance and Storage Facility. Provisions at stations for
maintenance personnel and for storage of equipment, materials, and supplies will
therefore be the minimum necessary.

Station maintenance activities are classified under three general categories:
1. Inspection and service

2. Preventive maintenance

3. Corrective maintenance

Work under the first two categories will be performed on a prescheduled routine basis.
Work under the third category will be provided on an as-needed basis.

Most station maintenance activities will be performed during revenue hours. Only those
activities that would seriously disrupt revenue operations will be performed during non-
revenue hours.

Basic Goals

To create easily maintained environments with high level of cleanliness throughout the
system, which will instill pride and encourage use of the system.

To provide facilities for an efficient maintenance program that operates at minimal cost.

To integrate maintenance elements in the stations as part of station design without
detracting from the appearance of stations.

To provide uniform interchangeable facilities within each station, or between stations
where possible, to facilitate replacement of damaged items.

General Principles

Maintenance and operation programs requiring the use of trainway areas and
equipment should be avoided. Although some intrusion into the trainway may be
necessary, each occasion will cause additional programming problems with revenue
operations or high cost for providing services for limited times during premium hours.

Horizontal ledges should be avoided to minimize the collection of dust. Wherever
possible in above grade stations, the exposed top surfaces of outriggers, beams,
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10.14.4

parapets, and window ledges shall have a minimum slope of 45 degrees to horizontal to
prevent the collection of dust and debris and to discourage birds from roosting in station
structures.

Bases should be flush with walls or recessed. If recessed, the configuration must not
preclude the use of a vacuum scrubber to clean the floor within the recess. Provide cove
base, integral with floor, not less than 6 inches high at all points of intersection between
floors and walls, partitions, columns, and other surfaces in all public areas, as well as in
toilets and custodial, trash, and battery rooms.

All station facilities and amenities should be designed and located to require limited
maintenance.

Signs, advertising panels, and artwork should be designed and located to require limited
maintenance.

Cleanouts and access panels should be located inconspicuously and, where possible,
placed in pipe chases and nonpublic areas. In public areas, panels shall be provided
with locks.

Mounted items of equipment, including movable equipment, should be flush. Such
equipment must be accessible to the disabled, including those in wheelchairs.

Notches in walls for flush-mounted equipment should not extend down to the floor
unless necessary to provide access for the disabled. Bottoms of such notches should be
not less than 6 inches above the adjacent floor at any point. Where equipment is
freestanding, it should have its own integral base fitted tight to the floor. Where
equipment is grouped, flush closure strips should be used to cover spaces between
units.

The placement of structural and architectural elements that project from walls shall
comply with ADAAG. Verify that floor and wall surfaces below or adjacent to the
projecting element are accessible for cleaning.

Signs, handrails, benches, and other similar elements should be securely anchored with
tamperproof screws or bolts. If heads must be exposed, use flush spannerhead screws.
Use Allen-head screws if heads are concealed from view.

Duplex receptacles for maintenance at the platform area shall be installed along the
windscreens at center platform stations and the parapet wall at side platform stations.
They shall have a spring loaded lockable cover.

If required, recycling containers for newsprint and other recyclables will be located as
designated by RTD.

Specific Requirements
Entrance

1. Provision should be made at each entrance for a 110-volt AC weatherproof outlet
and a ¥%-inch hose bib in adjacent locked stainless steel cabinets.

Concourse
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1.

Pairs of utility outlets consisting of a %-inch hose bib and a 110-volt AC waterproof
outlet shall be provided throughout public and ancillary spaces, and located so that
no portion of the floor area is more than 100 feet from such a pair. Pairs located in
public areas shall be installed in a flush-mounted, two-compartment stainless steel
cabinet: one compartment containing the hose bib and the other compartment
containing the electrical outlet.

C. Janitor Room

These rooms shall be located close to the elevators. Items in this area will include the
following:

1.

Mop sink: 36 inches x 24 inches, floor-mounted with 6-inch-high rim and stainless
steel rimguard, waste connection fitting.

2. Hot and cold water, single spout with pail hook at 3 feet 0 inches above the bottom
of the mop sink, equipped with 4 foot, 0 inch length low-pressure hose.

3. Floor drain.

4. 110-volt AC waterproof outlet.directly adjacent to scrubber storage space.

5. Two adjustable shelves 10 feet 0 inches minimum by 1 foot O inches deep for
storage of cleaning supplies and similar items.

6. Two adjustable shelves 6 feet 0 inches minimum by 1 foot 6 inches deep for storage
of toilet supplies and similar items.

7. Ten sets of stainless steel cam-action tool holding clips.

8. Space for double bucket.

D. Trash Room

Where feasible, this room is to be located at-grade and convenient to the service vehicle
parking area.

Items in this area should include the following:

1. 110-volt AC weatherproof outlet.
2. Cold-water hose bib, 3 feet 0 inches above the floor.
3. Floor drain under the hose bib.
4. Ventilation: Provide mechanical ventilation per Chapter 19, Facilities Mechanical.
5. Sprinkler system: See Chapter 23, Fire/Life Safety.
6. An access door 3 feet 6 inches by 7 feet 0 inches.
E. Platform
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10.15

10.15.1

1. Provide hose bib and electrical outlets. Referto Chapter 19, Facilities Mechanical,
and Chapter 20, Facilities Electrical.

STATION CONTROL

Introduction

This section describes the supervision, administration, security, and monitoring requirements of
stations and how they may be accommodated in the station design.

10.15.2
A.

B
C.
D

10.15.3

10.154
A.

Basic Goals

To provide for public safety.
To ensure efficient operation of the station and to provide optimum service to patrons.
To deter crime and vandalism.

To accomplish the above with a minimum of manpower by using automatic devices and
remote-control equipment.

Planning Considerations

General Considerations

1. Station attendants will be located at entry buildings and will provide passenger

information, monitor activities throughout the station and communicate with OCC in
the event of an emergency.

2. The station design should eliminate nooks, recesses, and places to hide, wherever
possible, to minimize surveillance problems. Stations should be secured at their
outermost points.

Aerial Stations

1. Design of passenger stations shall be open, with long, unbroken lines of sight that
eliminate all dark or obscure areas.

2. Any equipment or surfaces accessible to the public, such as fare machines and
emergency or passenger assistance telephones, shall be of rugged, vandal-resistant
design.

a. Means shall be provided for two-way voice communications. Refer to
Chapter 15, Communications and Control.

b. lllumination levels shall be selected to maintain the level of security in stations at
night. Non-operating illumination shall be of the level required to support CCTV
surveillance (refer to Chapter 20, Facilities Electrical).

Fare Collection
General
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The basic location and quantities of future fare gates will be provided by RTD as part of
the preliminary design of the stations. The planning dimensions given herein are the
minimum required to provide adequate overflow space for emergencies in case of
equipment failure or crowding. Initially, an honor system will be in place for proof of
payment.

All patron fares will be checked at entry throughout the system, after the initial honor
system period. Such checking will be done automatically by fare gates allowing those
with valid tickets to enter into the paid area. Exiting will be free.

B. Ticket Vending Machines
Space shall be provided for ticket vending machines in the free area of the station.

1. Sufficient space must be provided within the station area for the ticket vending
machines.

2. Vendors within the free area shall be placed to serve incoming patrons; they will not
normally be used by those exiting.

3. Vendors shall be clearly visible on entry to the station but placed so as not to
impede the direct flow between the station entrance and the fare gates.

4. Fare vending areas for each fare gate shall be provided.

5. Space shall be provided for ticket vending machines as shown on the Architectural
Standard Drawings.

6. The required queue space for vendors is 8 feet 0 inches.

7. Provisions shall be made for the electrical requirements for all vending equipment.
C. Fare Barriers

Provisions for fare gates and fare barriers shall be included in the design of the stations.

1. Heights of barriers adjacent to fare collection gates shall be 4 feet 4 inches.

2. Portions of barriers that may have to be removed in the future to accommodate
additional fare gates shall be designed to be removable in modules equal to the
width of the fare gate unit.

3. Where bars, slats, or pickets are used, the spacing centerline to centerline shall be
less than 4 inches. Maximum clear opening between the end of the barrier and the
fixed wall shall not exceed 3 inches.

4. Barriers shall be non-climbable.

5. Design of the fare collection barrier shall be coordinated with the
design of the station closure elements.

D. Fare Gates
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10.15.5

All entries and exits to the system will be controlled through gates. Right-hand gates to
the entering flow are to be entry gates; the right-hand gates to the exiting flow are to be
the exit gates. The entry gates are to be capable of reversible designation to suit the
major directional flows. All gates are to be designed for right-hand operation. Conduit
shall be provided for future fare collection equipment in the initial station construction, in
accordance with the requirements specified in Chapter 20, Facilities Electrical. Initially
the system will have an honor system for proof of payment.

1.

2.

The number of fare gates is to be determined by RTD.
Dimensions of Fare Gates

a. The approximate dimension of the consoles are 6 feet 6 inches long by 3 feet
4 inches high by approximately 11 inches wide; they shall be spaced 2 feet
8 inches on centers (leaving a path approximately 1 foot 9 inches wide).

b. A queue space of 15 feet 0 inches is required on each side of the fare gates.
Emergency Egress at Fare Gates

All fare gates are to be “free-wheeling” in the exit direction at all times. Emergency
exit gates may also be required as part of the fare barrier to accommodate the
evacuation of the station occupants.

Service/Wheelchair Gate

a. There must be a single service/wheelchair gate through the barrier, separating
paid and free areas of the concourse. This gate may be used by patrons,
including a person in a wheelchair, the maintenance and service staff, and
emergency crews (police, fire, etc.).

b. The service/wheelchair gate is to be controlled by equipment similar to that
controlling fare gates. A console is to be provided at the gate at a height suitable
for operation by a person in a wheelchair.

Emergency Exit Gate

In stations where additional exit capacity is required over that provided by the
service/wheelchair gate(s), emergency exit gates may be provided as part of the
fare barrier. The need for and number of these gates will be determined by RTD as
part of the station preliminary design and reviewed by RTD.

Station Attendant’s Booth

The station attendant will monitor and control the stations. Responsibilities will include
the following:

1.

Supervision of Passenger Activity
a. Monitoring fare vending and fare collecting activities.

b. Providing information and assistance to patrons.
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c. Acting in emergencies, such as illness or assault.

d. Reversing fare gates and monitoring escalators as required for changing traffic
flow.

e. Controlling entrance and exit of special personnel, disabled patrons, etc., via the
elderly/disabled gate at fare barriers, when future fare barrier system is
operational.

f. Monitoring of elevators.
g. Monitoring access to Rest Room(s).
2. Supervision of Station Operation and Security

a. Monitoring stations for undesirable and illegal acts against patrons, operating
authority personnel, and station facilities.

b. Directing the activities of the operating authority’s personnel in stations by
means of verbal direction and the telephone system. Monitoring station intrusion
alarm system and card access system.

10.15.6  Security/Staff Room

A. Designated stations will have a Security/Staff Room used primarily by security
personnel. The room should be inconspicuous. The Security/Staff Room shall
accommodate furniture and other features as directed by RTD.

B. The Security/Staff Room shall have provisions for future electrical and communications
devices. Conduit will be installed as directed by RTD.

10.15.7  Station Closedown

A. Security closure gates will be provided. Security gates at each station entrance shall be
electric roll-up grilles.

B. Each secured station must have at least one means of emergency egress.

C. Security enclosures shall be located in such a manner as to eliminate places of
concealment accessible from the street after closedown.

10.15.8  Security Alarms and Locks

A. For requirements, see Chapter 25, System Safety and Security.

END OF CHAPTER
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11.1.2

11.1.3

11.0 LANDSCAPE ARCHITECTURE
GENERAL
Introduction

Creating an inspired ground plane with landscape planting, paving, and furniture plays a
major role in defining this transit system’s place in Hawaii. The Station Designers shall
follow this Chapter to help create a coherent and meaningful landscape plan at stations,
along the guideway, and at maintenance and support facilities.

By repeating elements of the design in all stations, unity will be forged. By varying
material selections based on community context, relevance will be achieved. The
Station Designers shall follow this Chapter to help create in a coherent and meaningful
way a one-of-a-kind transit system that will make Hawaii proud. The Design Language
Pattern Book explains that in Hawaiian inspired landscape planting design is more
important than in any other transit system in the world.”

This criterion is intended to unify the system-wide approach to landscape design and to
reflect the unique climate, history, culture, and environment in which this project is set.

Goals

The basic goal of these criteria is to ensure the public welfare by providing project
facilities that do not compromise the health and safety of the public or the users of the
system.

Embody Hawaii and Honolulu’s rich cultural heritage in the form, material selection, and
arrangement of the system’s landscape architecture.

Contribute to the system’s functional identity through the use of repetitive elements of
design and their arrangements.

Enable context-sensitive site designs that are functionally integrated and culturally
expressive of their specific locations.

Enhance the visual impacts of the system’s facilities, stations, guideway, traction power
substations, parking lots and structures, maintenance facilities, etc.

Comply with the principles of Crime Prevention through Environmental Design (CPTED).
Contribute to the safety and security of all passengers.

Achieve a high level of environmental sustainability by substantially reducing potable
irrigation water usage requirements, reducing demand on traditional energy sources,
specifying materials and elements that require minimal maintenance, and reducing site
disturbance.

Reference Data
Street Trees Technical Report

This technical report by the City and County of Honolulu Department of Transportation
Services Rapid Transit Division (RTD), in cooperation with U.S. Department of
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Transportation Federal Transit Administration (FTA), identifies the foreseeable impact
on street trees along the guideway alignment for the alternatives. A certified arborist
compiled the street tree survey and the arborist’s evaluation is included in this report, as
well as an inventory of notable and exceptional trees. Station Designers will mitigate
impacts to these urban forest resources as a part of the landscape design of the
system.

B. Design Aesthetics

Station Designers and Station Architects will be furnished with a Design Language

Pattern Book that they will use to guide and inform their landscape architecture design

solutions.

C. Station Scope of Work

This document outlines the work of the Station Designer and includes stages of design,

submittals, budget, and schedules.

D. Utility Locations

Utility drawings for the various sites will be made available by RTD or its designee. Tree

setbacks should comply with the City’s Standards and Procedures for the Planting of

Street Trees.

E. Other General Data

1. Master plans, urban renewal plans, and plans for specific future projects, in the area
of influence for a particular station, shall be reviewed for pertinent information that
might influence site development and design possibilities.

2. The following contextual station planning data shall be provided to the Station
Designers by RTD in the form of the following reports and guidelines:

a. Station Area Interface and Access Report

b. Transit System Urban Design Guidelines

c. Archeological resources Technical Report

d. Cultural Resources Technical Report

e. Street Trees Technical Report

f. Sustainable Community Impact Report

g. Station Area Development Potential Report
F. Definitions

1. Berm: An earthen mound designed for visual interest, buffer, or screening.

2. Buffer: A combination of physical space and vertical elements, such as plantings,
berms, fences, or walls, whose purpose is to separate and screen adjacent
incompatible land uses.
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3. Exceptional Tree: A tree or grove of trees with historic or cultural value, or which by
reason of its age, rarity, location, size, aesthetic quality, or endemic status has been
designated by the City Council as worthy of preservation (per the Revised
Ordinance of Honolulu, Section 41-13.2 1990).

4. Landscape Architect: Individual or firm who is responsible for station landscape
architectural design.

5. Notable Tree: A tree deemed to be significant to the urban landscape character (per
the Street Trees Technical Report, 2008)

6. Ornamental Tree: An accent tree usually under 20 feet in height that is planted for
its showy flowers, foliage, or bark.

7. Screen: A vertical element of plants, berms, fences, or walls that blocks the visual
appearance of an undesirable view or incompatible land use or mitigates the noise
impact of an adjacent roadway or other land use.

8. Shade Tree: Usually a medium-to-large broadleaf tree with a mature height of more
than 20 feet and planted primarily for its high crown of foliage or overhead canopy.

9. Shrub: A woody plant, smaller than a tree, consisting of several small ste