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CHAPTER 1 - TRACK ALIGNMENT

1.1 INTRODUCTION -

This chapter illustrates and discusses the various elements of track alignment, including different
types of alignments, curvature, special trackwork, speed requirements, and clearances. Using
currently accepted railroad and transit engineering practices, these criteria provide guidelines for
safety, passenger comfort, and economy. Unless otherwise stated in this document, the track safety
requirements for the system are not less than those prescribed by the Federal Railroad
Administration's "Track Safety Standards" for Class 5 tracks. The track safety requirements for yard
tracks are not less than prescribed for Class 3 tracks. Criteria relating to other elements of design,
such as transit system drainage, and to work items made necessary by transit system construction,
such as miscellaneous utility work, are based on the current specifications and practices of the
agencies concerned in-the jurisdictions involved. For further information, refer to Chapter 6 -
Utilities and Chapter 7 - Drainage.

1.2 SURVEY CONTROL
1.2.1 Horizontal

The horizontal control for all alignments shall be based on survey control points established under
the direction of the Authority. Coordinates for control points established for the system shall be
located on NAD 1983 Texas Coordinate System, North Central Zone (Lambert Grid), as established
by the National Geodetic Survey (NGS). The accuracy of the horizontal ground control and of
supporting ground surveys shall as a minimum be second order, Class I, as defined by the Federal
Geodetic Control Committee and published under the title Classification, Standards of Accuracy and
General Specifications of Geodetic Control Stations. Scale factor on DART Projectis 1.000136506,
to convert from grid to surface values. All coordinates and distances shall be published as surface
values. For further information, refer to the DART Project Survey Manual.

1.2.2  Vertical

The vertical control shall be based on the National Geodetic Vertical Datum of 1988 (NGVD), as
defined by the NGS descriptions with the most recent adjustments. The accuracy of the vertical
ground control and of supporting ground surveys shall as a minimum be second order, Class I, as
defined above.

1.3 TRACK ALIGNMENT

The parameters for the design of track alignments shall be in accordance with the Design Criteria and
recommendations of the current edition of Manual for Railway Engineering published by the
American Railway Engineering and Maintenance-of-Way Association (AREMA). The horizontal
alignment of main line tracks shall consist of tangents joined to circular curves by spiral transition
curves. Spirals shall also be used in all revenue tracks and secondary tracks to the yard. Curvature
and superelevation shall be related to design speed and the acceleration and deceleration
characteristics of the design vehicle. Wherever practical, the track geometrics shall accommodate
the maximum operating speed of 65 miles per hour (MPH), where the location of curves, spacing of
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stations, construction limitations, and the performance characteristics of the design vehicle require an
operating speed less than the maximum, the track geometrics shall accommodate the reduced speed. .

These criteria are based on standard track gauge of 4 feet 8-1/2 inches measured perpendicular to
the rail 5/8 inch below the top of rail.

1.4 SPEED REQUIREMENTS

Main Line. Curvature and superelevation shall be related to the characteristics of the vehicle design,
the effects of acceleration, deceleration, and speed command levels of the signal system. Wherever
the vehicle operational characteristics permit attainment of the highest speed command level, every
effort shall be made in the development of the geometric design to accommodate that speed.
- Wherever restrictions limit the speed to another command level, every attempt shall be made to
maintain an alignment to accommodate that speed command level.

Main Line, Hichway Median. Wherever the vehicle operational characteristics permit attainment
of an operating speed of 10 MPH over the posted highway speed, every effort shall be made in the
development of the geometric design to accommodate that speed. Wherever restrictions limit the
speed to less, every attempt shall be made to maintain an alignment to accommodate a main line
design speed equal to the posted highway speed.

Main Line, Transitway Mall. Speeds in the transitway mall will be limited by pedestrian, traffic
signal, street vehicle considerations and curvature.

Yard Track. The geometric design for yard track shall accommodate the operational requirements
for each particular location.

1.5 TRACK CONTROL AND DESIGNATION

The alignment control shall be the centerline of the main line track carrying traffic in the direction of
line stationing because it forms the basic control for all other system facilities, each control
centerline shall be stationed throughout its length. The identification of this control centerline is
shown below for each of the rail lines. The main line track that handles rail traffic in the opposite
direction is also identified below. '

Line Control Centerline  Opposite Main Line Track
North Central NC-NB NC-SB
West Oak Cliff WOC-SB WOC-NB
South Oak Cliff SOC-SB SOC-NB
CBD Mall CBD-NB CBD-SB
Oak CIliff OC-SB OC-NB
Northeast NE-NB NE-SB
Southeast SE-SB SE-NB
Northwest NW-NB NW-SB
Irving/DFW 1-NB 1-SB
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The alignments of opposite main line and secondary tracks shall have separately defined geometry”
with station equalities to the control centerline at spiral tangent points.

1.6 TRACK SPACING -

Track spacing shall vary, depending upon curvature and upon the type of construction used for the
particular section of line. Normal track centers shall be 15 feet 6 inches with center catenary pole
structure. Without center poles, track centers shall be a minimum of 14 feet 0 inches on tangent
tracks. Track centers of 14 feet 0 inches with center poles of dimension 1 foot or less in width will
be allowed upon approval of DART. Every attempt should be made to place center catenary poles of
larger dimension in areas where track centers are 15 feet 6 inches or greater. Center-to-center
dimensions for parallel tracks near stations with center platforms shall depend upon the width of the
station platform. Refer to Sections 1.9.2 and 1.9.3 for further guidelines pertaining to track spacing,.

1.7 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 where it does not interfere with pavement grades in areas of mixed traffic operation. The
nomenclature used to describe horizontal alignments shall be consistent with that illustrated in
Figure 1.1.

1.7.1  Tangent Alignment

The minimum length of tangent track between curved sections of track shall be as follows:

Condition Tangent Length
Desirable Minimum 200 ft
Minimum 100 ft or 3 times the design
' speed (in mph), whichever is

greater

* Absolute Minimum 40 ft or 1.5 times the design
speed (in mph), whichever is
greater

- (* Not to be used without prior DART approval)

If adjacent curves in the same direction which are in close proximity to one another 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, (e.g., 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, unless otherwise approved by DART. The tangent shall be extended beyond both ends of
the platform as follows:

-1-3- Jan 2003 Rev 10



Condition Tangent Length

Desirable M'ir}irnum 75 ft
Minimum ‘ 60 ft
* Absolute Minimum ' 50 ft

(* Not to be used without prior DART approval)

All special trackwork shall be located on horizontal tangents. Refer to Section 2.7 of Chapter 2
for minimum tangent length criteria in areas of special trackwork.

1.7.2  Curved Alignment

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

(a) Circular Curves

Circular curves shall be specified by their radius. Degree of curvature, where required for
calculation purposes (including along freight railroad tracks), shall be defined by the arc

definition of curvature as determined by the following formula:
5729.578

R

-

I

Where D = degree of curvature

R = radius of curvature, in feet

Minimum Radii:

The minimum radii for mainline tracks shall be as follows:

~ Location Minimum Radius
Aerial structures: 500 feet
At-grade ballasted: 500 feet Desirable Minimum

300 feet Absolute Minimum*

In-street: (Embedded or 250 feet Desirable Minimum

Paved Track) 150 feet Minimum

100 feet Absolute Minimum?*

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

Yard and service tracks: 150 feet Desirable Minimum
100 feet Absolute Minimum*
(* Not to be used without prior approval of DART)
Minimum length of circular curve: l
The desired minimum length of circular curve along main line tracks shall be 200 feet.
The absolute minimum circular curve length shall be determined by the following formula:
L = 3V or 60 feet, whichever is greater.

Where L = minimum length of curve, in feet

V = design speed through the curve, in mph

Turnouts and reverse curves behind turnouts are exempted from these criteria as their curve
lengths are dictated by turnout geometry. For multitrack layouts, where two or more tracks
follow the same general alignment, the tracks should be placed on concentric curves. Minimum
curve radius criteria shall apply to the inside curve.

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

(b) Track 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 0.1 g.

Equilibrium superelevation (Total superelevation) is the amount of superelevation that would
be required so that the resultant force from the center of gravity of the light 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 1s superelevated so as to achieve equilibrium at a given speed, a light rail vehicle
passenger would experience no centrifugal force through the curve at that speed. Equilibrium
superelevation shall be determined by either of the following equations:

V2
Eq = Ea+Eu = 4 —?R—

or
Eq = 0.0007 V'D
Where Eq = Equilibrium (Total) superelevation, in inches
Ea =Actual track superelevation to be constructed, in inches

Ey = Unbalance superelevation, in inches
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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 superelevation (Eq) 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 Ej, shall be designed for. The difference between the equilibrium
superelevation and the actual superelevation is called the unbalance, and is designated as E,;.

Actual superelevation (Ej) 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 at the
profile grade.

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

Superelevation Value
Exz = 4 inches Maximum desirable *

6 inches absolute Maximum

Ehw = 1-1/4 to 1-1/2 inches desirable *

3 inches absolute Maximum

" (* Not to be exceeded without prior approval of DART)
Note: Use Ey; up to 3 inches before using Ej >4 inches (Subject to DART approval).

In some unique situations, Negative Unbalance Superelevation may be necessary. Inthese
instances, DART approval will be required. In no case may the Negative Unbalance
Superelevation exceed 1-1/2 inches.

In areas of mixed traffic operation with rubber-tired vehicles (CBD areas), the desired
location for a pavement crown shall be at the centerline of the tracks. Where this is not feasible,
anormal pavement crown of a maximum of Ya-inch per foot across the rails may be maintained
in the street pavement to promote drainage. Note that this practice will introduce a constant track
superelevation (Ez) of approximately 1-inch. If, at curves, the street pavement is neither
superelevated nor the crown removed, this crown related superelevation may dictate the
maximum allowable operating speed. On curved track, this 1-inch could be either positive or
negative depending on which side of the crown line the track is located. In such cases only, so as
to minimize the need to extensively regrade street pavements which could affect curb reveal
heights and other civil features, the unbalanced superelevation will be allowed to go to its
maximum prior to the introduction of any additional actual superelevation. Thus, normal
pavement crown shall remain (E; = %1 inch) until E;; = 3 inches is reached. At this point, either
a limit shall be placed on the LRT design speed or the pavement crown shall be revised so that
Ea may be increased until Eq is equal to a maximum of 7 inches. When Eq would exceed 7

inches, a limit shall be placed on the LRT design speed.
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If the Street Grade is steep and the maximurmn allowable Negative Unbalance Superelevation
of 1-1/2 inches is not adequate to make a reasonably acceptable grade crossing, then the split.
profile may be used with DART prior approval.

Eg shall be set so that trains will have a positive Ey, on curves where speed is likely to vary.

©) 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 light rail vehicle, as it enters the
curve. Spiral transition curves shall be clothoid spirals as depicted in Figure 1.2 and as defined
by Hickerson'. Spirals shall be required on all mainline track horizontal curves with a radius less
than 10,000 feet.

The minimum length of spiral shall be the greater of the lengths determined from the
following formulae. (rounded off to the next largest 5 feet). In any case the desirable minimum
spiral length is 60 feet: .

The minimum spiral length shall be the greatest length obtained from the following formulas:

Ls= VE3

Ls= VE,

Lg = 33 E, for speeds < 30 mph

Lg = 50 E; for speeds > 30 mph and < 50 mph
Lg= 60 E; for speeds > 50 mph

Where:

Lg = Length of spiral in feet.

V = Design speed in miles per hour.

E. = Actual superelevation in inches.

E, = Unbalanced superelevation in inches.

Where geometric conditions are extremely restricted, such as in un-superelevated, embedded
track in a CBD area, the spiral length may be reduced to the absolute minimum of 30 feet
provided, that prior DART approval has been obtained.

On paralle] tracks with concentric circular curves, the shortest spiral length shall comply with
the minimum spiral length requirements.

Extremely long spirals shall be avoided by applying compound curves.

A spiral and Superelevation are not required for yard and secondary tracks where design
speeds are less than 10 mph.

1. Thomas F. Hickerson, Route Location Design, 5th edition. (New York: McGraw-Hill, 1964), pp. 168-171,
374-375.
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Table 1.1 provides minimum spiral lengths for various combinations of design speed,
radius of curvature, and desirable Actual Superelevation (Eg). This Table shall be used as a

Design Aid.

(d) 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
(rounded off to the next largest 5 feet):

The minimum spiral length shall be the greatest length obtained from the following formulas:

Lg= V(Ea2 - Eal).

Ls= V(Eu2 - Eul)

Ls= 33 (Ea2 - Ega1) for speeds < 30 mph

Ls= 50 (Ea2 - Ea)) for speeds > 30 mph and < 50 mph
Lg= 60 (Eg2 - E51) for speeds > 50 mph

Where Lg = minimum length of spiral, in feet.
Ea1 = actual superelevation of the first circular curve, in inches
Ea2 = actual superelevation of the second circular curve, in inches
Eu1 = .unbalanced superelevation of the first circular curve, in inches
" Ey2 = unbalanced superelevation of the second circular curve, in inches
V = design speed through the circular curves, in mph

(e) Reverse Curves
Where extremely restrictive honizontal geometrics make it impossible to provide sufficient
tangent length between reversed superelevated curves, the curves may meet at a point of reverse
spiral upon approval from DART. The point of reverse spiral shall be set so that:

Ls1 xEa2 = Ls2 xEal

Where E,] = actual superelevation applied to the first curve
Ea2 = actual superelevation of the second circular curve, in inches
Lgi1 = the length of the spiral leaving the first curve
Lg2 = the length of the spiral entering the second curve

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

The superelevation transition between reversed spirals shall be accomplished by sloping both
rails of the track throughout the entire transition spiral as shown on Figure 1.10. Note that
through the transition, both rails will be at an elevation above the theoretical profile grade line.
This method of superelevation transition creates additional design considerations including an
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increased ballast section width at the point of reverse spiral and possible increased clearances.
Such issues shall be investigated in detail and any impacts identified in the waiver application to .
DART.

@ Double Reverse Curves.
Double reverse curves shall not be used in the system unless the distance between the point of
change from the first curve to the second curve and the point of change from the second curve to
the third curve is at least 450 feet.

(2) Variations In Train Operating Speeds

Variation in train operating speed through a curve will result where ever that curve lies in an
acceleration or deceleration zone. Such zones will exist adjacent to stations and elsewhere
throughout the system. These zones will be established by the train simulation program.

The track superelevation, E,, for such a curve in direct fixation track shall be varied along the
curve so that a more or less uniform unbalanced superelevation, E,, will be maintained for cars at
the middle of a 360-foot- long train. If uniform unbalanced superelevation cannot be obtained,
consideration shall be given to using a compound curve or an extra long transition spiral. The
absolute maximum unbalanced superelevation experienced by cars at the head and tail ends of
the train shall be between the limits of +3 inches and 1.5 inches. The desirable value of
unbalanced superelevation shall be between 1-1/4 inches and 1-1/2 inches.
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DART RAIL PROJECT -- TABLE 1.1

CURVE RADIUS/MINIMUM SPIRAL LENGTH TABLE WITH 1.5 INCHES UNBALANCED SUPERELEVATION
E, = Actual Superelevation

E, VELOCITY (mph)
(inches) 15 20 25 30 35 40 45 50 55 60 65
0.00 600 1,067 1,667 2,400 3,267 4,267~ 5,400 6,667 8,067 9,600 11,267
23 30 © 38 45 53 60 68 75 83 90 98
0.50 450 800 1,250 1,800 2,450 3,200 4,050 5,000 6,050 7,200 8,450
23 30 38 45 53 60 68 75 83 90 98
0.75 400 711 1,111 1,600 2,178 2,844 3,600 4,444 25,378 6,400 7,511
25 30 38 45 53 60 68 75 83 90 98
1.00 360 640 1,000 1,440 1,960 2,560 3,240 4,000 4,840 5,760 6,760
33 13 38 45 53 60 68 75 83 90 98
1.25 327 582 909 1,309 1,782 2,327 2,945 3,636 4,400 5,236 6,145
41 41 41 45 63 63 68 75 83 90 98
1.50 300 533 833 1,200 1,633 2,133 2,700 3,333 4,033 4,800 5,633
50 50 50 50 75 75 75 75 90 90 98
1.75 277 492 769 1,108 1,508 1,969 2,492 3,077 3,723 4,431 5,200
58 58 58 58 88 88 88 88 105 105 114
2.00 257 457 714 1,029 1,400 1,829 2,314 2,857 3,457 4,114 4,829
66 66 66 66 100 100 100 100 120 120 130
2.25 240 427 667 960 1,307 1,707 2,160 2,667 3,227 3,840 4,507
74 74 74 74 113 113 113 113 135 135 146
2.50 225 400 625 900 1,225 1,600 2,025 2,500 3,025 3,600 4,225
83 83 83 83 125 125 125 125 150 150 163
2.75 212 376 588 847 1,153 1,506 1,906 2,353 2,847 3,388 3,976
91 91 91 91 138 138 138 138 165 165 179
3.00 200 356 556 800 1,089 1,422 1,800 2,222 2,689 3,200 3,756
99 99 99 99 150 150 150 150 180 180- 195
3.25 189 337 526 758 1,032 1,347 1,705 2,105 2,547 3,032 3,558
107 107 107 107 163 163 163 163 195 195 211
3.50 180 320 500 720 980 1,280 1,620 2,000 2,420 2,880 3,380
116 116 116 116 175 175 175 175 210 210 228
375 171 305 476 686 933 1,219 1,543 1,905 2,305 2,743 3,219
124 124 124 124 188 188 188 188 225 225 244
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DART RAIL PROJECT -- TABLE 1.1 (continued)

CURVE RADIUS/MINIMUM SPIRAL LENGTH TABLE WITH 1.5 INCHES UNBALANCED SUPERELEVATION

E, = Actual Superelevation

(1) Desirable radii, using 1.5 inches unbalanced superelevation.
(2) Absolute minimumn radii, using 3 inches unbalanced superelevation.
(3) Desirable Spiral Length : 60 feet
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E, VELOCITY (mph)

(inches) 15 20 25 30 35 40 45 50 55 60 65
4.00 164 291 455 655 891 1,164 1,473 1,818 2,200 2,618 3,073 Radius (ft.)
132 132 132 132 200 200 200 200 240 240 260 Spiral (ft.)
425 157 278 435 626 852 1,113 1,409 1,739 2,104 2,504 2,939 Radius (ft.)
' 140 140 140 140 213 213 213 213 255 255 276 Spiral (ft.)
4.50 150 267 417 600 817 1,067 1,350 1,667 2,017 2,400 2,817 Radius (ft.)
149 149 149 149 . 225 225 225 225 270 270 293 Spiral (ft.)
4.75 n/a 256 400 576 784 1,024 1,296 1,600 1,936 2,304 2,704 Radius (ft.)
157 157 157 238 238 238 238 285 285 309 Spiral (ft.)
5.00 Wa 246 385 554 754 985 1,246 1,538 1,862 2,215 2,600 Radius (ft.)
' 165 165 165 250 250 250 250 300 300 325 Spiral (ft.)
525" wa 237 370 533 726 948 1,200 1,481 1,793 2,133 2,504 Radius (ft.)
173 173 173 263 263 263 263 315 315 341 Spiral (ft.)
5.50 n/a 229 357 514 700 914 1,157 1,429 1,729 2,057 2,414 Radius (ft.)
182 182 182 275 275 275 275 330 330 358 Spiral (ft.)
5.75 n/a 221 345 497 ' 676 883 1,117 1,379 1,669 1,986 2,331 Radius (ft.)
190 190 190 288 288 288 288 345 345 374 Spiral (ft.)
6.00 n/a 213 333 480 653 853 1,080 1,333 1,613 1,920 2,253 Radius (ft.)
(1 198 198 198 300 300 300 300 360 360 390 Spiral (ft.)
6.00 wa 178 278 400 544 711 900 1,11t 1,344 1,600 1,878 Radius (ft.)
Q) 198 198 198 300 300 300 300 360 360 390 Spiral (ft.)



NOTES ON TABLE 1.1: CURVE/RADIUS/MINIMUM SPIRAL LENGTH

The table shall be used as a design aid to apply the project design critena.
The applicable design criteria are: -
a. Track superelevation shall be based upon the following formula:
E, +E, = (4V)R
Where:
E. = Actual superelevation, in inches.
E, = Unbalanced superelevation, in inches.

V = Design speed, in miles per hour.
R = Curve radius, in feet.

b. The desired maximum actual superelevation, Ea shall be 4 inches. The absolute
maximum shall be 6 inches.
c. The desired unbalanced superelevation, E, shall be between 1-1/4 inches and 1-1/2
inches. The absolute maximum shall be 3 inches.
d. Actual superelevation, E, shall be applied in 1/4 inch increments. Actual
superelevation of less than 1/2 inch shall not be used.
e. Minimum spiral length, Ls shall be the greatest value determined from the following
formulas:
Li=VE,
L;=VE,

Ly=33E,forV<30mph
Ly=50E, for V>30mphand V € 50 mph
Ly =60 E, for V> 50 mph

Because the relationship between E,, V and R is absolute, given values for two of these
variables the value of the third, as derived from the table, is correct. It is not a maximum or
minimum allowable value. In general, values should not be interpolated, and the tables
should be used according to note.

The values of L, as derived from the table, are minimum allowable values. For any
combination of E, and V, the spiral length shall equal or exceed the tabulated value of L.

The table shall be used as follows:

a. Ifspeed. V, and radius, R, are known - Find the appropriate V column. Scan down the
column to find the first value of radius € R. Use actual superelevation = E,. Use spiral
length > L. If there is no value of radius € R, this combination of V and R is not
permissible.
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If actual superelevation, E,, and radius, R, are known - Find the appropriate E, row.
Scan right along the row to find the first value of radius > R. Move left one column. Use
speed = V. Use spiral length > L;. If there is no value of radius > R, this combination of
E. and R is not permissible.

If actual superelevation. E,. and speed. V. are known - Find the appropriate E, row and V
column. Let the radius at the intercept of E, and V = R. Move up one row. Let this
radius = R,. Use a value of radius, R, such that R, > R = R. Use spiral length = L,
where L corresponds to R.

If speed, V. and spiral length, L, are known - Find the appropnate V column. Scan
down the column to find the first value of spiral length > L. Move up one row. Thisis
the minimum allowable radius. Use this R and E, combination or any other R and E,
combination above it in the column. If there is no value of spiral length > L, this
combination of V and Ld is not permissible.

If actual superelevation, Ea, and spiral length, Ls, are known - Find the appropriate Ea
row. Scan right along the row to find the first value of spiral length >Ls. Move left one
column. This is the minimum allowable radius. Use this R and V combination or any
other R and V combination left of it in the row. If there is no value of spiral length >Ls,
this combination of Ea and Ls is not permissible.

If radius, R, and spiral length, L., are known - Scan down all columns to find the first
values of radius € R. Scan the first values of radius < R to determine those for which
spiral length € L. Use any E, and V combination for first value of radius € R and spiral
length € L. If there are no values of radius € R or spiral length < L, this combination
of R and L, is not permissible.
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1.8  VERTICAL ALIGNMENT

1.8.1 General

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 nomenclature used to
describe vertical alignments shall be consistent with that illustrated in Figure 1.11.

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.

In areas of horizontal curvature where the profile is given for the right track only, the top of rail
elevation of the left track shall be adjusted uniformly throughout the curve to compensate for the
difference in horizontal curve lengths.

1.8.2  Vertical Tangénts

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
Minimum 40 feet

In CBD areas, where the need to conform to existing street profiles makes compliance with the
above criteria economically unfeasible, the above requirement may be waived upon application to
DART. Where a tangent between vertical curves is shorter than 40 feet, consideration shall be given
to reverse or compound vertical curves, so as to avoid abrupt changes in vertical acceleration which
could result in both passenger ride discomfort and excessive vehicle suspension system wear and
tear.

The profile at stations shall be on a vertical tangent that extends 40 feet beyond each end of the
platform. Special trackwork shall be located on vertical tangents. Refer to Section 2.8 of Chapter 2
of this criteria for minimum vertical tangent length criteria in areas of special trackwork.

1.8.3  Vertical Grades

The following profile grade limitations shall apply:

Mainline tracks on tangent

. 0
Maximum Desirable 4.0%
0/
Absolute Maximum* 6.0%
Minimum (for drainage on direct fixation track) 0.15%

(* Not to be used without prior DART approval)
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Where feasible, the lowest gradient possible shall be used.

Mainline tracks on Curves"

The absolute maximum gradient for main line track on curved sections of track shall be determined
from the formula:

Gmn=6-230/R

Where: Gy, is the absolute maximum grade in percent and R is the horizontal curve radius in feet.
Station Area

Desirable : 0.0%
Maximum 1.5%

No minimum grade is specified at passenger stations provided adequate track drainage can be
maintained.

Special Trackwork

Desirable 0.0%
Desirable Maximum 1.0%
Absolute Maximum* 4.5%

(* Not to be used without prior DART approval)

Yard and Secondary Tracks
Desirable 0.0%

Maximum , 1.0%
Yard Storace Tracks & Pocket/Tail Tracks Used For Storage

Desirable ‘ 0.0%
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.

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 toward
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 the profile grade of a storage track to slope up toward the stub end, the
grade shall not exceed 0.2 percent.
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Tracks located within maintenance shop buildings shall be level. (0.0% Grade)

1.8.4 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.

Elements of a vertical curve are shown in Figure 1.11. For elevations along the vertical curve, use the
following formula:
Ex=E.+gix+1/r x?

Where:

Ex = elevation of a point on the vertical curve, in feet.
E. = elevation of the PVC, in feet.

g1 = grade into the vertical curve, in %.

g> = grade out of the vertical curve, in %.

x = distance from PVC to point on vertical curve, in stations.
r =rate of change of grade, in % per station.

r =(gr-g)/LVC, where LVC is specified in stations.
Station = 100 feet

PVC =Point of vertical curve

LVC = Length of Vertical Curve

1.8.4.1 - Desirable Length of Vertical Curve

The desirable length of vertical curve (LVC) in main line track for both sag and crest conditions shall
be determined by the following formula, but desirable minimum should be not less than 200 feet:

LVC =200A
Where:

LVC = Length of vertical curve in feet.
A =The algebraic difference in the grades (in percent) approaching and leaving the curve.

1.84.2 Minimum Length of Vertical Curve

Except in embedded track, the absolute minimum length of vertical curve in main line track shall be the
greatest of the lengths determined by the following formulas:

LVC =100A (crest) for speeds = 50 mph

LVC =70A (crest) for speeds < 50 mph
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LVC = (AV?)/60 (sag) for speeds > 65 mph
LVC =70A (sag) for speeds < 65 mph

For Both Crest and Sag for all speeds, the Absolute Minimum LVC shall be greater of:
LVC =100 feet '

LVC =3v*

* For A < 1% this formula does not apply.

In embedded track, minimum length of vertical curve shall be the greatest of the lengths determined
for both sag and crest by the following formulas:

LVC =3V
LVC=35A
LVC=100

Where LVC = length of vertical curve, in feet

A =(Gy - G1) = algebraic difference in gradients connected by the vertical curve, in
percent.

G1= percent grade of approaching tangent
Gp= 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.

Minimum vertical curve length and/or design speed may be governed by the overhead contact system
(OCS) due to the maximum permissible rate of separation or convergence between the track grade
and the contact wire grade. Coordination with the OCS designer shall be required to assure
compliance with this limitation. '

1.8.5 Compound Vertical Curves

Compound and unsymmetrical vertical curves shall be permitted provided each curve conforms
to the requirements stated in Section 1.8 and prior DART approval has been obtained.

1.8.6 Reverse Vertical Curves

Reverse vertical curves shall be permitted provided each curve conforms to the requirements
stated in Section 1.8 and prior DART approval has been obtained.
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1.8.7 Combined Vertical and Horizontal Curvature

Where possible, combined vertical and horizontal curvature shall be avoided. Where any part of the
vertical curve occurs within the circular portion of a horizontal curve with radius less than 6000 feet,
the length of the vertical curve shall be increased to 1.5 times the calculated minimum required

length.

Where a vertical curve occurs within a spiral or in a horizontal curve where the radius of curvature is
in excess of 6000 feet no increase in the calculated minimum revised vertical curve length is
required.

1.9 CLEARANCES
1.9.1 Static, Dynamic and Car Dynamic Envelope

Figure 1.3 identifies the exterior extent or envelope of a vehicle on tangent track in the static and
dynamic states. The solid line in Figure 1.3 identified as the Static Envelope represents the shape of
a vehicle at rest with all mechanical features in perfect condition. The dashed line, or the Dynamic
Envelope, indicates the lateral limits that a vehicle may reach in motion taking into consideration
such factors as vehicle roll, track tolerance, and skew. This dashed line can be thought of as the
physical dimensions of the vehicle for design purposes, but with no clearances or construction
tolerances added. Track tolerances utilized in development of the dynamic envelope are a maximum
of 2" for direct fixation and 4" for ballasted construction applied at the mirror of the car. Since
ballasted track is more easily displaced than direct fixation track, the outline for ballasted track
conditions is shown.

Offset dimensions from centerline of track to the Clearance Envelope are shown at three points along
the side of the car. These points are designated on Figure 1.3 and appear at the bottom of the car, at
the mirror and the top of the car body. The horizontal dimension to the mirror from centerline of
track may be disregarded if approval has been given by DART for 14 foot track centers with center
catenary poles in accordance with Section 1.4.

A report on the criteria and methods used to determine acceptability of design and as-built clearances
at specific locations is in Appendix D.

1.9.2 Variations of the Clearance Envelope due to Curvature and Superelevation

In horizontal curves, side clearances shall be increased to account for increased vehicle end overhang
and middle ordinate. Furthermore, track superelevation must also be taken into consideration.

The additional clearances required on curves due to end overhang outside of curve is equal to (R*+

747.65)""2-R and due to middle ordinate inside of curve is R-(R>15.88%)'2. Additional clearances at
turnouts due to car overhang are shown on Figures 1.4 through 1.9.
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Clearances on the inside of curves shall be increased 2 inches for every 1 inch of actual -
superelevation. Transition in clearance requirements for curves shall be provided over that part of
the transition spiral and adjacent tangent as required. Widening to the outside and the inside of the
curve shall begin at a point 50 feet into the tangent and be completed at a point 50 feet in advance of
the tangent.

The minimum distance between center line of tracks on curves, as shown on Figure 2-6 shall be the
greater of 12.917 feet + e + m or 14 feet.

Where e = end overhang which is (R + 747.65)"2 - R and
m = mid-ordinate which is R - (R? - 15.88%)"2

Minimum distance to poles shall be distance C, and C; as shown on Figure 2.8 and on Figure 2-9 C,
=7.750-e+ 0.165 E,or C; =7.10+m + 0.176 E,, whichever is greater; C3 =7.750+ ¢ - 0.165 E,.
Selection depends on the direction of curvature. If approval has been given by DART for 14 foot 0
inch track centers with 1 foot maximum width center catenary poles, the constant 7.000 shall be
substituted for 7.750 in the above equations for C, and Cs.

Minimum distances C; and C; to outside walls as shown on Figure 2.9 shall be as follows: C, =7.58
+e-0.011E;,orC;=793+¢e-0.112 E,, or C; = 8.00 feet, whichever is greater; C, =7.93 + m +
0.112 E,, or C4 = 8.00 feet, whichever is greater.

1.9.3  Horizontal and Vertical Clearances and Tolerances

Any structure and emergency walkway alongside DART rail lines shall be clear of the Clearance
Envelope by a distance equal to the sum of the applicable clearances and tolerances outlined below:

Construction Tolerances:

Aerial Structures 1"
Catenary Poles 2"
Catenary Pole Deflection 1"
All other Structures 3"
Running Clearance Along All Structures 5/8"
Acoustical Treatment Where Required 3"

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 Clearance Envelope must clear.
When the applicable clearances and tolerances are added to the Clearance Envelope dimensions, the
resulting envelope shall be referred to as the Design Envelope. With the exception of passenger
station platforms, all structures installed above the top of the nearest rail must be set either at or
beyond this Design Envelope.
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The distance from the edge of the special use (high block) platform to the car body shall be 3 inches
from the Static Car Outline. '

A clear space for a service walkway shall be provided on one side of each track for emergency egress
and maintenance access. The space shall be adjacent to the vehicle (with no obstructions between
the space and the vehicle). The space shall have a minimum width of 22 inches (24 inches desirable)
and a minimum height of 84 inches. The upper comers of the space may be clipped 3 inches
horizontally and 12 inches vertically. The space shall be measured from the top of the low rail,
except in tunnels and on structures with walkways. The space may be raised 8 inches. The clear
space must be outside of the vehicle dynamic envelope (including track and maintenance and
construction tolerances).

The following clearances shall be provided in the design and construction of the DART system. All
vertical and horizontal clearances shall be verified with the appropriate authorities by the section
designer at the time of final design.

The following horizontal clearances shall be applicable for tangent alignment on ballasted track
except as noted. These clearances shall be compensated for curvature and superelevation when
required. Clearance compensation factors shall be as shown on clearance diagrams and directive
drawings. For clearances of special trackwork, see Figures 1.4 through 1.9.

Horizontal Clearances - Taneent Alicnment.

o Between adjacent main line parallel tracks, center-to-center, 15 feet 6 inches minimum with
an 18 inch maximum diameter center catenary pole, and 14 feet O inches without center
catenary pole. Track centers of 14 feet 0 inches with center catenary pole width of 1 foot 0
inches or less allowable upon approval by DART.

o Track centers between main line tracks at center platform stations will be platform width plus
9 feet 4 inches on tangent alignments.

Embedded track centers will be 14 feet without center catenary poles and 15 feet 6 inches
with center catenary poles.

Between parallel yard tracks, track center to center distance shall be as follows:

Minimum Desirable
- Lead track to a ladder track 16'-0" 18'-0"
- Running track to a ladder track 18'-0" 20'-0"

-1-20- Jan 2003 Rev 10



Pt

Minimum Desirable

- Ladder track to a ladder track

With roadway 30-0" 42'-0"
With catenary pole ' 18'-0" 20'-0"
- Dnll track to a storage track 17'-0" , 200"
- Storage track to a storége track (with no poles) 15'-0" 15'-0"
With pole 16-0" 16-0"
With service aisle 18'-0" 20-0"
- Shop building tracks 14'-Q" *x
- Wayside storage tracks 16'-0"* 20'-0"*
- Transfer zone tracks
With pole 16'-0" . 16'-0"
Without pole 14-0" 14'-0"

* No catenary pole between tracks.
** Desirable track centers shall be determined on the basis of maintenance space needs
between LRVs in the shop.

Fixed structure, measured from centerline of track and nearest point of fixed structure except as
otherwise noted below:

Minimum Desirable
Tunnel Track 7'-0" 8'-6"
Tunne] Track (Wall adjacent to walkway) 6-1" + 7-0" +
, Walkway Width ~ Walkway Width

Tunnel Track (Wall opposite walkway) 7-0" g'-6"

- Fixed structure equal to or less than six (6)
feet in length: : ‘
Direct Fixation 7'-0" 8'-6"
Ballasted 7-0" 8'-8"

- Fixed structure greater than six (6)
feet in length: : :
Direct Fixation 8'-6" 12'-0"
Ballasted 8-6" 12'-0"

- Between handrail and centerline of
nearest track provided walkway is ,
available elsewhere on the right-of-way. 7'-0" &'-0"
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Minimum Desirable

Between acoustical barrier and

centerline of nearest track;

Direct Fixation 8'-6" 12'-0"
Ballasted g-6" . 12'-0"

- Fences parallel to track measured from
centerline of track on retained fill or
embankment: 8'-6" 12'-0"

- Between centerline of a catenary pole
and centerline of nearest track:

Direct Fixation 7-2 1/2" g'-0"
Ballasted 7'-4 1/2" g-0"
- C.to C. distance between LRT and Freight Track  20-0" 25°-0
Stations.

The minimum horizontal dimensions shall be as follows:

Length of platform - 410 feet unless otherwise noted.

Edge of platform to centerline of track - 4' 8" on tangent alignments.
Vertical. - Vertical clearance, guideway structure over public highways and local public roads and
streets shall be as required by the Authority having jurisdiction over the roads. Minimum vertical

clearance shall be 16'- 6".

The vertical clearance over a guideway structure to a fixed structure, measured from top of rail to the
nearest point of obstruction, shall be as follows:

Exclusive LRT Right-of-Way 22'-0"
Mixed Use with At-Grade Roadway Crossings 24'-0"
Mixed Use with At-Grade Railway Crossings 28'-0"

Lower clearances under existing structures may be considered with approval of DART and
coordination with the overhead catenary system design.

Under the rail vehiéle, between rails, structures will be allowed to intrude on the clearance envelope
a maximum of 3/4 inch above top of rail on a tangent track.

Streets. The minimum lateral clearance for streets and highways shall normally be two feet,
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measured from the face of the curb to the DART right-of-way line. This distance must be increased
where signs, hydrants, utilities, sidewalks, or traffic signals must be accommodated in this space.
Clearances of guideway structure adjacent to streets or expressways shall be in accordance with the
current issue of the Texas Department of Transportation Operations and Procedures Manual and
standards of local agencies having Junsdlctlon over the roadway affected.

Railroads. Allrailroad clearances and trackwork shall comply with current plans and specifications
of the respective railroad or the Texas Railroad Commission, whichever is greater. All railroad
clearances, joint-use drainage structures, common support structures, and right-of-way lines are
subject to verification by the individual railroad company. In the absence of such plans and
specifications, trackwork shall comply with the current AREMA Manual for Railway Engineering
and Portfolio of Trackwork Plans and shall be approved by a responsible officer of the affected
company.

Catenary Protection Envelope at Overhead Structures. A catenary wire safety barrier/system
will be developed by the final line section designer, and constructed at all locations along the LRT
corridor where pedestrians or maintenance staff maybe allowed or placed too close to train catenary
wires. These existing or proposed structures will normally cross over or run parallel to the tracks, as
pedestrian overpasses or access pathways respectively. Locations will generally consist of structures
such as bridges, U-walls, retaining walls, buildings, tunnel portals, aerial walkways, escalators and
utility facilities; but not necessarily limited to these elements. The LRT corridor should be reviewed
for existing and proposed locations, where the catenary wire will potentially become too close to a
space occupied by people. These situations should be identified for further evaluation with the safety
clearance envelope.

The Catenary Safety Envelope, Figure 1.13 should be used to analyze potential locations for the
intrusion inside the horizontal or vertical safety envelope dimensions from the pedestrian access
level of the structural elements. If this situation exists, then catenary safety measures (devices)
should be designed into these elements of the project. A distance of 12 feet (desirable) from the
Overhead Catenary System (OCS) messenger wire to a pedestrian access level above or an access
point to the sides of the structure under consideration will satisfy the safety clearance criteria. A
minimum dimension of 8’-6” is acceptable when approved by DART; in both cases a catenary safety
barner 1s not required, but may be desirable. A situation may exist where the safety clearance
distance is met at an individual site, however the designer has the flexibility to incorporate safety
devices due to a special element of risk, or hazard that may be present at the site. Hence, the
designer should be alert to the site conditions and then evaluate these locations for safety devices on
a case by case basis.

The calculation methodology used for determination of whether or not a person would be within the
safety envelope is presented in greater detail in Figure 1.13. This figure is a design aid to help the
designer apply the design criteria.

The type of catenary safety devices that the Authority finds acceptable for vertical and horizontal
applications consist of three types. These are; vertical devices including a steel fence and tube
railing system (Fence Panel] Railing System) and chain link fencing, and a horizontal device defined
as a catenary wire shield. The vertical barriers shall rise to a height that will provide the safety
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clearance dimensions stated above. When chain link fencing is used, the designer may elect to use

curved tops if the situation warrants and field conditions are not prohibitive. The tops shall curve-

inward towards the pedestrian area. The horizontal device is a cover or shield placed over the
messenger wire for a specified distance out from a structure. The shields are normally attached to
the side of a structure and should be as light weight as possible, however strong enough to support a
person. :

See Figure 1.14 for a typical shield layout detail.

The Fence Panel Railing System consists of welded wire panels that are attached to a steel fence post
and tubing frame. The unit is supported from a concrete deck similar to chain link fence and is
protected from corrosion. Chain link fence will include the use of standard chain link fabric, with or
without curved tops. Plexiglass / glass is an optional material that can be substituted for the steel
fencing, of either type. If there is an unusually high risk of vandalism, either expected or observed,
the glass option is suggested. The height of a vertical barrier will be determined by the dimension
needed to maintain the distance from the access level or point of access of the structure to the OCS
messenger wire, a distance of 12 feet (desirable) or 8°-6” (minimum).

OCS wire shields (Figure 1.14) shall consist of a corrosion resistant, triangular shaped, steel
framework with a fabric covering and be designed to support the weight of a falling person. The
shield design and color will have to be selected individually for each site to enhance the appearance
of the existing structure.

The final line section designer will presumably evaluate the conditions at each site, since in the
majority of cases no two sites will include the same conditions or are of the same construction type
or materials, and design a specific catenary safety barrier for each structure.

Clearance Envelope for Structures. Clearances for wayside structures located below top-of-rail in
ballasted track construction shall comply with Figure 1.12.
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CHAPTER 2 - TRACKWORK

2.1 INTRODUCTION

This chapter presents the various types of trackwork that may be used on the DART system.
Related subjects covered include trackwork locations, use of derails, requirements for ballast,
information about ties, rail fasteners and joints, and considerations for grade crossings.

Track materials and special trackwork shall comply with design criteria, directive drawings, and
standard drawings for the DART rail system. These criteria and drawings are based on the current
edition of the American Railway Engineering and Maintenance-of-Way Association (AREMA)
Manual for Railway Engineering and Portfolio of Trackwork Plans. They have been modified as
necessary to reflect the physical requirements and operating characteristics of the DART rail
system.

2.2 CLASSIFICATION OF TRACK
Track shall be divided into three classes:

e Main line track. Main line track shall consist of all track constructed for the purpose of
carrying revenue passengers. '

e Yard track. Yard track shall consist of all other track constructed for the purpose of
switching, storing, or maintaining transit vehicles. Pocket, interline connector, transfer

zone, or yard lead tracks shall be constructed to main line track standards.

o Test track. Test track shall be constructed to the same alignment standards as main line
tracks.

2.3 TRACK CONSTRUCTION TYPE

Trackwork shall be divided into five types of construction. Sections 2.3.1 through 2.3.5 provide an
overview of the track construction types.

2.3.1 Tie-and-Ballast Construction
Construction shall conform to the following:

e Main line track. At-grade track shall consist of concrete ties, resilient track fastenings,
ballast, and subballast upon a prepared subgrade. Bridges less than or equal to 500 feet in
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length shall have ballasted decks. Bridges over 500 feet in length shall have Direct-
Fixation tracks subject to approval of DART.

e Yard track. Yard track shall consist of timber ties, tie plates, cut spikes, ballast, and
subballast upon a prepared subgrade. Concrete ties may be used in areas where there is
need for restraining rail due to curve geometry.

Refer to Figures 2.1 through 2.9 for sections of various tie-and-ballast track construction. These
sections will be used where sufficient right-of-way is available and must be modified to
accommodate available widths.

2.3.2 Direct-Fixation Construction

Direct-fixation construction shall be used for main line track on non-ballasted aerial structures and
in subway structures. When bounded by aerial, subway, or U-wall sections of track, direct-fixation
construction also shall be used on track slab at grade for sections less than 350 feet in length.
Revenue track and special trackwork shall be fastened directly to the track concrete using direct
fixation (standard or special) trackwork fasteners.

Resilient direct fixation rail fasteners shall be used to secure track to concrete. (Refer to the
trackwork standard drawings for direct fixation details.) Consideration shall be given during the
design of adjacent facilities for the clearance required to install the fasteners (see Figure 2.10).

The direct fixation rail fastener shall consist of two resilient rail clips, elastomeric plate with two
female anchorage assemblies, and associated hardware. The fastener shall restrain movement of
rail in the vertical, lateral, and longitudinal directions to a degree sufficient to support the rail in the
anticipated operating and maintenance conditions. The fastener shall also be designed to minimize
stray currents from running rail to ground, and to abate vibration and noise.

The rail hold-down assembly required in direct fixation special trackwork units shall be the same
basic rail hold-down assembly used in main line track direct fixation construction. The reinforcing
steel of the concrete track structure shall be designed to provide for the resilient direct fixation
fastener securing devices.

2.3.3 Dual Block Concrete Pad Construction

In lieu of direct fixation construction, dual block concrete pad construction can be used. The dual
block system consists of precast, reinforced concrete block and resilient rail fasteners. The base of
each block is placed upon a resilient pad encased in a rubber boot which provides resilient
separation between the rail support and the surrounding concrete. Due to the damping provided by
the rubber boot, the dual block construction may be required in noise and/or vibration sensitive
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areas. The surrounding concrete is a second pour made after the dual blocks are placed, aligned
and supported on an invert or deck slab.

2.3.4 Embedded Track Construction

Embedded track construction shall be used for main line tracks in the transitway mall. Embedded
track may use girder rail. In Embedded track, the base slab concrete is poured with slots for rail
installation. The rail is installed for line and gauge and embedded in a filler material. The rail is
supported along its length in the filler material without discrete supports under the base. The filler
material used shall provide resiliency in the Embedded track structure and minimize the noise and
vibration. Embedded track shall be designed to minimize stray current in accordance with systems
design criteria.

2.3.5 Shop Track Construction

Shop track shall consist of all track constructed within the limits of the maintenance shop building
and adjacent shop aprons. Two types of track shall be used in the shops: pit track and Embedded
track. Except in pit areas, the standard form of construction shall be, in general, conventional
Embedded track with welded girder rail or with welded 115RE rail with a formed flangeway. A
reinforced-concrete track slab shall provide the foundation beneath this form of track construction.
Rail hold-downs shall be used to secure the rails to proper gauge, line, and surface during
construction. Refer to systems criteria for stray current and grounding issues. A subsequent pour
of concrete shall embed the track to the elevation of the top of the running rails.

2.3.6 Shop Pit

In shop track through-pit areas, 115RE welded rail shall be used. The rail shall be supported by
individual parts, with rail welded to the posts in a manner that permits maintenance baskets to roll
on top of the rail base. Altemnative methods of support and fixation can be used subject to DART
approval.

24 TRACK GAUGE
Standard track gauge throughout the system shall be 4 feet 8-1/2 inches, as measured perpendicular
between inside faces of running rail at a point 5/8-inch below the top of rail. Track gauge shall be

widened as necessary on short radius curves of 500 foot radius or less.

Gauge in girder rail track areas shall be 4-8". Gauge in girder rail track areas shall be coordinated
with vehicles procured for actual wheel flange, wheel base, and back-to-back axle dimensions.
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2.5 TRACK CONSTRUCTION TOLERANCES
Track construction tolerances shall comply with the criteria shown in Table 2-1.

TABLE 2-1

TRACK CONSTRUCTION TOLERANCES

Cross Level Vertical Horizontal
and Track Alignment Track Alienment
Class and Gauge Superelevation
Type of Track | Variation Variation
Total Middle Total " Middle
Deviation Ordinate Deviation Ordinate
In In
62' Chord 62' Chord
Direct Fixation +1/8" +1/8" + 1/4" +1/8" +1/8" +1/8"
and Embedded 116"
Track
Mainline +1/8" +1/8" + 172" +1/8" + 12" +1/8"
Ballasted Track
Yard
Ballasted +3/16" +3/16" +3/8" +1/4" +3/8" +1/4"
Track -1/8"
Shop Track + 1/8" +1/8" +1/4" +1/8" +1/4" +1/8"
Notes:

(1) Total deviation is measured between the theoretical and actual alignment centerline at
. any point in the track.
(2) Total horizontal and vertical deviation in road crossings + 1/4".
(3) In the Station Platform areas: Total Horizontal deviation shall be 0” towards Platform
and 1/8” away from platform; Total Vertical deviation shall be 0” above Platform and
1/8” below platform.
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3

2.6 RAIL

Except as specified below, standard running rails shall be 115RE section, manufactured in
accordance with current AREMA "Specifications for Steel Rail." Specially treated, control-
cooled rail shall be used as follows:

e End-Hardened Rail. End-hardened rail shall be used for all bolted joints except where
premium rails are used.

e Premium Rail. Either head hardened or Fully heat-treated rail shall be used for all special
trackwork.

"A" rails shall not be used as running rails in main line track and special trackwork, but may be
used for yard track and secondary track, except for shop track running through pit areas. Rails to
be used for welded rail shall be furnished with blank ends. Rail ends to be used in bolted joints
shall be drlled in accordance with the most current AREMA requirements and beveled in
accordance with the most current version of AREMA Plan No. 1005.

Premium rail is used in curves of 500 feet radius or less, and shall extend a minimum of 5 feet
into the tangent track on the approach and departure ends of the curve. Minimum rail length
shall be 15 feet 8 inches, except as necessary in special work and turnouts. Rails to be used in
curves with a centerline radius of less than 450 feet shall be pre-curved. The pre-curving of the
rail shall be accomplished through standard shop methods.

Girder rail used in Embedded track shall be of an appropriate section, control-cooled and
manufactured in accordance with current AREMA "Specifications for Steel Rail". Premium
girder rail shall be used for the same applications as 115 RE rail.

2.7 SPECIAL TRACKWORK

The term "special trackwork" designates the trackwork units necessary where tracks converge,
diverge or cross one another. Special trackwork includes turnouts, crossings and crossovers. All
special work design shall be based on AREMA standards except as modified to meet the special
conditions of the LRT system. Special trackwork which conforms with European standards may
be considered depending on the type of special trackwork required and specialization of the item.

Special trackwork on the LRT system will consist of ballasted, direct fixation and embedded
trackwork. Ballasted special trackwork shall be constructed on conventional timber switch ties
using insulated rail fasteners. Embedded special trackwork shall consist of tongue switch and
mate turnouts and track crossings. Direct fixation turnouts will be similar to ballasted track
turnouts except that the rails, switches and frogs will be fastened to a second pour concrete slab
using insulated resilient rail fasteners. As it will be less costly than other types, the design
should utilize ballasted special trackwork whenever possible. ‘
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. Ballasted Special Trackwork

All special trackwork shall be designed and constructed in strict accordance with the DART
project Standard and Directive Drawings.  Turnouts and crossovers shall be located in ballasted
track wherever possible. To minimize future maintenance consider using Geotextile Fabric
under all ballasted special track work.

. Embedded Special Trackwork

Embedded special trackwork shall be designed to suit the restricted street configurations.
Standard components shall be used whenever feasible. The designer shall look for opportunities
to make multiple use of custom embedded special trackwork components, such as curved frogs
of a particular radius. .

Embedded turnouts may vary in design sizes from conventional railroad designs. Generally,
embedded turnouts include curved switches and frogs and are designated by the turnout radius
(100 feet, 25 meters, etc.).

Embedded switches shall be of the tongue switch and mate variety generally in accordance with
the designs illustrated in the AREMA "Portfolio of Trackwork Plans". Specific dimensional
requirements will be developed during preliminary engineering based on information that will be
obtained from special trackwork fabricators concerning available casting patterns and
manufacturer's standards. At a minimum, mates will be modified from AREMA design in order
to reduce point batter by either reducing the flangeway width or by providing flange-bearing
design, or both as needed.

Embedded frogs shall be of the monoblock steel section with welded toe and heel arms. To both
ease frog point batter and provide a consistent running surface at frogs and track crossings
consideration will be given to flange bearing design. Crossing frogs shall be designed in a
similar manner.

. Direct Fixation Special Trackwork

Alignment design should minimize special trackwork requirements in Direct Fixation track
environment. Exceptions can be made in situations where the route geometry forces a
particularly complex special trackwork layout with multiple turnouts and track crossings.

Special trackwork shall be located so as to reduce the exposure of pedestrians to the operating or
movable mechanisms and to minimize requirements for special catenary and signal structures.
Special trackwork shall not be located in areas designated for pedestrian crosswalks. Where this
objective proves to be difficult to achieve, crosswalks may be located between the switch and the
frog provided that pedestrians are nowhere exposed to a metallic walking surface or flangeway
wider than would occur if the pedestrian crossing were located away from the special trackwork
unit.
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The limits of any trackwork design or construction contract shall not be located within a special
trackwork unit or superelevated curve.

Special trackwork shall be located in tangent track, unless otherwise approved by DART. There
shall be no actual superelevation (E,) in any special trackwork units. All special trackwork shall

be located on tangent vertical profile grades.

The minimum length of horizontal tangent track between any point of switch and the end of a
station platform shall be 60 feet unless approved otherwise by DART.

Tangent distances between turnout point of intersection and the beginning of horizontal or
vertical curve shall be in accordance with directive drawings and were developed based on the
following criteria:

. Minimum distances are obtained by locating the beginning of horizontal or vertical
curves at a point that is 35 feet from point of switch or point of frog.

v Desirable distances are obtained by locating the beginning of horizontal or vertical curves
ahead of a turnout at a point that is either 45 feet (approximately the length of one articulated
LRV car body section), or 60 feet (for railroad traffic) from the point of switch. Curves
following a turnout are set beyond the last long switch tie.

. Absolute minimum distances are obtained by locating the beginning of horizontal or
vertical curves 20 feet ahead of the point of switch. Non-superelevated horizontal curves may
begin beyond the farthest end of the joint bars connecting the running rail to the heel of the frog.
Vertical curves and superelevated horizontal curves following a turnout shall not begin until
after the last long switch tie.

Turnouts are set to provide connections to branch lines, storage tracks and industrial sidetracks
and to merge two main tracks into a single track at the end of a double track segment.
Crossovers consist.of two turnouts located to allow traffic to cross over from one track to
another, both tracks usually being in parallel. Where a pair of crossovers are required, one right
hand and the other left hand, it is desirable that they be located as two single crossovers. If this
is not possible, or if extraordinary site conditions make it more economical, a double crossover
may be used. The size of turnout or crossover selected depends upon its purpose, desired design
speeds and local geometric constraints. Maximum operating speeds through the diverging
moves on turnouts shall be as indicated in Table 2-2.
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Table 2-2

MAXIMUM OPERATING SPEEDS THROUGH DIVERGING MOVES OF TURNOUTS

MAXIMUM
SPEEDLIMIT
TURNOUT NO. (MPH) '

6 - Lateral 10

8 - Lateral 15

10 - Lateral 20
- Equilateral 15

8 - Equilateral 25

10 - Equilateral 30

48m -  Lateral 10
25m -  Lateral 5
50m - Lateral 5
186ft -  Lateral 5

2.7.1 Configurations
The units and their criteria to be used on the system include:

e No. 10 turnouts, at minimum, at junctions between routes (19-foot-6-inch curved split
switch).

e No. 10 turnouts (19-foot-6-inch curved split switch) for main line track crossovers,
turnouts to the yard, pocket tracks, and end-of-line storage.

e No. 8 turnouts (19-foot-6-inch curved split switch) may be considered for main line
track crossovers, turnouts to the yard, pocket tracks, and end-of-line storage, only if a
No10 turnout cannot be accommodated due to site specific physical constraints.

* No. 10 equilateral turnouts (26 foot curved split switch) for pocket tracks, for aerial
tracks and subway track installations. No. 10 lateral turnouts (19- foot-6-inch curved

split switch) for at-grade locations.

e No. 6 turnouts (13-foot curved split switch) for yard tracks, or if space permits, No. 8
turnouts (13-foot curved split switch).
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Combinations of these units to be used on the system shall include the following arrangements:

e Tumback Tracks. This is a three-track arrangement in which a center pocket track is
situated between main line tracks. On aerial and subway track construction, equilateral
turnouts will be used to provide the connection from the center pocket to the main line
tracks. At-grade sections will use lateral turnouts.

e Emergency Storage Tracks. This arrangement includes a single crossover between two
main line tracks at wide track spacing followed by a modified crossover that has been
lengthened to serve as a center pocket track and a crossover.

e Universal, This configuration employs two single back-to-back crossovers connecting
main line tracks.

e Double Crossover. This trackwork consists of four lateral tumouts connected together
by a rail crossing composed of two end frogs and two center frogs. It shall be used in
all direct-fixation locations.

Details of these units and configurations are shown on the trackwork standard and directive

drawings.
2.7.2 Location Criteria

Crossovers and turnouts shall be located on tangent track and on constant profile grades with a
desired maximum grade of 1 percent and an absolute maximum grade of +4.5 percent. The
installation of special trackwork on a horizontal or vertical curve may be considered, but will
require prior approval by DART.

Special trackwork is a source of noise and vibration. Those factors will be considered, as will
the recommendations of the acoustical consultant when selecting locations and alternative
designs for special trackwork.

Special trackwork shall not be located within 250 feet of a transition between ballasted track and
direct fixation track. The desirable minimum length of tangent track between any point of switch
and a future end of a station platform shall be 60 feet. The desirable horizontal and vertical
tangent distance preceding a point of switch shall be 50 feet, and the absolute minimum shall be
20 feet. The minimum distance measured from a point of switch through a turnout to a
horizontal or vertical curve point shall be as shown in Table 2-3.
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2.7.3 Switch Machine Locations
Switch machine locations shall be positioned as follows:

e Subway and aerial structures. On turnout side, in tension.

e Emergency crossovers. On turnout side, in tension.

e At-Grade junctions. On turnout side, in tension.

e Terminals:
- On turnout side, in tension, for switch machines at stations with center platforms.

- On main line side, in compression, for switch machines at stations with side
platforms.

e Embedded track. Switch machines and switch points in Embedded track will not be
located in pedestrian areas or in areas where there is inadequate drainage.

2.7.4 Component Features
The basis of design for all special trackwork components is the AREMA "Portfolio of
Trackwork Plans"; however, certain features of the special trackwork components may vary from

AREMA design. Any deviation from the trackwork standard drawings shall require approval by
DART.

Possible variations jnclude:
e Special trackwork will be welded.

e Frogs with extended arms to provide adequate clearance for rail welds and suspended
joints.

e Main line switches utilizing extended switch points with a floating heel block and tie
spacing increased in the closure area and after the frog.

e Embedded track turnouts utilizing double tongue welded flex switches and frogs of the
rolled section block type.

e Gauge plates beneath the switch and frog.
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*

Note:

e Rail crossings in conformance with the standards indicated on AREMA Plan No.
820-68.

e All turnouts with Samson switch points with undercut stock rails according to AREMA
Plan No. 221-62, point detail 5100.

» Direct fixation turnouts supported by special direct fixation fastenings.
e Curved switch points and stock rails pre-curved, using standard shop methods.

e Closure rails with radii less than 450 feet pre-curved, using standard shop methods.

TABLE 2-3
LIMITING DIMENSIONS FOR SPECIAL TRACKWORK
Minimum Distance From
Type of Point of Switch Through
Turnout Track. Turnout To Point of Curve
No. Construction (Vertical or Horizontal)
Desirable Minimum*
6 Ballasted 75 60’
8 Ballasted 90’ 75
10 Ballasted 120 100
50 Meter Ballasted 75' 60'
6 Equil. Ballasted 75' 60'
10 Equil. Ballasted 120' 100’

May require change in long tie layout.

(1) For curves of opposite direction than the turnout curve the section 1.3.4, Minimum
Tangent Length applies.

(2) There are no restrictions at non-ballasted track structure for long switch ties
adjustment or shimming when minimum distances are applied.
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2.8 DERAILS

Derails shall be installed on access tracks to railroad sidings and on any yard or secondary track
normally used for the storage of unattended vehicles if:

o Any of those tracks are directly connected to the main line track.
o  Their prevailing grade descends to the main line track.

Descending grades to the main track should be avoided whenever possible. The location and
direction of derails, which will be electrically operated and interlocked with wayside signals,
shall be approved by DART. (See Systems Design Criteria Chapter 4 - Signals System for more
information.)

2.9 APPROACH SLABS

A transitional approach slab shall be provided at all transitions between ballasted track, direct
fixation track, and Embedded track. (See the trackwork standard drawings for details.)

2.10 END OF TRACK RESTRAINING DEVICE

A rail-mounted retarding device shall be used on stub-end tracks located in yards, on main lines,
or on sidings. This device shall limit movement by absorbing vehicle energy and it shall include
an anti-climbing feature. Should conditions warrant, an additional hydraulic car-retarder shall be
considered, (Refer to the trackwork standards and directives for details.)

2.11 CORROSION PROTECTION

Refer to Systems Design Criteria (Vol. 2) Chapter 8 - Corrosion Control and Chapter 9 - System
Grounding for additional information conceming corrosion protection.

2.12 SUBBALLAST AND BALLAST

A flexible-base material shall be used for subballast. Asphalt base may be considered where soil
conditions warrant and where use is economical and technically adequate. Ballast shall be
crushed stone conforming to the current AREMA specifications of ballast.

2.12.1 Subballast

Subballast or an accepted alternate material shall be used for all ballasted track. Subballast shall
not be used on ballasted deck bridges or U-wall construction. The subballast for all tracks shall
consist of a uniform layer placed and compacted over the entire width of the roadbed following
the profile and cross section. The depth of subballast measured from the bottom of the ballast to
the top of the subgrade shall be a minimum of 8 inches. Subsurface conditions shall be
determined in accordance with Chapter 10 - Geotechnical Information. All subballast material
shall conform to current Texas Department of Transportation "Specifications for Flexible Base,
Item 247."
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2.12.2 Ballast

The minimum depth of ballast from the bottom of the tie to the top of the subballast (beneath the
lowest running rail) shall be 12 inches. Cribs and shoulders shall be filled with ballast to the top
of the tie. If not direct-fixation construction, the minimum depth of ballast beneath the bottom of
ties on ballasted-deck bridges and U-wall construction shall be 8 inches.

Shoulder ballast shall extend 12 inches beyond the end of ties parallel to the plane formed by the
top of the tie. The high outside shoulder shall be increased to 18 inches for curves where the
radius (R) equals 1,000 feet or less. In at-grade sections, shoulder ballast shall then slope at 2:1
to the subballast. For additional details refer to the trackwork standard drawings. All ballast
shall conform to the current AREMA specification for ballast. No. 4A size ballast shall be for
main line tracks and No. 5 size ballast shall be for yard. Crushed cementitious rock such as
limestone or dolomite and Slag shall not be used for either mainline or yard track ballast.

213 TIES

Cross ties for main line ballasted track segments shall be concrete. Timber ties shall be used for
ballasted special trackwork and yards.

2.13.1 Concrete Ties

Concrete cross ties used in main line ballasted track shall be 8’-3” long and spaced a maximum
of 30 inches center-to-center. Tie spacing shall be 24 inches center-to-center in ballasted deck
bridges and in locations where restraining rails are used. They shall include a cant (1:40) on the
rail bearing area. Tie spacing at approach slabs shall be as shown in the trackwork standard
drawings. Concrete crossties used in main line ballasted track at-grade crossing shall be 10°-0”
long and spaced at 24 inches center-to-center.

2.13.2 Dual Block Concrete Pads

Dual block concrete pads may be used in main line track construction in lieu of direct fixation
track. The ties shall be spaced a maximum of 30 inches center to center. The individual blocks
shall be encased in a rubber boot. The tie assembly shall be held in place with a second pour of
concrete. Ductile iron shoulders shall be deeply embedded in the concrete block to form an
integral part of the rail support system.

2.13.3 Timber Ties

All timber ties shall be treated mixed hardwoods with anti-splitting devices installed in
accordance with current AREMA specifications. All timber ties shall be air seasoned and treated
with an appropriate preservative in accordance with the current AREMA "Specifications for
Ties."

Timber Cross Ties. Timber cross ties shall be used in yard ballasted track. All timber cross ties
shall be new, pre-bored, 7" grade treated tie, 8 feet 6 inches in length. They shall conform to
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current AREMA "Specifications For Timber Cross Ties." Timber cross ties shall be spaced a
maximum of 24 inches center-to-center.

Timber Switch Ties. All timber switch ties shall be new, treated 7 inch by 9 inch ties, in lengths
specified in the trackwork standard drawings. They shall conform to the current AREMA
"Specifications for Timber Switch Ties." Timber switch ties shall be field bored, and holes shall
be treated with an appropriate preservative.

2.14 RAIL FASTENERS
2.14.1 Ballasted Track Rail Fasteners

Concrete ties shall use resilient clip track fasteners suitable for the loading and operating
conditions of the system. The fastener assembly shall also have an insulating tie pad and clip
insulators. Main line timber cross ties shall also use a resilient clip track fastener, where
applicable, complete with double-shoulder canted (1:40) tie plates, spring clips, rubber pad,
insulated anchorage bushing, and timber screw spikes (plate hold-down). The same resilient clip
track fastener shall be used on main line timber switch ties wherever possible. Screw spikes or
another rail hold-down shall be used as required. Special plates shall be used to support switch
and frog components, and the use of these plates may require the use of specially modified rail
fastening devices in lieu of the resilient clip track fastener. Yard track and yard special
trackwork shall utilize screw spikes, hooked twin plates, and tie plates.

2.14.2 Direct Fixation Rail Fasteners

Direct fixation rail fasteners for aerial and direct fixation slab track 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
rail fasteners shall have the following longitudinal spacing:

Trackwork Spacing
Tangent or curved track with radius greater than 500 feet 30-inch centers

Curved track with radius 500 feet or less and greater than 300 feet ~ 27-inch centers
Curved track with radius 300 feet or less 24-inch centers

Track carrying railroad traffic , 24-inch centers

Direct fixation rail fasteners shall provide a longitudinal restraint force of 2,400 pounds per
fastener and restrain a broken rail gap to less than 2 inches wide. On aenal structures, low
restraint fasteners may be required to allow the structure to expand and contract without
overstressing the rail. :
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2.15 GUARDED TRACK

All main line ballasted and direct-fixation tracks having a centerline radius less than or equal to
500 feet shall have the inside running rail guarded with a restraining rail. All ballasted yard track
having a centerline radius of less than or equal to 250 feet shall have the inside running rail
guarded. In the event the planned operating speed for any curve in yard track is greater than 10
miles per hour, the need for additional guarding requirements shall be determined during detail
design. This type of guarding protection shall be achieved by using a fabricated assembly with
an adjustable and replaceable wear bar. The guard shall protrude 1 inch above the top of the low
rail and shall be electrically isolated from the running rail. The guardrail shall extend 32 feet
into tangent track. Alternative designs employing other methods of guarding will be considered.
The operating speed on track with restraining rail shall not exceed 25 miles per hour in any
application. (Refer to the standard drawings for additional details.) Special trackwork shall be
guarded in the frog and crossing areas. Guarding for main line and yard track frogs and
crossings shall consist of an AREMA type design using a spacer block bolted to the running rail.

2.16 JOINING RAIL
2.16.1 Welding

Unless otherwise specified, girder and tee rails shall be joined by pressure-weld methods into
continuously welded rail (CWR) strings. Contiguous strings of CWR shall be joined together
with electric flash butt welds wherever possible. Thermite welding may be used only with prior
approval of DART. String lengths shall be determined during final trackwork design. Girder
rail shall be welded to tee rail by use of a specially designed rail plug. This plug will facilitate a
change in cross section from girder rail to tee rail. Rails to be welded shall not be drilled for
joint bars. Any rail to be welded which contains bolt holes shall first be cropped a minimum

~distance of 3 inches from the center of the last hole. All pressure welds shall be checked by a

brush recorder that monitors the flashing process. These pressure welds also shall be
magnetic-particle tested. All welds shall be ultrasonically tested as outlined by the AREMA
Manual for Railway Engineering by an individual qualified in the ultrasonic testing of rail
weldments. Additionally, a selected number of welds will be radiographed. An acceptance
criteria for allowable size and number of weld defects will be determined during final trackwork
design.

2.16.2 Bolted Joints

Except where specified below, the use of bolted joints shall be minimized. The standard bar for
use with 115RE rail shall be 36 inches in length, with 6 holes conforming to the current AREMA
specifications for Rail Drillings, Bar Punchings and compression type high strength collar pins.
As may be necessary according to these criteria, joint bars shall be located in special trackwork
and in other locations. Special provisions shall be made to allow for the electrical bonding of rail
joints for traction power and signaling requirements.
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2.16.3 Epoxy Bonded Joints

Epoxy bonded joints shall be electrically bonded to provide a continuous path for traction power
negative return current and signal circuits. Epoxy bonded joints shall comply with the following
parameters:

o They shall employ an identical drilling pattern as standard joint bars.

o They shall be compatible with the standard direct fixation rail fasteners used on the
DART system.

o They shall comply with the general requirements of a rail joint as defined by Chapter 4
of the current AREMA Manual for Railway Engineering.

2.16.4 Insulated Joints

Insulated joints of the epoxy-bonded type shall be used wherever it is necessary to electrically
isolate contiguous rails from each other to comply with track signaling criteria. Track bolts shall
be the Compression type high-strength collar pins. Insulated joint bars shown in Figure 2.11
shall also comply with the physical parameters listed in Section 2.17.3 of these criteria. (The
Systems Designer will define insulated joint locations.)

2.17 GRADE CROSSINGS

2.17.1 Highway

Main line track grade crossings shall be prefabricated from rubber, a rubber and steel composite
or Concrete Panels (The type of Grade Crossing has to be in accordance with the requirements of
local authority which has jurisdiction over the street on which the Grade Crossing is located.).
They shall be designed for ease of replacement, electrical isolation, and use of running rail in
track circuits. Yard grade crossings shall utilize prefabricated timber panels and asphalt. Rail
joints and welds shall not be located within grade crossing limits. Geotextile fabric shall be used
before placing ballast at all grade crossings as shown on the standard drawings. Track
underdrains shall be used at all grade crossing sites in conjunction with suitable geotextile filter
fabrics. Grade crossings shall be located on tangent tracks wherever possible. Grade crossings
located in curved track and special trackwork shall be avoided wherever possible. Cross ties
shall be spaced in accordance with the grade crossing panel manufacturer's recommendations and
as addressed in section 2.13.1 of this chapter. Mainline track grade crossing will incorporate
pedestrian crossings as required. Pedestrian crossings in Stations shall be concrete and shall be
located as needed.

2.17.2 Railroad
Railroad at-grade crossings of DART main line tracks shall be restricted to those railroad tracks

that serve industrial sidings. Such crossings will be a rigid design in accordance with AREMA
Plan 820.
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2.18 RAIL ANCHORS

Rai] anchors shall be applied to all tracks constructed with timber tie. Application of rail anchors
shall conform to the AREMA manual Specification for Rail Anchors, Chapter 5.

2.19 GAUGE RODS

In Embedded track construction gauge rods shall be installed on all curves with a radius less than
400 feet.
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CHAPTER 3 - TRACKWAY

3.1 INTRODUCTION

This chapter establishes criteria for the design of at-grade sections of the trackway and provides,
together with other system requirements, a determination of right-of-way requirements for line
sections of the DART rail system. Trackway is defined as that portion of the DART rail system rail
line that has been prepared to support the track and its associated structures. At-grade trackway is
that trackway that is neither on aerial structures, in subways, in U-wall sections, nor paved track.
At-grade trackway generally includes the entire right-of-way exclusive of stations, and includes the
subgrade, slopes of cuts and fills, the drainage systems for diverting or carrying water away from
the track area, and the catenary pole foundations. The trackway may contain longitudinal and
transverse direct-burial cable, ductbanks, electrical conduits, utilities structures, or acoustical
barriers. These criteria are to be used in conjunction with all appropriate chapters of the Civil
Design Criteria, as well as the Structural Design Criteria chapters. Some dimensions indicated in
these criteria are also shown on the trackwork standard and directive drawings, and the at-grade
standard and directive drawings.

3.2 SUBGRADE

The subgrade is the finished surface of the trackbed below the subballast. The subgrade supports
the loads -transmitted through the ballast and subballast. The support of the track depends
ultimately on the stability of the subgrade. Uniformity is the goal of subgrade design because it is
differential rather than total vertical movement that leads to unsatisfactory track geometry.

The designer shall specify stabilization requirements that will limit differential vertical movement
resulting from shrinking or swelling of soil within a 62-foot length to 1 inch. Total settlement due
to fill construction shall be limited to 2 inches during a 2 year period following completion of the
trackwork installation. Where soil characteristics do not permit the economical achievement of
these requirements by soil stabilization methods, alternative trackway designs shall be submitted for
consideration.

3.2.1 Stabilization of Subgrade

Lime, cement or other means of stabilization of the subgrade shall be provided where indicated by
geotechnical investigations. The material and method selected shall be evaluated and
recommended by the designer.

3.2.2 Configuration

The subgrade shall be crowned and sloped away from the apex of the crown on a slope of 24
horizontal to 1 vertical. The location of the apex of the crown shall be, for single track, at the

239- Jan 2003 Rev 10



centerline of the track; for double track, at a line midway between the two tracks; and for three
tracks, at the centerline of the middle track. If the track center-to-center spacing is more than 19
feet, each track shall be considered to be a single track. For single track, where a future double
track is planned, the crown shall be located for double track. (Refer to the trackwork standard and
directive drawings for further information.)

3.2.3 Elevation

The elevation of the top of subgrade shall be determined from the profile grade line (PGL) of the
tracks. The minimum dimension from the PGL to top of subgrade is shown on the trackwork
criteria figures and on the trackwork standard directive drawings. The depth of the track structure
shall be used to determine the highest allowable subgrade elevation under each track. On curved,
superelevated track, the PGL is the top of the inside (lower) rail.

Elevations at the apex and shoulders of the subgrade shall then be developed from the PGL
elevation and the slope of the subgrade. When tracks are not all on the same PGL, the top-of-rail to
top-of-subgrade distance must be checked on the lower track or tracks to determine that the
minimum required depths of ballast and subballast are maintained on all tracks.

3.2.4 Dimensions

The width of the subgrade is determined by the track centers and the track geometry. It is a
function of the length of tie, depth and configuration of ballast and subballast, and superelevation of
the track. All dimensions included in this chapter are based upon a tie length of 8 feet 6 inches and
a track gauge of 4 feet 8-1/2 inches. The subgrade must be of sufficient width to support the
subballast. Widths of top surface of subballast are shown on Figures 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7,
2.8 and 2.9 in Chapter 2 - Trackwork, and on the trackwork directive drawings.

3.2.5 Single Track

On tangent track, the minimum width of the top surface of subballast shall be 24 feet. For tracks
with curvature requiring an actual superelevation (E.) greater than 2 inches, the width of the
subgrade and subballast shall be increased by 18 inches on the outer side of the curve. Where the
radius is less than or equal to 1,000 feet, the width shall be increased an additional foot. See Figure
2.8 in Chapter 2 - Trackwork.

3.2.6 Double Track
On tangent track with 15-foot 6 inch track centers the desirable minimum at-grade width of the top
surface of subballast shall be 39-1/2 feet. Where track centers are more than 19 feet, they shall be

treated as two single tracks. For tracks with curvature requiring an actual superelevation (Ea)
greater than 2 inches, the width of the subgrade and subballast shall be increased by 18 inches on
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the outer side of the curve. Where the radius is less than or equal to 1,000 feet, the width shall be |
increased an additional foot. See Figures 2.1, 2.4 and 2.8 in Chapter 2 - Trackwork.

3.2.7 Three Tracks

On tangent track the minimum width of the top surface of subballast shall be 55 feet. This assumes
track centers of 15 foot 6 inch; if greater track centers are required, they shall be treated as a special
case. For tracks with curvature requiring an actual superelevation (E.) greater than 2 inches, the
width of the subgrade and subballast shall be increased by 18 inches on the outer side of the curve.
Where the radius is less than or equal to 1,000 feet, the width shall be increased an additional foot.

3.2.8 Subgrade Width Transition

The transition from one subgrade width to another shall take place uniformly throughout the length
of the spiral of a curve and at a rate of 1 foot per 100 feet for other locations such as hi-rail access
points.

3.2.9 Ballast Walls

Ballast walls shall be used as necessary to prevent ballast contamination from adjacent material or
drainage. The condition will occur predominately in narrow right-of-way areas that do not have
space for side ditches, and do not require retaining walls. Drainage swales or appropriate grading
should be provided behind the wall to prevent the drainage water from entering the track ballast.

3.3 SLOPES

Side slopes of earth generally shall be three-horizontal to one-vertical, or flatter. Steeper slopes
may be used in rock cuts in accordance with the designer's recommendations. To minimize
maintenance costs, consideration shall be given to the use of slopes flatter than three-horizontal to
one-vertical, where sufficient right-of-way is available. All slopes shall conform to the designer's
recommendations, unless otherwise directed by DART. A typical treatment of cut-and-fill slopes is
shown on Figure 2.4 in Chapter 2 - Trackwork.

Where geotechnical conditions warrant, benches shall be provided along the face of a cut. For deep
cuts, intermediate benches shall be provided at locations where the vertical height of slope is 15 feet
or more. Where the cut is in rock with an overburden of soil, a bench shall be provided at the rock
and soil interface. Where such benches are provided, they shall have a minimum width of 10 feet
to permit maintenance by conventional earth-moving equipment. Access to these benches shall be
provided to this maintenance equipment.
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3.4 DRAINAGE

Track stability requires that water seeping or flowing toward the track shall be intercepted and
diverted before it reaches the track, and that water falling upon the track area shall be quickly
drained. Drainage shall be provided to prevent the presence of non-flowing water, to an elevation 4
feet below the subballast. In addition, trackway drainage design must be codrdinated with existing
drainage structures in accordance with the standards set forth in this chapter and as indicated in
Chapter 7 - Drainage.

3.4.1 Side Ditches

Side ditches shall be provided parallel to DART tracks through sections in cut. Intercepting ditches
at the tops of slopes and along benches shall be provided where required. The design of ditches
shall conform to criteria given in Chapter 7 - Drainage and as shown in the at-grade standard and
directive drawings.

Side ditches shall not be used on the tops of fills. They shall be used at the bottoms of fills as
necessary to provide continuity of drainage as shown in Figure 2.4 in Chapter 2 - Trackwork.

3.4.2 Track Drains in Paved Track

Transverse slotted drains shall be installed at regular intervals between the rails in paved track.
These drains shall be designed to drain the girder rail flangeway and the area between the rails.

In special trackwork, drains shall be provided for the drainage of the switch throwing mechanism.
3.4.3 Underdrains in Retained Sections

Longitudinal perforated drains shall be provided immediately adjacent to retaining walls and
immediately below the surface of the subgrade. The underdrain pipe shall be encased in an
envelope of suitable filter fabric and crushed stone. The fabric shall extend up to and under the
ballast. A similar drainage arrangement shall be provided between the edge of the DART trackway
and an adjacent railroad track where lateral clearance does not permit a drainage ditch. (For further
details see the trackwork directive drawings.) :

At a sag in the track profile and 100 feet either side of the low point, an underdrain shall be

provided. The criteria in Chapter 7 - Drainage shall apply. (Refer also to the trackwork directive
drawings and to Chapter 14 - Earth Retaining Structures.)
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3.4.4 Underdrains in Cut to Fill Sections

When on a descending grade from a cut section to a fill section, and high groundwater is indicated,
a lateral cross-drain shall be provided at the change of sections.

3.5 UNDERTRACK STRUCTURES

Duct banks, direct burial cable, conduits, utilities, or other structures may cross or run alongside and
closely adjacent to the DART rail system track. None of these facilities shall infringe, however,
upon the envelope shown on Figure 1.12 in Chapter 1 - Track Alignment. Duct banks and direct
burial cable shall run longitudinally along the outside of tracks or below the space between tracks.
Duct banks, direct burial cables and conduits crossing under the tracks shall be kept sufficiently
clear of the subballast. In all cases they shall be below the surface of the subgrade. Where
manholes, pull boxes, or conduit "stub-ups" come to the surface, encroachment within the
subballast and ballast may be necessary. The extent of this encroachment shall be kept to a
minimum. In no case shall the duct banks or direct burial cable be permitted to adversely affect the
drainage system. (For further guidance, refer to Chapter 6 - Ultilities.)

3.6 WAYSIDE ACCESS

To the fullest extent possible, access to trackway at track level shall be provided for maintenance
and emergency work. This requires providing access for:

o  Trucks carrying personnel, tools, and material to drive to the trackw\ay.
o Vehicles equipped with flanged wheels to drive onto the track at strategic locations.
3.6.1 Highway Vehicle Access Points

Access by highway vehicles shall be provided, as directed by DART, to the at-grade trackway near
subway portals, crossovers, rail line junctions, and any other at-grade points where high
maintenance requirements are anticipated. ‘

3.6.2 Hi-Rail Vehicle Access Points

At strategic points, hi-rail vehicle set-offs shall be provided. The locations of these points will be
determined by systemwide overview and furnished to the designer. In general, a hi-rail set-off
shall be provided for both tracks between each interlocking pair, unless there is an at-grade highway
crossing. Access, however, shall be provided at intervals not exceeding 2 miles (preferably at
1-mile intervals). Consideration shall also be given at these access points to providing adequate
space for vehicle turning and for limited parking for DART trucks and other maintenance vehicles.
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3.7 SPECIAL TRACKWAY CONDITIONS

Special trackway conditions may be encountered which are not covered by the above criteria.
Some are listed in this section. Any others should be referred to DART for resolution. '

3.7.1 Slab Track At-Grade

Slab track at-grade shall be used to connect two portions of a trackway with direct-fixation track
which are no more than 350 feet apart. Ballasted bridge decks shall be no longer than 500 feet.
(Refer to directive drawings and standard drawings for the configuration and dimensions of slab
track.)

3.7.2 Special Trackwork

To provide for switch operating mechanisms, where tracks diverge to a branch or yard through a
turnout, the sub-grade shall be widened by 3 feet between a point 8 feet ahead of and & feet behind
the point of a switch. The widening shall take place on the side that switch-operating mechanisms
will be located. (Refer to section 2.7 of Chapter 2 - Trackwork and to the trackwork directive
drawings for more information.)

3.7.3 Yards

The configuration of the subgrade underlying yards requires special consideration. The subgrade
shall have lateral slopes of 24:1 for drainage. Approximately 8 inches of subballast shall be used on
top of the subgrade. The yard ballast shall be even with the top of the tie between tracks, and
additional ballast shall be placed along the outside edge of perimeter tracks to provide for an
adequate walkway space.

For Yard related Track Criteria refer to Chapter 1 — Track Alignment and Chapter 2 — Trackwork.
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CHAPTER 4 - STREETS/HIGHWAYS AND PARKING

4.1 INTRODUCTION

This chapter covers the design of all streets, parking lots, parking structures, bus-related
facilities, pedestrian facilities, and driveways that will be owned and maintained by DART. It
also covers facilities not owned by DART, but which need to be replaced or rearranged as a
result of the construction of the DART system.

The design of replacement facilities shall be performed generally on a replacement-in-kind basis;
however, the minimum replacement standards and design procedures agreed to by the Authority
and each owner shall govern. If betterments are included, they shall be approved by the
Authority in accordance both with the cooperative agreement and with more detailed agreemients
with the owner. All design involving rearrangement work shall be in accordance with adopted
design criteria, standard drawings, and specifications, and will be submitted to DART for
approval.

The section designer shall coordinate its work and submit rearrangement designs for review and
approval by the Authority in accordance with its contract and the terms and conditions of all
cooperative agreements. The section designer also shall coordinate its work with the section
designers of adjacent sections so that all rearrangements are compatible. Any necessary
coordination with agencies, owners, and private developers shall be conducted through DART.

The objectives of this chapter are:
o Provide for the safety of patrons at DART stations.

o Efficiently accommodate traffic circulation patterns for vehicular and pedestrian
movement.

o Provide convenient parking facilities.

o  Establish criteria for the reconstruction of local roads, streets, and highways disturbed
by DART construction.

Unless otherwise indicated in this chapter, all applicable codes and standards shall conform to
the latest editions of all applicable appropriate codes, regulations, standards, and
recommendations in the jurisdiction in which the improvement is to be located. Refer to the
appendix of this criteria for additional information.
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4.2 ACCESS TO STATION SITE FACILITIES

4.2.1 RAIL STATION ACCESS

All stations will have:

o

Pedestrian walkways.
Bicycle facilities, such as lockers or racks, depending on need (as specified by a Board
resolution approved on June 11, 1985).

Transfer facilities such as turn-in lanes and bus bays to allow easy passenger transfer
from bus to rail and vice versa.

Kiss-and-ride dropoff facilities; the size of individual facilities to be determined by, site
and demand analysis.

Free parking spaces for the mobility-impaired.

Depending on site-specific criteria such as land availability, ridership projections, and other
factors, several design features are planned only where appropriate at selected stations. They are:

o)

Elevators and stairs that would be used only where site constraints inhibit walkway

‘and ramp access to station platforms. Elevators are preferable to escalators, therefore

escalators should only be used where absolutely necessary.
Taxi stands where such transportation is common and used.

Park-and-ride lots.

The quantity of berths, spaces, or other transfer or storage capacities will be established by

DART.

4.2.2 Separation Between Modes

Separation between modes of transportation in the station area should be provided in the
following order of priority:

o)

Rail and other modes.
Pedestrian and other modes.
Bus and automobile transportation.

Kiss-and-ride and park-and-ride traffic.
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o Bicycles and motor vehicle traffic.
4.3 DART SYSTEM STREETS - DESIGN DETAILS
4.3.1 Definitions
Design Year Traffic Volumes. All roadways serving DART station and parking facilities, and

all off-site improvement to support DART operations shall be designed to accommodate AM and
PM peak hour traffic volumes provided by DART for its designated design year.

Design Year Level of Service. Unless otherwise stated below, all roadway facilities to be
constructed or improved by this project shall be designed to accommodate design year traffic
volumes at level of service D or better, as defined in the applicable chapters of the current edition
of the Highway Capacity Manua] published by the Transportation Research Board.

For the purpose of design, DART roadways shall be classified as follows:

DART Station Access Roadways. Any roadway within DART station right-of-way and outside
a delineated DART parking lot, excepting DART maintenance roadways. A DART station
access roadway may carry bus traffic, kiss-and-ride traffic, park-and-ride traffic, and emergency
vehicles.

DART Maintenance Roadway. A roadway within DART right-of-way used to permit access
for yard personnel and fire protection equipment to the maintenance-of-way area, around shop
buildings, to traction power substations, signal bungalows, communications bungalows, and
other maintenance roadways not intended for public use.

For design criteria relating to DART yard service aisles, paved roadways between storage tracks
for movement of service vehicles and their personnel and equipment, see Chapter 2 - Trackwork
and Chapter 3 - Trackway.

4.3.2 Design Vehicles And Design Speed

DART system roadways shall be designed to accommodate typical passenger cars, transit buses,
and single unit trucks as described in AASHTO publications A _Policy on Geometric Design of
Highways and Streets and A Policy on Design of Urban Highways and Arterial Streets. For
additional bus criteria, see Table 4-1. The minimum desirable design speed for DART system
roadways entering or exiting from existing streets and highways is 30 miles per hour. All other
DART roadways shall be designed for a minimum of 25 miles per hour, except at channelized
intersections where the speed may be reduced to 15 miles per hour.
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4.3.3 Local Municipal Design Criteria

All DART facilities shall be designed according to AASHTO criteria, except as specifically
noted in this chapter. Non-DART roadway facilities shall be designed according to the
requirements of the agency having jurisdiction over the roadway.

4.3.4 Horizontal Alignment

Sight Distance. Where there are sight obstructions, such as walls, cut slopes, and buildings on
the inside of curves, a design to provide adequate stopping sight distance will be required if the
obstruction cannot be removed. Sight triangles at intersections shall be designed in accordance
with Section 4.3.7. In.order to provide adequate sight distance, vertical curves shall be designed
in accordance with Section 4.3.5 Vertical Alignment of this chapter.
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TABLE 4-1
BUS SPECIFICATIONS
Standard Bus' Leyland
Minimum Maximum Articulated’ Olympian
Length 40'-0" 40'-0" 60' 40-0"
Width 96" 102" 102" 98.5"
Width w/mirrors 108" 116" 118" NA
Height 117.56" 138" 131" 164"-170"
Weight (Ibs) 24,480 30,920 40,300 29,000 (52,455
load)
Front Step to Ground 12-1/2" 16" 12-3/4" NA
Rear Step to Ground 12-3/4" 16-3/4" 15.5" NA
jj Midpoint between two ~ 11-1/2" 20-1/2" 13-3/4" Front NA
it axles to Ground 14" Rear
Front Overhang (center 85-1/2" o5" 29.8" 7'8-1/2"
of front axle to bumper)
Rear Overhang (center 88" 109" 117.4" 7'8-1/2"
of rear axle to bumper)
Front Door Width 29-1/2" 44" 32" NA
Rear Door Width 25-1/2" 45" 41" NA
Width between Doors 18-11-172"  20-7-1/2" 34'-3" NA
Wheelbase 285-1/2" 299" 212.38" 222" (Tractor)
Turning Radius
LF Wheel (right turn) 369" 39-1/2" 44-10" 36'-8"
LF Body Comer 42'-6" 44°-3" 43-1" NA
(right turn)
Bus Window Glass
Left 6 13 10 NA
Right 5 11 9 NA
No. of Seats 45 48 67 83

! Based on GMC THS8201, GFC "870", RTS 1101, GMC T80204, NEOPLAN AN440,
EAGLE #10 : :
2 Based on RTS1104, NEOPLAN AN460
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Curvature. A change in direction of a DART roadway shall be made by simple curves having a
radius which is compatible with the design speed for vehicular traffic. On access roadways, the
minimum radius of horizontal curves measured to the center of the traveled way shall comply
with the normal requirements. All curves shall be provided with widened section as specified in
Table 4-2 and Figure 4-1 on bus access roadways. Where speed is restricted, the minimum inside
radius shall be 30 feet with a minimum roadway width of 30 feet.

Superelevation.  Horizontal curves on DART roadways should be designed without
superelevation. If superelevation is used, the maximum rate shall be 2 percent, with a minimal
- transition length of 100 feet required for a two-lane roadway rotated about the centerline. For
rotation about a pavement edge, or for multilane streets, the required length is determined by
multiplying the minimum length times the number of lanes between the rotation axis and edge of
pavement.

4.3.5 Vertical Alignment

Sight Distance. The minimum stopping sight distance shall comply with the section 4.3.4,
Horizontal Alignment. A design requiring passing sight distance considerations should not be
used on DART system streets.

Grades. The grades of DART system streets for public use shall not exceed 8 percent without
approval of DART. The minimum grade of streets shall be 0.50 percent. Acceleration grades for
roadways that accommodate buses shall not be greater than 4 percent. In general, bus roadway
grades shall not be greater than 7 percent. Roadways restricted from public use may be designed
with 0.0 percent grade provided there are no curbs and such roadways have sufficient cross slope
to carry the runoff to adjacent drainage ditches. Maximum grades on the approaches to a street
intersection shall not exceed 5 percent within 50 feet of the curb return. Maximum street grades
at intersections along pedestrian routes shall not exceed 2% through the designated crosswalks in
order to meet walkway maximum cross slopes of 2%.

Grade crossings shall be designed such that drainage will flow away from both sides of the
crossing. No street drainage is to enter the trackway.

Grades shall be coordinated with track superelevation to produce a smooth crossing profile to
motorists.

Vertical Curves. Parabolic vertical curves shall be used to effect a gradual change between
breaks in the street grades when the algebraic difference in the grades is 1 percent or greater.
Unless clearance requirements, sight distance, or appearance factors dictate, only symmetrical
vertical curves are to be used on DART roadways. The use of asymmetrical curves shall be
minimized and shall require prior approval from DART.
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The minimum length of vertical curve on DART access and maintenance roadways shall be
determined from the following formula:

L = kA, but not less than 100 feet
Where:
L =  Length of curve, in feet
A = Algebraic difference in grades, percent
k* = Rate of vertical curvature as determined by the latest edition of AASHTO
“Greenbook”.

* On non-DART facilities, use applicable governmental design criteria "k" factors.

TABLE 4-2

MINIMUM TURNING ROADWAY WIDTH (BUS ROADWAYS)

Minimum Roadway Width (ft)

Inside Curb 1 lane, one-way, able to 2 lanes
Radius (ft) pass stalled vehicle 2 way
30 38 44
40 33 39
50 30 36
75 28 34
100 | 27 33
150 26 : 32
200 24 32
>200 | 24 30
tangent - 22 24
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4.3.6 Cross-Sectional Elements

Traffic Lane Width. All roadways shall have at least one traffic lane for each direction of
travel. Exceptions are those used mainly for service or maintenance purposes or as station
loading areas. Lane widths specified below are exclusive of any curbs present and are applicable
to all pavement types. When curbs are present, the lane width begins at the curb face. The
number of traffic lanes provided on these roadways shall be sufficient to provide a level of
service D or better according to the current edition of the Highway Capacity Manual, as projected
for the design year specified by DART.

Where roadways are one-way and have only a single passenger car traffic lane, the preferred lane
width on a tangent shall be 20 feet. An 18-foot minimum traffic lane may be used with the
approval of DART. For single lane one-way roadways with combined bus and passenger car
traffic, the minimum lane width shall be 22 feet. With the approval of DART, the lane width
may be less than 18 feet for one-way maintenance roadways restricted from public use.
Roadways may be striped for effective lane widths narrower than those specified above.

Lane width for roadways with more than one lane in each direction shall be 12 feet for bus lanes
or lanes with combined bus and passenger car traffic. Lane width shall be 11 feet for roadways
used exclusively by passenger cars. Minimum undivided roadway width for roadways with more
than one lane in each direction shall be 48 feet for combined bus and passenger car traffic and 44
feet for roadways used exclusively by passenger cars.

Emergency access roads shall be designed according to OSHA standards to accommodate
emergency vehicles. Minimum fire lane width shall be 20 feet and a preferred lane width of 22
feet.

Cross Slope. Normal roadway cross slopes shall be 1/4 inch per foot, 1/2 inch per foot
maximum and 1/8 inch per foot minimum for drainage. Undivided pavements on tangents shall
have a high point in the middle and slope downward toward the outer edges. On divided
roadways each one-way pavement shall have a constant slope across the pavement downward
toward the outer edge. Depending on drainage requirements or local conditions, the cross slope
may vary at intersections or in unusual situations. If feasible, the pavement shall be sloped
downward away from the curb adjacent to sidewalks and at curb pickup/dropoff areas for bus and
kiss-and-ride patrons.

Curbs and Gutters. In general, all reinforced concrete roadways for public use shall have curbs
of portland cement concrete constructed integrally with the pavements. Barrier type curbs 6
inches high shall be used. Separate curbs and gutters shall be provided on all asphaltic concrete
roadways for public use. See the DART system civil standard drawings for details. Curbs may
be omitted in yards and other maintenance facilities where they are not warranted by aesthetic
considerations, drainage requirements, control of access, or for improving traffic flow and safety.
See the DART system civil at-grade standard drawings for details. On all DART access-and
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maintenance roadways, gutters shall match the grade and cross slope of the pavement of which
they are an integral part. Valley gutters shall not extend across roadways.

Shoulders. Depending on the type and frequency of vehicular usage, shoulders may be provided
on DART roadways without curbs. Shoulders may vary from 3 to 6 feet wide as required to
provide a minimum 24 foot shoulder-to-shoulder roadway width. With the approval of DART,
shoulders may be paved with asphaltic concrete or crushed stone. Shoulders shall have a 1/2
inch per foot cross slope away from the roadway edge. Shoulders shall not be used where curbs
are necessary to protect slopes susceptible to erosion.

Pavement Structure. The pavement structure of the various roadways shall comply with
Section 4.10 of this chapter, Pavement Structures.

Side Slopes. Side slopes shall be as flat as available right-of-way and soil conditions permit and
shall comply with civil at-grade standards. Where rock is encountered on DART roadway
right-of-way, the horizontal clearances specified in this section shall be maintained and the slope
stability recommendations of a geotechnical engineer shall be used. The top of all cut slopes,
other than those in rock, shall be rounded. The need for drainage interceptor ditches at the top of
cut slopes shall be investigated. See Chapter 7 - Drainage for more information.

The desirable maximum cut or fill side slope shall be 3:1. Where the right-of-way is restricted, a
maximum side slope of 2:1 may be used when recommended by the geotechnical engineer and
approved by DART. Slopes in excess of 2:1 shall be protected with riprap or concrete.

Where heights are less than 4 feet, slopes shall be 4:1, or flatter (if possible).

Clearances. In the absence of a specific exemption, the minimum vertical clearance shall be 16
feet 6 inches over city streets and state and federal highways. Pedestrian structures shall have a
minimum vertical clearance of 17 feet 6 inches over city streets and state and federal highways.
The minimum vertical clearance shall be 23 feet above the top of rail over railroads. The
minimum vertical clearance shall be verified with the applicable railroad. The minimum vertical
clearance over DART rail lines shall be per Chapter 1 - Track Alignment. The minimum vertical
clearance generally shall be 14 feet 6 inches over DART roadways. If required, lower clearances
may be used only with the approval of DART.

Except as noted below, the minimum horizontal clearance shall be 2 feet 6 inches between the
inside face of curb, or edge of shoulder, and any structure, fence, sign, light standard base, fire
hydrant, tree, or pedestrian barrier. Along bus roadways and in loading areas where buses are
making turning movements, the minimum horizontal clearance shall be 5 feet from the face of a
curb to any such obstruction.

Guard Rail and Traffic Barriers. Concrete traffic barriers and metal guard rail shall conform

to TxDOT specifications and the AASHTO Guide for Selecting, Locating. and Designing Traffic

Barriers. These protective barriers may be used to shield vehicles from hazards along DART
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roadways, but should only be implemented where it would be less hazardous to strike the barrier

than to leave the roadway. The influence of curbs shall be considered in barrier placement.

4.3.7 Vehicular Entrances To Station Sites

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

o

Vehicular entrances and exits serving DART facilities should be provided along
secondary thoroughfares or major collectors when at all possible. Access to primary
thoroughfares and minor collectors should be considered when necessary. Access to
residential streets should be avoided. Access to the stations and parking facilities
should not be provided from residential streets.

Where feasible, entrances shall be located so that drivers approaching the station from
any direction will easily find a second entrance if they miss the first entrance.

Entrances should be located to intercept traffic along approach routes to DART
facilities. Maximum use of right turn movements should be made for both inbound
and outbound traffic. Right turns in and out of the stations are generally preferred to
left tumns.

The number of vehicular entrances along any one street shall be minimized. Entrances
shall be at least 150 feet apart (400 feet on roadway with medians). A sufficient

number of entrances shall be provided so that traffic entering the station site operates

at a LOS D or better.

Provisions for queuing space shall be provided at entrance intersections. Wherever the
volume of traffic entering or exiting a public street increases the street traffic volume
beyond the street capacity, an auxiliary lane shall be provided in accordance with the
design criteria of the applicable affected jurisdiction.

An exclusive right turn lane should be provided when the right turn volume or the
adjacent main lane volume would operate below LOS D according to the current
edition of the "Highway Capacity Manual." The lane should include a tapered section

- and be sufficiently long to store the required number of vehicles.

Wherever an entrance must be located near a "T" intersection, it shall be placed
directly at the intersection. Offset intersections should be avoided. If an offset
intersection is unavoidable and provision for left turn movements is not required, the
distance between street centerlines shall be a minimum of 150 feet.

When left turn movements are required, the distance between the centerlines of an
existing roadway and an offset DART access roadway shall be a minimum of 300 feet
(400 feet along roadways with medians). The actual distance between the centerlines

- 4-10- Jan 2003 Rev 10



at offset intersections is a function of traffic volume, adjacent land uses, and
geometrics. This distance shall be determined by a traffic study. See Figure 4-2 for
preferred and alternate arrangements.

0  Vehicular entrances to station sites must provide adequate lane widths to allow
simultaneous entering and exiting buses to easily negotiate the area. Minimum curb-
to-curb distances at entrances shall be 44 feet. This applies only to vehicular entrances
to station sites that contain one entering and one exiting lane. Vehicular entrances at
T-intersections containing one entrance and two exit lanes shall be 54 feet wide at a
minimum. In either case, the minimum width of the entrance lane shall be 26 feet to
allow uninterrupted turn movements into the facility. These dimensions only apply to
intersection angles of 90 degrees. Requirements for entrances/exits at angles other
than 90 degrees will vary. Prior approval by DART is necessary.

o The distance between the intersection of two existing major thoroughfares and a
DART access roadway shall be a minimum of 200 feet. However, access shall be
provided in a manner which provides adequate left turn storage and does not interfere
with traffic operations or the major thoroughfare.

o Unobstructed visibility shall be provided at exits and entrances to non-DART
roadways in accordance with the design criteria for sight distance of the applicable
governing agency.

" Intersections. Intersection angles shall be as near to 90 degrees as possible. When intersection

angles are skewed more than 15 degrees from a right angle, realignment of the streets,
signalization, or channelization shall be considered. Grades at intersections shall comply with
the vertical alignment requirements described in this chapter and shall be as flat as practicable,
but still provide adequate drainage. Contour lines and spot elevations shall be used as necessary
to effectively define design of the intersection area. Intersecting streets should not have
horizontal curvature within 200 feet of the centerline of the intersection. Barrier-free ramps shall
be provided at intersections as per the civil standard drawings and in accordance to ADA
(TABA, State, Local and Federal) requirements. Cross slopes (street grades) of pedestrian routes
across streets shall not exceed 2% through the crosswalk area.

Access Roadwav Connections. Public street intersections with DART access roadways and bus
access roadways at DART bus transfer facilities shall be designed as minor street intersections..
Connections shall be designed to prevent encroachment of bus turning movements into opposing
traffic lanes. Traffic volumes, existing signalization, available right-of-way, street widths, and
other design elements shall be evaluated when considering channelization to eliminate
encroachment of bus turning movements into traffic lanes moving in the same direction.

Curb Returns. Intersection curb return radii shall be to the face of curb. Roadways used by
passenger vehicles exclusively shall have minimum radii of 20 feet. Where bus or maintenance
vehicle turns are permitted, curb return radii shall be a minimum of 30 feet. At locations where
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buses make sharp turns (90 to 120 degrees), curb returns may require a three-centered compound

curve with radii of 100, 30, and 100 feet with an offset of 5 feet to simulate the wheel path
geometry of the bus. (See Figure 4-3 for the intersection detail.)

Driveways. Intersections that provide access from public streets to minor service and
maintenance facilities shall conform to the driveway details of the civil at-grade standard
drawings. Driveway lane width, exclusive of transitions, shall not be less than 12 feet for each
direction of travel. '

Sicht Distance Triangles. Sight distance triangles shall be required at intersections so that
signs, structures, landscaping elements, and other visual obstructions do not restrict visibility.
For sight distances at intersections with state highways, refer to the SDHPT Highway Design
Division Operations and Procedures Manual. For other non-DART facilities, use applicable
governmental agency design criteria. See Figure 4-4 for the sight distance triangles to be used on
all intersections within DART sites exiting to DART access roadways.

Channelization. Curbed traffic islands and medians are the preferred design for channelization.

Pavement markers or painted islands for street channelization must be approved by DART and
designed in accordance with Chapter 5 - Traffic Control.

Triangular, bulb shaped and irregularly shaped islands (other than medians within the roadway)
shall be not less than 75 square feet in area or have any side that is less than 12 feet long
out-to-out after rounding of corners. Elongated or divisional islands shall have a width of not
less than 4 feet curb-face-to-curb-face and a length of not less than 20 feet.

The minimum width of a median within a two-way access roadway shall be 6 feet from
curb-face-to-curb-face; except that the width of medians designed as an integral part of a left-turn
storage lane may, when space is limited, be reduced to a minimum of 4 feet. If either or both
sides of a median strip are to be used for curb-side parking and the subsequent loading and
unloading of passengers, the median shall have a curb-face-to-curb-face minimum width of 12
feet.

In medians where the face-of-curb-to-face-of-curb dimension is less than 6 feet, non-reinforced
median pavement 4 inches thick shall be used. At medians with a left turn lane, median
pavement shall be used in areas where the face-of-curb-to-face-of-curb dimension is 8 feet 6
inches or less. In standard medians where the face-of-curb-to-face-of-curb dimension is 15 feet,
noses shall have median pavement for a distance of 12 feet from the nose face. See the civil
standard drawings for details.

Auxiliary Lanes For Turning Traffic. Auxiliary lanes to accommodate right- or left-turning
traffic shall be provided for two-way access roadways in accordance with criteria used by the
agency having jurisdiction over the affected roadway. The need for storage capacity shall be
determined at signalized intersections. The storage length of a left- or right-turn lane with a
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tapered area shall be sufficient to support design year level of service D intersection operation
according to the Highway Capacity Manual and A Policy on Geometrics Design of Highways and
Streets. At connections to public streets where existing traffic can make either right or left tumns,
at least two exit lanes shall be provided. The need for additional lanes shall be determined by
evaluating design year traffic conditions against LOS D criteria in the HCM.

4.3.8 At-Grade Crossings

Divisional Island. Where DART rail lines cross streets at-grade, a traffic divisional island shall
be provided to prevent drivers from maneuvering around the lowered crossing gates. When
provided, crossing gate and median placement should be designed to discourage access by
motorcycles, bicycles, and pedestrians, whenever possible. The island shall consist of a raised
median that is a minimum of 150 feet long and a minimum of 6 feet face-to-face in width.
Divisional islands shall be a minimum of 10 feet wide adjacent to crossings of streets with 4 or
more lanes in one direction. On these streets, installation of crossing gates are required on both
the median and side of street due to gate length considerations.

Curbing for the median island shall be 6-inch-high, barrier type. (See Figure 4-5 for details.) For
transition length requirements, see the traffic control standard and directive drawings.

If the appropriate jurisdiction or agency will not permit a raised median on a two-lane, two-way
street, a double row of closely spaced 6" pavement buttons may be considered.

Sidewalks. On DART right-of-way, sidewalks shall conform to the requirements of section 4.9
of this chapter. Sidewalks shall be designed to prohibit bypass of warning gates at signalized
street crossings.

Local Requirements. Local at-grade crossings within a dedicated street right-of-way shall
conform to the requirements of the applicable jurisdiction.

4.3.9 Guideway Access

Adjacent or special access roadways to all aerial, at-grade, or subway guideways within DART
right-of-way shall be provided at maximum intervals of 2,500 feet. = Where security
fencing/barriers are provided, vehicular gates shall have a minimum opening of 15 feet.
Personnel gates shall be at least 4 feet wide.

4.3.10 Dead End Streets/Alleys
DART construction may require the closure of existing streets or alleys adjacent to DART

right-of-way. A street or an alley ending in a dead end shall meet appropriate municipal
requirements.
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4.3.11 Ventilation Grating Openings

Ventilation grating openings shall be located to minimize adverse effects on existing features of
landscaping, improvements, and the environment. Such gratings may be located either in raised
median strips, or other public land outside the traveled way. When location in preferred areas is
not possible, grating openings can be placed at approved locations immediately behind the street
curbs; but, the width of grating must not exceed 50 percent of the sidewalk width or 5 feet,
whichever is less. Where possible, gratings shall be located outside of the far tangent points at
street intersections and shall not be located in any crosswalk area. Covered openings for
mechanical access with embossed metal cover plates are permitted in sidewalks. Steel grating
shall be used for vent and fan shafts.

4.4 BUS TRANSFER FACILITY

4.4.1 Organization and Geometry

The functional organization of bus transfer facilities at DART rail stations is determined by site
configuration, the volume and type of bus operations, passenger and bus traffic circulation, and
access provisions. Design vehicle characteristics based on present and anticipated vehicles in the
DART bus fleet are shown in Figures 4-6 through 4-8.

4.4.2 Bus Access Roadways
The following guidelines shall be used for bus access roadways:

0 A two-way bus access roadway shall have a minimum width of 30 feet. For one-way
bus access roadways, a minimum width of 30 feet is required. In cases where the bus
access roadway is the same as the bus circulation lane, the minimum width of a
two-way access roadway will be 44 feet. Roadways shall be widened in curved
sections as shown in Table 4-2 and Figure 4-1.

o  The curb radii at intersections along bus roadways shall comply with the Vehicular
Entrances to Station Sites section of this chapter.

o The access roadway grade shall comply with Section 4.3.5 - Vertical Alignment of this
chapter. If the algebraic difference between the bus access drive and the access
roadway exceeds 5 percent, a vertical curve should be designed to provide for
clearance of the underside of the design vehicles.

o The length of the bus access roadway, from the boundary of the kiss-and-ride to the
nose of the passenger island, shall be a minimum of 100 feet in length to allow for
proper bus weaving movement. If weaving movements are not required, however, a
length of 50 feet is sufficient.
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o  Bus access roadway pavement shall be constructed in compliance with Section 4.10 -
Pavement Structures. It shall also have 6 inch high barrier-type integral curbs.

4.4.3 Passenger Transfer Area

The passenger transfer area includes the bus stalls, circulation lanes, passenger islands,
pedestrian crosswalks, kiss-and-ride facilities, and park-and-ride facilities. Passenger transfer
areas shall be designed to accommodate the loading and unloading of DART bus passengers.
These areas also shall allow convenient access to adjacent kiss-and-ride and park-and-ride lots.
Designs shall minimize pedestrian-vehicle and auto-bus conflicts.

4.4.4 Bus Stalls

Bus stall layout shall make efficient use of the site and use either shallow sawtooth or in-line
platforms. DART will specify the use of sawtooth or in-line platforms.

Sawtooth Platforms. The recommended dimensions for a standard bus berth plus sawtooth
pitch and width of circulation road are shown in Figure 4-9. An alternate shallow sawtooth
platform layout having one-way access and bus berths on one side of the circulation lane is
shown in Figure 4-10.

In-Line Platforms. Refer to Figures 4-11 to 4-13 for recommended configuration of in-line
platforms.

4.4.5 Bus Circulation Lane
Bus circulation lanes shall be designed in accordance with the following:

o Bus circulation lanes shall not be less than 30 feet wide for one-way bus movement
two-way bus movement requires separation of lanes. Refer to Figures 4-8 to 4-11.

o The circulation lane pavement shall be of reinforced concrete constructed in
compliance with Section 4.10 - Pavement Structures. It shall have 6 inch high barrier
type integral curbs.

o To prevent standing water at the curb in the bus boarding and exiting areas, the slope
of the pavement in the bus stall and circulation lane shall be away from the passenger
island. In the case of a two-way bus circulation lane with passenger islands/loading
platforms on both sides, the gutter/flowline shall be located at the center of the lane. If
the passenger island is on one side only, the flowline shall be at the edge of the
pavement opposite the island.
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o  The transverse slope and longitudinal grades of the gutters shall comply with Section

4.3.5 - Vertical Alignment and Cross-Sectional Elements sections of this chapter.
4.4.6 Passenger Island

The passenger island shall be a platform raised 7 1/2 inches above the bus stall gutter elevation.
The edge of the platform will be a special type curb for passenger safety and provides for a
7-inch step up to the bus first step, a normal step riser. See the Civil Standard Drawings for
special curb detail.

Minimum walking, queuing, and lateral clearance dimensions shall be based on maintaining level
of service C or better based on current Highway Capacity Manual criteria. Queuing areas for
each berth shall accommodate waiting patrons equivalent to the peak 5-minute queue demand at
3 or more square feet per waiting patron.

Minimum effective platform widths shall be 13 feet for single-loaded platforms (islands) and 20
feet for double-loaded islands. Total island widths shall include effective widths plus any
additional widths needed to accommodate vertical obstructions and associated lateral clearances
(See Figure 4-14.) The effective width is measured along a projection line of obstructions closest
to the passengers. The passenger island sidewalk shall have a transverse slope of 1/4 inch per
foot toward the curb.

4.4.7 Pedestrian Crosswalks

Pedestrian crosswalks shall be located so there is sufficient visibility to permit safe movement by
prudent pedestrians and bus drivers. When required by DART, the crosswalks shall be
emphasized by introducing a change in roadway elevation, and a change of pavement material,
surface texture, or color. No crosswalk within the passenger transfer area shall be less than 12
feet in width. When required, the crosswalk elevation shall be raised a maximum of 4 inches
above the elevation of the circulation road. The roadway pavement at either side of the sidewalk
shall have a maximum slope of ramp 2.30 percent. In no case shall the sloping ramp be less than
15 feet in length. See Figure 4-15a and 4-15b for details.

Pedestrian islands at the crosswalk location shall be lowered to meet the crosswalk elevation with
a slope not to exceed 8.30 percent. A minimum of 6 feet of the sidewalk width should be
included in the sidewalk elevation transition. See Figure 4-15 for details. Bollards spaced at 4
feet center-to-center and 3 feet 6 inches above finished grade are permitted, if necessary, to
define bus and pedestrian domains.. They also may be installed parallel to sidewalk ramps at
entry points to crosswalks. Crosswalks and sidewalk design and pavement material and texture
should be selected to provide safe and barrier-free access to the physically handicapped and the
elderly. Textured pavement is required for pedestrian crossing of bus access and circulation
roadways.
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4.4.8 Pavement Design Réquirements

Pavement for bus access roadways, stalls, and circulation lanes shall be designed to comply with
Section 4.10 - Pavement Structures. Passenger islands and sidewalks shall be designed according
to Section 4.9.1 - Sidewalks of this chapter and the Civil At-Grade Standard Drawings.

4.5 PARKING FACILITIES AT STATION SITE
4.5.1 Conformance To Local Codes

Traffic control devices and pavement marking within DART-owned parking facilities shall
conform to all applicable codes and ordinances, including minimum requirements for bay widths,
driving aisle widths, handicap spaces, loading spaces, and fire lanes. When a local agency has no
ordinance regulating parking design, the parking requirements contained in this chapter shall be
the minimum allowable design.

4.5.2 Space Size and Orientation

Unless specific approval is obtained from DART, all DART facility parking space shall be at 45,
60, or 90 degree angles. 8.5 x 18 feet is desirable for standard spaces, and 7.5 x 16 feet for
compact car spaces, unless local codes require other dimensions.

4.5.3 Capacity

Parking lot capacities will be determined by DART and provided to the section designer by the
GEC. These parking requirements are to be fulfilled as economically as practicable. The
reduction or increase in these capacities by more than 5 percent must be justified, and prior
approval by DART is required.

4.5.4 Parking Stall Striping And Layout

Standard Car Head-In Parking Stall. Unless otherwise defined by ordinance, the standard car
head-in parking stall shall accommodate standard and full-size automobiles, vans, and pickup
trucks, and have a nominal size of 8.5 feet wide by 18 feet long. Stalls shall be defined by single
4-inch-wide white stripes. Where the standard car head-in stall is at 90 degrees to the curb, a
maximurn of 2 feet may be deducted from the length of the stall to allow for the overhang of the
front of the vehicle over the curb. If this overhang area is obstructed to any extent, then the depth
of the stall must be adjusted accordingly.

Compact Car Head-In Parking Stall. Unless otherwise defined or disallowed by ordinance,
the compact car head-in parking stall shall accommodate only compact and subcompact
automobiles and pickup trucks. Compact car head-in parking stalls shall be a minimum of 7 feet
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6 inches wide and 16 feet deep. Compact car parking areas shall be segregated from standard car -

parking as much as possible to reduce the number of standard size cars and trucks misusing the
smaller parking stalls. To encourage compact and subcompact usage of the smaller stalls,
preferential treatments and locations may be appropriate. No more than 25 percent, or as allowed
by code, of the total provided parking spaces shall be designated exclusively for compact cars.

Standard Car Pull-Through Kiss-and-Ride Stall. Unless otherwise defined by ordinance, the
standard car pull-through kiss-and-ride stall shall accommodate standard and full-size
automobiles, vans, and pickup trucks, and have a nominal size of 10 feet wide by 20 feet deep.
These stalls should only be installed in the angled stall configuration and use an angle of no more
than 60 degrees. The stalls shall be defined by 4-inch-wide white stripes. Entrance and exit
driving aisles adjacent to these stalls shall be of sufficient width so parking maneuvers may be
performed easily and safely. For additional design details, see Section 4.6 - Kiss-and-Ride
Spaces.

Parallel Parking Stalls. Parallel parking areas shall not be used within parking lots and
structures. More efficient parking can be obtained through modifications in the parking layout to
accommodate head-in parking along perimeter curbs. Parallel parking generally should not be
used within DART facilities, but may be used in circulation and access roadways if they do not
interfere with efficient traffic operations, and no other reasonable parking alternatives exist.

Unless otherwise defined by ordinance, parallel parking stalls shall accommodate standard and
full-size automobiles, vans, and pickup trucks, and have a nominal size of 25 feet wide by 10 feet
deep. The stalls shall be defined by 4-inch-wide white stripes.

Handicapped Parking Stalls. The requirements for handicapped parking stalls are contained in
the Elimination of Architectural Barriers Act, Article 7, Article 601b, Vemon's Texas Civil
Statutes. Local ordinances should be reviewed for stricter interpretations of this act. See Section
4.5.8 - Design Considerations for the Handicapped for specific recommendations.

Motorcvcle Parking Stalls. Motorcycle parking stalls may be delineated in those triangles and
corners set off by the park-and-ride layout that are readily accessible to the station and that would
otherwise be unused. Areas designated for motorcycle parking shall be at least 4 feet wide by 8
feet long. Concrete paving shall be used for all motorcycle spaces.

DART Maintenance Parking. Provide minimum of one maintenance parking space at each
station site. Access to parking space shall not impede bus or pedestrian access. Locate as close
as possible to maintenance buildings or rooms.

4.5.5 General Internal Circulation
General internal circulation patterns shall be based on the following considerations:

0 A maximum separation shall be maintained between vehicular and pedestrian traffic.
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o  Circulation patterns shall be simple and direct, allowing for easy driver orientation.
They shall permit drivers to search for parking spaces without impeding traffic flow or
reentering public streets.

o  Circulation roads within a parking lot may be required where normal aisle standards
would provide inadequate circulation. Primary circulation and’access roads shall be
located on the perimeter of the parking area and away from concentrations of
pedestrians.

o  Vehicle speed and search patterns shall be considered when determining the length of
an individual parking aisle. In general, no aisle shall be longer than 400 feet without
having a cross aisle.

o Complicated intersections shall be avoided whenever possible to insure efficient traffic
movement and pedestrian safety. Traffic signals shall not be permitted within station

areas. Conditions needing traffic signalization are to be avoided in design.

o Vehicular circulation (both bus and auto) around station sites shall be
counterclockwise for easy passenger drop-off and pick-up, as shown in Figure 4-16.

o Circulation patterns shall be designed to be easily comprehensible to the average
driver. Direction signing should not be required to permit on-site circulation. Signing
and directional arrows on pavement may be provided to expedite circulation.

4.5.6 Bus Access

Bus circulation patterns shall be in accordance with the following:

o The routing of buses in and out of the station area shall be developed in cooperation
with the DART Department of Transit Operations.

o Exclusive bus loading/unloading areas will be provided next to DART stations in
- accordance with Section 4.4 - Bus Transfer Facility of this chapter.

o The path from bus loading/unloading areas to the station entrance shall be as direct as
possible.

o Bus stops at DART rail stations that are located on adjacent public streets shall be
recessed outside of traffic lanes where feasible.

4.5.7 Pedestrian Access

Pedestrian circulation patterns shall be in accordance with the following: '
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Direct and safe approaches for pedestrians shall be provided from all adjacent streets
mto the station aréa.

Pedestrian circulation in parking lots shall be provided along parking aisles. As
described below, additional provisions for pedestrian circulation may be desirable or
required in certain situations. ’

Pedestrian walkways shall be provided in certain locations to minimize interference
with vehicular traffic. These walkways may be provided to minimize pedestrian use of
a circulation road or aisle and to control the number of points where pedestrians cross
a circulation road. Where pedestrians originate from an outlying part of a large
parking lot, consideration shall be given to providing a walkway that extends toward
the station on as direct a path as possible.

Pedestrians shall have the right-of-way over vehicles at selected crossings, on internal
roadways. Any such crossing shall be designated with appropriate signing and may, at
the direction of DART, be required to conform to the provisions of Section 4.4.7.

Pedestrian crossings shall have a median refuge area, at any on-site roadway wider
than four lanes.

A pedestrian path shall be as direct as possible from any parking stall or bus transfer
facility to the station concourses. The coefficient of directness is determined by the
following equation:

Coefficient of Directness = Length of Path
Straight Line Distance

The preferred coefficient of directness is 1.2; it shall not exceed 1.4. Aisles may be
used in the determination of the "Length of Path" in the above equation.

Long ramps shall be interrupted with level areas at intervals for rest stops and to
provide easy maneuverability by handicapped patrons. For specific requirements, see
the Elimination of Architectural Barriers Act, Article 7, Article 601b, Vemon's Texas
Civil Statutes and any locally applicable requirements.

Crosswalks with adequate queuing areas shall be used where concentrated pedestrian
flows cross circulation and parking aisles. Crosswalks and queuing areas shall be
designed to provide a minimum level of service in accordance with the Highway
Capacity Manual.

Walkways and crosswalks shall be marked as prescribed in Chapter 5 - Traffic
Control.
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4.5.8 ADA Design Considerations

Parking facilities for the disabled shall be provided in the kiss-and-ride and park-and-ride areas at
a location near the main station entrance. They shall conform to the Americans with Disabilities
Act Accessibility Guidelines and the Texas Accessibility Standards of the Architectural Barriers
Act and Local, State and Federal ADA accessible facilities shall be submitted to Texas
Department of Licensing Regulation for review and approval prior to the Pre-Final submittal.

4.5.9 Bicyclist Considerations

If directed by DART, provisions should be made for bicycle access to parking facilities separate
from that provided for motor vehicles. If economically feasible, separate access may be in the
form of either an exclusive bikeway or a sidewalk bikeway. The bikeway may be built on the
outside edge of the station access road. If this is not possible, bicyclists will be required to
dismount and walk their bikes in areas of heavy pedestrian traffic. Where an exclusive bikeway
is designated, it shall provide for two-way bike traffic and be designed according to Chapter 19 -
Station Site Requirements. A sidewalk bikeway shall be a minimum of 8 feet wide and shall
only be used where both bicycle and pedestrian volumes are low. The pavement structure shall
be designed according to Section 4.10 - Pavement Structures.

Where facilities have stairways to platforms, designer shall provide 4” wide bike wheel run
between stairs and railing.

Exclusive and sidewalk bikeways shall be marked and signed as per Part IX of the TMUTCD.
Pedestrian use of exclusive bikeways should be discouraged through the use of "PEDESTRIANS
PROHIBITED" signs (R9-3A) at potential pedestrian access points.

The capacity for bicycle storage will be provided by DART to the section designer. Bicycle
parking shall be provided at a convenient distance from the station or sheltered area. All
facilities shall be provided at street/sidewalk level. Access to the bicycle parking area shall not
conflict with or intersect barrier-free handicapped access routes. Adequate space shall be
provided for maneuvering bicycles in and out of the bicycle racks without difficulty.
Approximately 15 to 20 square feet shall be provided per bicycle parking place. Racks shall be
located adjacent to station entrances where bicycles can be locked to a secure stanchion by the
bicyclist's chain and lock. If used, bicycle lockers shall be similarly placed, or, if there are
parking structures, bicycle lockers shall be placed in these. Their placement shall not
compromise pedestrian walkways nor detract from the architectural quality of the station.

During evening and nighttime hours, and during periods of adverse weather, adequate lighting
shall be provided to help illuminate bicyclists in bicycle parking areas, on bikeways, and at
intersections with circulation roadways. Adequate lighting shall also illuminate pedestrians
walking on sidewalk bikeways and on sidewalks crossing exclusive bikeways.

-4-21- Jan 2003 .Rev.IO



4.5.10 General Design Considerations

Speed Control In Parking Areas. At least one speed limit sign visible to drivers immediately
upon entering the parking area shall be installed on each circulation roadway or aisle. The posted
speed limit should be commensurate with the design of the parking area.

Parking area layout and design shall discourage excessive vehicle speeds. Speed control in
parking areas shall not be accomplished through the use of unwarranted Stop and Yield signs, or
through the use of "speed humps," or pavement undulations.

Fee Collection and Access Control. Although parking fees may not be charged initially, space
for centrally located fee collection boxes should be provided in DART surface parking facilities.
For parking structures, the type and space reservation for access control and fee collection shall
be recommended by the section designer and approved by DART.

Grading. Along roadways near the station concourse entrances and in bus and kiss-and-ride
loading/unloading areas, grading shall be designed to achieve a 2 percent transverse slope away
from the loading/unloading curb line. The drainage facilities shall be designed according to
Chapter 7 - Drainage. In general, the cross slope of parking stall pavement shall be between 1 to
4 percent. It shall not be more than 5 percent. Drainage shall be directed away from areas where
pedestrians will walk. Catch basins shall not be located in the aisles. If possible, no parking
space shall have a slope from the head to the back greater than 2.5 percent.

Curbs. Medians and Bumpers. Curbs shall be 6 inches high, barrier type, and constructed of
portland cement concrete. See Civil Standard Drawings for details. Curbs shall be provided
around the entire outer edge of parking lot pavement to protect landscaping or fencing from
vehicular damage. Curbs shall also be provided as necessary along circulation roads, at raised
concrete medians, and at intermediate points in the large lots. Exposed corners of curb shall have
a minimum radius (to face of curb) of 2 feet. With DART approval, wheel stops may be used at
the head of parking stalls. Wheel stops, though, will be used for all herringbone line stalls.
Where columns supporting structures are to be located in a parking facility, correctly placed
bumpers may be used for column protection. Wheel stops shall be 6 feet long, approximately 6
inches high, and shall be precast reinforced portland cement concrete.

Bollardé, boulders or similar devices shall be used at landscape areas subject to damage by buses
at inside turning radius along bus lanes.

Clearances. Minimum vertical clearance between any overhead obstruction and parking lot
surface shall be 14 feet 6 inches. Clearance shall be 7 feet where access is limited to passenger
cars. Clearance can be 12 feet where access is limited to standard (single deck) buses. The
passage of vehicles exceeding the lower clearance specified, however, must be prevented by
curbs, fencing, or an equivalent type of barrier. At the head of parking stalls, horizontal
clearance shall be 2 feet 6 inches from the front face of curb to any obstruction. At the sides of
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stalls, no horizontal clearance need be provided between stalls and vertical obstructions except at
walls, where a minimum clearance of 2 feet shall be provided outside of the parking stall.

Pavement Structure. The pavement structure of the parking lots at DART stations shall be
designed according to Section 4.10 - Pavement Structures. For paving purposes, circulation
roadways within the delineated areas of the parking lot shall be considered part of the parking lot.
Circulation roadways outside the delineated area of the parking Jot shall be considered part of the
station access roadway.

Border of Parking Areas. Parking lots shall be designed to avoid the use of earth retaining
structures and to keep all work within DART right-of-way lines.

Where fills higher than 10 feet are required, the section designer shall coordinate with DART for
the possible use of guard rail protection or pedestrian railing. These borders preferably shall be
wide enough for landscaping and planting.

Fencing. Generally, suburban station parking lots shall not be provided with perimeter fencing.
Screening walls shall be considered in residential areas. Where local ordinances, aesthetical
considerations, noise, or safety require fencing, the matter shall be reviewed by DART case by
case.

Planted Areas. Planted areas shall be designed according to Chapter 19 - Station Site
Requirements. Landscaping must not interfere with sight distance requirements. Special
attention shall be given to the grading and drainage of landscaped areas so that these areas do not
become a source of water that can contribute subsurface drainage to pavement foundation layers.
Where island size does not require installation of catch basins for the interior collection of storm
water, the island shall be graded to a minimum slope of 2 percent and crowned to give positive
drainage over the curb.

Placement of Lighting Standards. Placement of lighting standards shall conform to lighting
requirements contained in Chapter 26 - Lighting, and shall be coordinated with the station
landscaping and utility plans.

Passenger Orientation. Traffic related signs shall comply with Chapter 5 - Traffic Control.
Informational signs shall comply with the architectural standard drawings.

Street Furniture. Benches will be needed along the bus platforms and kiss-and-ride facilities
and shall be integrated with shelters along streets adjacent to stations without bus transfer
facilities. DART will determine if seating already built into shelters needs to be supplemented
with benches.

Trash Containers. Several small conveniently placed trash containers shall be integrated with
other street furniture. Container size and location may vary at each bus transfer facility, but they
should be located outside the shelters wherever possible.
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Shelters. At bus transfer facilities one shelter per bus shall be provided; two shelters shall be
provided for each route served by articulated buses. At shared bus/rail platforms, canopies or
shelters shall cover at least one-third of the platform length and the entire platform width.
Shelters shall be designed of durable low maintenance materials and should contain wind screens
that will block wind and blowing rain, but not impair visibility. To accommodate queuing along
the bus berth, shelters shall be located toward the back of single-sided platforms and near the
centerline of double-sided platforms.

Paving. In most applications, local regulations, engineering requirements, and economic
considerations will dictate the use of ordinary concrete. At bus transfer facilities adjacent to
DART stations, however, the use of textured surfaces, expansion joint patterns and color can
enhance safety and clarity of use by providing a contrast to the surroundings. When approved by
DART, pavers may be used in locations such as crosswalks in the busways and along the
busways.

4.6 KISS-AND-RIDE SPACES
4.6.1 Capacity

The required design capacity for a station will be determined by DART and provided to the
section designer by the PSD. It will be based on the individual requirements of each station. The
kiss-and-ride spaces shall be for attended vehicles only.

4.6.2 Location
Location of kiss-and-ride spaces shall be in accordance with the following:

o Kiss-and-ride spaces located off-street, either in a parking lot or a parking structure,
shall be as near to the station concourse entrances as practicable, and shall be
physically separated so not to appear an integral part of long-term parking areas within
the parking lot or parking structure.

o  When possible, kiss-and-ride spaces shall have an access separate from that of the
park-and-ride spaces.

o When possible, kiss-and-ride circulation shall be physically separated from bus
circulation. :

o Kiss-and-ride spaces located within a parking structure shall only be upon levels of the
structure that have direct access to an adjacent street.

o  The preferred location of a kiss-and-ride zone is adjacent to the main entrance of the
station. The configuration should permit vehicle loading on the right-hand side.
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0  The kiss-and-ride area shall be laid out for one-way traffic.
4.6.3 Access Roads

Access roads shall be single lane with a minimum width of 20 feet to allow space to maneuver
around a stopped vehicle. When possible, kiss-and-ride traffic shall be able to re-circulate
on-site if a parking space is not available. Kiss-and-ride traffic shall not be routed through the
park-and-ride areas, but instead should use circulation roads or access roads. Kiss-and ride
traffic circulation through the station shall be one way.

4.6.4 Signs and Markings

All kiss-and-ride parking spaces shall be defined by appropriate signs and markings. Signs and
markings shall be in accordance with TMUTCD or as directed by DART and shall be as shown
on the architectural standard drawings and the traffic control standard and directive drawings.

4.6.5 Design Details

Pickup/Dropoff Area. Kiss-and-ride (pickup/dropoff) facilities shall be provided adjacent to
each parking area. Kiss-and-ride parking spaces may be either parallel to the curb or at a 45 or
60 degree angle maximum. Their placement shall depend on the configuration of the available
area and the most effective use of that area to accommodate the required number of spaces.
Kiss-and-ride spaces preferably shall be next to the station entrance. Angle parking may be used
when providing the required number of spaces as parallel spaces would cause the most distant
space to be farther than 200 feet from the station entrance or would necessitate the addition of
islands with parallel spaces.

Pickup/dropoff arrangements for kiss-and-ride areas are in the following order of preference:

0 45 degrees to the aisle (Figure 4-19).
o 60 degrees maximum to the aisle (Figure 4-19).
o Parallel to curb (Figure 4-20).

Pickup/dropoff lanes parallel to the curb shall be 10 feet wide and 25 feet long except that the
beginning and ending stall of a series of spaces may be 22 feet. Parallel pickup/dropoff spaces
shall begin at least 20 feet from a crosswalk.

At least one barrier-free ramp for the handicapped should be provided for each 150 feet of curb
in passenger pickup/dropoff area. The design of the barrier-free ramp shall comply with the Civil
Standard Drawings.

Short-Term Parking. Short-term parking spaces shall be incorporated into the kiss-and-ride
area to:
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o  Provide short term parking during off-peak periods.
0  Promote better evening kiss-and-ride service.

o  Provide a reservoir of additional spaces when kiss-and-ride pick up/dropoff areas are
congested. ‘

Although other considerations may prevail, a short-term parking area should be included where
possible. The short-term parking spaces shall be located off the access roadway to the
kiss-and-ride parking area and shall be designed in accordance with the Parking Facilities at
Station Site section of this chapter with the appropriate signs.

4.7 PARK-AND-RIDE

Parking spaces initially may be at-grade with provisions for structured parking in the future, or
may be structured parking with expansion capability. Refer to specific station site plans for
park-and-ride requirements. See the Architectural Chapters 23 and 24 and Chapter 26 - Lighting,
for additional requirements.

4.7.1 Design Details

The park-and-ride area shall be designed for self-parking. Designs with parking spaces laid out
at 90 degrees to the aisle will generally be used. But, some parcels of land may be of such a size
or shape as to warrant the use of another angle. Small car and standard size parking spaces shall
be configured according to appropriate municipal codes. Space arrangement and aisle
dimensions for small and standard size cars shall preferably conform to the right-angle parking.

The aisle widths shown shall be used where spaces are provided along one or both sides of an
aisle. Where a significant number of stalls of different layout standards (90 degree versus angle
parking) are used along one or both sides of an aisle, the greater aisle width shall be used.
Mixing parking aisles at at-grade level is not recommended, but may be permitted where made
necessary by site constraints. Vehicles and other objects shall be excluded from corners of
parking lots to provide adequate intersection sight distances. Aisles shall be aligned to facilitate
convenient pedestrian movement toward the station. To minimize speeding and aid pedestrian
orientation, aisles shall not be longer than 400 feet. Aisle length may be limited by offsetting
aisles, or by changing the aisle alignment.

A system of traffic circulation produced by the arrangement of parking aisles and spaces shall be
designed to minimize vehicular travel distances, conflicting movements, and number of turns.
Vehicular movements within the parking area shall be dispersed by strategic location of
entrances, exits, and aisles. Entrances and exits should not be located on crest vertical curves. A
minimum of one entrance and exit shall be incorporated in the lot layout for each 500 spaces. 1f
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possible, access joints shall be provided at separate locations and shall access different streets.
Separate access for public transit vehicles is also recommended.

Two-way circulation roads within parking areas shall have a minimum roadway width of 22 feet.
One-way circulation roadway minimum width may be 18 feet with the approval of DART.
Circulation roads shall be curbed. The minimum vehicular inside turning radius for vehicles

- other than buses shall be 16 feet. The minimum outside turning radius shall be 26 feet.

4.7.2 Reservoir Areas

Within the parking lot and immediately adjacent to every entrance and exit to a public street, a
reservoir area shall be provided for the momentary storage of vehicles. The momentary storage
of vehicles entering or leaving the parking lot shall not interfere with the normal activity of
parking vehicles. The size of a reservoir area shall be sufficient to meet inbound and outbound
storage requirements during the peak 15 minute periods for inbound and outbound movements.
Reservoirs shall not extend closer to an off-site street than the back of the sidewalk on that street.
The reservoir area may be provided as a circulation road or an area extending in any direction
within the site. '

4.8 PARKING STRUCTURES
4.8.1 Functional Elements

Ground levels shall contain entrances and exits, reservoir areas, and internal ramps. Ground
levels may also contain ADA accessible parking, kiss-and-ride and park-and-ride areas. Upper
levels and underground levels generally shall contain only ramps and as many parking spaces as
practicable. The possible expansion of the parking structures shall be a design consideration.

4.8.2 Internal Circulation

Traffic circulation within parking structures shall be designed to minimize vehicular travel
distances and number of turns. Circulation on one-way ramps preferably shall be
counter-clockwise.  Designs shall not require travel on internal ramps to reach patron
pickup/dropoff areas. A reservoir area shall be provided for parking structures immediately
adjacent to entrances and exits. Reservoir areas in parking structures shall be provided according
to the requirements prescribed in Section 4.7.2 - Reservoir Areas. Areas between the building
line and the back of a sidewalk may be included as part of the reservoir area. Internal ramps
flanked by parking spaces shall not be used as reservoir areas.

4.8.3 Entrances And Exits

Visibility shall be provided at exits in accordance with the requirements prescribed for sight
distance in Section 4.3.4 Horizontal Alignment and Figure 4-3 by excluding columns, walls, and
objects that are more than 2 feet 6 inches above the high point of the traveled way from the
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indicated areas. Entrance and exit lanes shall be 12 feet wide. Driveways for parking structure -
entrances and exits shall be designed to meet appropriate municipal design criteria and standards.
Driveways from other streets and highways shall be designed as prescribed in Section 4.3.7 -
Vehicular Entrances to Station Sites. '

4.8.4 Ramps

Where site conditions permit, adjoining street grades shall be used to minimize the need for
ramps between parking levels. Internal ramps shall be located to avoid operational conflicts with
entrances and exits. The ramps shall be placed in such a manner that they are not a direct and
natural path for pedestrian travel. Parking spaces shall not be located on curved internal ramps.

External ramps may be necessary in some locations. Parking spaces shall not be located on
external ramps, whether curved or straight.

Ramp grades shall be kept as low as practicable. Excluding areas of transition, grades shall not
exceed 5 percent on ramps with perpendicular or diagonal parking or 12 percent on ramps
without parking; however, 8 percent is the preferred maximum grade without parking. The grade
on curve ramps shall be calculated along the inside edge of the roadway.

Where the difference in grades between a ramp and a floor exceeds 6 percent, a transition shall
be provided. Transitions shall have a grade equal to one-half of the sum of the two grades.
Ramps shall be round at all breaks in grade for a distance of 3 feet on each side of the grade
break. See Figure 4-21 for details. For additional requirements, see the Parking Structures
section of Chapter 19 - Station Site Requirements.

Straight ramps without parking on them and curved ramps shall have a cross section as shown in
Figure 4-22. The ramps shall have a transverse slope as shown. On curved ramps, the transverse
slope shall slope down toward the center of the curve. Where grades on the exit ramps exceed 8
percent, the pavement structure shall be the same, for a minimum of 100 feet behind the
intersection, as the pavement structure for the bus loading and unloading zone.

4.8.5 Parking Spaces And Aisles

The layout of the parking structure shall be done in a manner to permit future conversion of
standard size parking spaces to small car usage. A modular bay design shall be used that permits
layout of both small car and standard car spaces and aisles. The percentage of compact sized car
stalls to be provided in the initial striping plan will be furnished by the GEC. The nominal
parking lot space and aisle dimensions are given in Section 4.7 - Park-and-Ride. Space and aisle
layout may accommodate both standard size and small car dimensional requirements on all
parking levels. Grades greater than 5 percent will not be acceptable for parking.

If one-way traffic flow is acceptable, angled parking using spaces at angles of 60 degrees may be
the most efficient. This layout is especially adaptable to two-bay double-helix structures with

- 4-28- Jan 2003 Rev 10



parking on the sloped floors. Spaces shall be placed so that the maneuvering of a vehicle in or
out of a parking space will not block or inhibit the free flow of traffic on ramps where parking is
prohibited. Traveled ways, other than parking aisles and ramps, shall be 24 feet wide for
two-way travel with diagonal and perpendicular parking and 16 feet wide for one-way travel and
diagonal parking. The minimum vehicular inside turning radius shall be 16 feet, and the
minimum outside turning radius shall be 30 feet. Design vehicle turning paths shall be used in
designing for vehicle turns. For parking spaces for the handicapped refer to Section 4.5.4 -
Parking Stall Striping and Layout.

4.8.6 Pedestrian Circulation

Horizontal pedestrian circulation in parking structures shall be provided by parking aisles.
Additional provision for horizontal pedestrian circulation by walkways is preferred for special
conditions only. Facilities for vertical pedestrian travel shall be placed at appropriate locations in
the structure to preclude the use of vehicular ramps by pedestrians. DART will determine the
need for stairways and elevators. See Chapter 19 - Station Site Requirements, for additional
guidelines.

4.8.7 ADA Accessibility Considerations

ADA accessible parking spaces shall be located adjacent to or in proximity of an ADA accessible
route to the station platform. Elevators in multilevel structures shall comply with the
requirements stipulated in the Elimination of Architectural Barriers Act, Article 7, Article 601b,
Vernon's Texas Civil Statutes. All ADA accessible parking shall be on the ground floor of the
structure and near the pedestrian exit leading to the station platform. Refer to Chapter 19 —
Station Site Requirements, and ADA guidelines, local codes for additional requirements.

4.8.8 Clearances

Columns between the head and end of a parking space shall be located, where practicable, not
closer than at every third space. Clear span structures should be used where possible to facilitate
parking maneuvers, enhance security, and maximize space efficiency. Where clear span
structures cannot be used, a clear distance of not more than 13 feet from the head of the space
shall be provided. Columns shall not encroach upon the standard parking space width specified
in this chapter or interfere with the proper operation of car doors or driving aisles. Unit parking
depth is the width of an aisle plus the depth of the adjacent parking space on each side of the
aisle.

Vertical clearance between the floors of any structure and any overhead obstruction, including
signs, lighting fixtures, piping, or any other appurtenances, shall be 7 feet 6 inches on all levels
unless otherwise specified. Appropriate signage and a flexible structure shall be provided to
prevent entry of overheight or overweight vehicles to travel areas or within the parking structure.
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Horizontal clearance on straight ramps and other traveled ways shall be 1 foot from the inside of
curb to a wall or other obstruction. Horizontal clearances on curved ramps shall be designed to
accommodate vehicle overhangs at the specified curve radius. At the head of parking spaces,
horizontal clearance shall be 2 feet 6 inches from the front face of islands or curbs to a wall or
other obstruction. At the sides of spaces, no horizontal clearance need be provided between
spaces and columns. A clearance of 2 feet shall be provided between the sides of parking spaces
and walls. When using 90 degree parking, spaces shall be designated “Head-in Parking Only”
with appropriate signage. ‘

4.8.9 Curbs, Medians and Islands

Curbs shall be used at the head of parking spaces and placed according to the clearance
requirements prescribed in this chapter. As shown in Figure 4-22, curbs shall be provided within
parking structures as a border on all ramps and other traveled ways adjacent to walks. Curbs
shall be 6-inch high, barrier type, constructed of Portland cement concrete. See the Civil
Standard Drawings for details of barrier type curb.

Raised islands shall be used at the head of all parking spaces abutting partitions, railings, and
non-structural walls. Raised islands shall be 6 inches high with a barrier type curb constructed of
Portland cement concrete.

All exposed comners of curbs and raised islands shall have a minimum radius-to-face-of-curb of 2
feet.

4.8.10 Drainage

Drainage shall be provided for all levels within a structure. Levels within parking structures
shall be sloped to drain at 1 to 1.5 percent. Drainage shall be away from the center of aisles and
generally toward the head of parking spaces. Vertical drain pipes shall be located so as not to
compromise parking space and aisle dimensional requirements. Drain pipes shall also be located
to not obstruct the vertical clearance of 7 feet 6 inches on any level.

4.8.11 Architectural Requirements

Parking structures must comply with local fire and building codes. See the Architectural
Chapters 23 and 24 for additional requirements.

4.9 PEDESTRIAN FACILITIES
4.9.1 Sidewalks
A sidewalk shall be provided next to all curbside parking lanes and to all loading zones.

Sidewalks intended for use by the general public shall have a minimum width of 6 feet.
Minimum sidewalk width at kiss-and-ride areas, near stations, and at bus transfer facilities shall
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be 8 feet. (See the Architectural Chapters 23 and 24 areas, near stations, and at bus transfer
facilities shall be 12 feet, or the adjacent sidewalk plus 6 feet, whichever is greater. Sidewalks
providing access to service and maintenance facilities shall have a minimum width of 3 feet.
Sidewalks shall be constructed of reinforced Portland cement concrete 4 inches thick. Sidewalks
shall be elevated above street level and drainage shall be provided by a cross slope toward the
curb of 2% maximum. For construction details, see the Civil Standard Drawings.

4.9.2 Barriers

Pedestrian facilities should be configured to avoid conflicts with major vehicular movements or
other potentially hazardous conditions. However, if such conditions cannot be avoided,
pedestrian barriers shall be provided to discourage or prevent pedestrians from crossing at these
locations. Pedestrian barriers may consist of railing, fencing, walls, or landscaping.

4.9.3 Bridges and Undercrossings

Pedestrian bridges and undercrossings shall be avoided if any other acceptable alternate design is
feasible. Where undercrossings are provided, they shall be adequately sized and well lighted.
Undercrossings shall be placed so that continuous visibility is provided into the undercrossing
when viewed from the approaches. Maximum consideration shall be given to the safety and
protection of patrons. All local codes, DART criteria and ADA requirements shall be included in
the design of these facilities.

4.10 PAVEMENT STRUCTURES

The following design criteria shall be used on DART right-of-way. The appropriate design
criteria of the governing agency shall be used when the facility is not on DART right-of-way.

4.10.1 Pavement Cross Sections
Rigid Pavement. A rigid pavement section shall consist of a jointed reinforced Portland cement

concrete slab, a subbase and/or improved subgrade. The pavement section shall be designed
according to “AASHTO Pavement” using the following guidelines for design variables:

o Performance period — 20 years
o Analysis period — 30 years
o Traffic — supplied by traffic consultant on a site-specific basis

o Reliability — 80 percent minimum, S, = 0.30 unless supplied by the traffic consultant
through DART (site specific)

o Roadbed swelling — PSI supplied by the getotechnical consultant (site specific)
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o Serviceability - P, =4.5P,=2.5

o Effective modulus of subgrade reaction — k supplied by the geotechnical consultant (site
specific). Subgrade shall be lime or cement stabilized as recommended by the
geotechnical consultant (site specific)

o Pavement layer materials characterization — E, = 3.12 x 10° psi minimum (£, - 3000 psi)

o P.C.C. modulus of rupture — S, = 550 psi minimum (£, - 3000 psi)

o Drainage — C4 supplied by the geotechnical consultant (site specific)

o Load transfer — Roadways w/curb and gutter J = 4.2, roadways w/flexible shoulder J = 4.4,
parking J = 3.6

o Loss of support — LS value supplied by the geotechnical consultant (site specific)
o Minimum Reinforcement - #3 grade 60 bars at 2 feet 0 inches center to center (L = 207)

o Minimum section for parking lots — 5 inches thick, 3000 psi reinforced concrete pavement
with 6 inches of cement or lime modified base

Flexible Pavements. A flexible pavement section shall consist of a surface course, a base
course, and a subbase. Flexible pavements will be considered only for parking lots. The
pavement section (thickness of each layer) shall be designed according to “AASHTO Pavement”
using the following guidelines for design variables:

o Performance period — 10 years
o Analysis period — 30 years
o Traffic — supplied by the traffic consultant (site specific) .

o Reliability — 80 percent minimum, S, = 0.40 unless supplied by the traffic consultant
through DART (site specific)

o Roadbed swelling — PSI supplied by the geotechnical consultant (site specific)
o Serviceability — P,=4.2 P;=2.5

o Effective roadbed soil resilient modulus — MR supplied by the geotechnical consultant (site
specific)
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o Pavement layer materials characterization — Egp,, Eps & Eac supplied by the geotechm'calA
consultant based on his recommendation of layer materials (including surface course,
base course and subbase) and subgrade preparation. (Site Specific)

o Layer coefficients — a values calcufated based on E values supplied by the geotechnical
consultant

o Drainage — m; value supplied by the geotechnical consultant (site specific)

o Minimum section for parking lots — 3 inches of full depth asphaltic concrete (1-1/2 inch
surface course, 1-1/2 inch base course) with 8 inches of granular subbase
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CHAPTER 5 - TRAFFIC CONTROL

5.1 INTRODUCTION

This chapter establishes criteria and standards for the design of traffic control devices for streets,
parking lots, and parking structures.

Traffic control devices controlling street traffic shall be owned and maintained by the agency
having jurisdiction. Traffic control devices on station, parking, or other sites owned by DART
and controlling traffic on these sites shall be owned and maintained by DART.

Replacement of existing facilities to be maintained by others shall be replacement-in-kind. New
facilities to be maintained by others shall be designed in conformance with current standards of
the agency having jurisdiction, or these criteria if approved by such agency. These criteria-and
guidelines do not remove the responsibility for proper traffic control from the designer, nor do
they supersede more stringent requirements of the Texas Manual on Uniform Traffic Control
Devices (TMUTCD) and the Federal Highway Administration’s (FHWA) MUTCD. All traffic
control devices shall conform to the requirements, principles, and concepts of these manuals.

The objectives of this chapter are:
o To present ways to provide for the safety of the general public.
o . To establish uniform policies and procedures for traffic functions.

o To determine that DART’s traffic control devices are compatible with those of other
agencies.

5.1.1 Codes, Standards, and References

All federal, state, and local jurisdiction codes and standards publications shall govern the design
of traffic control systems as appropriate.

The latest available revisions of each publication shall be used to determine compliance with
applicable codes and ordinances. ‘

5.1.2 Traffic Control for Facilities Owned by Agencies Other than the Authority
When a traffic control device needs to be placed on a facility owned by an agency other than

DART, the section designer shall coordinate the design and location of that device and its
proposed operation with the agency having legal jurisdiction and responsibility.
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5.1.3 Engineering Study Required

The decision to use a particular traffic control device at or on a DART facility at a particular
location shall be made on the basis of an engineering study of that location. The criteria
contained in this chapter provide guidelines for the design and application of traffic control
devices. These guidelines are not a substitute for engineering judgment.

5.2 SPECIAL DIRECTIVES

5.2.1 All Traffic Control Devices

General. All traffic control devices shall conform with the requirements of the TMUTCD. All
special non-standard devices shall conform to the principles and concepts of the TMUTCD and

the federal MUTCD and/or Traffic Control Device Handbook in the absence of information in
the TMUTCD.

Traffic control devices shall include, but are not limited to, signs, pavement markings, raised
pavement markers, signals, islands, grade crossing waming devices, automati¢ gates and
intelligent management system elements.

5.2.2 Signs

Classification of Signs. Traffic control signs for DART facilities shall normally be classified as
regulatory signs, warning signs, or guide signs.

Traffic control signs shall be referred to by code number and size. Code numbers shall conform
to those found in Texas Standard Highway Signs. When the traffic control signs are available in
a choice of right or left to indicate a right or left movement to the motorists, the letter “R” or “L”
shall follow the code number. The minimum sign size shall be either “Standard™ or “Urban” as

defined in Texas Standard Highway Signs.

Standardization of Signs. In situations where messages are required other than those found in
the TMUTCD or Texas Standard Highway Signs, the signs shall be of the same shape and color
as standard signs of the same functional type.

The basic requirements of a traffic control sign are that it be legible to those for whom it is
intended and that it be understood in time to allow a proper response. Sign designs should
therefore have high visibility, lettering and symbols of adequate size, and a short legend for
quick comprehension by drivers.

Locational Conflicts. Where two or more signs are needed at approximately the same location,
Regulatory signs shall take precedence over Warning or Guide signs. Within the regulatory sign
group, the sign with the most important regulation supercedes the others. Priority for sign types
shall be as follows:

o Regulatory Signs.
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o Warning Signs.

o Guide Signs.

o Emergency Service Signs.

o Public Transportation Signs.
Posts and Mountings. Sign supports shall be of a suitable breakaway or yielding design, as
dictated by the design speed of the traveled way and the agency with jurisdiction, when ground

mounted signs cannot be sufficiently offset from the edge of pavement. Concrete bases for sign
supports shall be flush with ground level.

When signs can be correctly placed on other supports, such as traffic signal poles, street light
poles, or utility poles, such placement shall be considered in order to reduce costs and minimize
sidewalk obstruction.

DART Facilities Traffic Control Sien Desion.

o Sign Size. The size of traffic control guide signs for DART facilities shall be a
function of legibility distance, required letter size and spacing, and length of message.
The length of message shall be as brief as possible to avoid excessively large signs,
although driver comprehension should not be compromised as a result of brevity.

Special traffic control guide signs which make course routes to DART facilities shall normally
be 24 inches square for use on low speed streets and larger for high speed facilities, as specified
in the TMUTCD.

o Size of Lettering. For traffic control guide signs with varying legends, sign legibility
is a direct function of letter size.

Within parking facilities the minimurn letter size shall be 4 inches in height. At least 5-inch high
letters shall be desirable within parking structures with restricted clearances. At least 6-inch high
letters shall be desirable within open parking lots and in parking structures without clearance
restrictions. ~

For traffic control guide signs on circulation roadways and facilities, the minimum letter size
shall be as prescribed by the TMUTCD, which is based on the type of highway rather than to
variable speeds. '

o Amount of Legend. The legend on traffic control guide signs to be used at or on
DART facilities shall be kept to a minimum. Three lines of legend shall be the
maximum number of lines per guide sign. Where two or more guide signs are placed
at the same location, either on the same mount or close to each other, the amount of
legend shall be further reduced to prevent overburdening the driver.
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5.2.3 Pavement Markings

Reflectivity of Pavement Markings. Markings that must be visible at night shall be
reflectorized unless ambient illumination provides adequate visibility. The reflectivity of
pavement markings may be done through the use of reflectorized raised pavement markers,
glass-beaded paint, glass-beaded thermoplastic, or other appropriate means.

Parking lot stall marking may be 4> white paint without glass beads.

Removal of Pavement Markings. Pavement markings that are no longer applicable shall be
removed or obliterated as soon as practical.

Crosswalks. Minimum crosswalk widths, when crossing public streets or major driveways next
to public streets, shall be 6 feet at non-station locations and 10 feet at crossings to DART
stations.

5.2.4 Traffic Control Signals

Where DART is proposing new or modified signalization on facilities owned by agencies other
than the Authority, such signalization shall be designed in accordance with the design criteria,
including specifications used at the time of design by the agency having jurisdiction. Special
hardware may be considered if approved by the jurisdictional authority and DART.

5.2.5 Islands

Pedestrian refuge islands located between traffic lanes shall be a minimum of 6 feet wide,
measured from face-of-curb-to-face-of-curb, when used at or on DART facilities, and should be
sized through a capacity analysis as presented in the current edition of the Highway Capacity
Manual. Level of Service “C” shall be the minimum acceptable level of service for pedestrian
facilities. The minimum usable length of the island shall be the width of the crosswalk or 20
feet, whichever is greater. All pedestrian refuge islands at or on DART facilities shall be
constructed with a raised barrier curb and appropriate ADA access, rather than only pavement
markings. ’

5.3 TRAFFIC CONTROL AT GRADE CROSSINGS WITH STREETS

Traffic control measures shall be provided to permit safe and efficient operation of vehicular,
pedestrian, and DART rail traffic at all rail-roadway grade crossings. Such measures shall
generally include, but not be limited to: crossbucks, flashers, bells, automatic gates, signs and
pavement markings; they may be supplemented by traffic signals, special roadway
channelization, turn restrictions, and street or driveway modifications, as appropriate. The
section designer shall analyze each grade crossing individually to determine specific traffic
control and crossing warning needs and design these provisions accordingly.
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5.3.1 Local Agency Requirements and Coordination

At-grade crossing traffic control and warning designs shall incorporate applicable criteria,
standards, and specifications of the municipality with jurisdiction, the Texas Department of
Transportation, and railroads operating on the same or adjacent trackage or right-of-way as
DART. Each proposed design shall be coordinated and reviewed with entities having
jurisdiction at or next to the crossing, including any equipment being used in conjunction with
crossing warning or traffic control devices. '

5.3.2 Reference Manual and Handbook

All traffic control devices used at or in conjunction with at-grade rail crossings shall conform to
the Texas Manual on Uniform Traffic Control Devices (TMUTCD) supplemented by the
information contained in the Federal Highway Administration’s Traffic Contro] Devices
Handbook (FHWA Handbook), and the FHWA_MUTCD. In the case of conflict between the
documents, the provisions of the TMUTCD shall govern, followed by the FHWA MUTCD. All
numerical references to signs correspond to the numbering system contained in the TMUTCD.
The suffixes “L” and “R” indicate left or right versions of the signs.

5.3.3 Grade Crossing Warning Devices

As a minimum, the following elements should be provided at public grade crossings of side-
running rail and at public mid-block rail grade crossings:

o . Automatic gates with crossbucks and flashing light signals.
o Pedestrian warning bells.

o Cantilevered flashing light signals at mid-block crossings where needed for additional
empbhasis, or for better visibility to approaching traffic, particularly on multi-lane
approaches or highways with profile restrictions. If their installation will distract
driver attention from nearby traffic signals, supplemental ground-mounted flashing
light signals shall be installed, if required, to provide adequate signal visibility.

o Crossing area illumination in conformance with the American National Standards
Institute’s “Practice for Roadway Lighting”, RP-8, available from the Illuminating

Engineering Society.

o All other necessary and appropriate traffic control signs and markings included in the
TMUTCD and FHWA MUTCD.

Flashing light signals and gates shaﬂl not be installed at grade crossings of street-running or
median-running rail.
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5.3.4 Automatic Gate Requirements
The following requirements shall be followed for automatic gate installation:

0 Gates shall cross adjacent sidewalks. If necessary sidewalks shall be reconstructed
such that the gates cover them and pedestrians are not permitted to walk behind the
gates. Pedestrian gates shall be used to cover non-vehicle approach quadrants in the
proximity of public elementary schools and public parks where children are likely to
cross. Pedestrian gates shall also be used to cover the non-vehicle approach quadrant
adjacent to operating freight tracks or other locations approved by DART.

o Gates shall be designed to reach the horizontal position at least 5 seconds before the
time the train arrives at the crossing.

o Automatic éate arms shall extend to the centerline of the roadway on 'two-lane
undivided streets approaching a mid-block or side-running grade crossing.

o Desirable maximum length for gates shall be 29 feet, but never shall they exceed 40
feet. Where single gate arms would exceed these limits, a second median-mounted
automatic gate shall be provided and the median widened to provide adequate
clearance. Separate gates may be used to control pedestrian movements to reduce

gate length.

o Fencing or other barriers used in conjunction with gates shall be designed to provide
the train operator with adequate sight distance to motorists and pedestrians at the
' crossing.

o Gate arms shall extend to within 1-foot of the near curb face of a raised median.
5.3.5 Traffic Signals at or Near Grade Crossings

Traffic signals shall be used to control non-rail vehicular movements at all intersections with
median-running rail and at other grade crossings when required, to provide adequate control of
vehicular movements. The signals shall be approved by the municipality with jurisdiction.
When used at these locations, signals shall conform to the following design guidelines:

o Signal Design and Details — Shall conform to the réquirements of the agency having
jurisdiction, as shown in that agency’s standard plans unless otherwise agreed in
advance by the agency.

o Pedestrian Capacity and Control — Must be considered.

o Interconnection and Coordinated Operation — Shall be used with any traffic signals at
intersections located within 200 feet of a rail grade crossing, and considered for
traffic control signals located more than 200 feet from the crossing based on
engineering.
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Optically Programmed or Louvered Signal Lenses — Should be used on signal heads
located downstréam of the tracks where clearance intervals are used to clear tracks.
These clearance signal indications should not be visible to motorists approaching a
crossing. '

Mast Arm Poles — Shall be used at far side right locations except at “T” intersections,
where the cross street is narrow (i.e. two lanes only), or as indicated in the Typical
Traffic Control Layouts shown in Figures 5-1 through 5-10. Pole mounted signals
may be used in the Dallas Central Business District and where required by the
municipality with jurisdiction.

Near Side Signals — Shall be installed between the tracks and the cross-street at side-
running locations with traffic signals.

Lens Sizes and Location and Number of Signal Heads — Shall conform to the
requirements of the TMUTCD.

Left-Turn Phasing for Parallel Movements Turning into the Tracks — Shall be
protected only. Permissive left-turns shall not be allowed. Two separate red circular
signal indications shall be displayed to provide the turn prohibition to motorists. A
supplemental “Train Coming” activated Blank-Out waming sign (W10-7) may be
used to warn road users turning across the tracks of an approaching parallel LRT
vehicle.

Pedestrian Indications — Shall be provided at all crosswalks controlled by traffic

signals and shall be coordinated with vehicular and train movements.

Pedestrian Crossing Time and Signal Layout — Should generally provide for crossing
of the entire street, except that where safe to do so, the pedestrian crossing time can
be limited to a pedestrian refuge median or station platform if more efficient
operation will result. Where sufficient pedestrian queuing is provided in the median,
pedestrian crossing time can be limited to allow pedestrians to reach the median.

Turn Prohibition or Lane~Use Control Signs — Shall be provided at locations where
left turns or right turns are prohibited or required.

Separate Right-Turn Phasing with Circular Red Indications ~ Shall be provided at
locations with separate right-turn lanes which provide for right turns across rail

tracks; right turns shall be prohibited upon the approach of an LRT vehicle by the
display of two separate red circular signal indications. A supplemental “Train
Coming” activated Blank-Out warning sign (W10-7) may be used to warn road users
turning across the tracks of an approaching parallel LRT vehicle.

Distinct Pedestrian Wamning Devices ~ May be used to warn pedestrians in the
ungated quadrant of the crossing at mid-block and side-running crossings.
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o ITS Elements — Shall be provided at specific location as required by the municipality
with jurisdiction and tied to their city network in accordance to their criteria,
standards and specification.

o Loop Detectors and Setback Detectors — Shall be provided at specific locations as
required by the municipality with jurisdiction.

o Traffic Controller — Shall be provided at each intersection in accordance with the
jurisdictional municipality’s standards and specifications. Controller may be
interconnected to the municipality’s traffic control system.

5.3.6 Signal Coordination
Where the LRT tracks i)ass through an intersection either:

o The train control shall be coordinated with the roadway traffic signal system without
preempting the normal sequence of roadway intersection signal indications; or

o The normal sequence of roadway intersection signal indications shall be preempted
“upon approach of trains.

.At each intersection, signals for exclusive LRT use will be provided. These special LRT transit
signals are distinct from roadway traffic signals and will be coordinated with the vehicular traffic
signal controller. This will require special phases and LRT priority capabilities in the traffic
signal control equipment.

All controllers shall have the ability to be operated in either an isolated mode (free), or in a
coordinated mode. They shall have the ability to be switched between these two modes by time
of day. All signals shall be capable of being coordinated with adjacent signals in both the LRT
corridor and on cross streets. The primary method of coordination shall be fixed cycle length
coordination via time based coordinators, but the provision of master coordination capabilities as
part of the monitoring and programming system is considered a definite advantage.

Signal preemption capability will be provided at each crossing. However, preemption may not
actually be operated at all such locations. In general, full preemption by the LRT train will only
be used at intersections where the traffic signals operate in an isolated mode. Where intersection
traffic signals operate in a coordinated mode with transit priority, special clearance intervals may
be used to either advance or extend the green phase needed for the LRT trains.

5.3.7 Vehicular Traffic Control and Restrictions
The following controls and restrictions shall be provided at rail grade crossings of streets:

o Sufficient Roadway Queuing Capacity ~ Shall be provided both upstream and down-
stream from the crossing to ensure queues do not block the LRT crossing or adjacent

-5-8- Jan 2003 Rev 10



~

intersections, and traffic signal phasing and timing are set to clear queues prior to
train arrival at the crossing (i.e., neither adjacent intersections nor rail crossings are to
be blocked by vehicular queues).

Raised Physical Curb — Except within the Dallas Central Business District, shall be
provided between the tracks and roadway traffic along street-running rail between
intersections. The curb shall be designed to discourage vehicle entry to the track area
from the roadway, but to allow errant vehicles which have encroached in the track
area to exit to the parallel roadway.

Reflectorized Raised Marking Materials — Shall be used to separate the track area
from the roadway area at crossings of street-running rail except within the Dallas
Central Business District. Such markings are intended to provide visual and tactile
information to motorists to discourage entry into the track area. Such markings shall
not be located within marked, or other normal, pedestrian paths. -

6_Inch High. Non-mountable. Raised Median, with Standard Width of 6 Feet and a
Desirable Length of 150 Feet — Shall be constructed between the directions of traffic
on undivided streets approaching a mid-block or side-running grade crossing. To
provide minimum lane widths, some roadway widening may be necessary with
appropriate tapers used to transition the curbs to the widened sections. Where
significant physical or right-of-way constraints exist, the median may be reduced to 4
feet. Wider medians may be installed when necessary. The minimum median length
shall be 75 feet unless operational considerations require further reduction. On two-

. lane streets, the median curb shall be mountable. Appropriate fixed obstruction

pavement markings shall also be installed. If the appropriate jurisdiction or agency
will not permit a raised median on a two-lane, two-way street, a double row of closely
spaced & pavement buttons may be considered.

Left and Right Turns That Will Cross Tracks at Unsignalized Intersections — Shall be
prohibited from traffic lanes parallel to the track at side-running rail crossings.

No Left Turns — Shall be permitted across tracks from lanes parallel to the rail line at
street-running locations at unsignalized intersections.

Left Turns Crossing the Tracks at Signalized Intersections — Shall only be allowed
from exclusive turn lanes for traffic traveling parallel to the rail line. These left-turns
will be allowed on a protected green arrow only with a R10-5L or R10-10L sign
installed adjacent to the left turn signal head.

Right Turns Crossing the Tracks at Signalized Intersections — Shall be permitted only
from exclusive right-turn lanes with a separate right turn signal. Right turns shall be
prohibited upon the approach of an LRT vehicle by the display of double red signal
indications.
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o Unrestricted Opportunity to Clear the Trackway — Shall be provided for vehicles-

departing the tracks at side-running crossings without traffic signals.

o Vehicular Non-Rail Traffic~ Shall travel in same direction as trains running on the
adjacent track for street or median running tracks. Exceptions may be made when no
other opportunities exist to provide local access. In those cases, a physical barrier
(e.g., curbed median) shall be installed to prohibit vehicular movements to or from
this access across the LRT tracks except in the Dallas Central Business District.

o Right-Tum-On-Red — May be prohibited from the approach which crosses the tracks
prior to the parallel cross-street at crossings of side-running rail.

o Standard Crossbucks — Shall be used to control vehicular crossings of the track at
private crossings (driveways) of side-running rail. Adequate sight distance must be
provided along the track in both directions. Standard flashing light signals or gates
may be installed at the direction of DART.

o Railroad Advance Warning Signs (W10-1, W10-2 or W10-3) — Shall be installed in
advance of street-running, median-running, and side-running crossing locations.
Supplemental Special LRT Warning Signs may be used to alert pedestrians at station
crosswalks of the potential of trains coming in both directions (Figure 5-10).

Tvpical Traffic Control Layouts

Figures 5-1 through 5-9 show typical traffic control layouts for conditions anticipated along
DART’s proposed LRT extensions. Figure 5-10 displays a Supplemental Special LRT Warning
Sign, which may be used to alert pedestrians at station crosswalks of the potential of trains
coming in both directions.
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CHAPTER 6 - UTILITIES

6.1 INTRODUCTION

This chapter establishes criteria for the design of all relocations to achieve maintenance, support,
continued service or modification of existing utilities that will be affected by the construction of the
system. The criteria also govern the design of utilities that may be installed on DART right-of-way
to provide utility services to DART’s facilities.

"Utilities" are defined as the lines, connections and appurtenances forming a transmission,
distribution, collection, or communication system belonging to governmental agencies, public
utility corporations, railroads and privately owned companies for the provision of sewer, water,
gas, electrical, telephone, telegraph, and cable television service. Other systems to be included as
utilities are street lighting; petroleum pipelines; fire and security alarm systems; vaults; parking
meters; postal service facilities; railroad lines and equipment and other communications systems.
Included are service connections to adjacent properties and DART-owned utility facilities or
communication systems. For purposes of providing requirements provided in this chapter to
existing systems, storm sewers and drainage appurtenances will be considered a utility, in as
much as these requirements are not provided in Chapter 7 - Drainage.

Terms used in this chapter are intended to have the following meaning:

o  "Eacilities" - Includes "utilities" as described above. May also include other structures
or systems, depending on usage.

o "Qwner" - The owner of the utility system or systems in question. The term "utility
owner" may also be used for clarity. DART will be considered the owner if the utility

1n question belongs, or will belong to DART.

o "Railroad, railroad company” or the like" - Used to define railroad companies

ownership instead of the term "owner".

o "City" - Used to define a municipality's ownership of items that are traffic and
transportation related, as opposed to utility type items, such as streets and bridges,
street lighting, and traffic signalization.

The required design and construction of utility relocations due to the impact of DART
construction will be performed either under contracts directly with DART or entirely by the
affected facility owner. The designer will be required to prepare designs of utility relocations
only as specifically directed by DART.
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These criteria for utilities relocations shall be used by the designer only to the extent of designing

those facilities specifically directed by DART in the "Scope of Work' of the contract. The criteria
provided herein are intended to comply with and supplement, relative to DART systems
construction, the applicable City codes, ordinances, regulations, standards and specifications for
utility relocations and construction. Such City standards shall include the Standard
Specifications for Public Works Construction published by the North Central Texas Council of
Governments, local amendments thereto, standard details, construction methods, and design
policy and procedures of the City. Utility owner standards and criteria that equal or exceed these
criteria shall govern. Specific criteria provided herein shall be in addition to utility owner criteria
and standards, and shall govern in the absence of applicable criteria issued by the utility owner.

In the performance of utilities relocations, consideration shall be given to the needs of the utility
system, the requirements and obligations of the utility owners, traffic requirements, the service
needs of adjoining properties, and policies established, or to be established, by DART.

Such consideration shall also include making the following determinations according to criteria
provided in Systems Design Criteria Chapter 8 - Corrosion Control and Chapter 9 - System
Grounding:

o Utilities which do not generate electromagnetic interference (EMI) or any other interference
that would compromise either operations or safety of any element of the system.

© Metallic pipes and casings are protected against corrosion by the use of corrosion-resistant
materials, protective coatings, and/or cathodic protection, and are made electrically
continuous in accordance with the requirements of Systems Design Criteria Chapter 8 -
Corrosion Control and Chapter 9 - System Grounding and the corrosion control standard
and directive drawings.

o Utility system design covered by these criteria shall be coordinated with Systems Design
Criteria Chapter 8 - Corrosion Control. DART-owned utility structures may require
atmospheric, soil and water, and/or stray current corrosion-prevention measures. Utility
company structures shall be designed and constructed in accordance with each company's
standard corrosion control practices and the provisions of any agreements between DART
and the utility owners.

6.1.1 Relocation Alternatives

The necessary relocation of utilities shall be performed by using one of the following alternative
procedures:

0  Support and maintain impacted utility in place during construction of DART’s facility,
and continue in service following completion of the DART system facilities.

-62- Nov 2002 Rev 10

,aﬁ\‘
Y



B,

o Temporary relocation and maintenance, then, upon completion of the DART system
facilities, restoration of the existing facility.

0 Temporary relocation and maintenance, then, upon completion of the DART system
facilities, replacement with a new utility facility.

0 Permanent utility relocation beyond the DART construction limits, preferably clear of
the DART right-of-way.

o Replacement with a new utility facility to be supported and maintained-in-place during
DART’s construction, then continued in service following completion of the DART
system facilities. '

No relocation of utilities shall be done within DART subways with the exception of DART-
owned facilities such as fire mains and chilled water mains.

Utilities service to adjoining properties shall not be interrupted without permission of the facility
owner, and, if temporarily relocated, shall be restored upon completion of construction.

6.1.2 Replacements and Relocations Design

Design of replacement or relocation of utility facilities shall be performed generally on a
replacement-in-kind basis. However, the minimum replacement or relocation standards and
design procedures agreed to by DART and each owner, as listed in Section 6.4, shall govern. If
betterments are to be included, they shall be approved by DART in accordance with cooperative
and detailed agreements with the applicable agency, utility, or railroad.

All design involving utility relocations and replacements will include maintenance of service,
support in place, replacement due to damage and coordination of other utilities work and all
designs shall follow the utility owner's design criteria and specifications. The designer shall
coordinate their work and submit utilities replacement and relocation designs and plans for
review and approval by DART in accordance with their contract and the terms and conditions of
the cooperative agreements between DART and the utility owner. Detailed procedures for
coordinating with the utility owner will be as established by DART. The designer shall
coordinate their work with the other designers of adjacent sections, agencies, utility owners, and
private developers to ensure compatibility of the respective replacements or relocations.
Specifications and design standards provided by the utility owners known to be affected shall be
obtained directly from them by the designer. The designer shall coordinate the location of
existing utilities and the new proposed utilities with the DART facility or related construction.
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It is common practice, in the preparation of contract drawings, to specify control elevations for
only those utilities that are dependent on proper slopes for their operation, such as gravity sewers.
Such practices in the design of the system may result in underground facilities conflicts not
resolvable by field engineering. Possible sources of conflict include two or more of the
following facilities: footings; sanitary and storm sewers; water, gas, and oil lines; conduits for
train control, communications, and auxiliary power systems; conduits for the traction power
system; DART electric service ducts; underdrains; retaining wall stems and counterforts;
manholes and pull boxes; and structure walls.

Elevations of all utilities shall be corrected to the datum of the U.S. Coast and Geodetic Survey.
Where critical to the design, utilities shall be exposed to verify elevations. In particular, the
elevations of the inverts of all new manholes and ductbanks shall be clearly shown on the plans
and profiles at the center of the manhole and at the break points along the ductbank or at the
manhole or junction box, respectively. Other critical elevations and dimensions shall also be
highlighted on the plans or profiles to notify the Contractor of any special conditions.

Wherever there is a potential underground facilities conflict in the system, and where required by
utility owners, the designer shall design to eliminate the conflict and shall indicate sufficient
elevations and horizontal dimensions so that the design is effectively implemented in the
construction.

Wherever. inclusion of the above data or the number of utilities involved results in the plans
becoming congested or difficult to interpret, separate drawings shall be prepared for each utility
owner's facilities. Separate utility drawings will be prepared for City-owned utilities in
accordance with the City's policies, design criteria, standards and procedures.

Plans prepared for City-owned utilities and drainage facilities will be prepared in accordance
with the City's requirements, as published in design manuals, development guidelines, standard
construction details, standard specifications, and related documents.

6.1.3 DART Service Connections

Utilities service connections to DART facilities shall be shown on the utilities plans; their design
shall be coordinated with other items of the work. The designer shall ensure that service
connections from the utility mains are indicated on either their plans or those for the adjacent
construction contracts to preclude the cutting of new pavement.

6.2 DART UTILITY DESIGN CRITERIA

The following section is general criteria to be used by the designer in the preparation of
construction plans for new utilities and the relocating or replacing of existing utilities paralle] to,
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contiguous with, or across and either on, below or above the surface of DART’s right-of-way.
The first part of this section discusses requirements for all utilities related to DART’s right-of-
way. The second part of this section discusses in detail the underground utilities, the overhead
utilities and surface utilities.

6.2.1 General Categories

Utilities relocations or replacements are classified into three categories: 1) utilities crossing
DART trackways: 2) utilities on DART right-of-way clear of tracks; and 3) utilities clear of
DART right-of-way.

Utilities Crossing DART Trackways. Utility crossings of DART system trackways, roadways,

and parking lots shall be kept to a minimum. Crossings under special trackwork should be
avoided, if possible. Utilities service connections, other than those serving DART’s system
facilities, shall not cross beneath system at-grade tracks. However, properly constituted and
franchised utility agencies and licensees have the right to cross system rights-of-way with
transmission and distribution/collection facilities to fulfill their existing service obligations.

Utilities crossings shall be perpendicular to the DART’s system trackway or roadway alignment,
or as nearly perpendicular as possible. Utilities shall not be placed within drainage culverts, or in
any manner or position that might cause damage to, or impair the safety of the facility or the
system.

Existing utilities within the system right-of-way shall be relocated to the extent necessary to
conform to the criteria prescribed herein, unless specifically excluded from this requirement by
DART and the utility owner.

New utilities crossings under operating DART’s system trackways shall be made by boring,
jacking, or tunneling, and shall be subject to DART approval in each case. Open-trench methods
may generally be used under streets, parking lots, and aerial structures.

To facilitate maintenance operations, utility markers shall be provided to indicate the Jocation of
underground utility lines, drainage lines, and appurtenances beneath at-grade tracks. Section 6.3,

Utility Markers, of this chapter outlines design details and requirements for utility markers.

Flammable or hazardous liquid or gas lines crossing the trackways shall have a valve at each end
of the line at the night-of-way for shutoff in emergencies.

Utilities may exist on, or be relocated to cross the right-of-way for subway, at-grade, or aerial
trackways. Such utilities may pass above or beneath the DART facilities.
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Underground utilities relocations above subways shall be designed according to Section 6.3,
Design Criteria for Underground Utilities. Those beneath subways shall be encased as provided
in the utility owner's standards or criteria, or as provided in the DART standard drawings.

The designer shall perform their designs so that utilities service will be maintained when required .

by the facility owner. When practicable, the existing facilities shall be maintained
complete-in-place.

Utilities on DART Right-of-Way Clear of Tracks. Utilities extending longitudinally along the

trackway shall be limited to those serving DART’s facilities. Facility relocations clear of tracks
but within theDART right-of-way may be allowed in some instances. When utilities exist within
the DART right-of-way and the most feasible and economical solution would be to support or
relocate the facility within the right-of-way, the designer shall submit conceptual schematic
designs to DART for approval prior to beginning of detailed facility design. Such designs should
preclude future disruption to DART operations.

These general criteria govern the design of relocations of utilities that are affected by the DART
system and that will be relocated in public or private property clear of the DART right-of-way or
beneath DART parking lots.

The design of facility relocations shall be on a replacement-in-kind basis. It is with the
understanding that any upgrading in a replacement facility resulting solely from the replacement of
devices or materials no longer regularly manufactured, processed, or installed shall be considered as
a replacement-in-kind. This is based on provisions that such replacement shall be only to that
standard used on other projects financed solely by the utility owner. Minimum replacement
standards and methods of design shall be in accordance with the criteria of the utility owner, and as
agreed by DART and each facility owner or, for a facility that is to be supported in place during
system construction, the standards must be sufficient to provide required structural strength.

Should a utility owner require the upgrading of a facility beyond the standard described above, such
upgrading shall constitute a betterment and shall not be included in the work prior to an agreement
being reached between DART and the utility owner.

Facilities clear of DART right-of-way shall be supported or relocated to facilitate system
construction and meet the requirements of facility owners. The designer shall coordinate their
work with all affected utility owners so that the most economic overall solution is obtained
according to these requirements. These facilities also include those crossing railroad trackways.
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6.3 DART DESIGN CRITERIA FOR UNDERGROUND UTILITIES

The design criteria for underground utilities will include utilities that will cross, parallel or clear
of the DART right-of-way. These utilities will consist of storm sewers, sanitary sewers, water
mains, gas lines, and petroleum lines. There are several general requirements related to the
underground utilities, which need to be addressed as follows:

@)

Utilities wires or cables installed in conduits crossing under at-grade or subway structures
shall be placed in plastic or other approved nonmetallic conduits such as Poly Vinyl
Chloride (PVC). The conduits shall be encased in concrete in accordance with the
utilities standards. The utility owner may perform the design and installation of encased
utility relocations. In this instance, the designer shall provide the owner with plans of the
DART facilities and shall coordinate their work with that of the utility owner to ensure
that the design conforms to these criteria. The designer shall coordinate the design of the
encased utility with other affected facility owners where necessary and shall include the
relocation in the utilities plans and construction sequence plans.

Pipelines crossing under aerial structures need not be placed in casings unless there is
danger of damage to the DART facilities. Even if such a danger exists, casings may be
omitted if the design of the carrier pipe is specifically approved by DART in each case.

Pipelines crossing under at-grade sections of the system or beneath subways shall be
placed in casings as shown on the utility owner's standards or minimum standards
established by DART. Excluded from this requirement are storm sewers that normally
operate under intermittent or continuous pressure of less than 10 psi. Construction of
casing will be in accordance with the utility owner’s standards. The space between
casings and carrier pipes shall be plugged so as to prevent the formation of a waterway
under the trackway, and casings shall be installed with an even bearing throughout their

length.

Installation of pipeline crossings by open-trench methods shall comply with the
requirements for conduit bedding and backfilling as contained in the utility owners
standards, or minimum standards established by DART.

If no casing is required, bored or jacked installations shall have a bored-hole diameter
essentially the same as the outside diameter of the approved carrier pipe. If voids should
develop or if the bored-hole diameter is greater than the outside diameter of the casing or
approved carrier pipe, all voids shall be grouted. Boring operations shall not be stopped
if such stoppage would be detrimental to the system.
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o Tunneling operations shall be conducted as approved by DART. If voids are caused by

the tunneling operations, they shall be filled by pressure grouting or by other approved
methods that will provide proper support. Boring, jacking, and tunneling shall be
performed according to the utility owners standards or minimum standards established by
DART.

o Shut-off valves shall be used as mutually agreed to by DART and the utility owner.
Other than drainage or sewer lines, accessible emergency shutoff valves shall be installed
in pipelines on each side of DART’s system trackway. Wherever possible, such shutoff
valves shall be located outside the DART right-of-way. Where pipelines are provided
with valved automatic control stations at locations and within distances approved by
DART, no additional valves shall be required.

o Utilities may exist in public right-of-way and on private property that will become part of
the right-of-way for a DART parking lot. When such utilities are encountered, they will be
allowed to remain in place beneath the DART parking lots provided that:

1) The facility can withstand the construction loading and permanent parking lot
loading;

2) The depth of cover over the facility upon completion of construction will not be less
than the minimum cover allowed by the facility owner, greater than the maximum
depth used by the facility owner in its own construction, and greater than an existing
utility conduit may withstand;

3) The facility is not located beneath major access roads, or bus stalls;

4) The facility does not compromise reliability, mamtalnablhty, or safety;

5) The cables are installed in conduit; and

6) The construction of the parking lot does not violate an existing utility easement,
interfere with owners maintenance of utility, or is otherwise unacceptable to the
utility owner.

When a utility facility must be relocated because of parking lot construction, the relocation
may be placed beneath the parking lot, provided the section designer shows it is more
economical than relocation in the public right-of-way or in right-of-way acquired specifically
for the purpose (and approved by the owner). Such facility relocations shall be located clear
of the parking lot, major access roads, and bus stalls to minimize possible future disruption to
the parking lot by utilities maintenance operations. The criteria used to design utilities
relocations beneath DART parking lots shall be those used for the design of each utility.

For underground utilities specific criteria is required by DART and by the individual utility

owner. The stricter of the two criteria shall be used which is either DART or the utility owner’s
criteria for each utility. The DART design criteria is as follows:
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Excavation Support. Refer to Chapter 16 - Excavation Support for design of trench excavation
and shoring related to all utility facilities.

6.3.1 Storm and Sanitary Sewers

The designer is responsible for the preparation of contract documents for the relocation of all
conflicting storm and sanitary sewers. Unless DART and the facility owner agree otherwise, the
design and relocation of sanitary and storm sewer facilities that conflict with the system shall be
performed without the use of permanent ejectors or pumping stations. Sewer facility relocations
shall be designed to conform to the design criteria, standards, and ordinances of the utility owner
and applicable regulatory agency requirements. Adequate closed flumes shall be provided to
handle the flow of sanitary sewers temporarily removed from service. No sewage shall be
discharged into open trench. ‘

Design storm sewers and capacity requirements for storm sewers, and the design of storm sewer
facilities, including the relocation of existing facilities, shall be performed according to the
requirements of Chapter 7 - Drainage.

Municipal requirements will be incorporated into the design as necessary. Where existing
municipal storm sewer facilities cross beneath the DART alignment and must be relocated, the
relocated facilities shall be designed to current standards and criteria of the municipality. The pipe
size shall ‘be determined by calculating the discharge from the upstream contributory area and
considering the future development trends of the area, as set forth in Chapter 7 - Drainage. The
resulting flows shall be used to size the complete sewer relocation. Where relocation is an
extension of an existing storm sewer, and replacement is not otherwise required, the extension shall
be of similar size and shape and of a hydraulic capacity equal to or greater than the existing pipe.

When no additional flow is added to the storm sewer, conditions downstream of the relocation need
not be studied. Where increase in flow takes place as a result of construction, conditions
downstream shall be evaluated. The extent of this evaluation shall be determined on an individual
basis. Should retention/detention be considered a solution to an increased rate of storm water
discharge or downstream sewer inadequacy, the retention/detention facility must be in accordance
with Chapter 7 - Drainage.

The Designer shall have the following responsibilities to:

1) Provide the sewer utility owner with plans showing the DART facilities and coordinate with
the owner to determine the extent of the system impact upon the sewer facilities. The utility
owner shall determine which facilities may be abandoned or taken out of service during the
utility construction. The utility owner and the designer shall determine which facilities may
be supported-in-place during utility construction. The utility owner and the designer,
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through DART, shall decide upon locations for the relocation of conflicting sewer facilities
that are acceptable to DART, the utility owner, and the owners of other affected facilities.

2) Prepare the design so that service in sanitary and storm sewer facilities is maintained at all
times, except in those facilities previously determined to be abandoned as a result of
construction.

3) Prepare contract documents for the sewer facility relocations including those betterments
requested by the owner and agreed to by DART.

4) Coordinate sewer facility relocations with other utilities owners and local government
agencies.

5) Include the sewer facility relocations in the construction sequence plans.

6) Include provisions in the design to maintain service to all properties, which are to remain
connected to sanitary or storm sewers affected by the construction.

The Designer shall also consider in his design the following factors related to storm and sanitary
sewers:

Location and Cover. The location of sanitary sewers with respect to water supply wells and
potable water lines shall follow the regulations of the Texas Department of Health and the criteria
and standards of the utility owner. Sanitary sewers shall be located with a minimum of 3 feet of
cover in areas not subject to vehicular traffic. No part of a proposed storm sewer shall be designed
within the improved subgrade of a proposed pavement. The minimum cover for storm sewers in
areas not subject to vehicular traffic is 2 feet, although greater cover is desirable. Where exceptions
to these provisions are made necessary due to connection to existing lines or for other causes,
special material or bedding may be required. Design of sanitary and storm sewers outside of
DART right-of-way shall conform to the design criteria and standards of the respective local
public agency involved.

Cross Connections. Physical connections between a public or private potable water supply
system and any sewer, drain, facility, or equipment shall not be made, except in strict accordance
with applicable plumbing codes and all local or state regulations pertaining to cross connections.

Materials. Materials shall be selected to give best service under local conditions and the
requirements of the design. Special consideration shall be given to the character of industrial
wastes, possibilities of septicity, exceptionally heavy external loads, abrasion, infiltration and
exfiltration, soil conditions, pipe bedding, and similar problems. Unless otherwise approved by
DART, reinforced concrete pipes shall be used for storm sewers. Vitrified clay, reinforced
concrete or PVC sewer pipe(s) will be used for sanitary sewers. Materials shall comply with
utility owners criteria and standards.
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Size. The minimum allowable diameter for sanitary sewers shall be 8 inches, 4 inches for
residential services, and 6 inches for other than residential services. Sanitary sewer laterals
within easements or dedicated right-of-way shall be at ]east 6 inches in diameter.

Slopes. All sewers shall be designed with slopes sufficient to give mean velocities, when
flowing full or half full, of not less than 2.0 feet per second to a maximum of 10 feet per second
based on Manning's formula. Sanitary sewer velocities shall be determined using a Manning's
"n" of 0.013. Optimum flow velocity is considered to be 3.0 feet per second, and slopes
producing less than 3.0 feet per second shall be used only with the approval of the utility owner.

Pipe Size Increases. At manholes where a sanitary sewer is increased in size and any points
where a smaller sewer-connects into a larger sewer, the invert of the larger sewer shall be at a
lower elevation so that the energy gradient is maintained. To achieve this, pipes shall be
installed with the crowns at the same elevation.

Alignment. Sanitary sewer mains shall be designed with straight alignment wherever possible.
Where curved alignments are required, design shall not exceed the minimum curve radius for
pipe material specified, and shall be in accordance with the utility owner's standards.

Manholes. Manholes shall be installed at the end of each sewer line; at all changes in grade, pipe
size, junctions, and intersections; at changes in alignment, except where an approved curved
alignment ‘is involved, and at other locations as may be required by the utility owner. Manhole
spacing shall be in accordance with the utility owner's standards and criteria. Manholes and covers
shall be constructed according to the utility owner's criteria, specifications and standard details.
The invert elevation of the manhole shall be clearly shown on the plans and profiles at the center of
the manhole. Other critical elevations and dimensions shall also be highlighted on the plans or
profiles to notify the Contractor of any special conditions. The designer shall have the option to
permit precast manholes to be used. The requirements, criteria and details shall be noted on the
respective plans and defined in the general notes for the precast manhole.

Inverted Siphons. If no other option exists, and if approved by the utility owner, design of
inverted siphons shall follow the utility owners standards and the requirements of the Texas
Department of Health.

Force Mains. Force mains shall be constructed of ductile iron or PVC pipe with mechanical or
other approved joints, or, if approved by the facility owner, other materials such as prestressed
concrete cylinder pipe.

Sanitary Sewer Flows. Where the design of new sanitary sewers is included in the work, such
sewers shall be designed according to the utility owner's criteria.
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Connections. Connections to existing sanitary sewers shall be by manholes or other
construction approved by the utility owner.

Drainage Report. A drainage report for the design of the storm sewer shall be prepared for
submittal to the local government agency having jurisdiction. The report shall describe the effect
of construction of a section of the DART system upon the existing drainage facilities and shall
show that the design conforms to the applicable DART and utility owner's policies, criteria and
standards. For further details of drainage report requirements refer to Chapter 7 - Drainage.

Low Pressurized Pipe. Pipelines included in this section are those installed to carry water, or
any other nonflammable substance, which, from its nature of pressure, might cause damage
escaping on, or in the vicinity of, system property. The following casing requirements apply to
storm and sanitary sewer lines and waterlines. Water lines relocations and replacements are
discussed in more detail later in this section.

Relocations of storm and sanitary sewer facilities that cross under at-grade system trackways and
that normally operate under pressures of less than 10 psi shall be designed according to
procedures specified herein and by the utility owner. However, the design shall be checked to
provide a safeguard for the system should such facilities become surcharged during a
100-year-frequency storm (Chapter 7 - Drainage). Non-encased facilities shall have watertight
joints and .the capability of serving for a period of at least 50 years with minimal maintenance.
Reinforced concrete pipe meeting ASTM C76 and having "O"-ring rubber gasket joints
conforming to ASTM C443 will satisfy these requirements.

Nonflammable Substance Pipelines. Pipelines containing nonflammable substances under low

pressure shall be designed as follows:

1) Carrier pipe and joints for lines under system trackways shall be of comparable type,
strength, and material to that required by the utility owner for direct burial application or
by AREMA Manual, whichever is more stringent. Joints for carrier pipe operating under
pressure shall be push-on, mechanical joints, or welded. Carrier pipes shall be in
accordance with the utility owner's criteria and standards, except where these
requirements are more stringent or have additional requirements.

2) Casing materials shall consist of corrugated metal, steel, or reinforced concrete pipe, all
in accordance with the requirements prescribed below. For larger or high-pressure mains
that require periodic inspection, and where otherwise appropriate, reinforced concrete
‘utilities tunnels rhay be used. The standards of the utility owners shall be complied with
when more restrictive or stringent.

3) Corrugated metal casing pipe requirements shall be designed according to the latest
edition of C ¢ Pi i iter]

Desion Cnterna and Recommended

DE /TS - [1] (1114
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4)

5)

6)

7)

8)

9

Installation Practices, published by the Federal Highway Administration. For water
mains and sanitary sewer casings, the standards of the utility owner for corrugated metal
pipe and circular liner plate shall be used.

Steel casing pipe requirements shall have a minimum yield strength of 35,000 psi. Wall
thickness for steel casing pipe with a protective coating installed in a trench shall conform
to Table 6.1. The wall thicknesses shown in Table 6.1 shall be increased by at least 0.063
inch for uncoated casing and by at least 0.063 inch for coated or uncoated casings to be
installed by jacking or boring. For water mains and sanitary sewer, the standards of the
utility owner will be used, subject to approval by DART, in lieu of the foregoing.
Reinforced concrete pipe and fittings requirements shall conform to the requirements of
ASTM C76, Class IV, minimum, in accordance with the owner's standards. "O"-ring
gaskets shall conform to the requirements of ASTM C443. ‘

Casing pipe and joints shall be designed to withstand the imposed loading. Casings shall
be sloped to drain. They shall be protected against corrosion in accordance with the
requirements of Systems Design Criteria Chapter 8 - Corrosion Control and Chapter 9 -
System Grounding and corrosion control standards and directive drawings. Care shall be
taken to select materials that will not be damaged through dissimilar metals contact.
Where both carrier pipe and casing are metallic, they shall be separated electrically by
using insulated spacers. The inside diameter of the casing shall be at least 2 inches
greater than the largest outside diameter of the joint or coupling of the carrier pipe and
shall also meet the requirements of the utility owner. In any case, the casing shall be
large enough to allow pressurized carrier pipe to be removed subsequently without
disturbing the casing pipe or trackbed. For water main and sanitary sewer casing pipes,
the standards of the utility owner will be used. For sanitary sewer lines, voids between
the encasement and carrier pipes shall be grouted.

The ends of the casing shall be suitably sealed to protect against the entrance of foreign
materials. Utility owner's standard details for seals and drainage shall be used.

The limits of the casing pipe unless otherwise approved by DART and the utility owner,
casing pipe shall extend to the greater of the following horizontal distances, measured
perpendicular to the centerline of track: a minimum distance of 2 feet outside the fenced
portion of the system right-of-way or minimum distance .of 25 feet from the centerline of
the outside track.

If additional tracks are constructed in the future, the casing shall be extended
correspondingly. Where future additional tracks are planned, utilities shall be installed on
a straight line and grade for the appropriate distance to facilitate future casing extension.

10) Minimum cover over uncased pipe or over casings shall be 3 feet at areas subject to

vehicular traffic, unlined ditches, and other unpaved surfaces, and 2 feet at lined ditches.
Additional cover shall be provided where necessary to comply with the utility owner's
policy or local government ordinances. On at-grade DART trackways, the minimum
clearance between the top of uncased pipe or top of casing pipe and the base of the
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system rails shall be 4 feet 6 inches. The standards of the utility owners will be used if
more stringent than the above.
11) Sewer services shall be in accordance with the codes and standards of the utility owner.

TABLE 6-1

MINIMUM WALL THICKNESS FOR STEEL CASING
PIPE UNDER DART TRACKWAYS

NOTE: For Coated Casings Installed in a Trench

Height of Cover \ | Diameter in inches |
in Feet 10 or less 111020 21t0 30 |

12 or less 0.250" 0.250" 0.250"
14 0.250" 0.250" 0.250"
16 0.250" 0.250" 0.250"
18 0.250" 0.250" 0.281"
20 0.250" 0.250" 0.312"
22 0.250" 0.250" 0.344"
24 : 0.250" 0.281" 0.344"
26 0.250" 0.312" 0.375"
28 0.250" 0.312" 0.406"
30 0.250" 0.344" 0.438"
32 0.250" 0.344" 0.469"
34 0.250" 0.344" 0.469"
36 , 0.250" 0.375" 0.500"
38 0.250" 0.375" 0.500"
40 0.250" 0.406" 0.562"
42 ' 0.250" 0.438" 0.562"

NOTE: For water mains and sanitary sewers, the standards of the utility owner will be used,
“subject to approval by DART, in lieu of the above table.

NOTE: The above thicknesses pertain to coated pipe casings installed in 2 trench. A
maximum allowable trench width shall be indicated to assure that trench condition loading
actually occurs. If casing is to be installed in an embankment and positive projecting installation
1s anticipated, maximum allowable deflection shall be equal to 0.05 of nominal pipe diameter,
and wall thickness shall be determined from Spangler's formula.
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6.3.2 Water Mains

Water mains belonging to local government agencies will be affected by construction of the
system. The section designer is responsible for the preparation of contract documents for
relocation of all conflicting water facilities not performed by the utility owner. Unless DART
and the facility owner agree otherwise, the design and relocation of water facilities that conflict
with the system shall be performed on a replacement-in-kind basis.

Designer Requirements. It shall be the designer's responsibility to implement the following
general requirements for the relocation or replacement of water mains and service lines:

1)

3)
4)

5)

Provide the water utility owner with plans showing the DART facilities and coordinate
with the owner to determine the extent of the system impact upon the water facilities.
The utility owner and the designer shall determine which facilities may be abandoned or
taken out of service during DART system construction and which facilities may be
supported-in-place during system construction. All water mains with lead joints shall be
replaced with ductile iron or PVC pipe having mechanical or push-on joints prior to
supporting-in-place. The utility owner and the designer shall decide upon the locations
for the relocation of conflicting water facilities which are acceptable to DART, the
facility owner, and the owners of other affected facilities. .

Prepare the designs so that water service is maintained at all times, except in those
facilities previously determined to be abandoned as a result of the reconstruction. No
water main or fire hydrant shall be out of service without prior approval of the utility
owner.

Prepare contract documents for the water facility relocations, including those betterments
requested by the owner and agreed to by DART.

Coordinate water facility relocations with other utilities owners and local government
agencies.

Include the water facility relocations in the DART construction sequence plans.

The designer shall incorporate into the plans the following design requirements for the following
specific items and elements related to the relocation or replacement of water mains and service

lines.

1y

2)

Water mains, materials and ﬁttihgs shall be as required by the owner. Relocation
alignments must meet the current standards of the utility owner. .

Depth of cover shall be 4 feet minimum on DART right-of-way or property, and in
‘accordance with the utility owner's criteria in all public right-of-way, DART right-of-way,
or utility easement.
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3) Fire hydrant installation shall comply with the utility owner's standards. The section

4)
5)

6)

7)

8)

9

designer shall consider both temporary and permanent requirements when designing
hydrant relocations. The following pertains to fire hydrant installation:
a) Spacing: .

o Residential and commercial/central business district areas: Hydrant
spacing shall follow utility owner and local fire department
requirements.

o DART stations and other DART facilities: Hydrant spacing shall follow
the requirements specified in Chapter 29 - Fire Protection Systems.

o DART yard facilities: Hydrant spacing shall be a maximum of 300 feet.

b) Valving for hydrants: Hydrants shall be installed on a 6-inch lateral and shall
have a 6-inch gate valve located between the hydrant and the main.
¢) Bracing: Hydrants shall be anchored in accordance with the utilities standards

Valve type and spacing shall be in accordance with the utility owner's criteria and
standards.

Thrust blocks or approved joint restraint systems shall be provided at bends (horizontal
and vertical), tees, and plugs according to the utility owner's criteria and standard details.
Casings are required for all water mains crossing under DART tracks. Crossings under
DART trackways shall conform to casing requirements detailed under Storm and
Sanitary Sewers.

Crossings under other facilities shall comply with the standards and criteria of the specific
facility owner. Where the facility must remain in operation, the use of tunneling or
jacking shall be considered for the installation of relocating facilities crossing below.
Services taps on new, relocated and replaced water mains shall be installed according to
the requirements of the utility owner.

All cleaning, pressure and leakage tests, and chlorination for disinfection requirements
shall be in conformance with the criteria of the utility owner.

10) Water mains on hridge crossings or structure shall comply with the following

requirements: ‘

a) All pipe joints that are to be aerially supported over or under a bridge or similar
structure shall be thoroughly restrained against both longitudinal and lateral
movement with a minimum of one restraining device per joint.

b) Pipe material shall be ductile iron or steel and in accordance with utility owner's
requirements. ‘

c) Each crossing shall have a valve on each side of the bridge and beyond the
abutment Jocated in proximity to the crossing. Valves shall not be on the bridge
structure.
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11) Blow-off valves, air vents or air/vacuum release valves shall be provided when directed
by the utility owner, and shall be in accordance with the utility owner's criteria and
standards.

12) Pipe insulation, if required for aerially supported or other above grade lines, shall meet or
exceed insulation equivalent to the following, and approved by the owner:

a) Insulating materal: 3-inch-thick polyurethane pipe covering, formed to fit the
particular pipe diameter.

b) Quter covering material: 0.016-inch aluminum chlller jacket with moisture shield
secured with stainless steel straps.

13)Right-of-way for publicly owned water facilities shall never be placed on private
property. Should the area within the public right-of-way be insufficient for facility
installation, sufficient right-of-way or an easement shall be provided.

14) Connections to water main shall be shown on the plans. The designer shall prepare plans
showing details for the connection of new, relocated or replaced water mains to the
existing mains. Such details shall include valves, temporary hydrants, fittings, and
temporary and permanent plugs. The connection plan shall delineate the following
responsibility for performance of the work: unless specified otherwise, all water main
connections shall be constructed by the contractor after necessary valve operation by the
utility owner.

15) Service Connections shall be shown on the plans. Commercial and industrial service
connections 4 inches and larger shall be detailed on the plans. Residential service
connections shall be included by reference on the drawings. Responsibilities for
relocation of service connections shall be in accordance with the utility owner's standard
procedure and criteria.

16) Water services and meters shall be installed according to the codes and standards of the
utility owner.

17) DART fire and domestic water service connections shall be designed by the designer.
The size of the domestic connection and meter shall be based upon peak-demand/pressure
loss calculations in conjunction with local codes and ordinances. Fire flow and pressure
data in the existing water main shall be obtained from the water utility owner.

18) The fire and domestic services in public right-of-way and up to the DART right-of-way
shall be installed by DART's contractor. The domestic service meter must be in public
right-of-way or in a utility easement granted by DART to the water utility. The utility
will install all domestic meters, and either the utility or DART's contractor may install fire
service meters.

6.3.3 Gas Facilities
i The designer shall comply with the following general requirements as they relate to gas lines and

facilities. These requirements will also apply to petroleum lines and lines which carry flammable
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and highly volatile substances. The designer shall pay close attention to the facilities owner's

requirements in the design of the relocation or replacement of these lines.

Pipelines for Flammable Substances. Pipelines included in this section are those installed to

carry natural gas, oil, petroleum products, or other flammable or highly volatile substances. They
shall be encased under DART tracks and right-of-way in accordance with the following criteria:

1)

2)

3)

4)

Carrier pipe:

a) The following requ1rements for carrier pipe apply to pipelines crossing under both
at-grade and aerial sections of the system. These requirements apply for a
minimum horizontal distance of 50 feet from the centerline of the outside track or
25 feet beyond the end of casing when casing is required whichever is greater.

b) Pipelines carrying oil and other flammable products shall conform to the
requirements of the current edition of ANSI B31.4, Liguid Petrolenm
Transportation Piping Systems, and other applicable ANSI codes.

c) Wall thickness for carrier pipe shall be based on the design criteria, standards, and
specifications used by the facility owner for encased crossings beneath highways or
railroads. In no case shall the encased facility be of lesser strength than the adjacent,
direct-burial sections.

Casing materials: Casing pipe and joints shall be of corrugated metal, steel, ductile iron,
or reinforced concrete pipe according to the requirements prescribed for nonflammable
carrier pipe, excluding plastic pipe. For large or high-pressure mains that require periodic
inspection, reinforced concrete utilities tunnels may be used.
Casing design: Casing pipe and joints shall be watertight and shall be capable of
withstanding the imposed loading. Casings shall be sloped to drain. They shall be
protected against corrosion in accordance with the requirements of Systems Design
Criteria Chapter 8 - Corrosion Control and Chapter 9 - System Grounding chapter and the
corrosion control standard and directive drawings. Care shall be taken to select materials
that will not be damaged through dissimilar metals contact. Where both carrier pipe and
casing are metallic, they shall be separated by using insulated spacers. The inside
diameter of the casing shall be at least 2 inches greater than the largest outside diameter
of the joint or coupling of the carrier pipe. The casing diameter shall always be large
enough to allow the carrier pipe to be removed subsequently without disturbing the casing
pipe or trackbed. All joints or couplings, supports, insulators, or centering devices for the
carrier pipe within a casing shall be taken into account. In addition, casing shall be
designed so that its maximum vertical deflection is 5 percent of its diameter and so that
no loads from the trackbed, track, traffic, or casing pipe itself are transmitted to the
carrier pipe.
Ends of casings and vents:
a) The ends of casings shall not project above ground level. They shall be closed with a
liquid-tight seal bushing or bulkhead.
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b) Casing pipe shall extend to the greater of the following horizontal distances,
measured perpendicular to the centerline of track, unless otherwise approved by

DART and the utility owner:
o A minimum distance of 2 feet outside the fenced portion of the DART
right-of- way.

0 A minimum distance of 25 feet from the centerline of the outside track,
when the casing is sealed at both ends.

c) If additional tracks are constructed in the future, the casing shall be extended
correspondingly.

d) Casings shall be vented at each end by vent pipes attached near the ends of the casing
and having a minimum diameter of 2 inches. Vents shall project through the ground
surface outside the DART right-of-way at a distance of not less than 6 inches from the
right-of-way line or not less than 25 feet measured at right angles from the centerline of
the nearest track, unless otherwise approved by DART and the utility owner.

e) Vent pipes on DART right-of-way shall extend not less than 4 feet above the ground
surface. The top of the vent pipe shall be fitted with a down-turned elbow that shall
be screened or fitted with a relief valve. Vents in locations subject to high water shall
be extended above the maximum elevation of high water and shall be adequately
supported and protected.

f) Vent pipes on DART right-of-way shall terminate at least 8 feet below aerial electric
wires carrying 750 volts or less and 12 feet below aerial electric wires carrying over

- 750 volts.

5) Cover: Minimum cover over uncased pipe or over casings shall be 4 feet in areas subject
to vehicular traffic, unlined ditches, and other unpaved surfaces, and 2 feet at lined
ditches. Additional cover shall be provided where necessary to comply with the facility
owner's policy or local design conditions. On at-grade trackways, the minimum clearance
between the top of encased pipe or top of casing pipe and the base of the system rails
shall be 5'-6".

Natural gas transmission and distribution facilities belonging to the gas companies will be
affected by construction of the system. The gas companies, coordinating through DART and
other facility owners, shall decide upon locations for the relocation of affected gas facilities that
are acceptable to DART, the companies, and other affected facility owners.

Unless DART and the gas company agree otherwise, the design and relocation of gas facilities
that conflict with the system shall be performed on a replacement-in-kind basis by the gas
company according to their criteria and standards, and all local, State and federal standards and
codes.
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Abandoned gas pipe lines within DART right-of-way shall be excavated and disposed of after

they have been purged by the gas company.

Designer Requirements. It shall be the designer's responsibility to:
1) Provide the gas company with plans showing the DART facilities.

2) Include the company's requirements for maintenance of gas facilities complete-in-place in
the preparation of the DART design. '

3) Include the gas facility relocations to be performed by the company in the DART
construction sequence plans.

Gas Company Responsibilities. The gas company shall coordinate with the designer through

DART to determine the extent of the system impact on the gas facilities, and the company shall:
1) Determine facilities where service may be terminated on a temporary or permanent basis.
2) Delineate those facilities that are to be maintained complete-in-place.

| o Facilities that are to be maintained-in-place above DART subways shall be
constructed of steel; facilities of other materials shall be replaced with steel
by the gas company prior to system construction.
o Facilities to be maintained-in-place beneath at-grade DART tracks shall be
enclosed in a casing in accordance with the requirements for Pipelines for
Flammable Substances. ' ,
3) Design and construct new facilities necessary to maintain continuity of service to the
company’s customers.

6.3.4 Petroleum Products Pipelines

High-pressure fuel and oil transmission pipeline facilities belonging to different privately owned
pipeline companies will be affected by construction of the DART system. The design and
relocation of pipelines that conflict with the system shall be performed by the facility owner
according to company standards and all applicable local, state, and federal standards and codes.
The general requirements for pipelines carrying flammable substances shall be implemented on
petroleum lines.

Designer Reguirements. It shall be the designer’s responsibility to:
1) Provide the company with plans showing the DART facilities and proposals for the

relocation of other utility facilities so that the company may complete its design.

2) Prepare utility plans showing the work to be performed by the affected company, consider
‘such work in the design, and, where necessary, consider such work in the preparation of
the construction sequence plans.

3) Coordinate with the affected company during the design, where appropriate.
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Petroleum Company Responsibilities. The petroleum company shall coordinate with the

designer through DART to determine the extent of the system impact on the petroleum facilities,
and the company shall:
1) Determine facilities where service may be terminated on a temporary or permanent basis.
2) Delineate those facilities that are to be maintained complete-in-place.
a) Facilities that are to be maintained-in-place above DART subways shall be
constructed of steel. ‘
b) Facilities of other materials shall be replaced with steel by the petroleum company
prior to DART construction.
c) Facilities to be maintained-in-place beneath at-grade DART tracks shall be
enclosed in a casing in accordance with the requirements for Pipelines for
Flammable Substances above. ,
3) Design and construct new facilities necessary to maintain continuity of service to the
company's customers.

64 DART DESIGN CRITERIA FOR UTILITIES BOTH AERIAL AND
UNDERGROUND

Aerial utilities, other than DART owned, preferably shall have the supporting poles, towers, and
guys located outside the DART right-of-way. Where such location is impractical, a minimum
horizontal clearance of 25 feet from the centerline of the outside track shall be provided to any
pole, tower, guy, or wire. This clearance may be reduced where approved by DART and the
affected utility owner.

Minimum vertical clearances to wires or cables above existing streets, top-of-rail, or other
structures shall comply with the requirements of the latest editions of the National Flectrical Safety
Code and the OSHA regulations for construction clearances. See Figures 6.1,-6.2, and 6.3.

Design of aerial wire and cable arrangements shall be performed by the utility owners. The
designer shall coordinate their work with the respective owners through DART to ensure that
adequate clearances are provided.

If DART believes it is uneconomical to provide an aerial relocation of an existing aerial wire or
cable above the trackway, the facility shall be relocated beneath the trackway in approved conduit
encased in concrete.

The designer shall coordinate their work with the utility owner to determine the need for any

temporary bypass during any bridge construction. The design of utilities supported on bridges or
& aerial structures shall be performed by the designer and shall comply with the structural criteria
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contained in the structural criteria and the criteria and specifications of the facility owner,
whichever is the most stringent.

Where it is not practical to accommodate utilities on a bridge that crosses over the tracks, a
separate utilities bridge may be considered. However, the designer shall submit comparative cost
estimates for aerial and underground relocations and shall obtain DART's approval of the
proposed utilities bridge before proceeding with its design.

For aenal utilities such as electricity, telephone, telegraph and cable television lines, these
utilities can be located underground. When underground facilities for these utilities are
encountered by the designer the following general criteria shall be incorporated in the design in
conjunction with the utility’s requirements and standards.

Conduit Facilities. Ultilities wires or cables placed beneath DART trackways shall be installed
in conduits. In the absence of DART criteria and specifications to the contrary or more stringent,
conduit facilities shall be designed according to the utility owner's standard details and
specifications.

Where jacking or boring must be employed, conduits may be steel, ductile iron, or reinforced
concrete.

Where open-trench methods are employed, plastic or approved type of nonmetallic conduits shall
be encased in concrete in accordance with the utilities or railroad standards, whichever is more
stringent.

1) Sizes:

a) Conduits shall be a minimum of 4 inches in diameter and shall be on a reasonably
straight line and grade beneath the tracks.

b) Where bends are required, they shall be situated clear of the tracks and shall be of
sufficiently large radius to allow the installation of cable without damage.

2) Cover: The clearance between top of conduit encasement and top of rail shall normally
be not less than 5 feet. Where savings may be realized by reduction of this clearance, the
section designer shall obtain the approval of DART before completing the detailed
design.

3) Horizontal clearance:

a) Manholes shall not be located closer than 25 feet from the centerline of the outside
track and shall be located outside any ditch section required at that location.
Exceptions may be approved by DART.

b) Where the distance between DART and railroad near tracks is less than 25 feet, or
where there would be no means of access to a manhole located between the DART
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tracks and the railroad tracks, the conduits shall be continuous across both the DART |
and the railroad trackways.

6.4.1 Electrical Power Facilities

Electrical power transmission and distribution facilities belonging to the power company will be
affected by construction of the DART system.

The following types of facilities may be encountered:

o  Aerial wires and cables, which may be mounted on wood or metal poles belonging to
power company or telephone and telegraph companies.

0 Underground conduit and manhole systems containing electrical power transmission
and distribution cables.

Coordinating through DART and other facility owners, the designer shall determine locations for
the relocation of affected power facilities that are acceptable to DART, the power company, and
other affected facility owners.

Unless DART and the facility owner agree otherwise, the design and relocation of the electrical
power facilities that conflict with the system shall be performed on a replacement-in-kind basis
by the power company and coordinated with the system construction and the relocation of other
facilities.

Electrical power facility relocations shall be designed by the power company according to its
in-house criteria and standards.

Designer Requirements. It shall be the designer's responsibility to:

1) Provide the power company with plans showing the DART facilities, and coordinate with
the power company to determine the extent of the system impact on the company
facilities. .

2) Determine, through further coordination, which facilities may be maintained-in-service
during system construction. Underground electrical facilities may be maintained-in-
service by retaining the facility complete-in-place or by removing the existing conduit
structure, placing cables in a new temporary structure, and, ultimately, remstalling the
facility with a concrete encasement on compacted backfill.

3) Prepare the design so that power service shall be maintained at all times, except in those
facilities previously determined to be abandoned as a result of DART construction.
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Power Company Responsibilities. It will be up to the power company to:

1) Determine those facilities where service may be terminated as a result of DART
construction. »

2) Design and construct all aerial facility relocations.

3) Design and install all surface, aerial and underground facilities relocations.

6.4.2 Telephone Facilities

Telephone transmission and distribution facilities belonging to telephone and telegraph
companies will be affected by the construction of the system.

The following types of facilities may be encountered:

o  Aerial wires and cables that may be mounted on wood or metal poles belonging to a
telephone company, power company, or a local government agency.

o Underground conduit and manhole systems containing telephone and telegraph
company cables, and cables belonging to local private and government agencies (such
as private security alarm lines and fire alarm lines).

The telephone companies, by coordinating through DART and other facility owners, shall decide
upon locations for the relocation of affected telephone facilities that are acceptable to DART, the
telephone company, and other affected facility owners.

Unless DART and the facility owner agree otherwise, the design and relocation of telephone
facilities that conflict with the system shall be performed on a replacement-in-kind basis by the
telephone company and coordinated with the system construction and the relocations of other
facilities.

Telephone relocations shall be designed in accordance with the standards and practices of the
respective telephone and telegraph company.

The DART contractor shall install conduits for public telephones in DART stations and parking
lots from the telephones to the DART property line. The location and elevation of the conduit
stub at the property line shall be coordinated with the telephone company by the designers and
indicated on the plans. :
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Designer Requirements. It shall be the designer's responsibility to:
1) Provide the respective telephone company with plans showing the DART facilities, and

coordinate with that telephone company to determine the extent of the system impact on
telephone facilities. :

2) Determine through further coordination, which facilities may be maintained-in-place
during DART construction. ‘

3) Consider retaining underground communications facility service by maintaining the
facility complete-in-place or by removing the existing conduit structure, placing existing
cables in a temporary structure, and, ultimately, encasing the facility with concrete on a
compacted backfill based on the requirements previously discussed in underground
utilities. '

Telephone Company Responsibilities. The telephone facility owner shall be respoﬁsible for

any necessary coordination and shall:
1) Determine the facilities in which service may be terminated as a result of DART
construction.
2) Design and construct all aerial, surface, and underground facility relocations.

6.4.3 Telegraph Facilities

Telegraph facilities belonging to the Western Union Telegraph Company will be affected by
construction of the system.

The following types of facilities may be encountered:

o Aerial wires and cables mounted on poles belonging to a telephone company and/or
power company.

o Underground conduit and manhole systems containing cables.

Unless DART and Western Union agree otherwise, the design and relocation of telegraph
facilities that conflict with the system shall be performed on a replacement-in-kind basis in
accordance with the Western Union Telegraph Company Specifications.

Desioner Requirements. It shall be the designer's responsibility to:

1) Provide Western Union with plans showing the DART facilities, coordinate with Western
Union through DART to determine which telegraph facilities may be abandoned and
which must be maintained-in-place on a temporary or permanent basis. Western Union
and the designer shall decide upon locations for the relocation of conflicting facilities that
are acceptable to DART, Western Union and other affected facility owners.
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2) Consider retaining underground communications facilities service mains by maintaining
the facility complete-in-place or by removing the existing conduit structure, placing
existing cables in a temporary structure, and, ultimately, encasing the facility with
concrete on a compacted backfill.

Western Union Telegraph Company Responsibilities. Western Union shall:

1) Perform all design and construction involving cables.
2) Coordinate with DART and other facility relocations.

6.4.4 Cable Television

Cable television facilities belonging to various cable television companies will be affected by
construction of the system. With very few exceptions, cable television facilities are aerial and
are mounted on utility poles belonging to a power company or a telephone and telegraph
company.

Each cable television company shell be responsible for the design and relocation of its facilities
which conflict with the system.

Designer Requirements. It shall be the designer's responsibility to:
1) Provide the company with plans showing the DART facilities and proposals for the

relocations of other utility facilities so that the affected cable television company may
complete its design.

2) Show the location of the existing and relocated cable television facilities on the utility
plans and, where necessary, consider such work in the preparation of construction
sequence plans.

3) Coordinate through DART with the affected cable television company during the design,
when appropriate.

6.5 DESIGN CRITERIA FOR SURFACE FACILITIES

Surface facilities are utilities that are impacted by the DART construction and are facilities that
incorporate other utilities. These facilities include traffic signal and appurtenances; street
lighting; alarm systems; intelligent transportation systems (ITS); security systems.

6.5.1 Traffic Signalization, ITS and Street Lighting

Street lighting, ITS and traffic control facilities will be affected by construction of the system.

Unless DART and the facility owner agree otherwise, the design and relocation of street lighting,
ITS and traffic control facilities that conflict with the system shall be performed on a
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replacement-in-kind basis. Refer to Chapter 5 - Traffic Control for traffic signalization
requirements for additional details.

DART-owned street lighting facilities are to be mounted on metal poles and are connected in
circuits. Power supply cables may be aerial, attached to the poles, or in metal conduit buried in
the sidewalks adjacent to the street curbs. Individual lights can be taken out of service provided
doing so does not disrupt service in the circuit. Refer to Chapter 26 - Lighting for requirements
within the DART right- of-way.

Design and construction responsibilities will be defined in DART's agreement with the local
government having jurisdiction.

Designer Requirements. It shall be the designer's responsibility to:

1) Provide affected facility owners with plans showing the DART facilities, and coordinate
with the City to determine the extent of the system impact upon lighting facilities and the
City's requirements for facility relocation.

2) Prepare street lighting contract documents for the relocation of City-owned street lighting
facilities and connecting conduits, including temporary facilities, where necessary. In the
performance of this work, care shall be taken to ensure compatibility among street
lighting, DART parking lot lighting, and DART station site lighting.

3) Prepare contract documents for the relocation of the affected signals, ITS elements and
traffic control facilities such as control boxes, loop detectors, conduits, electrical boxes,
etc.

4) Coordinate with the power company regarding disconnection and restoration of power
supplies to lighting facilities, ITS systems and traffic signalization systems.

5) Include temporary lighting, ITS and signal facilities in the construction sequence and
traffic control plans.

6) Base the design of lighting, ITS and signalization facilities on the standard drawings,
criteria, and specifications of the City.

6.5.2 Fire Alarms and Other Security Systems

Fire alarm facilities belonging to the local fire services and security system facilities owned by
private security system companies will be affected by DART construction of the system.

The facilities consist of fire alarm boxes connected in circuits to various fire stations and the fire
department central headquarters, and security system circuits to various customers and the
security system control room. The fire alarm and security system circuit cables may be aerial,
installed on telephone company or power company utility poles, or underground, installed in-
telephone company duct banks.  Fire alarm and security system circuits must be
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maintained-in-service at all times, unless otherwise approved by the respective authorities or
utility owners. The Fire Department and fire alarm and security system owners shall be notified
when relocations are being constructed or service is to be interrupted.

Designer Requirements. It shall be the désigner‘s responsibility to:

1)

2)

3)
4)

5)
6)

Provide the City and security system owners with plans showing the DART facilities, and

coordinate with them through DART to determine the extent of the system impact upon

their facilities and whether affected facilities may be abandoned or taken out of service

during DART construction. The city, security system owners, and the designer shall

decide upon locations for the relocation of conflicting facilities that are acceptable both to

DART and the owners of the affected facilities.

Prepare the design so that service in fire alarm systems facilities is maintained at all

times, except where the facility owner has agreed otherwise.

Prepare contract documents for the relocation of affected facilities, as directed by DART

Coordinate plans to relocate or maintain these facilities in-place with the power company

or telephone and telegraph companies as necessary to ensure continuity of service.

Include above facilities relocations in the DART construction sequence plans.

Coordinate with the facility owners, and include in the design provisions to allow

adequate and continuous facilities operations during DART construction of the system.

Such provisions may include:

a) All work related to fire alarm systems shall be in accordance with the
requirements of the respective facility owner's criteria and standards.
b) All work related to security and systems owned by private security companies

will be performed by themselves or by telephone or other companies providing the
service to the security company.

Security Company Responsibilities. The security company shall:

1)
2)

6.5.3

Perform all design and construction involving security and alarm facilities.
Coordinate with DART and other facility relocations.

U. S. Postal Service

The postal service shall relocate affected facilities prior to DART construction.

Designer Requirements. It shall be the designer's responsibility to:

1)

2)

Provide the postal service with plans showing DART facilities and the location of
affected collection and distribution boxes.
Coordinate through DART with the U.S. Postal Service during design.
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1LS. Postal Service Responsibilities. The Postal Service shall:

1) Coordinate with DART for any facility relocations.
6.5.4 Parking Meters

All work related to removal, relocation, restoration, and installation of parking meters shall be in
conformance with the requirements of the City. All work shall be coordinated through DART
with the City. The City shall remove, store, and install meter heads and DART's contractor shall
remove, store, and install meter posts.

Designer Requirements. Where DART facilities will impact parking meters the designer shall:
1) Coordinate impacted parking meters through DART so that adequate data may be
furnished to the City for completion of its work. .
2) Show the necessary relocations of impacted parking meters on the DART utilities plan.
3) Provide details for the installation of meter posts on the utility plans.

City Responsibilities. The City shall:

1) Perform all removal and store meter heads. The City will reinstall meter head once new
posts have been relocated.
2) Coordinate with DART and other facility relocations.

6.6 DESIGN CRITERIJA FOR MISCELLANEOUS UTILITIES
6.6.1 Vaults

All remodeling, abandonment, or other work involving private vaults extending from adjoining
buildings into public space shall be in accordance with current codes, standards, and practices of
the concerned jurisdiction. All work related to private vaults shall be coordinated through DART
with the vault owners.

Designer Requirements. The designer shall determine which vaults will be affected by DART
construction. Plans shall show, as a minimum, portions of each vault to be removed and the area
available for permanent use upon completion of DART construction. This information shall be
forwarded to DART at the earliest practical date so prompt action can be taken to avoid delay in
construction.

Yault Owner’sResponsibilities. The owner of the vault shall:

1) Perform all design and construction involving cables.
2) Coordinate with DART and other facility relocations.
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6.7 DESIGN CRITERIA FOR UNDERGROUND FLAMMABLE AND COMBUSTIBLE
LIQUID STORAGE TANKS

The following criteria provide the design requirements for dealing with flammable and/or
combustible liquid storage tanks and related appurtenances adjacent to DART trackway running
through a subsurface structure or on the surface. Designs shall conform to NFPA 130, Section
3-2.8.1-6. The classification of liquids according to the National Fire Protection Association
(NFPA) is given in the following table:

Classification of Liquids

Agency i NFPA ,
lnssificats M assificat Elash Paj
Flammable Class | Below 100°F
(37.8°C)
Combustible Class II 100°F to 140°F
(37.8°C to 60°C)
Class III Above 140°F

(60°C)

Underground tanks for Class I flammable and Class II and Class III Combustible liquids and
related piping shall not be permitted directly over a subsurface DART structure or within 25 feet
(measured horizontally) from its outside wall.

6.7.1 New Underground Storage Tank Installation

Where the tops of underground storage tanks and related piping for Class I flammable liquids and
Class II and III combustible liquids are more than 2 feet above the lowest point of excavation for
a DART substructure, and where they are within 25 to 100 linear feet from the outside wall of the
DART substructure, they shall be installed in accordance with NFPA 130.

6.7.2 Service Stations

Where service stations dispensing Class I flammable liquids, and Class II and III combustible

liquids are Jocated in the area within 100 feet (measured horizontally) from the outside wall of
subsurface structure, NFPA 130 requirements shall be complied. If service stations are outside
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the DART right-of-way, the designer shall notify DART so that arrangements for complying with |
NFPA 130 can be developed.

6.7.3 Existing Tanks

Existing storage tanks for Class I flammable liquids and Class II and III combustible liquids
located on DART right-of-way in or under buildings, directly above a subsurface transit
structure, or within 25 linear feet from a subsurface transit structure outside wall shall be
removed and relocated to outside the prohibited area.

All existing storage tanks, above ground or underground, shall comply with NFPA 130 when
located within the distances specified in that standard. Where existing storage tanks for Class I
flammable liquids or Class II and III combustible liquids are governed by that standard -and
outside the DART right-of-way, the designer shall notify DART so that arrangements for
compliance can be developed.

6.8 DESIGN CRITERIA FOR UTILITY RELOCATIONS CROSSING RAILROAD
TRACKWAYS

Utilities may presently cross railroad trackways, or, because of DART construction, be relocated
to cross railroad trackways. Signal and communications lines belonging to railroad companies
will be affected by DART construction. The design and relocation of railroad facilities that
conflict with the DART system shall be performed by the railroad according to the railroad's
standards. '

Designer Requirements. Where DART facilities will impact railroad utility facilities, or where
relocation of other utility facilities will impact, or possibly affect the operation of railroad
facilities, the designer shall: '

1) Coordinate work through DART so that adequate data may be furnished to the railroad
for completion of its work.

2) Show the necessary relocations of railroad utilities in the DART utilities plan.

3) Coordinate through DART with the affected utility owners to define the limits of existing
facilities that are in conflict, and determine the responsibility for the design and
construction of relocated facilities that will eliminate such conflicts.

4) Coordinate and furnish data to utility owners who are designing their relocations so that
they may complete their design.

5) Review the utility owner's proposals to ensure that they are compatible with the DART
design and that of other affected owners.

6) Show such relocated utility alignments on the plans and provide appropriate copies of
those plans for distribution to other affected facility owners.
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Railroad Company Responsibilities. The railroad company shall:

1) Perform all design and construction involving it utilities.
2) Coordinate with DART and other utility relocations.

6.8.1 Underground Facilities Crossing Railroad Trackways

When building underground facilities, the following items will either be enclosed in casings, or
conduits.

o Casings:

- Pipelines carrying either flammable or nonflammable substances under pressure
beneath railroad trackways.

- All sanitary sewers, whether operating by gravity or under pressure.
o Conduits:

- Electrical cables.

- Communications cables.

When an underground facility relocation is designed by the section designer, such design shall
provide for installation of the facility in the following manner:

0 When utilities must be installed beneath active railroad mainline tracks, such
installation shall be by jacking, boring, or tunneling. The section designer shall
determine the specific requirements of the railroad for each type of installation,
including materials, prior to proceeding with the detailed design.

0o When utilities must be installed beneath active railroad secondary tracks, such
installation shall be by methods approved by the railroad.

0  When utilities must be installed beneath inactive or proposed railroad tracks, such
installation preferably shall be by open-trench methods, provided the installation will
be more than 25 feet away, or other distance approved by the railroad, from active

mainline tracks and beyond existing fill sections or other ditch sections.

o  When open-trench methods will be used:

-632- Nov 2002 Rev 10

AT



- All installation shall comply with "Installation of Pipe Culverts", Chapter 1, Part

4, of the AREMA Manual for Railway Engineering of the American Railway

Engineering and Maintenance-of-way Association (AREMA) and railroad
requirements.

- The design shall include details of sheeting and method of supporting the
railroad track for utility facilities installation, if appropriate.

o  Underground facilities shall:

- Cross railroad trackway at right angles, where practicable. When this cannot be
done, the skew shall in no instance be greater than 45 degrees.

- Be designed for Cooper E-80 loading as specified in Chapter 15, Part 1, Section
1.3.3 of the AREMA Manmnal for Railway Fngineering and railroad requirements.

E 1 Faciliti

Utility owner's standard details and specifications shall be used for design, except where these
requirements or the railroad criteria and specifications are more stringent. Pipeline encasements
shall be designed according to the requirements of Chapter 1, Part 5, of the AREMA Mannal for

Rail Fnoineering.
o  Casing thickness:

Chapter 1, Part 5, of the AREMA Manual for Railway Engineering provides for steel

casings up to 42 inches in diameter. In situations where steel casings larger than 42
inches in diameter are required, the following wall thicknesses shall be used:

Outside Casing Diameter . Minimum Wall Thickness
(Inches) (Inches)
44 0.500
46 0.625
48 - 0.625
50 0.625
52 0.750
54 0.750
60 0.813
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An allowance for increased wall thickness shall be made for uncoated pipe having a diameter
greater than 42 inches as is required in Chapter 1, Part 5, of the AREMA Manual for Railway

Engineering.
o Casing design considerations:

For large-diameter carrier pipe, it may be necessary to perform installation and routine
maintenance from within the casing, in which case appropriate internal clearance shall
be provided. Where additional clearance is required, the alternatives of arch and
elliptical sections might be considered.

Extension of an existing casing shall be of similar style and shape and of compatible
materials to the existing casing. The extension of an existing casing shall continue the
line and grade of the existing casing.

Where the distance between DART and railroad near tracks is less than 25 feet, or
where there would be no means of access to the end of the casing between DART and
railroad tracks, the casing shall be continuous across both the DART and railroad
trackways. Such casings shall be on a straight grade and alignment, be of uniform
strength throughout their length, and conform to either DART or railroad criteria,
.depending on which is the most stringent.

Nonencased Facilities - Storm Sewers. Casings may be omitted on storm sewers where the

facility will normally operate under pressures of less than 10 psi.

Utility owner's standard details and specifications shall be used for design of encased facilities,
except where these requirements or the railroad criteria and specifications are more stringent.

o Cover:

The top of non-encased sewers shall normally be not less than 5 feet 6 inches below
the bottom of rail because of possible problems during track maintenance. For sewers
with diameters in excess of 84 inches, the minimum cover should be 2 feet greater than
one-half the inside diameter. Where substantial savings may be realized by reduction
of this clearance, the section designer shall submit studies showing how the relocated
facility will withstand railroad loading, and the approval of the railroad shall be
obtained before completion of the detailed design.
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Strength design of non-encased sewer facilities shall be based on the criteria of |

Chapter 1, Part 10, of the AREMA Manual for Railway Engineering.

o Horizontal clearance:

Manholes shall not be located closer than 25 feet from the centerline of the railroad
outside track and shall be located outside the ditch section required at that location.

Where the distance between DART and railroad near tracks is less than 25 feet, or
where there would be no means of access to a manhole located between DART tracks
and the railroad tracks, the sewer shall be continuous across both the DART and the
railroad trackways. New sewers shall be on a straight grade and alignment, be of
uniform strength and material throughout its length, and conform to either DART or
railroad criteria, depending on which is the most stringent. Extensions for existing
sewers shall be of similar style and shape, of compatible materials, and equal to or
greater in hydraulic capacity than the existing sewer.

0 Minimum size:
Minimum size of sewers beneath railroad tracks shall be 18 inches in diameter.
o Minimum slope:
Minimum slope for sewers shall be as set forth in Chapter 7 - Drainage.
Conduit Facilities. Utilities wires or cables placed beneath railroad tracks shall be installed in
conduits. Utility owner's standard details and specifications shall be used for design of conduit
facilities, except where these requirements or the railroad criteria and specifications are more
stringent.
Where jacking or boring must be employed, conduits may be steel, or reinforced concrete.
Where dpen-trench methods are employed, plastic or approved type of nonmetallic conduits shall
be encased in concrete according to the utilities or railroad standards, whichever is more
stringent.

o Sizes:

Conduits shall be a minimum of 4 inches in diameter and shall be on a reasonably
straight line and grade beneath the railroad tracks.
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Where bends are required, they shall be situated clear of the tracks and shall be of
sufficiently large radius to allow the installation of cable without damage.

Cover:

The clearance between top of conduit encasement and top of rail shall normally be not
less than 5 feet. Where savings may be realized by reduction of this clearance, the
section designer shall obtain the approval of the railroad before completing the detailed
design.

Horizontal clearance:

Manholes shall not be located closer than 25 feet from the centerline of the outside
track and shall be located outside the ditch section required at that location.
Exceptions may be approved by the railroad.

Where the distance between DART and railroad near tracks is less than 25 feet, or where
there would be no means of access to a manhole located between the DART and the
railroad tracks, the conduits shall be continuous across both the DART and the railroad
trackways.
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, Table 6-2
MINIMUM COVER FOR UNDERGROUND UTILITIES
. (in feet)
TRAFFIC AREAS
UNLINED DITCH DART ROW
OTHER LINED & DART LRT RAILROAD NON-

UTILITY UNPAVED DITCH | PROPERTY | CROSSING CROSING TRAFFIC
Sanitary Sewer 3 2 4.5% 4.5% 3
Storm Sewer 2 2 5.5% 5.5% 2
Non-flammable : 3 2 4.5% 4.5% 3
Substance Pipelines
Water 4 4 4 4.5% 4.5% 4
Gas 4 2 : 5.5* 5.5% 4
Wiring/Cable 2 2 S S¥* 2
Conduits

* Top of pipe, casing or encasement to base of rail.

** Top of pipe, casing or encasement to top of rail.

NOTE: Minimum cover outside DART right-of-way shall comply
with standard requirements of the jurisdictional municipality.

6.8.2 Aerial Facilities

Utilities wire or cable facilities may cross aerially above railroad tracks or be relocated to cross
aerially above railroad tracks. Such facilities may be owned by a power company, telephone and
telegraph companies, cable television companies, or other local agencies.

In the absence of railroad criteria and specifications to the contrary or more stringent, aerial
facilities shall be designed according to the following criteria. - Design of aerial wire and cable
relocations shall be performed by the utility owners. The section designer shall coordinate with
the respective utility owners to ensure that adequate horizontal and vertical clearance will be
provided.

Horizontal Clearance. Where railroad tracks are paralleled or crossed by overhead lines, the
poles shall, if practicable, be located outside railroad right-of-way. If location on railroad
right-of-way is necessary, the poles shall be not less than 25 feet from the centerline of the
nearest track and outside any ditch section required at that location. The exceptions cited below
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may be necessary in some instances; they shall not be used, however, unless approved by the

railroad before completion of the detailed design.
o Exception 1:

At sidings, a 15-foot clearance is preferred. The absolute minimum clearance shall be
10 feet from the track centerline provided sufficient space for a driveway is left where
railroad cars are loaded or unloaded.

o Exception 2:

Where necessary to provide safe operating conditions that require an uninterrupted
view of signals and signs along tracks, the parties concerned shall cooperate in locating
poles to provide the necessary clearance.

Yertical Clearance. The minimum vertical clearance of wire or cable above the top of rail shall
not be less than specified in Table 6-3.

When warranted by conditions of span length, voltage, and method of supporting the conductors,
the vertical clearance of wire or cable above top of rail shall be increased in accordance with
Article 232B of the National Electrical Safety Code.

Should it be impractical to provide an aerial relocation of an existing aerial wire or cable above a
railroad, the facility shall be relocated beneath the railroad trackway in conduit in accordance
with the conduit facilities described in Section 6.8.1.

6.9 UTILITY MARKERS

Markers as shown in the utilities standard drawings shall be used to indicate the location of
below-grade utilities installations whether belonging to DART, private utilities companies, or
local governments.

6.9.1 Location

Markers shall be placed at the centerline of the facility being marked. Lines beginning or ending
within the DART right-of-way shall be marked at their ends. Lines crossing DART right-of-way
shall be marked at a point near the edge of the subballast shoulder. Track underdrains shall be
marked at changes in direction and at outflows. Markers are not required for underdrains
extending along bases or tops of retaining walls. Markers, when required, shall be placed on
retaining walls in retained sections.
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Where a marker location, as prescribed above, results in a conflict with other underground
facilities, the marker shall be placed away from the trackbed at a point near the right-of-way line.

Utility markers are not required, however, for storm drains crossing under the DART trackway
when the storm drains can be readily located by trackside catch basins, manholes, or headwalls,
or when the storm drains are so deep that they will not be affected by’trackway work. The
section designer shall indicate the location of utility markers on project plan drawings and shall
prepare a schedule of utility markers for facilities in their project, defining the legend for each

~ marker. The schedule shall be on a project drawing.

6.9.2 Description

Utilities markers shall consist of a metal target plate mounted vertically on a formed metal post
and shall be furnished and installed by the contractor. The front face of the target plate shall be
marked as indicated on utilities standard drawings, with the station number, a symbol identifying
the type of facility, and the utilities owner. Markers located near the edge of the subballast
shoulder shall be oriented so that the front face faces away from the tracks. Markers located
away from the trackbed shall be oriented so that the front face faces the tracks.
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TABLE 6-3

MINIMUM VERTICAL CLEARANCE OF WIRES AND CABLES
ABOVE RAILROAD TOP-OF-RAIL

Guys; Messengers; Communication,

Span, and Lightning Protection

Wires; Communication Cable Supply

Cable having Effectively Grounded Open Supply Line Wires,
RAILROADS Continuous Metal Sheath, or Arc Wires, and Service Drops -

Insulated Conductors Supported on

and Cabled together with an

Effectively Grounded Messenger Less than 750V to 22,000 to
750V 21,999V 50,000V
; (Names of the Railroads)
All Other Railroads
in Accordance with 27 fi. 27 ft. 28 fi. 29 ft.
National Electrical :
Safety Code

(1) Over 50,000 volts, add 0.5 inch for each 1,000 volts over 50,000 vol
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CHAPTER 7 - DRAINAGE

7.1 INTRODUCTION

These criteria shall govern the planning, design, construction, and operation of all storm drainage
facilities located within the DART right-of-way, as well as those facilities directly affected'by
DART construction. Design of drainage facilities that are not located within the DART
right-of-way and are relocated or modified because of DART construction shall conform to the
design and construction criteria of the municipality or public agency having jurisdiction for the
affected drainage facility. In general, required relocation of existing drainage facilities shall be
"replacement-in-kind" or "equal construction" unless conditions of flow, loading, or operation are
altered. If conditions are altered, design(s) shall conform to the design criteria and standards of the
public agency involved.

Planning and design of DART-constructed facilities will be in accordance with the criteria and
standards of other public agencies having jurisdiction, to the extent they apply to the DART
construction. This will apply to drainage facilities constructed within public right-of-way or
utility or drainage easements, and any drainage facilities in DART right-of-way or parking lots
which will impact on drainage facilities within the public right-of-way. DART's drainage
criteria, as provided herein, will apply:

1) In the absence of jurisdiction by another public agency.

2) When additional or more stringent criteria are needed to protect the DART trackway
or facilities, and the DART criteria are not inconsistent with the criteria of the agency
having jurisdiction.

The DART design criteria provided in this chapter is a compilation of criteria which includes the
City of Dallas Design Manual For Storm Drainage Facilities, TXDOT Hydraulic Manual, and
other sources. It is the intent of this manual to conform to the requirements of the local
jurisdiction, unless DART has need for more stringent requirements to protect any facilities or
accommodate passengers. The criteria of the various local, state, or federal agencies having
jurisdiction appear in several different documents and would be too voluminous to incorporate in
their entirety in these criteria to cover all circumstances. For that reason, these criteria could not
be all inclusive with respect to the criteria of other agencies having jurisdiction. The designer
will be required to use the criteria of other agencies having jurisdiction and prepare their design
in accordance with the most stringent applicable criteria.
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These design criteria are intended to protect the DART system and facilities from storm runoff-
damage, and to protect DART from liability for damage to other property from storm runoff
either passing through or caused by construction of the system.

This chapter addresses primarily the hydrology and hydraulic aspects of the drainage design
criteria. Chapter 6-Ultilities, addresses criteria on the relocation and construction of drainage
structures, as well as the variety of utility services, which will be associated with the construction
of the DART system. That criteria is not repeated in this chapter. Chapter 6 also discusses plan
preparation requirements, including the utilities and drainage facilities requirements of local
agencies.

7.1.1 Design Assump?ions

Drainage facilities for the system shall be designed so that the proposed improvements will not:
o Increase the flood or inundation hazard to adjacent property.
o Raise the flood level of a drainage way.

o Reduce the flood storage capacity or impede the movement of floodwater within a
drainage way.

Drainage facilities shall be designed for a fully developed watershed and existing zoning. If the
system alignment crosses a floodplain, alternatives shall be considered to prevent an increase in
the flood hazard to adjacent, upstream, or downstream property. Provision of compensatory
flood storage is to be considered in each instance where fill reduces the existing flood storage
area. When inundation of, or damage to the trackbed resulting from runoffs in excess of the
capacities of existing‘drainage facilities may occur, consideration shall be given to enlargement
of the existing system. Detention storage shall be considered as an alternate to enlargement of an
existing downstream system. Where detention is used, a surface detention system, subsurface
detention system, or infiltration system may be used. The method selected shall generally be one

that is the most cost effective, considering costs of property, facility construction, and facility
maintenance.

7.1.2 Drainage Report
All drainage designs shall be contained in a drainage report that shall be submitted to DART and
the GEC for review and approval. The drainage report shall be in a form to provide the basis for

timely and consistent review and shall be made a part of the permanent record for future
evaluation.
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The drainage report shall contain, as a minimum, the following:
o  Description and plan of existing drainage facilities.

o Description and plan of proposed drainage facilities (which may be half size reduction
of preliminary or final design plans).

o Drainage area map.

o Consideration and evaluation of alternatives and selection of preferred drainage
facilities.

o All calculations for evaluating the existing drainage facilities and designing the
~ proposed facilities using standardized calculation forms (Figures 7-1 through 7-7) or a
computer output table(s) with format similar to the standardized calculation forms.

o A certificate signed and sealed by a professional engineer registered in the state of
Texas that the design procedure is in full compliance with the requirements of these
criteria.

o Fulfillment of all criteria as established by the applicable jurisdiction, where required
to obtain governing jurisdiction approval or permits from other than DART.

o Evaluation of maintenance impacts on existing systems and preferred maintenance
procedures for the proposed system.

Drainage Area Map. The drainage area map shall have an easily legible scale of 1 inch equals
200 feet or larger, if required, showing street and/or DART right-of-way. The map may be a
preliminary version of the 200-scale or larger drainage area map required as a part of the
construction drawings. The drainage area map shall show onsite and offsite drainage and any
water courses adjacent to the project. The area shall be divided into numbered subareas to
determine flow concentration points or inlet location(s). Drainage area maps shall show zoning,
zoning boundaries, existing ground elevations on at least 5-foot contours, and be accompanied
by a summary table of peak design flows for subareas with acreage, runoff coefficient and
intensity shown.
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Quantity and direction of design flow within streets, alleys, natural and man-made drainage-
ways, and at all system intersections shall be shown. Existing and proposed drainage inlets,
storm drainage systems, and drainage channels shall be clearly shown and differentiated on the
drainage area map. Plan-profile storm sewer or drainage improvements limits shall also be
shown, as will public agency existing storm drainage system file or record numbers, if
applicable.

Floodplain. Alteration of any floodplain shall require a hydraulic performance analysis and
include a compilation of documentation required by the governing regulatory agency(s) for
permitting. The required documentation shall be presented to DART for review and approval.
DART will then submit the documentation to the governing regulatory agency.
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FIGURE 7-1

INLET DESIGN CALCULATIONS, FIGURE 7-1

Column 1

Column 2
Column 3
Column 4
Column 5
Column 6

Column 7

Column 8

Column 9

Column 10

Column 11

Column 12
Column 13
Column 14

Column 15
Column 16
Column 17
Column 18

Inlet identification shall be the same as the drainage area designation shown on
D.A. Map.

Plan center line station where inlet is located and either left or right.
Drainage area number from D.A. Map contributing surface flow to the inlet.
Storm flow discharge to the inlet, obtained from data on D.A. Map.
Carry-over discharge from upstream inlet.

Total discharge to the inlet = Q +CO.

Reciprocal of the street cross slope (i.e. for a 1/4 inch per foot cross slope

Z =12/ Y% =48)

Use the average slope equivalent for parabolic crown.

Manning's roughness coefficient, obtained from Table 7-7. Use n = 0.0175 for
paved street gutters.

Slope of gutter.
Depth of flow in feet in the gutter for a given Q, S and z/n and is determined by
- Q 38
=( 12 )
(0.56)(z/n)(s™)

Width of street conveying flow - z(y) and is also called ponding width. Note: If
the allowable gutter capacity is exceeded, as determined from Figure 7-10, Figure
7- 11, or Figure 7-12, then relocate the inlet upstream.

Gutter depression in feet (vertical distance from normal gutter line to throat of
inlet).

Rate of flow per foot of inlet for a given depth "y" and depression "a" and is
determined from Figure 7-16. ‘

Length of curb inlet necessary to intercept all of the discharge Column 6 divided
by Column 13.

Actual length of inlet selected and shall be not less than 5 feet.
Column 15 divided by Column 14.
Column 12 divided by Column 10.

Ratio of Q; (intercepted) to Q, (actual) and is obtained from Figure 7-17.
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Column 19

Column 20
Column 21

Column 22

Discharge intercepted by the inlet. Obtained from multiplying Column 6 by.

Column 18.

Subtract Column 6 from Column 19.

Downstream inlet to receive the carry-over flow.

Self explanatory.
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FIGURE 7-2

STORM SEWER CALCULATIONS. FIGURE 7-2

Column 1

Column 2
Column 3

Column 4

Column 5

Column 6

Column 7

Column 8
Column 9
Column 10
Column 11

Column 12

Column 13

Column 14

Column 15

Column 16

Column 17

Column 19

Upstream station of the section of conduit being designed. Normally, this would
be the point of a change in quantity of flow, such as an inlet, or a change in grade.

Downstream station of the section of conduit being designed:
Distance in feet between the upstream and downstream stations.

Drainage subarea designation from which flow enters the conduit at the upstream
station.

Area in acres of the drainage subarea entering the conduit.

Runoff coefficient, obtained from Table 7-2, based on the characteristics of the
subarea drainage. :

Column 5 multiplied by column 6.

Obtained by adding the values shown in column 7 to the value shown immediately
above in column §.

This time in minutes is transposed from column 19 on the previous line of
calculations. The original time shall be equal to the time of concentration as
shown on Table 7-3 or Figure 7- 9, whichever value has been used.

Design storm frequency.

Using the time at the upstream station shown in column 9 and the design storm
frequency shown in column 10, this value is taken from Figure 7-8a or 7-8b.

Column 8 multiplied by column 11.

This slope should be computed from Figures 7-19, 7-22, 7-25 or nomographs in the
SDHPT Hydraulic Manual. Normally, the hydraulic gradient will have a slope
approximately the same as the proposed conduit and will be located above the inside
crown of the conduit.

Utilizing the value in column 12, a conduit size should be selected so that the
conduit and hydraulic gradient comply with Section 7.5.2.

Velocity in the selected conduit based on the values in columns 12, 13, and 14,
taken from Figures 7-21, 7-24, and 7-27 for concrete pipe. If pipe is flowing less
than full, velocity shall be computed based on actual depth of flow.

Minor head loss coefficient obtained from Figure 7-28 or Figure 7-29.

Head loss at the upstream junction calculated by mulitplying Column 16 by
velocity squared and divided by two times the acceleration due to gravity, g.

Sum of columns 9 and 18.
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Column 20  Special design comments may be entered here.
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FIGURE 7-3

DRAINAGE RUNOFF CALCULATIONS. FIGURE 7-3

Column 1

Column 2

Column 3

Column 4

Column 5

Column 6

Column 7

Column 8

Column 9

Column 10

Description of runoff collection point.

Drainage subarea designation from which flow enters the conduit at the upstream
station. ‘

Area in acres of the drainage subarea entering the conduit.

Runoff coefficient, obtained from Table 7-2, based on the characteristics of the
subdrainage area.

Column 3 multiplied by column 4.

Obtained by adding the value shown in Column 5 to the value shown in column 6,
above.

The original time shall be equal to the time of concentration as shown on Table
7-3 whichever value has been used. Subsequent times are calculated by using the
time of concentration for the subarea drainage or the previous value in column 7
plus the routing time, whichever is greater.

Design storm frequency.

Using the time at the upstream station shown in Column 9 and the design storm
frequency shown in Column 10, this value is taken from Figure 7-8a or 7-8b.

Column 6 multiplied by Column 9.
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FIGURE 7-4a

NATURAL CHANNEL CALCULATIONS, FIGURE 7-4a

Column 1

Column 2

Column 3

Column 4

Column 5

Column 6
Column 7

Column 8

Column 9

Column 10

Column 11

Column 12

Column 13

Column 14

Column 15

Column 16

At each point where a water surface elevation is desired, a cross section must be
obtained. The sections are numbered and subdivided according to the assigned
roughness coefficient. Sections are stationed in increasing numbers going
upstream and drawn looking downstream.  Start at ‘the section farthest
downstream.

Known or assumed water surface elevation at the particular section.
Weighted distance along the channel between sections.
L1Q1 + LeQc + LrQr Qi, L; = Left overbank flow and distance

(L= Q., L. = Center channel flow and distance
Q Q:, Lr = Right overbank flow and distance

Area of subsection calculated from plotted cross sections.

Wetted perimeter of each subsection exclusive of the water interfaces between
adjacent subsections.

Column 4 divided by column 5 (hydraulic radius).
Roughness coefficient for Manning's formula from Table 7-7.

Column 4 multiplied by 1.486 times column 6 raised to the two-thirds power and
the product divided by column 7.

The total flow in the total section divided by the sum of column 8 for that section
and squared, which is the friction slope.

Column 9 multiplied by column 3.

Flow from each individual subsection. Varies directly with the conveyance factor
shown in column 8. The sum of the values must equal the total flow.

Column 11 divided by column 4.
Sum of the values in column 12 of a particular section squared and multiplied by

column 11 divided by twice the acceleration of gravity and multiplied by the total
flow.

- Algebraic differences in velocity heads between sections.

Note: hv2 applies to the downstream section.

Eddy losses are calculated as 10 percent of the value of column 14 when such
value is positive, and 50 percent of the value of column 14 when such value is
negative.

Sum of column 10, column 14 and column 15.
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Column 17

The sum of the value shown in column 2 for the previous section and the value in -

column 16. If the elevations calculated for subsequent sections do not agree
within a reasonable limit with the assumed elevations shown in column 2 for that
particular section, then the assumed elevations for such sections must be revised
and the section properties recomputed until the desired accuracy is obtained. An
accuracy of 0.3 foot is considered a reasonable limit.
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FIGURE 7-4b

CHANNEL CALCULATION. FIGURE 7-4b

Column 1
Column 2
Column 3
Column 4
Column 5

Column 6

Column 7
Column 8
Column 9
Column 10
Column 11
Column 12
Column 13

Column 14

Column 15
Column 16

Column 17

Downstream limit of the section of channel under consideration.
Upstream limit of the section of channel under consideration.

Type of channel is entered here.

Flow in the section of channel under consideration.

Roughness coefficient of the channel cross section taken from Table 7-7.

Slope of the channel which is normally set near parallel to slope of the hydraulic
gradient.

Calculation is made using the values in columns 4, 5, and 6.

Assumed width of the bottom of the channel.

Assumed depth of flow.

Assumed slope of the sides of the channel.

Area of flow which is calculated based on columns 8, 9, and 10.

Wetted perimeter calculated from columns 8, 9 and 10.

Value is calculated from columns 11 and 12.

Column 11 times column 13 raised to the two-thirds power. When the value of
column 14 equals the value of column 7, the channel has been adequately sized.
When the value of column 14 exceeds the value of column 7 by more than 5
percent, then the channel width or depth should be decreased and another trial
section analyzed.

Calculation is based on the values of columns 4 and 11.

Calculation is based on column 15.

Remarks concerning the channel section analyzed may be entered here.

Note: Figure 7-4b should be used to size open channels only. Figure 7-4a should be used to
calculate stream profile. :
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FIGURE 7-5
CULVERT DESIGN CAL.CULATIONS, FIGURE 7-5

INFORMATION IN LOWER RIGHT OF SHEET:

Culvert Location -- This is a word description of the physical location.
Length -- The actual length of the culvert.

Total Discharge Q -- Refer to Section 7.2

Design Storm Frequency -- Refer to Section 7.2

Roughness Coefficient; n -- Refer to Table 7-7

Maximum Velocity -- Obtained fr'om Table 7-5.

Tailwater -- This is the design depth of water in the downstream channel and is obtained in
connection with the channel design performed on Figure 7-4a or 7-4b.

Downstream Channel Width -- This is the bottom width of the downstream channel obtained
from the calculations of Figure 7-4a or 7-4b. The culvert should be sized to approximate this
width whenever possible.

Entrance Description -- This is a listing of the actual condition as shown in TxDOT Hydraulic
Manual.

Roadway Elevation -- The elevation of the top of curb or top of ballast at the upstream end of
culvert.

Upstream Culvert Flow Line -- The flow line of the culvert at the upstream end.

Difference -- The difference in elevations of the roadway and the upstream flow line.

Required Freeboard -- The vertical distance required for safety between the upstream design
water surface and the roadway elevation or such other requirements that may occur because of

particular physical conditions.

Allowable Headwater -- This is obtained by subtracting the freeboard from the difference shown
immediately above.

Downstream Culvert Flow Line -- The flow line elevation of the downstream end of the culvert.
Culvert slope S, -- This is the physical slope of the structure calculated as indicated.

Entrance loss coefficient Ce -- Refer to TxXDOT Hydraulic Manual.

Columns 1 through 10 deal with selection of trial culvert size and are explained as follows:
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Column 1

Column 2

Column 3

Column 4

Column 5

Column 6, 7,

Column 6
Column 7

Column 8

Column 9

Column 10

Total design discharge, Q, passing through the culvert divided by the allowable

maximum velocity gives trial total area of culvert opening.

Culvert width should be reasonably close to the channel bottom width, W,
downstream of the culvert.

Lower range for choosing culvert depth is trial area of culvert opening, column 1,
divided by channel width, column 2.

Allowable headwater obtained from lower right of sheet.

Trial depth, D, of culvert corresponding to available standard sizes and between
the numerical values of columns 3 and 4.

and 8 are solved simultaneously based on providing a total area equivalent to the
trial area of opening in column 1.

Number of culvert openings.
Inside width of one opening.

Inside depth of one opening if culvert is box structure, or diameter if culvert is
pipe.

Column 6 multiplied by column 7 and column 8 if culvert is a box culvert, or
column 6 multiplied by the cross-sectional area of one pipe if culvert is pipe.

Total discharge divided by number of openings shown in column 6.

Columns 11 through 15 (inlet control) and 16 through 27 (outlet control) deal with headwater

Column 11
Column 12

Column 13

Column 14
Column 15
Column 16

Column 17

Column 18

calculations which verify hydraulics of trial culvert selected and are explained as
follows:

Obtained from lower right of sheet.

Calculated as per TxDOT Hydraulic Manual.

Calculated V¢* as per TxDOT Hydraulic Manual.
2g

Calculated as per TxDOT Hydraulic Manual.

Column 12 added to columns 13 and 14.

Obtained from TxDOT Hydraulic Manual.

For Case IIA, d. is calculated from TxDOT Hvdraulic Manual. For Case IIB,

tailwater depth from lower right of sheet.

For Case IIA and Case IIB, V¢ calculated as per TxDOT Hydraulic Manual.
2g
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Column 19

Column 20
Column 21
Column 22
Column 23
Column 24
Column 25
Column 26
Column 27

Column 28

Column 29

For Case IIA, h, is calculated as per TxDOT Hydraulic Manual. For Case IIB, h.
is calculated as per TxDOT Hydraulic Manual.

Lower right of sheet: L multiplied by S.
Obtained from TxDOT Hydraulic Manual.

Column 17 added to columns 18, 19, and 20 minus column 21.

Obtained from TxDOT Hydraulic Manual.

Obtained from TxDOT Hydraulic Manual.

Obtained from lower right of sheet for TxXDOT Hydraulic Manual.

Same number as column 21.

The sum of columns 24 and 25 minus column 26.

Enter the larger of the values from either column 15, column 22, or column 27.
This determines the controlling hydraulic conditions of the particular size culvert
investigated.

When the engineer is satisfied with the hydraulic investigations of various culverts

and has determined which would be the most economical selection, the description
should be entered. ‘
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FIGURE 7-6

BRIDGE DESIGN CALCiJLATIONS, FIGURE 7-6

Columns 1 and 2 obtained from calculations on Figures 7-3, 7-4a, and/or 7-4b.

Column 3

Column 4

Column 5
Column 6
Column 7
Column 8

Column 9

Column 10

Assume an average velocity that is less than the maximum allowable velocity and
more than 4 feet per second. Maximum velocities are equal to those specified for
open channels. Refer to Table 7-5. Velocity should be approximately the same as
the velocity of the main channel of the stream.

Total flow as shown on lower part of sheet divided by column 3.

Column 4 divided by column 2.

Selected bridge length utilizing standard span lengths.

Calculated from bridge and channel geometrics.

Total flow through bridge divided by column 7.

Selected head loss coefficient based upon specific conditions.

Values of K, normally will vary 0.2 to 0.5 with exact value to be determined by
the designer. With a minimum of constriction and change in velocity, a clear span
bridge would have a minimum coefficient. It would increase for multispan bridges

or with skewed piers not placed perpendicular to the flow.

Calculated by using values in columns 8 and 9; should be less than 0.5 foot.
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FIGURE 7-7

DETENTION BASIN STORAGE CALCULATIONS, FIGURE 7-7

Column 1
Column 2
Column 3

Column 4

Columns
7,11, 15

V1=

Columns -

8, 12,16

Columns
9,13,17

Obtained from zoning or existing use maps.
"C" from Table 7-2.
Individual subbasin area Ai, as computed on area drainage map.

Product of columns 2 and 3.

Values for existing time of concentration (t.e) and proposed time of concentration
(tp) are determined from Figure 7-9. Weighted coefficients for existing and
proposed conditions are determined using the totals in columns 3 and 4. The
maximum outflow rates for Q2yr, Q35yr, and Q100yr are computed with t.. and
corresponding I from column Q2yr, Q5yr, or Q100yr from Figure 7-8. .

Compute V; for 2-, 5-, and 100-year frequency storm, using:
CwpiAT
726

commencing with T = t,.

(tep +T) Qo

Compute V, =
1452

Column 7 minus column 8; column 11 minus column 12; and column 15 minus
column 16, respectively. Continue computation until Vs reaches a maximum. The
larger of the maximum in columns 9, 13, and 17 is to be used as the basic design
value.
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7.1.3 Codes and Standards

The latest edition of the followmg codes and standards shall be used in conjunction with these

criteria.

(o)

(o)

City of Dallas, Texas, Design Manual for Storm Drainage Facilities.

City of Irving, Texas, Design Criteria for Drainage Projects.
Texas Department of Transportation Hydraulic Manual, Austin, Texas.

City of Plano, Texas, Storm Drainage Design Manual, Revised August 1982.

U.S. Department of Commerce, Weather Bureau, Hydro-35, National Technical
Information Service Publication No. PB 272-112, June 1977. ,

U.S. Department of Commerce, Weather Bureau, Technical Paper No. 25, Rainfall
Intensity-Duration- Frequency Curves.

U.S. Department of Commerce, Weather Bureau, Technical Paper No. 40, Rainfall
Frequency Atlas.

City of Farmers Branch, Texas, Section III -- Storm Drainage Design Standards.

City of Garland, Texas, Consultants Helper.
City of Carrollton, Texas, General Design Standards, Volume III, Sanitary Sewer,

‘Water, Paving and Drainage Construction.

City of Richardson, Texas, City Resolution 73-13.

National Flood Insurance Program, Code of Federal Regulations Parts 59 through 79,
Title 44, Emergency Management and Assistance, Chapter 1, Federal Emergency
Management Agency (FEMA).

City of Dallas, Texas, Hydrology and Hydraulics of Flood Plain Studies for the City of
Dallas, January, 1976.

U.S. Department of Agriculture, Washington, D.C., Natlonal Engineering Handbook,
Section 4. Hvdrology, March, 1985.

7.1.4 Computer Programs

The following computer programs are acceptable for use by the various agencies within the
DART service area as shown in Table 7-1. This list is not intended to be all inclusive and will be
subject to modifications and limitations on the use of programs for specific applications. See
Document Control Center list of programs authorized for use in the design of DART facilities.
Design calculation using computer programs shall be in accordance with System Design Manual
Volume 1, Part C, Section 8.0.
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o U.S. Ammy Corps of Engineers
Water Resources Center
Hydraulic Engineering Center
HEC-1
Flood Hydrograph Package

o U.S. Army Corps of Engineers
Water Resources Center
Hydraulic Engineering Center
HEC-2
Water Surface Profiles

o Texas Department of Transportation
Bridge Division File D-5
THYSYS .
Texas Hydraulic System

o U.S. Department of Agriculture
Soil Conservation Service
Engineering Division
Technical Release Number 20

o U.S. Department of Agriculture
Soil Conservation Service
Engineering Division
Technical Release Number 55
Urban Hydrology for Small Watersheds

o  University of Ottawa
Department of Civil Engineering
Ottawa, Canada
OTTSWMM
University of Ottawa Storm Water Management Model

o U.S. Ammy Corps of Engineers
Fort Worth District
NUDALLAS
Flood Hydrograph Model Adapted
to Dallas/Fort Worth Area.

o City of Dallas

Department of Public Works
Storm Water Management Section

WSP
Water Surface Profile
7.2 HYDROLOGY
7.2.1 Storm Frequency
Figures 7-8(a) and 7-8(b) show anticipated rainfall rates for storm durations from 5 minutes to 24

hours. Interpolation of rainfall rates versus durations from the isopluvial maps contained in
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HYDRO-35 was used to prepare Figure 7-8(a) for durations of less than 60 minutes. For
durations beyond 60 minutes, the information shown in Figure 7-8(b) was derived from
Technical Paper No. 40. The individual curves shown on Figure 7-8(a) labeled 2, 5, 10, 25, 50,
and 100 Yr are referred to as "Design Storm Frequency." In figure 7-8(b) the design storm
frequency is shown as the "Return Period in Years". Each drainage facility shall be designed to
convey the runoff which results from a certain prescribed design storm as shown in Table 7-1.

For runoff computations using the Rational Method, the curves in Figure 7-8(a) derived from
Hydro-35 will be used. The curves in Figure 7-8(b) derived from TP-40 will be used for all unit
hydrograph methods of runoff computation.

7.2.2 Methods of Determining Runoff

Prior to hydraulic design of drainage facilities, the amount of runoff from the particular drainage
area must be determined. Two methods, the rational method and the unit hydrograph method,
are used in these criteria for computing volumes of storm water runoff. Data from a Federal
Emergency Management Agency Flood Insurance Study or previous flood study of a waterway
by the local public agency shall be used in lieu of the rational method or unit hydrograph for
determination of drainage and floodway easement elevations and design discharge flows, if such
data are available.

Rational Method. The use of the rational method is based on the following assumptions:

o The peak rate of runoff at any point is a direct function of the average rainfall intensity
and the duration of the design storm.

o The frequency of the peak discharge is the same as the frequency of the average
rainfall intensity.

o  The time of concentration is the time required for the runoff to become established and
flow from the most remote part of the drainage area to the design point.

o  The duration of the design storm is equal to the time of concentration for the point of
interest.

The rational method is based on the direct relationship between rainfall and runoff expressed in
the following equation:

Q=CIA

Where "Q" is storm water flow in cubic feet per second; "C" is the runoff coefficient
representing the estimated ratio of runoff to rainfall which is a dependent characteristic of the
watershed, "I" is intensity in inches per hour of rainfall over the entire watershed, and "A" is the
drainage area of the tributary watershed in acres. Values for "C" are obtained from Table 7-2.

The time of concentration is a combination of the inlet time and the flow time in the conduit to
the point of concentration. The inlet time shall be determined using Figure 7-9 but shall not
exceed the maximum inlet time listed in Table 7-3. The flow time in the conduit is computed by
dividing the length of the conduit by the average velocity in the conduit.

Unit Hvdrograph Method. For basin areas of 130 acres or larger, a hydrology/hydraulics
model based on the unit hydrograph method shall be used to determine peak storm runoffs at the
proposed drainage facility. The components of the unit hydrograph method in modeling a direct
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precipitation-runoff process are precipitation, interception/infiltration, and transformation of-

precipitation excess to subbasin outflow.

Curves from Technical Paper 40 Rainfall Frequency Data, shall be used to develop a
precipitation hyetograph for the basin (or subbasins). The total duration of the precipitation
hyetograph shall be long enough to satisfy initial interception/infiltration losses of the basins
without a significant impact on the peak storm runoff.

For modeling the interception/infiltration losses of the basin using the HEC-1 model, values of
0.75 inch (initial] loss) and 0.07 inch/hour (constant loss rate) should be used. These values are
based on the Corps of Engineers determined rainfall/runoff characteristics of basins in the region
to be served by DART.

~ Examples of a synthetic unit hydrograph methodology for determining runoff are the Clark Unit
Hydrograph Method (1945), Snyder Unit Hydrograph Method (1938), and the SCS
Dimensionless Unit Hydrograph. The selected methodology for determining runoff, shall be
similar to these methods. A kinematic wave method shall be used to transform precipitation
excesses to subbasin outflow when using the HEC-1 model.

The method and mode]l parameters used in determining the design discharge shall be in
accordance with criteria established by the agency having jurisdiction. If an existing model is
available, that model will be the preferred method and should be investigated for suitability for
the current application. In absence of an existing model, the HEC-1 or TR-20 models shall be
used, with an SCS type II, 24-hour rainfall distribution.
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Table 7-1

MINIMUM DESIGN STORM FREQUENCY
FOR DART DRAINAGE FACILITIES

DRAINAGE FACILITY MINIMUM STORM FREQUENCY

Streets 100-Year
Storm sewer when acting in combination

with street and/or emergency overflow. (1) 10-Year
Storm sewer without emergency overflow 100-Year
Channels (lined or unlined) 100-Year
Culverts 100-Year
Bridges 100-Year
Pump stations 100-Year
Detention storage areas 100-Year

NOTE: (1) Design storm for pipe when acting in conjunction with street and/or emergency

overflow is subject to definition or approval by local jurisdiction.
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Item DART
Single Family, 1 acre 0.45

Single Family,

 1/2 acre & less 0.45-0.65

Duplex 0.70
Townhouse 0.80
Multifamily 0.80
Mobile Home 0.55
Office 0.90
Commercial 0.90
Industrial 0.7-0.9
Parking 0.95
Church 0.80
School 0.70
Parks 0.40
Ballast Trackway 0.9

-* Slope Dependent

SDH&PT

0.20-0.40

0.30-0.50

0.40-0.60

0.60-0.75

0.50-0.70
N/A
0.70-0.95
0.70-0.95
0.50-0.90
0.70-0.95
0.50-0.70
0.50-0.70
0.20-0.40

N/A

(1) For further breakdown by zoning classifications see Dallas Drainage Design Manual
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Table 7-2
RUNOFF COEFFICIENTS

Highland Park
University Park City of
Dallas Irving Garland Carrollton*
0.45 0.40 0.45 0.45-0.65
0.45-0.65 0.40 0.45 0.45-0.65
0.70 0.70 0.60 0.50-0.70
0.80 0.70 0.60 N/A
0.80 0.70 0.60-0.75 0.55-0.75
0.55 N/A N/A N/A

- 0.90 0.90 0.90 0.80-0.85
0.90 0.90 0.90 0.80-0.85
0.70-0.90 0.90 0.90 0.75-0.85
0.95 0.90 0.90 N/A
0.80 0.40 0.45 N/A
0.70 0.40 0.45 0.30-0.45
0.40 0.40 0.45 » 0.20-0.35
N/A N/A N/A . N/A

Farmer's
Richardson

0.50

0.50
0.50
0.60
0.70
N/A
0.90
0.90
0.90
0.90
N/A
/A
N/A

N/A

Jan 2003 Rev 10

Branch Plano
0.50 0.50
'0.50 0.50
0.50 0.50 |
0.80 0.60
0.80 0.80
N/A N/A
0.90 0.90
0.90 0.90
0.90 0.90
0.90 0.90
0.70 0.60
0.70 0.60
0.35 0.40
N/A N/A



Highland Park

University Park
Item DART SDH&PT
Single Family Lot, 1 acre 20 None
Single Family Lot, 1/2 acre 20 None
Single Family Lot, 16,000 15 None
Single Family Lot, 13,000 15 None
Single Family Lot, 10,000 15 None
Single Family Lot, 7,500 15 None
Single Family Lot, 6,000 15 None
Single Family Lot, 5,000 15 None
Single Family Lot, 2,500 & 3,50015 None
* Duplex 10 None
Townhouses 10 None
Multifamily 10 None
Mobile Home District 15 None
Office 10 None
Commercial 10 None
Industrial 10 None
Parks, Open Spaces 20 None
Schools, Churches, Institutional 10-20 None

Dallas

20
20
15
15
15
15
15
15
15
10
10
10
15
10
10
10
20
N/A

Irving

15
15
15
15
15
15
15
15
15

None

N/A

MAXIMUM INLET TIME

Table 7-3

Garland Carrollton Richardson

15 10
15 10
15 10
15 10
15 10
15 10
15 10
15 10
10 10
10 10
10 5
10 5
10 5
10 5
10 5
10 5
None 10
N/A N/A

- 720 -

Farmer's Branch

None

15

N/A

N/A
N/A
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7.3 STREETS AND PARKING

Streets. The location of inlets and permissible flow of water in streets should be related to the
extent and frequency of interference due to traffic and probability of flood damage to
surrounding property. Interference due to traffic is regulated by the permissible spread of water
into traffic lanes. Flooding of surrounding property is controlled by limiting the depth of gutter
flow to the top of the curb for a 100-year frequency storm. No lowering of the standard height of
street crown with respect to the top of curb shall be allowed for the purpose of hydraulic design,
unless approved by DART. Design of streets outside of the DART right-of-way shall conform to
the design criteria and standards of the public agency involved.

The types of interference due to traffic that should be considered in the design are:
o Flow spread in streets.

o Ponding due to grade changes, flat vertical curves, superelevation or the crown of
intersecting streets.

o Significant sheet cross-flow.
o Reduced gutter capacity.

Parking Areas. Drainage shall be directed away from areas of pedestrian traffic. If storm water
cannot be drained away from the curb along roadways and/or parking areas adjacent to station
concourse entrances, then drainage facilities shall be designed to prevent the 10-year frequency
storm from spreading more than 6 feet from the face of the curb. Inlets shall be placed to
intercept storm water before it crosses pedestrian traffic areas.

7.3.1 Maximum Spread of Water

Parking Lots — In large parking lots, designer shall grade parking lots to maximize area that will
drain by sheet flows where feasible. If paving swales are necessary, these shall be placed
between parked vehicles and not in pedestrian or driving lanes.

The maximum permissible water spread for DART access, circulation and maintenance
roadways shall be restricted to provide one 12-foot lane clear. Storm water spread along bus
loading zones and pedestrian crossings shall be limited to 1 foot from curb face. In parking
areas, the water spread shall be limited to 6 feet from curb face adjacent to pedestrian crossings.
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Storm water spread / ponding depth for joint use roadways or on roadways impacted by the
DART corridor shall conform to the requirements of the jurisdictional authority sharing the right
of way. The most restrictive of water spread or ponding depth will be used for design.

7.3.2 Minimum and Maximum Velocities

Minimum velocity of curb flow is controlled by the minimum street or parking lot slope of 0.5
percent. The maximum curb flow velocity is controlled by the capacity reduction factor, F. See
Figure 7- 12.

7.3.3 Design Methodology for Gutter Capacity
Streets with Straight Cross-Slope. Figure 7-10, Capacity of Triangular Gutters, applies to all

streets having a straight cross-slope. The cross-slope varies from an allowable minimum of
1/8 inch per foot to a maximum of 1/2 inch per foot. '

Alleywavs. Figure 7-11 is a nomograph for determining the storm drain capacity of various
standard alley sections.

Reduction Factor for Allowable Gutter Capacity. Figure 7-12 is a graph for determining the
reduction factor, F, for allowable gutter capacity. For design, the theoretical gutter capacity is
reduced by multiplying by the appropriate factor, F, which is a function of street slope to
compensate for such parameters as future pavement overlaying, subgrade settlement and
swelling, and most important, excessive velocities created by steep slopes.
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Table 7-4

PERMISSIBLE SPREAD OF WATER FOR DESIGN STORM

DART access,
circulation and
maintenance road-

ways 1 lane clear
Bus loading zones 1' from curb
& pedestrian face
crossings
Parking areas 6' from curb

face adjacent
to pedestrian
crossings

* For joint right-of-way or where impacted by DART right-of-way corridor use most restrictive of top of curb or spread width.

** Flow to be contained within right-of-way for 100-year frequency storm.
**x 10 yr. frequency for interstate and 5 yr. frequency for all other roadways.

- 7-33 -
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o straight horizontal
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in reduced copacity.

SOLUTION:
Connect the 12° Alley
Section with
Slope = 2.2%
Read Q = 7.6 CFS

n= 0.0175
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CARTER BURGESS
JACOBS ENGINEERING
8TV INCORPORATED
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FIGURE: 7-1
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7.4 INLETS

A storm drain system shall begin at the point where the depth of gutter flow, based on a 100-year
frequency storm, which allows for the permissible spread of water for the 100-year frequency
storm but not to exceed the top of curb elevation. Theoretical gutter capacity at this point is
reduced by application of the appropriate reduction factor, F, based on street grade (See Figure
7-12.). Unless stated otherwise, the preferred inlet type will be the Type L, 5-, 10-, or 14-foot
inlet per the at-grade standards for all minor streets, undivided secondary streets, major couplets,
and parking facilities. The preferred inlet type will be the Type 11, 5-, 10-, or 14-foot inlet for all
divided secondary and major streets. For inlets located outside the DART right-of-way,
selection of inlet type shall be in conformance with the design criteria of the public agency
having jurisdiction. Inlets shall be coordinated with street profile so that no drainage enters the
trackway. '

7.4.1 Inlet Types

Inlets are classified into six basic types with differentiation made as to whether the inlet is
located in a sump (low point) or on a grade. Figures 7-13 and 7-14 summarize the inlet types
and the typical locations for usage. See standard drawings for inlet details.

7.4.2 Inlet Capacities

Figures 7-14 through 7-18 shall be used to calculate the capacity of each inlet type. A brief
description of each inlet type and the equations used in formulating Figures 7-14 through 7-18
follows.

Tvpe I: Standard Curb Opening Inlet in Sump. Standard curb openings in a sump or low
point are considered to operate as a rectangular weir up to a depth (H;) equal to 1.4 times the
height of the opening, and as an orifice for greater depths. Their capacity shall be based on the
following equations:

Weir Flow:
Q=2.1(L+1.8W)(H,-Hy)"
Where: Q;kﬂet capture in cfs
L=Length of the inlet in feet
W=Width of depression in feet (measured transversely from face of inlet)

H,=Depth of flow in the gutter approaching the inlet plus the inlet depression, in feet
H,=Inlet depression in feet
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Orifice Flow:
Q=0.60hL (2, (H; - "))**
Where: h=height of inlet opening in feet.

Figure 7-15 provides for direct solution of the preceding equation. Because curb opening inlets
and drop inlets in sumps have a tendency to collect debris at their entrances, the coefficients in
the above equations and Figure 7-15 have been adjusted to accommodate a 10 percent loss in
~ capacity due to clogging.

Tvpe IA: Standard Curb Opening Inlet on Grade. The capacity of standard curb opening
inlets on streets with grades of 2 percent or less shall provide one foot of opening for 1.0 cfs of
gutter flow. All curb inlets on grades greater than 2 percent shall be calculated using Figures
7-16 and 7-17. To determine the inlet capacity, use the following procedure:

o Determine depth of gutter flow at proposed inlet (per Figures 7-10 and 7-11 and
Section 7.3.1).

o Determine Q./L, from Figure 7-16 for depth of gutter flow and depth of gutter
depression, a.

0  Q,, Calculate required inlet length for 100 percent capture, L, for the approach flow.

o Determine the intercepted flow, Q, from Figure 7-1. Use Figure 7-17 for a proposed
inlet with a length, L, that is less than L,. The bypass flow, Qp, is equal to the
difference of the approach flow, Q,, and the intercepted flow, Q.

Type 11: Recessed Curb Opening Inlet in Sump. The capacity of the recessed curb opening
inlet in a sump condition is calculated in the same manner as a Type I standard curb opening
inlet in a sump condition. (See Figure 7-15.) "

Tvpe ITA: Recessed Curb Opening Inlet on Grade. The capacity of a recessed curb opening
inlet on grade is calculated in a similar manner as the Type I standard curb opening inlet. (See
Figures 7-16 and 7-17.) '

Tvpe III: Combination Inlet in Sump. The capacity of combination inlet Type III, consisting
of a grate and curb opening inlet in a sump, shall be considered to be the sum of the capacities
obtained from Figures 7-15 and 7-18.
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Because combination inlets in sumps have a tendency to clog and collect debris at their
entrances, the calculated inlet capacity shall be reduced by 20 percent to allow for this clogging.

Tvpe IIIA: Combination Inlet on Grade. The capacity of combination (curb opening plus
grate) inlets on grade shall be considered to be 90 percent of the sum of the capacity of a Type
IA inlet (Figures 7-16 and 7-17) and a Type IVA (Figure 7-18) inlet (allowing for reduction due

to clogging).

Tvpe 1V: Grate Inlet in Sump. The capacity of a grate inlet in a sump shall be based on the
following equation:

Q= 4.82A,Y "7
Where:

Q = capacity in cubic feet per second
A, = area of clear opening in square feet
Y = depth of flow at inlet or head at sump in feet.

The curves shown in Figure 7-18 provide for direct solution of the preceding equation. Because
grate inlets in a sump have a tendency to clog, the calculated inlet capacity of grate inlet shall be
reduced by 35 percent. The area of grate opening is shown in the at-grade standards.

Type IVA: Grate Inlet on Grade. Capacity of grate inlets on grade shall be determined from
Figure 7- 18 and reduced by 25 percent.

Type IVB: Ballast Drain Inlet. The capacity of a ballast drain inlet shall be determined from
Figure 7-18 and reduced by 35 percent. The area of grate opening is shown in the track directive
standards.

Type V: "Y" Inlet in Sump. The capacity of a type "Y" inlet is calculated in the same manner as
a standard curb opening inlet in a sump. (See Figure 7-15.) The calculated inlet capacity shall be
reduced by 10 percent to allow for clogging.

Slotted Drains in Sump. The capacity of a slotted drain inlet shall be determined from Figure
7-14 and shall be reduced by 35 percent to allow for clogging.

Slotted Drains on Grade. The capacity of a slotted drain inlet shall be determined from Figure
7-14 and shall be reduced by 25 percent to allow for clogging.
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7.4.3 Location Requirements

The type of inlet shall be sélected in accordance with Figures 7-13 and 7-14. Where possible,
inlets should be placed upstream from an intersection to prevent large amounts of water entering
an intersection. Inlets for sag vertical curves shall include an inlet at the low point and inlets at a
maximum distance of 100 feet either side of the low point.

My
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7.5 STORM SEWER

Storm sewer pipes may be désigned for less than the 100-year storm when acting in combination
with other drainage elements. The storm sewer system, made up of pipes, a street system,
(excluding major divided streets and interstate highways) and/or acting in conjunction with an
emergency overflow drainage system shall have a combined capacity of a 100-year frequency
storm. Storm sewer pipes without an emergency overflow system or acting in conjunction with a
major divided street or interstate shall be designed to intercept and transport the 100-year
frequency storm. In the preparation of hydraulic designs, a thorough investigation shall be made
of all existing drainage structures and their performance on the waterway in question. Storm
sewer pipes designed for less than the 100-year storm will be subject to the requirements of
and/or approval by the agency having jurisdiction.

The design of a storm drainage system shall be governed by the following five conditions.

Design Storm Runoff. The system must accommodate all surface runoff resulting from the
selected design storm without damage to physical facilities or substantial interruption of normal
traffic. In public right-of-ways, substantial interruption will be defined by the agency having
jurisdiction.

Runoff in Excess of Design Storm. Runoff resulting from a storm exceeding the design storm
must be anticipated and disposed of with minimum damage to physical facilities and minimum
interruption of normal traffic.

Construction Costs. The construction costs of the system must be reasonable with relationship
to the importance of the facilities it protects.

Maintenance. The storm drainage system must require minimum maintenance and must be
accessible for maintenance operations.

Future Planning. The storm drainage system must be adaptable to future expansion with
minimum additional cost, to the greatest extent possible.

7.5.1 Permissible Velocities in Pipes
A minimum slope of 0.3 percent shall be maintained in the pipe. A minimum velocity of 2.5 feet
per second shall be maintained in pipes flowing under surcharged conditions. Table 7-5 shows

the maximum allowable outlet velocities from closed conduits. Discharge velocities cannot
exceed the maximum permitted velocity of the receiving channel downstream of the outfall.
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7.5.2 Design of Closed Conduits

Inlets and laterals shall be designed for the peak flow entering each inlet; however, the storm
sewer system is not designed for the sum of the inlet design quantities of all inlets above that
section of the system, but is less than the total. This is because as the time of concentration
increases, the rainfall intensity decreases.

Recommended Manning's Roughness Coefficient. In selecting a roughness coefficient for
concrete pipe, between 0.012 and 0.015, consider the average condition during the useful life of
the structure. An "n" value of 0.015 for concrete pipe should be used primarily in analyzing old
conduits where alignment is poor and joints have become rough. Any selection of "n" values
below the minimum or above the maximum, either for monolithic concrete structures, concrete
pipe, or corrugated metal pipe, must have sufficient justification. An "n" value of 0.0l% for
concrete pipe should be used primarily in designing new systems where alignment and jointing
are assumed in good condition. For cast-in-place and precast box culverts an "n" value of 0.012
may be used.

Pipe Flow Calculations. All storm drains shall be designed according to the continuity equation
and Manning's equation, either through the direct solutions of the equation as follows, or by the
use of appropriate nomographs:

Q=AV, and Q=(1.486 AR @3) g 12y
Where:

Q = pipe flow (cubic feet per second)

A = cross-sectional area of pipe (square feet)
V = velocity of flow (feet per second)

n = coefficient of roughness of pipe

R = hydraulic radius = A/Wp (feet)

Sf = friction slope in pipe (feet per foot)

Wp = wetted perimeter (feet)

Several general rules shall be observed when designing storm sewer facilities. These rules are as
follows:

o Pipe size and slope shall be selected so that the velocity of flow will increase

progressively, or at least will not appreciably decrease, at inlets, bends, or other
changes in geometry or configuration.
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o Contents of the larger pipe shall not be discharged into a smaller one, even though the
capacity of the smaller pipe may be greater due to steeper slope.

o At changes in pipe size, the crown of the two pipes shall be matched rather than
matching the flow lines.

o  Conduits at the time of their design shall be checked with reference to critical slope; if
the slope of the line is greater than critical slope, the unit will likely be operating under
entrance control instead of the originally assumed normal flow.

o  Conduit slope shall be kept below critical slope if at all possible; this also removes the
possibility of a hydraulic jump within the line.

o The pipe shall be designed to intersect any inlet at the center of the inlet.

Figures 7-19 through 7-29 are nomographs for determining flow properties in circular pipe,
elliptical pipe, and pipe-arches. The nomographs are based upon a value of "n" of 0.012 for
concrete. The charts are self- explanatory, and their use is demonstrated by the example in
Figures 7-19 to 7-21.

For values of "n" other than 0.012, the value of Q should be modified by using the formula
below:

Qc = [Qx(0.012)}/nc

Where:

Qn = flow based uponn = 0.012
Qc = flow based upon nc
nc = value of "n" other than 0.012

Hydraulic_Gradient. In storm drain systems flowing full, all losses of energy through
resistance of flow in pipes, by changes of momentum, or by interference with flow patterns at
junctions must be accounted for by the accumulative head losses along the system from its initial
upstream inlet to its outlet. All hydraulic gradient calculations are to begin at the outfall of the
system. The following are the criteria for the starting elevation of the hydraulic gradient.

o Starting hydraulic grade at an outfall into a creek or channel should be the 100-year
water surface unless an approved flood hydrograph is available to provide a coincident
peak.
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o When a proposed storm drain is to connect to an undersized existing storm drain’

system, the hydraulic gradient for the proposed storm drain should start 1 foot above
the top of the existing pipe or at the top of the proposed storm drain, whichever is
higher. ’

o The starting hydraulic grade elevation at sumps shall be obtained from the agency
having jurisdiction. ‘

o Starting hydraulic gradient at an outlet shall not be below the top of pipe.

o The starting hydraulic grade elevation at the Trinity River shall be the stage of the
river at reservoir release discharge.

The friction head loss for pipes flowing under surcharged conditions shall be determined by
direct application of Manning's equation or by appropriate nomographs in this section. Minor
losses due to turbulence at structures shall be determined by the procedures for determining
minor head losses provided later in this section.

The pipe should be placed at minimum depth in most cases to eliminate excessive excavation.
The hydraulic grade line should be approximately paralle]l to the ground surface and
approximately 3 feet below the ground surface for main line sewers to accommodate head loss at
lateral junctions and pipe entrance losses at inlets. The hydraulic gradient shall be designed
below the throat flowline of the inlet where possible. The minimum difference between the
hydraulic gradient and top of curb shall be:

1.5 V5? (or 1 foot, whichever is greater.)
2g '

Where:

V, = the velocity in the lateral
g = gravitational acceleration (32.2 feet per second per second)

For storm sewer systems out of the DART right-of-way, the hydraulic gradient shall be designed
in accordance with the public agency having jurisdiction.

Manholes. Manholes shall be located preferably at street intersections, conduit junctions,
changes of grade, or changes of alignment. The maximum spacing between manhole openings
and/or points of access shall be 500 feet for pipe sizes of 45-inch diameter or less, and 1,000 feet
for pipe sizes 48-inch diameter and larger. Manhole diameters shall be large enough to admit all
connecting pipes with a minimum of 1 foot between the outside diameter of the pipes.
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Maintenance access shall be provided.

The invert elevation of the manhole shall be clearly shown on the plans and profiles at the center
of the manhole.

Other critical elevations and dimensions shall be highlighted on the plans or profiles to notify the
contractor of any special conditions. '

The designer shall have the option to permit precast manholes to be used. The requirements,
criteria and details shall be noted on the respective plans and defined in the general notes for the
precast manhole.

Pipe Connection. End-to-end connections of pipe shall match at the crown of the pipe unless
utility clearance dictates otherwise. A concrete collar shall be constructed at all designated end
to end connectors or where a proposed pipe is connected to an existing pipe.

Horizontal] and vertical curve design for storm sewers shall take into account joint closure. Half
tongue exposure is the maximum opening permitted with tongue and groove pipe. Where
horizontal or vertical alignment require greater deflection, radius or beveled pipe shall be used.
A grade difference of 3 percent or more shall require the use of an appropriate vertical curve.

Inlet laterals shall intersect the storm sewer at a 60-degree angle unless interference with utilities
requires otherwise. No two laterals shall enter the storm sewer at the same point or length of
pipe, unless entering at a manhole or junction structure.

All "Y", 10-foot and 14-foot inlets shall have 21-inch diameter minimum laterals, and 5-foot
inlets shall have 18-inch diameter minimum laterals. Pipe wyes connecting to the storm sewer
shall be made centerline to centerline. Wye connections shall be shown in the main line profile
with the size of lateral, flow line of wye, and stationing of storm sewer indicated.

Minor Head Losses. Total energy head losses shall be determined for inlets, manholes, wye
branches, or bends in the design of closed circuits. See Figures 7-28 and 7-29 for the appropriate
equations for each type of structure.

Head losses (or gains) due to a sudden pipe size change will be calculated by the formulas:

l

hj = (V2-ViH2g  Where: V,>V,

(V2-Vi%)/4g  Where: V,>V,

hj
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Where:
V1 = velocity in upstream pipe in feet per second
V, = velocity in downstream pipe in feet per second

The values of the coefficient "K;j" for determining the loss of head due to obstructions in pipes
are shown in Table 7-6 and are used in the following equation to calculate the head loss at the
obstruction: '

hj = (KjVi)2g

Conflicts with Existing Utilities. When conflicts arise between a proposed drainage system and
a utility system, the resolution of the conflict shall be coordinated with the utility owners.

7.5.4 Pipe Materials and Required Bedding

Pipe and required bedding materials shall be in accordance with the DART standards and
specifications of the utility owner, or DART, as applicable.

Table 7-5
RECOMMENDED MAXIMUM PIPE OUTLET VELOCITY

DOWNSTREAM MAXIMUM OUTLET VELOCITY v
CHANNEL MATERIAL Feet Per Second

Earth unlined vegetated clay soils 8

Earth unlined vegetated sandy soils 6

Dry riprap (ungrouted) 10

Partially lined 12

Natural rock or finished concrete 15

Maximum outlet velocities in the Escarpment Zone and Geologically Similar
Areas are given in the City of Dallas Escarpment Ordinance.
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Table 7-6
HEAD LOSS COEFFICIENTS DUE TO OBSTRUCTIONS

VR < VA s
1.05 0.10 3.0 15.0
1.1 0.21 4.0 : 27.3
1.2, 0.50 5.0 42.0
1.4 1.15 6.0 57.0
1.6 2.40 7.0 72.5
1.8 4.00 8.0 88.0
2.0 5.55 9.0 104.0
2.2 7.05 10.0 121.0
2.5 9.70

Note: A/A'= Ratio of area of pipe, A to area of opening at obstruction, A'
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7.6 CHANNELS

Open channels may be used to convey storm waters when the design storm runoffs exceed the
capacity of a 72-inch diameter pipe. Channels (lined or unlined) shall be designed to transport
the 100-year frequency storm. A wide variety of lined, partially lined, or unlined channels is
permitted except that lined channels in DART nght-of-way may not be constructed in single
family, multifamily, or townhouse residential developments. If a municipality allows open
channels in these residential areas, the new channels on DART right-of-way shall be consistent
with the existing channel and submitted for DART approval. In general, the use of existing
channels in their natural condition is encouraged. Low-flow pilot-channel lining of earth
channels may be permitted in areas where necessary for bottom maintenance.

Roadway and railway roadbeds within the DART right-of-way may be drained by use of ditches
designed for a minimum 10-year frequency storm, subject to local approvals. However, flooding
potential, however, must be evaluated for the 100-year frequency storm and a suitable
emergency overflow must be provided that does not adversely impact adjacent dramnage or
property. Typically, ditches are grass lined and of smaller geometric configuration than that of
an open channel.

7.6.1 Permissible Velocities

Table 7-7.shows the maximum allowable velocities for open channels. When the grade selected
results in velocities exceeding the maximum allowable, special drop structures, energy
dissipators or flow retarders shall be required. At transitions from lined to unlined channels,
velocities must be reduced before reaching the unlined channel, to values at or below the
allowable maximum for the unlined or natural channel.

7.6.2 Channel Hydraulic Design
Manning's Equation. The hydraulic characteristics of channels shall be determined by

Manning's equation as given for the pipe flow calculations in Section 7.5.2.  Roughness
coefficients are shown in Table 7-7 for different types of channels.

Water Surface Profiles. On all channels, the water surface elevation profile shall be calculated
for the 100-year design storm and shown on the channel profile.

7.6.3 Channel Geometry Design Considerations
Alignment. The use of existing channels in their natural condition is encouraged. If new and

improved channels are required, alignments shall be smooth with long radius curves. Generally,
curve radii should exceed 10 times the bottom width of the new or improved unlined channel.
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Connections of new or improved channels to an existing channel shall match line and grade of
the existing channel. All regulations concemning channelization must be carefullly checked, as
exhaustive permitting, approval, and construction requirements may be imposed.

Side Slopes. For unlined channel sections, the maximum side slopes are 3:1. For lined low-flow
channel sections, the sides may be vertical if the height of the vertical wall does not exceed 3
feet. Paved slopes shall be 2:1 maximum. '

Bottom Width. Channels with narrow bottoms are difficult to maintain and are conducive to
high velocities during high flows. It is desirable to design open channels such that the bottom
~ width is at least twice the depth. Roadbed drainage ditch bottom width shall be a minimum of 2
feet. (Refer to the at-grade standards.) Any permanent open channels shall have a minimum
bottom width of 5 feet, except grass-lined shallow swales. If maintenance vehicles are required
to travel the channel bottom, the minimum width shall be § feet.

Low Flow Pilot Channel. The low flows, and sometimes base flows, from urban areas must be
given specific attention. If erosion of the bottom of the channel appears to be a problem, low
flows may be transported in a paved pilot channel which can usually be estimated to carry
approximately 5 percent of the design peak flow. Care must be taken in grading the channel
bottom to ensure that low flows enter the pilot channel without flow paralleling the pilot channel.

Freeboard. For channels with flow at high velocities, the water surface roughness, wave action,
air bulking, splash, and spray are quite erosive along the top of the flow. The height of freeboard
shall be a minimum of 2 feet from the design water surface to the top of bank, and 1 foot to top
of the channel liner. For deep flows with high velocities, greater freeboard may be required.

If the previously stated minimum curve radius for a channel cannot be met and a sharp curve is
required, extra height must be added to the outside bank or wall in the amount:

H= VX (T+B)
2gR
Where:

H = additional height on outside edge of channel (feet)
V = velocity of flow in channel (feet per second)

T = width of flow at water surface (feet)

B = bottom width of channel (feet)

R = centerline radius of turn (feet)

g = acceleration of gravity (32.2 feet/second,)

If R is equal to or greater than three B, additional freeboard is not required.
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Freeboard for roadbed ditches shall be the maximum of either 1.0 feet from the shoulder of a
road without curb and gutter, or 1.0 feet from top of curb, and 1.0 foot from the bottom of the
trackway subballast for the 100-year frequency storm, 1.75 feet from the bottom of the subballast
for the 25-year frequency storm, or 1.5 feet from the bottom of the subballast for the 10-year
frequency storm.

Channel Drops. The use of channel drops permits adjustment of channel gradients which are
too steep for the design conditions. In urban drainage work, it is often desirable to use several
low-head drops in lieu of a few higher drops. Special attention must be given to protecting the
channel from erosion in the area of channel drops. '

The use of sloped drops will generally result in lower cost installations. Sloped drops can easily
be designed to fit the channel topography.

Sloped drops shall have roughened faces and shall be no steeper than 2:1. They shall be
adequately protected from scour, and shall not cause an upstream water surface drop that will
result in high velocities upstream. Protection shall be provided against scour and side cutting
downstream of a drop.

The length of the sloped drop, L, will depend upon the hydraulic characteristics of the channel
and drop. .L may be calculated at one-half of Q/B where Q is the peak design flow in the channel
and B is the bottomn width of the channel. For example, L would be 15 feet for a Q/B of 30 cubic
feet per second per foot. The L should not be less than 10 feet. In addition, riprapping will often
be necessary at drops to fully protect the banks and channel bottom.

Erosion/Siltation Control. Potential erosion and/or siltation areas - due to eroding velocities or
abrupt changes in velocities - shall be considered in the design process. Preventive measures
shall be incorporated in the design. -

Energy Dissipator Structures. Baffle chutes may be used to dissipate the energy in the flow at
a larger drop. They require no tailwater to be effective. They are particularly useful where the
water surface upstream is held at a higher elevation to provide head for filling a side storage
pond during peak flows.

Baffle piers are used to prevent undue acceleration of the flow as it passes down the chute. The
chute, on a 2:1 slope or flatter, may be designed to discharge up to 60 cubic feet per second per
foot of width, and the drop may be as high as structurally feasible. So that degradation of the
stream bed does not adversely affect the performance of the structure, the lower end should be
protected from the scouring action by use of concrete or grouted riprap and a toe wall of
sufficient depth to prevent undermining.
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ROUGHNESS COEFFICIENT FOR OPEN CHANNELS

Table 7-7

Channe] Description

MINOR NATURAL STREAMS
Moderately Well-Defined Channel
Grass and Weeds, Little Brush
Dense Weeds, Little Brush
Weeds, Light Brush on Banks
Weeds, Heavy Brush on Banks
Weeds, Dense Willows on Banks

Irregular Channel with Pools and Meanders
Grass and Weeds, Little Brush
Dense Weeds, Little Brush
Weeds, Light Brush on Banks
Weeds, Heavy Brush on Banks
Weeds, Dense Willows on Banks

Flood Plain, Pasture
Short Grass, No Brush
Tall Grass, No Brush

Flood Plain, Cultivated
No Crops
Mature Crops

Flood Plain, Uncleared
Heavy Weeds, Light Brush
Medium to Dense Brush
Trees with Flood Stage Below Branches

MAJOR NATURAL STREAMS

Roughness Coefficient
Maximum Velocity

Minimum Normal

Maximum

0.025
0.030
0.030
0.035
0.040

0.030
0.036
0.036
0.042
0.048

0.025
0.030

0.025
0.030

0.035
0.070
0.080

The roughness coefficient is less than that for
minor streams of similar description because

banks offer less effective resistance.

- 7-68 -

0.030
0.035
0.035
0.050
0.060

0.036
0.042
0.042
0.060
0.072

0.030
0.035

0.030
0.040

0.050

0.100
0.100

0.033
0.040
0.040
0.060
0.080

0.042
0.048
0.048
0.072
0.096

0.035
0.050

0.035
0.050

0.070
0.160
0.120

o0 00 00 00 00

o0 00 00 OO0 00
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Table 7-7 cont.

ROUGHNESS COEFFICIENT FOR OPEN CHANNELS

~ Roughness Coefficient Maximum
Channel Description Minimum Normal Maximum Velocity
Moderately Well Defined Channel 0.025 —— 0.060 8
Irregular Channel 0.025 --- 0.100 8
UNLINED VEGETATED CHANNELS
Mowed Grass, Clay Soil 0.025 0.030 0.035 8
Mowed Grass, Sandy Soil 0.025 0.030 0.035 6
UNLINED NONVEGETATED CHANNELS
Clean Gravel Section 0.022 0.025 0.030 8
Shale 0.025 0.030 0.035 10
Smooth Rock 0.025 0.030 0.035 15
LINED CHANNELS
Smooth Finished Concrete 0.013 0.015 0.020 15
*Dry Riprap (Rubble) 0.030 0.040 0.050 10
*Grouted Riprap 0.020 0.025 0.030 15
Partially Lined, Concrete --- - - 12

*See Figure 7-33 for minimum stone diameters
7.7 CULVERTS

The function of a drainage culvert is to pass the design storm flow under a roadway or railroad
without causing excessive backwater and without creating excessive downstream velocities. The
culvert shall be designed to transport the 100-year frequency storm. The designer shall keep
energy losses and discharge velocities within reasonable limits when selecting a culvert
structure. The standard culvert construction details as prepared by the bridge division of the
Texas Department of Transportation shall be used for culvert design.

7.7.1 Permissible Velocities
The maximum permissible velocity in culverts is limited to 15 feet per second. The velocity

shall be reduced to within the maximum values provided in Table 7-5 prior to being discharged
to an unlined channel.
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7.7.2 Culvert Hydraulic Design

Culvert Flow Calculation. Culverts shall be selected based on hydraulic principles, economy
of size and shape, and with a resulting headwater depth that will not cause damage to adjacent
property. The hydraulic design method detailed in the TxXDOT Hydraulic Manual shall be used
for design of culverts. ‘

Maximum Allowable Headwater. The maximum allowable headwater shall be the maximum
of either 1.5 feet from the shoulder of a road without curb and gutter, 2.0 feet from top of curb,
or 1.0 foot below bottom of subballast for the 100-year frequency storm. The preferred
headwater may range between 1.2D and 1.5D where D is the inside vertical dimension of the
culvert.

7.7.3 Culvert Bedding

Bedding materials, required depths of bedding, and other installation details shall be in
accordance with the DART at-grade standards, Department of Public Transportation Standard
Details, and DART specifications. In the case of confliction between standards, the more
stringent standard shall apply.

7.8 BRIDGES

Bridges shall be designed to accommodate the 100-year frequency storm or highest recorded
flood, whichever is greater. After determination of the existing waterway flow characteristics for
the design storm, the bridge opening size can be determined.

It should be noted that columns, piers, etc. are not considered in any of the following discussion.
Usually, they may be neglected. However, their effect in reducing the waterway opening should
not be neglected if they constitute a substantial cross-sectional area themselves. This 1is
particularly true in the case of skewed crossings with normal bents.

For the hydraulic design of bridges, cross sections that are 90 degrees to the direction of stream
flow at flood stage shall be used. If the crossing is skewed to the stream flow at flood stage, all
cross sections shall be normalized before proceeding with bridge design. If the skew is severe
and the floodplain is wide, elevations in the normalized section may require adjusting to offset
the effects of elevation changes in the point displacement between the skewed section and the
normalized section.
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7.8.1 Bridge Hydraulic Design

The bridge hydraulic designv method detailed in the TxXDOT Hydraulic Manual shall be used for
design of bridge structures to serve DART facilities. The design shall comply with the following
criteria:

0  Minor head loss due to the structure is allowed; normal losses due to channel cross
sections are allowable.

o  Excavation of the natural channel is not normally allowed as compensation for loss of
cross sectional area.

o  Channelization upstream or downstream of the proposed bridge will normally not be
permitted.

7.8.2 Bridge Geometric Design Considerations

Freeboard. A 2-foot freeboard is required between the design water surface and the lowest
point on the superstructure for the 100-year frequency storm. A 1-foot freeboard is allowed for
bridge crossings over sump areas off the primary stream channe] for the 100-year frequency
storm.

Spur Dikes. Spur dikes are beneficial at sites where the distance of the flow travel along the
embankment is in excess of 600 feet. Spur dikes are also advantageous for improving the
characteristics of flow through a single structure. They function by directing along-embankment
flow away from the bridge opening. This causes any parallel embankment velocity to be
removed from the embankment itself and serves to greatly reduce the under-bridge turbulence
usually caused by intersecting flow vectors. If scour is a problem, the end of the spur dike is
eroded and not the bridge header. The top of the spur dike elevation should be a minimum of 2
feet above design high-water elevation. Also, it is desirable for natural vegetation to be left
around the end of the spur dike.

Scour. A scour study shall be made for piers within water flow areas.
7.9 STORM WATER PUMP STATIONS

Where feasible, the use of a storm water pumping station shall be avoided. The feasibility of
storm water pumping stations shall be based on both the initial outlays for pumping versus
gravity drainage systems and future operating and maintenance costs of each system. Where
pumping stations are required, they shall conform to the following general guidelines, to the
standards of the city in which they are located, and be sized to accommodate the previously
defined design storm runoff.
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This section provides general guidance to the designer for an acceptable storm water pump
station design. In addition, pump manufacturers and electrical equipment vendors can provide
helpful design information. Contacts are also necessary through DART with representatiVes of
the utility firms that might supply power to the station (electricity, natural gas, or diesel fuel).

The term "pump station" refers to the entire facility required for mechanically lifting the storm
water a predetermined distance from a gravity inflow to a gravity outfall. The basic features of a
typical storm water pump station (Figure 7-30) include a wet well sump, pumps, screening
facilities, appurtenances, pump house, and motors and/or engines.

Storm water pump stations typically shall consist of vertical wet-pit pumps suspended vﬁom the
pump floor into the wet well. The pumps shall be protected by a bar screen.
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7.9.1 Design Features

Design of storm water pump stations shall be in conformance with the architectural design
criteria. Refer to the TxDOT Hydraulic Manual for a detailed example of a pump station design.

7.10 DETENTION STORAGE

Detention storage shall be considered as an alternate to upgrading existing facilities if the peak
storm runoff for the design storm exceeds the capacity of the existing downstream system.

Retention and detention are two generalized types of storm runoff storage used to control
flooding. Retention storage refers to storm runoff collected and stored for a significant period
and released or used after the storm runoff has ended. Retention storage usually consists of "wet
reservoirs" which often have agricultural, recreational, and/or aesthetic value. Detention storage
consists of reducing the peak rate of runoff by controlling the discharge through an outlet
structure and by extending the period of runoff.

7.10.1 Types of Detention Storage

Detention Basin Storage. Detention basin storage may be used to reduce the peak storm runoff.
Detention basins shall be designed according to these criteria.

Channel Storage. Although all channels inherently store water, channels can be made to
attenuate runoff by altering their hydraulic characteristics in a way that will reduce peak flows.
Side channels that run essentially parallel to the main stream channel are also a means of
temporarily storing water during excessive rainfall.

7.10.2 Hydraulic Design of Detention Storage Areas

The rate of inflow to a storage facility (inflow hydrographs) and all hydrologic consideration
must assume ultimate development of the site's contributing area.

Detention storage areas shall be designed to accommodate the inflow of a 100-year frequency
storm. The detention storage area shall be checked for the 2-year and 5-year frequency storms.
The maximum allowable release rate from a detention storage area shall be determined by
considering the following items:

o  The peak flow rate for the basin prior to the DART improvements.

o  The capacity of downstream drainage facilities for the 100-year frequency storm.
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o Compliance with a master plan for the watershed (if one exists).
o Problems, if any, that are created on-site by the detention storage.

o Problems, if any, created downstream if the on-site detention storage area is full, and
the excess runoff ﬂow_s overland into downstream areas. '

The outfall or outlet structures shall be designed on the basis of inlet or outlet control, whichever
is applicable. The structures shall be capable of safely and properly passing the storm runoff

~ from the 2-year, 5-year, and the 100-year storm without causing downstream flooding or

exceeding the maximum allowable release rate for each frequency storm.

Modified Rational Method. The modified rational method analysis manipulates the rational
method to reflect the fact that storms with durations greater than the normal time of
concentration for a basin could result in a larger volume of runoff even though the peak
discharge is reduced. This method may be used for sizing a detention storage area with a
drainage basin of less than 130 acres.

The modified rational method shall be used to develop a range of hydrographs for the 2-year,
5-year, and 100-year storm frequencies to evaluate the effect of resultant flooding that might
occur. The example solution shown in Figure 7-31 determines the required storage volume for a
given basin and analyzes the effects of the 2-year, 5-year and 100-year storm frequencies.

Unit Hydrograph Method. An inflow-storage-outflow-hydrograph-based methodology similar
to the techniques specified in the unit hydrograph method detailed in Section 7.2 shall be used to
determine the required detention storage for basin areas greater than or equal to 130 acres. The
storm duration and design frequency to be used shall be the combination requiring the greatest
detention storage volume.

Freeboard and Emergency Spillway. Where earth embankments are used to temporarily
impound the required detention, the top of the embankment shall be a minimum of 2.0 feet above
the maximum 100-year pool level. In addition, an emergency spillway or overflow area shall be
provided at the maximum 100-year pool level to ensure that the 500-year frequency event does
not overtop the embankment.

If the emergency spillway capacity is to be provided over the embankment, it must be
structurally designed to prevent erosion and consequent loss of structural integrity. If the
capacity is to be provided in a vegetated earth spillway separate from the embankment, the
required width for a trapezoidal spillway with a control section can be estimated by the equation:
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0.36Q

Bw=———-0.7ZD
D3/2 .

Where:

Bw = bottom width ‘

Q = emergency spillway capacity (cubic feet per second)
D = design depth above spillway crest (feet)

Z = side slope, 1.e., horizontal distance to 1 foot vertical

The minimum width for this type of spillway is 4.0 feet.

Earth Embankment Design. The steepest side slope permitted for a vegetated earth
embankment is 4:1 and 2:1 for a rock dam. The minimum crown width is as follows:

Total Height of Minimum Crown
Embankment (feet) Width (feet)

14 or less 8
15t0 19 10
20 to 24 12
25 to 34 14

Outflow Structure. Where the outflow structure conveys flow through the embankment in a
conduit, the conduit shall be reinforced concrete designed to support the external loads with an
adequate factor of safety. The structure shall withstand the internal hydraulic pressures without
leakage under full external load or settlement. It must convey water at the design velocity
without damage to the interior surface of the conduit.

Basin _Grading. Detention basins to be excavated must provide positive drainage with a
minimum grade of 0.3 percent. The steepest side slope permitted for an excavated slope not in
rock is 4:1.

Earth Embankment Specifications. Earth embankments used to temporarily impound required
detention volume must be constructed according to specifications for fill, equal to that required
for levee embankments. Where permanent impoundment is to be provided, more stringent
specifications may be required based on a geotechnical investigation for the site.

Maintenance Provisions. Detention basin design must provide access for periodic desilting and
debris removal. Basins with permanent storage must include dewatering facilities to provide for
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maintenance. Detention basins with a drainage area of 320 acres or more must include a
desilting basin in the upstream pool area.

Fencing. Security fencing with a minimum height of 6 feet shall encompass the basin area due
to potential safety hazards created by prolonged storage of floodwaters. The fencing shall not
restrict the inflow or outfall of the basin. Adequate access for maintenance equipment shall be
provided. In basins to be used for recreation areas during dry periods, pedestrian access may be
provided with approval by DART.

7.11 UNDERDRAINS
Underdrains carry away any storm water or lateral seepage flow that infiltrates the subgrade.
Underdrains could be located beneath the DART ballasted trackbed or under paved or unpaved
areas. Lateral seepage flow interception shall be considered only when there are indications of
high groundwater. For this situation, an analysis of the expected quantity of lateral seepage flow
shall be made and considerations shall be given to the use of an aggregate drainage course in
conjunction with a filter fabric. Their use should be supported by thorough field explorations
prior to design.
7.11.1 Usages of Underdrains
Underdrains generally may be used in the following areas:

o Along the toe of a cut slope to intercept seepage.

o  Along the toe of a fill on the side from which groundwater emanates.

o  Across the roadway at the lower end of a cut section.

o  Along the periphery of any paved area under which groundwater is likely to collect.

o Along trackways where side ditches are not possible. ‘
7.11.2 Filter Medium
The filter medium surrounding the underdrain shall be in accordance with the DART standards

and specifications and shall extend upward to the top of the subballast for the trackbed and to
within 2 feet of the finished grade behind retaining walls. (Refer to the at-grade standards.).
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7.11.3 Pipe Material and Configuration
The underdrain pipe shall conform to the DART at-grade standards and specifications.

The DART trackbed underdrain systems shall be located in a manner consistent with the
trackwork directive standards.

7.11.4 Design of Underdrain |

Required Size. The minimum diameter DART trackbed underdrain shall be § inches. Outlets
shall be provided at intervals not to exceed 1,000 feet for each 20,000 square feet of trackbed
area. The size of each leg of pipe network should be determined from Figure 7-32. This figure
is based upon Manning's equation for smooth PVC pipe (n = 0.010) and perforated PVC pipe
(n=0.013). Pipes manufactured from other materials should be sized using Manning's equation
and appropriate "n" factors.

Underdrain design for groundwater control shall be coordinated with a soils engineer's
recommendations and/or field observations and local experience.

Separation of Drainage. Pipes carrying surface water shall not discharge into underdrains.

Grades and Outlets. Underdrain grades, except behind retaining walls, shall not be less than
0.5 percent. Underdrain outlets shall be unobstructed and placed well above the maximum
expected water surface at the point of discharge. Underdrain junctions within the trackbed area
shall be made at a man-accessible structure. Ballast screen and grated cover shall be provided if
structure is within ties-and-ballast trackbed.

Cleanouts. Terminal cleanouts shall be provided at the upper ends of all trackbed underdrains
and shall consist of a section of pipe (unperforated) brought to the ground surface. Intermediate
cleanouts (unperforated) shall be placed at intervals not greater than 250 feet. Both intermediate
and terminal cleanouts shall be in accordance with the at-grade standards.

7.12 EROSION CONTROL

A baseline Storm Water Pollution Prevention Plan (SW3P) shall be prepared in accordance with
the most current Construction Storm Water regulations (NPDES or TPDES) and reflect the
General Construction Storm Water Permit Checklist, published by EPA. All construction and
related activities shall comply with the requirements of NPDES or TPDES. All temporary and
permanent erosion controls shall comply with the latest revision of Storm Water Quality Best
Management Practices Manual for Construction, prepared by the North Central Texas Council of
Governments.
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CHAPTER 8 - STRUCTURAL MATERIALS

8.1 INTRODUCTION

The design criteria contained in this chapter shall relate to the design of structures constructed as
part of the Dallas Area Rapid Transit (DART) Rail System. Structural design shall be governed by
these criteria in addition to the codes, standards, and specifications referenced in Appendix 1. The
full titles of all references in this chapter are listed in the Structural section of Appendix 1. In the
event of a conflict between criteria in this chapter and information referenced in Appendix 1, the
more restrictive criteria shall govern. If] in the opinion of the designer, significant economies can
be achieved by the use of different materials other than those specified while providing the same or
a better level of performance and durability, the designer may substitute alternate material
standards after receiving written approval from DART. All materials not covered in the appendix
of these design criteria shall conform to the procedures and specifications as mentioned in the
current manuals of the American Society for Testing and Materials (ASTM), as applicable.

The Design of all structures associated with underground, aerial, and at-grade guideways and
stations and their appurtenances shall conform to NFPA 130 — Standards for Fixed Guideway
Transit and Passenger Rail Systems, and the Intemnational Building Code (IBC). Where more than
one code standard or Criterion is applicable, the most restrictive requirement shall govern.

Construction for underground facilities shall be not less than Type I construction. Construction for
At-grade or elevated transit facilities shall be not less than Type I or Type II or a combination of
Type 1 and Type II, approved fire resistive construction as defined in the above codes and

standards.

In addition to the requirements contained in this chapter, corrosion protection shall conform to the
provisions of Systems Design Criteria Chapter 8 - Corrosion Control.

8.1.1 Material Properties
The following properties shall be used in all design calculations:

Modulus of Elasticity

Structural Steel and
Steel reinforcement  E = 29,000,000 pounds per square inch (psi)

Concrete E. = (W) 33(fc)"? psi
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Where:
W, = unit weight of concrete between 90 and 155 pounds
*_per cubic foot (pcf)

and:
fc = specified cbmpressive strength of concrete (psi)

Prestressing Steel. In the event that more accurate data cannot be obtained from manufacturers or
from tests, the following values shall be used for the modulus of elasticity of prestressing steel:

Cold drawn wire 29,000,000 psi
Seven wire strand 27,500,000 psi
Strand of more than seven wires 25,000,000 psi
High strength bars 26,500,000 psi

Poisson's Ratio
Concrete 0.20

Coefficient of Thermal Expansion and Contraction
Normal Weight Concrete 0.0000060 per degree Fahrenheit
Steel 0.0000065 per degree Fahrenheit

8.1.2 Loadings

Load factors and loading combinations shall conform to the provisions of the respective chapters of
these design critena:

e Chapter9 - Loads

e Chapter 13 Aerial Structures

o Chapter 14 Earth Retaining Structures

o Chapter 15 Cut and Cover Structures

o Chapter 16 Excavation Support

e Chapter 17 Deep Foundations

o Chapter 18 Mined Tunnels and Stations
8.2 STEEL

Unless otherwise specified, structural steel and related materials shall conform to the following:

e Bridge Structures — Standard Specification For Structural Steel for Bridges (ASTM A709)
grade 36 or 50 as required by design.
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e Structures other than Bridges — Standard Specification for Structural Steel (American Society
for Testing and Materials (ASTM); ASTM A36 here in sited as such. .

e High Strength Bolts — Standard Specification for High Strength Bolts for Structural Steel
Joints (ASTM A325). The use of bolts conforming to Specifications for Heat Treated Steel
Structural Bolts 150-ksi Minimum Tensile Strength (ASTM A490) shall be subject to prior
written approval from DART.

* Anchor Bolts — Standard Specification for Low Carbon Steel Externally and Internally
Threaded Standard Fasteners (ASTM A307), or ASTM A36 (listed above).

e Weld Material — All weld Material shall comply with AWS D-1.5 and be compatible with
the base materials.

The designer shall investigate the use of high strength steels where their use would result in design
economies.

8.2.1 Structures Subject to DART Loading

Steel aerial and bridge structures subject to DART train loading, individual structural steel
elements and other structures as specifically directed by DART shall be designed in accordance
with Chapter 13 — Aerial Structures of these criteria and in accordance with the provisions of the
“Strength Design Method” of Section 10 of the Standard Specification for Highway Bridges
(American Association of State Highway and Transportation Officials, AASHTO; hereafter sited
as such). For bridge structure on curved alignment the design shall comply with the provisions of
"Guide Specifications for Horizontally Curved Highway Bridges" of AASHTO.

8.2.2 Structures Not Subject to DART Loading

Steel structures not subject to DART train loading and individual structural steel elements of
DART structures not subject to DART train loading shall be designed, unless otherwise directed in
the design criteria, in accordance with the requirements of Load and Resistance Factor Design
Specification for Structural Steel Buildings (American Institute of Steel Construction, AISC;
hereafter cited as such). All steel structures subject to highway loading shall be designed
according to Section 10 of AASHTO. All steel structures subject to railroad loading other than
DART trains shall be designed in accordance with Chapter 15 of the Manual for Railway
Engineering (American Railway Engineering and Maintenance of Way Association [AREMAY)).

8.2.3 Fatigue Stresses
The requirements of Section 10.3 of AASHTO shall apply. All structures carrying DART train

loading shall be designed on the assumption of their being subject to over 2,000,000 applications
of the standard DART loading over the life of the structure. See Chapter 9 - Loads of these criteria
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for a description of the standard DART load. For structures not subject to the DART train loading’
fatigue cycles shall be based on a 75-year design life.

8.2.4 Deflections

Sections 10.6.2 and 10.6.3 of AASHTO shall be modified as follows: "vibration and deflection
limitations shall be determined in accordance with the provisions of Chapter 13 - Aerial Structures
of these criteria."

8.2.5 Splices and Connections

Field splices and connections shall be designed as high-strength bolted connections unless
otherwise approved byﬂDART. All splices and connections shall be designed not only for strength
but also to fulfill deflection requirements. Use of field welding will not be allowed unless
specifically approved by DART. All shop connections are to be welded and all welding shall be in
accordance with the current specification of the American Welding Society (AWS).

8.2.6 Diaphragms, Cross Frames, and Lateral Bracing

In addition to the requirements of Sections 10.20 and 10.21 of AASHTO, refer to Sections 10.30.5
and 10.30.6. Unless approved by DART and effectively connected to both flanges, the lateral
bracing of compression chords shall be as deep as the chords. In addition to the shear from lateral
forces, the lateral bracing of the compression chords of trusses, and the flanges of deck girders
shall be proportioned for a transverse shear in any panel equal to 2.5 percent of the axial stress in
both members in that panel.

8.2.7 Structural Steel Accessibility of Parts

Members, fastneré, and other structural and non-structural parts inaccessible by normal
maintenance shall be permanently protected against corrosion, by way of coatings or other means
approved by DART.

‘ 8.2.8 Camber

Girders shall be cambered to compensate for dead load deflections and for any vertical curvature
required by profile grade.

8.3 REINFORCED CONCRETE

Unless otherwise specified by DART, all structural concrete shall have a specified compressive
strength (fc) of 4,000 psi. All reinforcement shall be ASTM A615 Grade 60, with yield strength
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(fy) of 60,000 psi as described in Standard Specification for Deformed and Plain Billet-Steel Bars '
for Concrete Reinforcement (ASTM A615).

8.3.1 Structures Subject to DART Loading

Reinforced concrete aerial and bridge structures subject to DART train loading shall be designed in
accordance with Chapter 13 - Aerial Structures of these criteria and Section 8 of AASHTO, except
as modified in the design criteria. Combined shear and torsion shall be designed in accordance
with Section 11.6 of Building Code Requirements for Reinforced Concrete (American Concrete
Institute ACI 318; hereafter cited as such). Cut-and-cover box structures, station structures, and
at-grade reinforced concrete structures shall be designed according to these criteria and ACI-318
(excluding ACI-318 Sections 8.3, 8.6, and 8.7).

8.3.2 Structures Not Subject to DART Loading

Reinforced concrete structures and other structures not subject to DART train loading, as well as
individual reinforced concrete structural elements not subject to DART train loading, shall be
designed (unless otherwise directed in these design criteria) in accordance with the "Strength
Design Method" of ACI 318. All reinforced concrete structures subject to highway loading shall
be designed according to Section 8 of AASHTO. All reinforced concrete structures subject to
railroad loading other than DART trains shall be designed in accordance with Chapter 8 of the
Manual for Railway Engineering (American Railway Engineering and Maintenance of Way
Association [AREMAD]).

8.3.3 Details of Reinforcement

Reinforcement details shall conform to those outlined in Chapter 7 of ACI 318 and in the ACI
Detailing Manual (ACI SP-66) except as modified or revised in these criteria. The spacing of
reinforcement for all DART structures shall be a multiple of even inches. Main reinforcement
spacing, however, shall not exceed 12 inches. Secondary reinforcement spacing shall not exceed
18 inches and shall be compatible with the main bar spacing. The length of lap splices for
distribution, temperature, and shrinkage reinforcement shall not be less than 24 bar diameters nor
less than 12 inches. The provisions for controlling flexural cracking described in Section 10.6 of
ACI 318 or in Section 8.16.8.4 of AASHTO shall apply as a minimum for distribution of flexural
reinforcement.

8.3.4 Creep and Shrinkage
Short and long term creep and shrinkage shall be accounted for in the design of reinforced concrete

structures and shall be considered when calculating camber and deflection. The design of
superstructures, using prestressed girders and composite concrete decks with direct rail attachment,
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shall account for the long term effects of creep over time to avoid exceeding the limits of
adjustment for direct rail fasteners.

8.3.5 Frame Analysis and Continuous Girders

For structures not subject to DART loadings, ACI 318, Sections 8.3 Methods of Analysis, 8.6
Stiffness, 8.7 Span Length, and 8.9 Arrangement of Live Load shall not apply. All structures shall
apply a rigorous method of elastic analysis approved by DART for the design of continuous
girders, rigid frames, and other statically indeterminate structures. For the purpose of determining
the theoretical span length of a beam or girder, monolithic with its support, the support point shall
be either the centerline of the supporting element or a point one-half the depth of the beam
(measured at the face of support) inward from the face of said support, whichever gives the lesser
span. When the width of the monolithic supporting member is more than twice the depth of the
beam or girder, the portion of the beam over the support shall be considered as infinitely rigid, and
the frame shall be designed accordingly.

The moments for beams or girders monolithic with their supports shall be increased
proportionately from the negative design moments theoretically occurring at the face of the support
to those occurring at a distance inward from the face equal to 1/6 the depth of the beam or girder or
1/6 the width of the supporting member, whichever gives the lesser distance.

8.3.6 Distance Between Lateral Supports

Provisions of Section 10.4.1 of ACI 318 when applied to members subject to impact and vibration

other than DART loading shall be revised as follows:

Spacing of lateral supports for a beam shall not exceed 36 times the least width b of compression
flange or face. When the spacing exceeds 24 times b, then the allowable stress shall be reduced.
The allowable stress reduction shall vary proportionally from 0 to 50 percent for spacings between
24 b and 36 b, respectively.

8.3.7 Columns

In addition to complying with the provisions of Section 10 of ACI 318, particular attention shall be
paid to confining the column concrete in and near beam-column joints. This shall include the use
of ties within the joints where complete restraint is not provided by the structural configuration.

8.3.8 Composite Concrete Flexural Construction

For structures not subject to DART loading, the permissible horizontal shear stresses under the
condition of Section 17.5.4 of ACI 318 shall be reduced by 20 percent. Shear connections between
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precast structural elements may be designed by the shear-friction method in accordance with
Section 11.7 of ACI 318.

Effective Concrete Flange Width. Section 10.38.3 of AASHTO shall be modified as follows:
Unless a finite element analysis or other rigorous analysis approved by DART is performed to
determine stresses in the cross section of a composite girder, the effective width of the slab as
flange in composite girder construction shall not exceed the least of the following:

o Independent Single-Cell Box Girders:
- One-fourth the span length of the girder.
- Twice the distance from the centerline of the girder to the nearest edge of the slab.

- Twice the width of the box, measured at the intersection of the bottom of the top
slab and the outside faces of the webs.

- Six times the least slab thickness on the outer side of each web plus six times the
least slab thickness on the inner side of each web.

o  Multiple Single-Cell Box Girders:
- One-fourth the span length of the girder.
- For an interior girder, the center-to-center distance of girders; for an exterior
girder, twice the distance from the centerline of the girder to the nearest edge of
the slab, or a point midway between the exterior girder and the adjacent girder,

whichever is less.

- Six times the least slab thickness on the outer side of each web plus six times the
least slab thickness on the inner side of each web.

o ' Interior T-Beam Girders:
- Refer to Section 10.38.3.1 of AASHTO.
o  Exterior T-Beam Girders with Overhanging Flanges:

- The above limitations for interior girders.
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- The distance from slab edge to exterior girder (not exceeding six times the least

thickness of the slab) plus 1/2 the center-to-center distance to the next girder (not
exceeding six times the thickness of the slab).

Composite Box Girders. Replace Sections 10.39.1 and 10.39.2 of AASHTO with the following
criteria: "Steel-concrete composite box girders shall be designed by rigorous analytical methods
with due regard to torsional and other stresses imposed when the rails do not lie in the plane of the
webs. Thorough analysis shall be made of the lateral distribution of DART train loads."

8.4 PRESTRESSED CONCRETE

Unless otherwise specified by DART, all prestressed concrete shall have a specified 28-day
compressive strength (f'c) of 5,000 psi and a minimum initial compressive strength when prestress
1s applied of 4,000 psi. Prestressing reinforcement shall be high-strength steel wire, high-strength
seven-wire strand, or high-strength alloy bars. High-strength steel wire and bar shall conform to
the following:

e Specifications for Uncoated Stress-Relieved Steel Wire for Prestressed Concrete (ASTM
A421; hereafter cited as such).

e Specifications for Steel Strand Uncoated Seven-Wire for Prestressed Concrete (ASTM
A416; hereafter cited as such), including low-relaxation strand.

o Standard Specification for Uncoated High-Strength Steel Bar for Prestressing Concrete
(ASTM A722; hereafter cited as such). Bars with greater minimum ultimate strength, but
otherwise produced, tested, and meeting the requirements of ASTM A722, may be used as
long as they are approved by DART.

Lightweight concrete shall not be used on any main-load-carrying members. Consideration shall
be given to fatigue stresses whenever steel coupling or splicing devices are used. See Chapter 9 -
Loads for fatigue loading. Stresses of all prestressed concrete members shall be checked to cover
all loading conditions at every stage of prestressing, including construction and erection.

8.4.1 Structures Subject to DART Loading

Prestressed concrete structures subject to DART train loading, individual prestressed concrete
structural elements subject to DART train loading, and other structures as specifically directed in
the design criteria shall be designed according to the provisions of Section 9 of the AASHTO,
except as modified in these criteria. The use of cantilevered prestressed beams with a drop in span
1s prohibited without prior written approval from DART.
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8.4.2 Structures Not Subject to DART Train Loading

Prestressed concrete structures not subject to DART train loading and individual prestressed
concrete structural elements of DART structures not subject to DART train loading shall be
designed, unless otherwise directed in these design criteria, in accordance with the requirements of
ACI 318. All prestressed concrete structures subject to highway loading shall be designed
according to Section 9 of AASHTO. All prestressed concrete structures subject to railroad loading
other than DART trains shall be designed in accordance with Chapter & of the Manual for Railway
Engineering (American Railway Engineering and Maintenance-of-Way Association [AREMAY).
The use of cantilevered prestressed beams with a drop-in span is prohibited without prior written
permission from DART.

8.4.3 Allowable Stresses
See Section 9.15 of AASHTO, Chapter 18 of ACI and Chapter 8 of AREMA as applicable.
8.4.4 Loss of Prestress

Calculation of prestress losses shall be in accordance with Section 9.16 of AASHTO for structures
subject to DART loading or highway structures, in accordance with Section 8.17 of AREMA for
railroad structures and in accordance with Section 18.6 of ACI for structures not subject to
previous loadings. Calculation of prestress losses shall include:

e Anchorage seating losses.

e Elastic Shortening of Concrete.

» Creep of concrete.

e Shrinkage of concrete.

e Relaxation of prestressing steel stress.

e Friction loss due to intended or unintended curvature of the post-tensioning tendons.

The mean annual ambient relative humidity used in calculations of losses due to shrinkage shall be
65 percent.

8.4.5 Camber and Deflection

Creep and shrinkage shall be accounted for in the design of pretested concrete structures and shall
be considered when calculating camber and deflections. All calculations shall be done utilizing the
PCI multipliers as defined in Chapter 4 of the PCI Design Handbook for Precast and Prestressed
Concrete, 57 Edition.
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The design of superstructures, using prestressed girders and composite concrete decks with direct

rail attachment, shall account for the long term effects of creep over time to avoid exceeding the
limits of adjustment for direct rail fasteners.

8.4.6 Shear and Torsion

The required area of shear and torsion reinforcement shall conform, where applicable, to the
requirements of Chapter 11 of ACI 318, except that lightweight concrete shall not be used in any
main-load-carrying members.

8.4.7 Anchorage Zones

Refer to the provisioné of Sections 9.21 and 9.27 of AASHTO, and Sections 18.13, 18.14,, and
18.15 of ACL

8.4.8 Cover and Spacing of Steel in Prestressed Concrete
In addition to the provisions of Section 9.26 of AASHTO, the following shall also apply:

Corrosion Protection. Anchorages and end fittings of prestressing steel shall be permanently
protected against corrosion with a minimum concrete cover of 2 inches.

Fire Protection. To conform to the relevant code requirements, additional concrete cover may