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I. PURPOSE

When developing a project, As-Planned culvert locations are
typically determined based on survey data generated on ZO-meter
(50-foot) interval cross sections. Due to variations in terrain
between cross sections, the As-Planned culvert location will most

likely require adjustment to properly fit the site conditions.

As set forth in the contract documents, the contractor is
responsible for determining the final location of the culvert and
designing and staking the culvert pipe. Each of the
aforementioned tasks are subject to acceptance by the CFLHD

contracting officer.

The process 1s somewhat subjective by nature and is further
complicated by variations in contractor and contracting officer
representative expertise. The purpose of this Guide is to
address the typical situations which are encountered when

designing and staking culvert.

The Guide will identify general design considerations for
locating and positioning culvert to best fit field conditions.

It will also identify design, plotting, and staking requirements.
At times the guidance may appear contradictory because of the
particulars of a site. 1In these cases, engineering judgement
must determine the relative degree of importance of each design
consideration for the particular site in question. This approach
will allow one to arrive at the overall best "fit" for the

culvert.




II. INTRODUCTION

Culvert should be staked early in the construction process. This
allows slope stake changes associated with culvert installations
to be incorporated into the production phase of earthwork

operations.

This Guide is laid out in a chronological fashion. The following
section (Section III) provides items to be considered for
location of culvert. Section III is divided into general
location considerations and considerations based on pipe
function. Section IV discusses specific elements typically
associated with culvert installations (e.g., end sections and
elbows). The remaining portion of the text provides step-by-step
instructions on surveying, plotting and referencing culvert.
Section VII contains a glossary of terms pertinent to this
manual. Standard drawings, guide lines for clear zones, and

staking and plotting examples are appended.

Measurements and distances are listed in metric units with the
corresponding English units in parentheses. The Standard
Specifications for Construction of Roads and Bridges on Federal
Highway Projects (FP) uses United States Standard measure
(English) in versions up to and including the FP-92. The FP-96
uses the International System of Units (metric). For information
regarding conversion to the metric system, see the Metric Guide
For Federal Construction which is published by the National
Institute of Building Sciences (call 202-289-7800 for ordering

information).




III. CULVERT LOCATION

GENERAL LOCATION CONSIDERATIONS

Each As-Planned culvert location will need to be reviewed in
the field. As mentioned above, the location and staking
process should be performed early in the construction
process. Adjustments will often be necessary. Site specific
field conditions such as roadway template, roadway grade,
cover requirements, and inlet/outlet conditions must be
considered when determining the final location and subsequent
design of culvert. Each of these elements will be discussed

in detail were applicable.

In cut sections, culvert is typically positioned to intercept
flow from roadway ditches. When locating and designing
culvert in cut areas, avoid placing inlets and/or catch
basins within the clear zone because of the resulting traffic
safety hazard. Outlets and inlets located in fill sections
are commonly placed at the toe of the fill. In sag vertical
curves, care must be taken to accurately determine the low
point of the terrain and locate the culvert inlet

accordingly.

It is imperative for water to be directed away from the toe
of the embankment at outlets. Do not outlet the culvert so
as to direct water into tree trunks, structures, or other
major obstructions unless approved by the contracting
officer. When the culvert outlets into a river or stream, do
not outlet the pipe below the annual mean high-water

elevation.




The desirable range of culvert grade is from 2 to 15 percent.
Grades less than 2 percent can result in sedimentation and,
ultimately, blockage. Grades in excess of 15 percent can be
difficult to construct and can produce damaging, high
velocity discharges. Unfortunately, grades in excess of 15
percent are often unavoidable in mountainous terrain,

particularly where fills of significant depth exist.

LOCATION CONSIDERATIONS BASED ON CULVERT FUNCTION

Culvert is generally designed to fulfill one of two
functions: (1) to carry natural water course flow through an
embankment, or (2) to provide roadway ditch relief. It is
necessary to determine the primary purpose of the culvert and
perform location operations and subsequent design based on

this purpose.

The following is a discussion of three basic culvert

functions and associated location considerations:

1. NATURAL WATER COURSE CULVERT

If a natural water course is in the vicinity of the
proposed culvert location, locate the culvert to intercept
the water course. Culvert may need to be moved slightly
and/or skewed to match the features of the natural water

course.

a. Inlet Placement

When natural water courses are coincidental with

proposed cut slopes, swales are commonly constructed to




convey the flow down the face of the cut. If the
natural water course is likely to convey high volume
flows, a riprap waterway may be specified in the plans
(see page A-10). Locating the logical flow path on the
cut slope can be done by assessing the site conditions.
Once the flow path has been established, place the
inlet at or slightly downstream of the flow path/ditch
line intersection. Inlets for natural waterways with
continuous flows or other major natural water courses

should always be placed in the natural water course.

Outlet Placement

When possible, place the outlet in the natural water
course at the toe of the fill. 1If field conditions do
not permit this, provide riprap or culvert rundowns or
other means that will prevent erosion. Culvert for
major water courses should always outlet into the
original channel to prevent erosion. If the water
course 1s not identifiable, outlet the culvert on
natural ground at the low point along the toe of the
fill slope. Assure that natural obstructions will not
cause the culvert discharge to be diverted back towards

or along the toe of the fill.

Grade

For continuous flows or other major natural water
courses, the desirable grade of the culvert is the same
as the natural water course grade. Matching the
natural water course grade will minimize siltation

and/or erosion. For minor intermittent natural water




courses the desirable grade is that of the natural
water course or 2 percent, whichever is greater.
Natural water courses can be particularly sensitive to
culvert grades, which can cause erosion or siltation
and subsequent realignment of the natural water course.
Consider the potential impacts carefully if the natural

water course has a very flat grade.

DITCH RELIEF CULVERT

Ditch relief culvert removes flow from a cut section ditch
so that maximum ditch water levels are not exceeded.
Culvert of this type is spaced at intervals based on
hydraulic studies of the project. Do not move ditch
relief culvert substantial distances (i.e., more than 20
meters [50 feet]) from the As-Planned location without
approval of the contracting officer. Ditch relief culvert
is typically positioned perpendicular to the roadway
centerline to minimize the length of pipe required. The
aforementioned positioning should be used whenever

conditions permit.

a. Inlet Placement
When in a sag vertical curve, place culvert at the low
peint of ditch line. For further information please
refer to the first four subsections in Section IV.

b. Outlet Placement

Placement of ditch relief outlets should generally

conform with the outlet placement recommendations as




identified in Section III, B, 1, b., above.

c. Grade

The minimum desirable grade of the culvert is the grade
of the incoming ditch line, but not less than 2
percent. Several options are available if the roadway
template does not permit installation at the minimum
desirable grade. The culvert may be skewed to take
advantage of the local terrain and increase the grade.
Alternatively, the grade of the culvert may be
increased to the minimum desirable grade and an outlet
ditch can be constructed. If achievement of the
minimun desirable grade results in undesirable
conditions such as excessive culvert length, a very
long outlet ditch, or a culvert outlet well below the
natural ground, it will be necessary to flatten the
grade of the pipe. Do not design pipe at a grade of
less than 2 percent without the approval of the
contracting officer. For particularly difficult
locations, request the assistance of the contracting

officer.

APPROACH ROAD CULVERT

Approach road culvert needs to be designed to ensure that
the required roadway clear zone (see Section IV, C, below)
is achieved. It is generally necessary to shift the flow
line of the mainline roadway ditch away from the

roadway centerline in order to accommodate the 1
(vertical) : 6 (horizontal) foreslope at the radius of

the approach road. Approach road culvert, otherwise, fall




into one of the categories above and should comply with
the guidance included elsewhere in this document.
Standard Drawing 204-3 on page A-11 provides a typical

approach road pipe location.

IV. SPECIFIC ELEMENTS

CATCH BASINS

Catch basins are typically required for culvert inlets in cut
sections so that clear zone and cover requirements can be
met. Additionally, they assist in directing the water into
the culvert. Catch basins should include a flat bottom ditch
and ditch block in accordance with Standard Drawing M602-6
(see page A-6).

The slope stake notes may or may not account for catch
basins. If catch basins are not indicated by the notes, set
slope stakes for the basin and affected slopes and construct
the basin during roadway grading operations. Conversely, if
catch basins are included in the notes and a ditch relief
culvert has been moved, assure that slope stakes of abandoned
catch basins are changed appropriately. Tables that show
slope ratio as a function of depth-of-cut or height-of-fill
are commonly provided in the plans. Said tables should

generally be used for re-staking abandoned catch basins.

When staking catch basins, the objective is to achieve a
smooth transition in to and out of the basin based on the
adjacent cut slope ratios. Further, catch basin slopes must
be sufficiently laid back to aséure that slope failures do

not occur.
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CULVERT COVER

Cover is defined as the depth of material as measured from
the top of the culvert to the top of the subgrade for
flexible (asphalt) pavements, and to the top of the pavement
for rigid (concrete) pavements. Minimum cover 1is a function
of pipe diameter, thickness, and material. Standard Drawings
M602-1, M602-5, and M602-7 on pages A-1, A-5, and A-7,
respectively, specify the minimum cover requirements for the

different types of culvert used.

When minimum cover requirements cannot be met, there are
several options that can be used alone or in combination with
one another. These opticns include, but are not limited to,

the following:

1. The inlet or outlet invert can be lowered below the
natural ground elevation. This can be done by
utilizing an inlet ditch or an outlet ditch. When this
is done, there must be sufficient grade for the culvert
and outlet ditch to allow water to drain away from the

toe of the fill.

2. When only a small amount of lowering is required, an
elbow may be used to raise the inlet end section to

natural ground elevation.

3. The culvert may be skewed to increase cover while still

maintaining sufficient grade.

4. A drop inlet may be used i1if the invert inlet elevation

will be too deep for an end section or when using an




end section would otherwise result in a traffic hazard.
It should be noted that drop inlets are typically used

with paved ditches and in urban areas.

Maximum cover requirements are also set forth in the Standard
Specifications. This information is provided in Standard
Drawings M602-1, M602-5, and M602-7 on pages A-1, A-5, and A-

7, respectively.

CLEAR ZONE REQUIREMENTS

Clear zone 1is defined as the roadside border area that is
available for safe use by errant vehicles. The inner limit
of the clear zone is the outer edge of the traveled way.
Limits of the traveled way are commonly defined on the
roadway typical section in the plans. Clear zone width is
influenced by the type of traffic, traffic speed, horizontal
alignment, and side slope ratios. Slopes steeper than 1
(vertical) : 4 (horizontal) are not considered traversable
and recoverable by vehicles and are not to be included in the

clear zone determination.

Determine the required clear zone from the contract documents
or, 1f not indicated therein, from Appendix B. There may be
cases where the clear zone cannot be maintained. 1In these
cases, the potential severity of the problem must be
evaluated and a determination made whether to install a drop
inlet in lieu of an end section. More information on clear
zones can be obtained from the AASHTO Green Book, the AASHTO
Roadside Design Guide, and FHWA Project Development and

Design Manual.
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D. FILL AND CUT SLOPE INTERSECTION WITH CULVERT

1. FILL SECTIONS

A small portion of the curvert pipe should extended beyond
the fill slope to prevent material that sloughs down the
fill slope from plugging the end section. At a minimum,
the fill slope should intersect the end of the culvert at
least 150 mm (6 inches) below the top of the pipe. When
the culvert is in a deep fill and/or has a steep gradient,
it is desirable to have the bottom of the slope intersect
near the bottom of the culvert. For specific
intersections based on pipe diameter and slope ratio see
page C-1. During construction, the slope should be warped
sufficiently to obscure the end of the culvert from view,
while minimizing the amount of soil that could potentially
slough into the end section. Warp or transition the slope
in a smooth manner such that the final slope is

aesthetically pleasing.

On fill slopes that are 1 (vertical) : 4 (horizontal) or
flatter and in shallow installations the end of the
culvert must be outside of the clear zone. This may
necessitate additional flattening of the foreslope to

allow for the required clear zone.

2. CUT SECTIONS

As a rule of thumb, in cut sections the elevation at the
top of the culvert should be no higher than the normal
hinge point elevation. This normally provides allowances

for cover and clear zones (see Standard Drawing M602-6 on

11




page A-6 and diagrams on pages C-2 and C-3).

END TREATMENTS

Common end treatments include end sections, drop inlets,
slope paving, and headwalls. A notable comment regarding
headwalls: If the headwall is significantly skewed in
relation to the centerline of the culvert, provisions should
be made when ordering culvert to allow for the additional
length needed to accommodate the skew. Typical end section
dimensions for metal and concrete pipe may be found in
Standard Drawings M602-4 and M602-8 on pages A-4 and A-8,

respectively.

If there is a need to change to a type of end treatment octher
than that shown in the plans, discuss the situation with the
contracting officer prior to going forward with the changes.
Further, if a change to a drop inlet is proposed, ensure that
the agency responsible for the maintenance of the roadway is
agreeable to the drop inlet (note: this is not generally
necessary if there are other drop inlets on the project, but
if it is the only drop inlet, it could cause a problem with

maintenance) .

CAMBER

Camber is placed in culvert to allow settlement without
creating a ponding or silting situation. The settlement
occurs as the material beneath the culvert further

consolidates during construction and over time.

The type of soil under and around the culvert most often

12




determines the need for camber. Peaty, loamy, or otherwise
"fluffy" soils that consolidate with loading (such as those
loads created by the construction of deep fill) most often
require camber. There is less need for camber in shallow
fills than in deep fills. This is primarily due to the
relatively limited influence of the prism load on
consolidation. Even in poor soils, however, camber is not
typically necessary when the grade of the culvert is greater
than 5 percent because the culvert will continue to function
as intended even if some settlement occurs. Note 1 of
Standard Drawing M602-3 on page A-3 addresses the particulars

of camber.

Culvert with marginal grades and located in deep fills
present the greatest dilemma. If the culvert settles, it may
cause siltation, ponding, and eventual plugging or corrosion
of the culvert. However, by placing camber in the culvert
with a marginal grade, the grade becomes even more marginal.
Discuss these difficult situations with the contracting
officer. The best option may be to subexcavate below the
culvert and install a material with good structural integrity

to minimize settlement of the pipe.

ELBOWS

Elbows are commonly used at the inlet for the following

reasons:

1. To better transition the water flow into the culvert;

2. To raise the end section closer to ditch line grade; and

13




3. To provide adequate cover over the culvert at the shoulder

(typically used in cut sections).

Elbows are commonly used at locations other than the inlet in

the following situations:

1. At the outlet of steeply graded culvert, broken back
culvert, or over-the-side drains to turn the water to

match the natural water course grade; and

2. To turn water at grade breaks in broken back culvert or

over-the-side drains.

DITCH BLOCKS

Ditch blocks are primarily used in conjunction with ditch
relief culvert and catch basins to force water into an end
section. Ditch blocks should conform to the contract when
specified and be out of the clear zone when possible. When
they are within the clear zone, they must be constructed with
drivable foreslopes and backslopes. In no case should the
top of the ditch block be higher than the adjacent subgrade

elevation.

GASKETS

Gaskets are often specified to prohibit the infiltration and
exfiltration of fines in certain non-clayey soils and to make

culverts water tight in clayey (A-6 and A-7) soils. The use

of gaskets is required only when specified in the contract.

14




BROKEN BACK CULVERT AND OVER-THE-SIDE DRAINS

Culverts of this nature are generally discouraged as they
increase outlet flow velocity and can trap debris at the

elbows. Additionally, they are difficult to maintain.

Do not design a broken back culvert or an over-the-side drain
unless indicated in the contract documents or approved by the
contracting officer. Broken back culvert are sometimes used
in situations where there is a cut or shallow fill on the
inlet end and a deep sliver fill on the outlet end. An elbow
is typically used to steepen the grade of the pipe thereby
reducing the amount of excavation necessary for culvert
installation. The elbow is placed near the transition from
cut to fill and can result in the flume portion being at a
considerable depth under the fill slope. A diagram of a
typical broken back culvert may be found on page C-6.

Conditions that may warrant a broken back culvert or over-

the-side drain are:

1. When the outlet needs to be at the bottom of a deep sliver

fill or a steep existing slope; and

2. When the straight installation would require trenching
through existing material to an excessive depth (e.g., 4
meters deep for more than 7 meters length to install a

600mm culvert).

Over-the-side drains are placed in similar situations, but
are installed with the drain pipe on or near the surface of

the fill slope. Over-the-side drains also require an elbow

15




in the middle of the installation to turn the water. A
diagram of an over-the-side culvert may be found on page C-7.
In some areas over-the-side drains are undesirable due to

aesthetic problems with the permanently exposed pipe.

When a broken back culvert or over-the-side drain is used,
the portion of the culvert that is installed on the fill
slope should be perpendicular to the centerline of the
roadway. The portion of the culvert crossing the road may be
skewed to match the natural drainage or to meet grade

requirements.

Pipe anchors will most likely be necessary for the flume
portion of broken back culvert and over-the-side drain

situations.

K. PIPE ANCHORS

Reasons for installing pipe anchors are as follows:

1. CULVERT GRADE

Use of pipe anchors is generally required on culvert with
steep grades (i.e., 20 percent or steeper), at elbows of
broken back culvert and over-the-side drains, and other
locations as indicated in the contract documents. These
anchors need to be installed accurately by the contractor.
Two types of pipe anchor details are shown in Standard

Drawing M606-1 on page A-9.

le




2. BACKFILL OPERATIONS

Some type of anchor is needed to hold culvert in position
when backfilling operations include the placement of lean
concrete or when plastic culvert is used. These anchorage
systems are generally designed by the contractor. Wood or
reactive material should not be used in the anchoring

system, and the system should not otherwise compromise the

integrity of the work.
END SECTIONS WITH TOE PLATE EXTENSIONS

Toe plate extensions may be required in order to eliminate
scour under end sections in highly erodible soil. They may
also act as a cutoff to prevent piping (i.e., flow along the
outside of the pipe). Toe plate extensions are only required
when included in the contract (e.g., Standard Drawing 602-4,

page A-4, which calls for the toe plate extension).

V. CULVERT DESIGN AND PLOTTING

SURVEY AND CALCULATIONS

1. After determining the function of the culvert based on the
information previously included in this guide, roughly
establish the end of pipe for both the inlet and outlet.
This may be done by utilizing the location information
provided above and the slope stake notes. Care must be
taken to assure that the pertinent slope stake limits are
being accurately located wheh working in areas with

irregular terrain and/or horizontal alignments with a high

17




degree of curvature. Look at the slope stake notes to
determine if a catch basin is already included in the
notes. If so, the slope stake notes may need to be
revised to fit the final culvert location. If the catch
basin is not included in the notes, revise the notes as

appropriate for the culvert site.

Assess the proposed alignment of the culvert with regard
to inlet and outlet characteristics/impacts, cover
requirements, and grade considerations. Adjust alignment

if necessary and reassess.

Set reference stakes on the proposed alignment of the
culvert with hubs for elevations and offsets. These
stakes should be set outside of the construction limits to

allow room for the installation of the culvert.

After establishing the final location, profile the
existing ground along the centerline of the proposed
culvert alignment. Extend the profile a minimum of 8
meters beyond the anticipated inlet and outlet end
treatment of the culvert in fill sections. In cut
sections, extend the profile to a point outside the area
of possible disturbances, (e.g., beyond the slope stake
limits). Record extra elevations near the proposed inlet

and outlet to facilitate plotting.

If the culvert is on a skew, determine the centerline
station of the inlet, subgrade shoulders, and outlet of
the proposed culvert alignment. Also determine the
station where the culvert intersects the roadway

centerline. The plot on page C-5 shows how to establish

18




the skew angle.

6. Compute the subgrade, centerline and shoulder elevations
along the culvert alignment. Determine the culvert flow
line elevations at these points and verify minimum cover
requirements, as shown in Standard Drawings 602-1, 602-5,
and 602-7 on pages A-1, A-5, and A-7, respectively. 1In
some cases (such as broken back culvert or unusual
crossroad situations), there may be other template points
that are critical and need to be evaluated for adequate
cover or grade considerations. These points should be
evident from plotted cross sections. Even when adequate
cover is apparent compute the amount of cover at the

shoulders.

PLOTTING

Plots should comply with the contract documents and be neat
and orderly in appereance. Plot at a scale of 1:100 (1" =

10'") unless otherwise specified by the contract.

1. Plot original ground and roadway template elevations along

the culvert alignment.

2. Using the original ground elevations and associated
roadway template, plot the theoretical top of pipe
elevations which will maintain the minimum cover

requirements.

3. Plot flow line of the culvert using pertinent elevations
(surveyed and/or calculated). Plot a parallel line for

top of culvert and verify that cover requirements are met.

19




Establish the end points of the culvert.

Determine the length of the culvert by measuring the slope
measurement (distance along the culvert grade). Adjust
the length and location of the pipe to optimize the
positioning. Further, attempt to achieve a final pipe
length that is a multiple of 2 feet (note: at the time
this document was compiled, major pipe suppliers had not
converted metric pipe lengths). Once the final end points
have been established compute the grade, reference cut(s)

and/or fill(s), and offsets.

When a separate pay item is provided in the contract
compute quantity of culvert excavation and/or structural

backfill.

In addition to the plot itself (i.e., original terrain and
final design section), the drawing must include project
identification; culvert centerline stationing, diameter,
length, grade, invert elevations, reference cut(s) and/or
fill(s), offsets, end treatments, and, if applicable,
skew, and camber. Additionally, indicate on the plot
whether or not a ditch block is to be constructed.

Example plots are provided on pages C-5, C-6, and C-7.

Submit plot, information form, and staking notes
adjustments or other slope transitions or warping to
contracting officer for acceptance prior to final staking
and installation of culvert in the field. An example of
an acceptable information form that includes the required

data is provided on page C-4,
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VI. REFERENCING CULVERT

After the culvert plot is accepted by the contracting officer,
stake the culvert in the field. Stake culvert to the tolerances
shown in the contract (FP-96, Table 152-1: +/- 50 millimeters
horizontal, +/- 20 millimeters vertical). Indicate the reference
cut (s) and/or fill(s) and offset distances on the reference
stakes. Typically, the offset distance references end of pipe.
Also indicate culvert centerline stationing, diameter, length,
grade, reference cut or fill, end treatments, and, if applicable,
the skew and camber on the stake. Note any riprap aprons or
waterways as well as inlet and outlet ditches. Sample culvert

stakes may be found on page C-8.

In cut sections adjust slope stakes to allow for inlet catch
basin or flatten cut slope into a drainage swale so that the flow
is directed toward the culvert inlet. Standard Drawing M602-6 on

page A-6 shows the required dimensions of the inlet catch basin.

When the project or the vicinity of the culvert installation does
of not include earthwork operations consult the contract
documents to determine the work to be performed and take

appropriate action.
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VII. GLOSSARY

Annual mean high water elevation - The maximum water elevation
that occurs, on average, on a yearly basis; typically
distinguishable by the visible upper boundary of significant

erosion along an open channel.

As-Planned - A location of a culvert as shown in the contract

plans.

Backslope - The surface area of the earthen slope between the

ditch line and the upper limit of the cut slope.

Camber - An upward deviation from a chord through the inlet and
outlet inverts an ordinate amount equal to 1 percent of the

pipe length. Camber is to be developed on a parabolic curve.

Clear zone - The roadside border areas (starting at the edge of
the traveled way) that is available for safe use by errant

vehicles.

Culvert - Any structure, not classified as a bridge, that
provides an opening under the roadway. For the purpose of

this document, the term culvert does not include box culvert.

Degree of curvature - A measure of the curvature of a roadway,
equal to the angle subtended by a 30 meter (100 foot) arc

measured along centerline.

Design Section - A dimensioned drawing that is coincidental to

the culvert centerline and shows the features of a culvert

22
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installation.

Exfiltration - Flow that exits the culvert at a location other

than the intended outlet.

Flow line - The floor or bottom of a culvert, the path a trickle

of water would make (synonymous with invert).

Flume - The steep portion of the culvert downstream of a

vertically oriented elbow.

Foreslope - The surface area of the earthen slope between the

subgrade shoulder and ditch line.

Infiltration - Flow that enters the culvert at a location other

than the intended inlet.

Invert - The floor or bottom of the culvert (synonymous with flow

line).

Natural water course - Any natural open channel that conveys

water intermittently or continuously.

Offset - A distance measured horizontally from a reference hub on
the culvert alignment to a point on the culvert alignment for

the purpose of locating the end of the culvert.

Roadway prism - The volume defined by the area between the
original terrain cross-section and the final design cross-
section multiplies by the horizontal distance along the

centerline of the roadway.
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Reference fill - The difference in elevation from the flow line
at the end of the culvert to the reference hub (when said

difference is a positive number).

Reference cut - The difference in elevation from the flow line at
the end of the culvert tc the reference hub (when said

difference is a negative number).

Shoulder - The portion of the roadway contiguous to the traveled
way for accommodation of stopped vehicles, for emergency use,

and for lateral support of the pavement structure.

Skew - The angle between the centerline of a culvert and a line
drawn perpendicular to the roadway centerline through the

centerline station of the culvert (see diagram on page C-5).

Swale - An open channel constructed in the terrain to convey

water.
Roadway template - A dimensioned drawing that is perpendicular to
the roadway centerline showing the general construction

features of the roadway.

Traveled way - The portion of the roadway designated for the

movement of vehicles, exclusive of shoulders.
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APPENDIX A

STANDARD DRAWINGS




1-2O9N &
quvonvis o5 ON 0% 0% 009 | 09 ] 000f Jozse * ooot] |
0 0 005 | 09+ | 0582 |ozzz x o5} |2
- 0% 0°¢ 009 | 09+ | 0022 |02z x or2g| |2
0% 0% 0S¢ | 09¢ | 0552 |0z0Z x 0162
143AINT 3did LI 05 0'¢ ) 0S» | 09r | 00rZ |0z6l * Ov8Z
’ 05 | 05 05k | o | 052 {028l X 0092
QUVONVLS JuL3N [os " 0% 00f | o | 00iZ {024 oOore
L e, S T 0% 0% 00¢ | o9c | "ocer fogor+ ooz
NOILVIHOJSNYHL 40 IN3NLHVAID 'S 05 009 4 0522 |02gr ¥ 0092 st 00¢ oge 0081 | 0§k X 0012
0 009 | oir | o0iZ |0z21 * 00¥E 0% 0% 00f | 56¢ | 0081|005/ ¥ 050z ’
0% 625 | 69f | 0%6l |02 X 00EZ S°¢ 00§ | G0z | 059 | 0zsi * 056!
0'g S25 | $9¢ | 0081 | 005/ ¥ 050 09 00f | G0f | 0G9! | oorl x 0581
09 05+ | G6( | 0S9 | 0o¥l x 0581 St 00¢ | 081 | 00Si | 0ozt x 008!
G'g 05k | 0£Z | 0051 | 00ST * 0191 09 59 00f | o£Z | 00SI | 00st * 0/91
S’e 056 | 661 | 08¢/ | oon ¥ 0091 ||| 59 - St 00f | &G/ | 051 | oon x 0291
69 G/C | G0Z | OSET | o4l ¥ 0251 59 59 | 00f | 60z | 0S£r | o * ogsi
S'¢ Gif og! 0021 | 096 x Opbi RS 00f Ol | 0021 | 026 X O#bl
[ GIC | 001 | 0s0i | o#8 * owel [ 005 | oor | 0501 | ovg x ovci
[F3 GiE |06 | 006 | 0¥z ¥ 090I Gf | 005 | 06 | 006 | 0e x 0901
St 00f | 6/ | 057 | 0i9 * 588 Sf | 00 | 62 | 052 | 0/9 x 688 |
0t 00f | S/ | 009 | ois x o1l - 0% | 00f | 6/ | 009 | 015 * oiz
0% | 00¢ | 62 | 625 | 09 * 0/9 0% | 00 | G/ | 625 | 096 * o9
| &t | 008 | si osr | ogg * ogs || G | 00 | s/ | oS+ | osf x ogs
0% | 008 | sz G | off ¥ Og¥ 0v | 00 S/ | G5 | o£g X o5k
SYILIN N 3did 40 01 IA0QY IHAIH TUHS AOWIXVYN w3iInvie| IS x wvas SYILIN M Idid 0 JO1 FAOBY IHNIH THi ANAIXVA w313nvia|  Fsne x wvas
s [ 257 | 87 (25t [ eve [ 252 T [2577) 000 | SHOVY 371S 2y [ | e [0z | 2 | KF [ 222 | 02 [22F [ KT 222 [ B2 [I57 | ya40, [SHOVY 3715
SSINNIIHL TYIIN omin|82VE03| N3 TY HIOYY SSINNDIHL V1IN |8 3NE00L INTTY oMY
WONININ -AINO3 HNNININ) ~-NNOT
SNOLLYONYY0D §2 ¥ 52 | SNOLLYONSYOD £1 ¥ 89 Fdid SNOLLYINHH00 §2 ¥ S2I | SNOLLYONYH0D S * G/  SNOIIVINYE0D £1 X 89 Fdid
HNNIANTY 73318
LHYIAIND Fdld WVIS 3ATIM GNY WYISHO0T TvIrIH HO4 F18YL SSINXDIHL IVIIN OGNV LHIIFH T4
1HIANIND HOHY 3Fdid TVLIIN
2°51 7] 05%_| 009
g'ci | 62 gl | ol 05k | 0Gt§
99 | 6€1 98 | 26! 05 | 00Ef
vi | 2wl S6l | 66/ 05 | 0SIE
gl 00+ | ooof 28l | 691 | 9 $'02| 29| Ol . 0S¢t | 000§
s s o0 samos o w1 i 2 Lo ool oo e T o oo
1651 ’ g : v - o os - : :
B e e e e e ot ot el 05t | 056z || s | cu | oer| 76 62| L6l | £5r| 600 0sE [ osse -
mat 1oy uswarod ays jo dos 3y of pup S8l | 96| gu 00f | oorz |[@22| 981 | 6wl | £O1 75zl 60zf eor| 9 00f | 00vZ <t
‘s quowanod aqial 404 BpDIBANS OUs OF 1IOAIND 661 | 691 |92 00t | 052e || c#c| 661 | p61 | Ol | g8 | ¢ 22| ce2| £21] £2 | 86 . 00f | 0522
adid ayy jo JO) By WOIJ JIAOD WNWUM BINSDIK ‘G v | 1'81 | G761 00f 00i2 192 | €421 69 | B | v6 L £6C| 62| 98| €1 {90 | 822 00¢ oore
0c2| 561|991 |v00 00€ | 056! || rec |oge| g2 | 22| ror | 005|852 002 £#1 | #U | 92 00f | 056/
*adid y0140bNII03 JDIUUD BulySjUINy 6v2| 21|89 | €0 | 06| g€/ 00f | oosr ||o0f | 6#2 | £6/ | 851 O | 00c]| 082| L2 | v6l | £l | J6e| E£#e 00£ | 008/
24048q 10A000D UDIQQ 9did WSS papam PuD Zzeliselenlcei| 86|94 00¢ | osor |[oog {12z iz |06 [ 0ér | 005| 00E | 2€2| 691 | S€r | 00E | 692 00¢ | 059/
woasy2of s%ac JO 8souy uoyi M.\%.Ewe SJow 662 vc2| 06l [9€1 | gor] g1 | 6 00 | oosi ||oof {662 2cc| G| 2cr|ooc|ooc| r9z| 981 | 841 | 00| 5621 L2 005 | 00S!
. :MM cwﬁwa. vp st oo o ! En».\._\hmmﬁu o0f | 28|z |rsi |oer] 292] 9712 | S 00f | ossi |{o°0c [ 005 [ 8'sz| #8I| 241 | 00£| 005 | 062 90Z| 69 | 005 008 | 262 | 08 00f | 0SEr
1033y 0J 210 QDI BUS Ul SIUBIBY WY BUL B 00| of {z€2| 4 |c5i|o0E| 92| £02 00f | oozr || oog [ o0 | 062 Z02| 59 | 00| 005 | 00g | 2€2| 681 | 005 | 0°OE | #' 82| 202 &9 | 00f | 002/ |
’ ' o 0°0£| 0f [I'22 |#6/ | GG/ | 00E | £05 | 9'cz | 89 | #£1 | 00f | 050/ 0°0f | 0'0£ | 0705 | 992 | 212 | 00 | 0°0C | 0°0L | I'£2 | 68 | OOF | 050/
00 sys Aq sisApuo 00f| o5 |00f |12z 08| 00 | 005 | 622 | 967 | 261 | 005 | 006 00£ | 00f | 00f | 0°0E | 8%2 | 0°0£ | 0°0£ | 005 | 0°22| 912 | 00E | 006
1019905 340D Ssagow OfF Ouipssoxs syyb@ey 14 E Q0s| Of 005|222 2121008005 00£19¢e | 88} 005 052 00£ | 00E|00E ] 00€] 662 | 00E 05
0°0f | 00f | 0°0f [6'62 | 92 ) 00f | 009 0°0f | 00 | 00¢ | 00 | 60¢ | 008 | 009
~juoippIb 11amnD 2did 0°0f | 60 | 00£ | 0°0F | 692 | 00F | 25 0'0£]00¢ | 00¢ | 00L | 005 | 00E | 525 _
.tﬁ.w\sawwawﬁww\%c%wuww \wsawng\%wxwe 2913 oof | 00¢ | ooc | oo {ooc | ooc | ose || . 00£] 00¢ [ 005 | 005 | 0708 | 00f | 05
" o0 saind onoqos0d 24; 6o oL OASNS fuIOdDIL 0'0r | 005 [ 00£{0'0f [ 00 | O0E | Su¢ 0L | 00C [ 00¢ |00 | 0°0¢ | 00€ | Suf
3ui J1 "aaund Q.QOQQ\BQ o uo Jsquibd QEU)NQ SHILIN N 3did S0 dO4 NWMWI b.\w.wwhd \.\D%WM;iN Of 90f 00f 00 SYIIIM NI Fdid 40 JO1 N>8<7h|xu!w1 %4 ig;m‘wwh Q:0f 1 010% 0L} 00t 00t WOWMSQ
:w\owmunmatwﬁo\Mcw\xw\s\ﬁww .“M\Nﬁm woﬂ“%gw T [ GrE | 292 | 61 [ 257 ] arv | ovs [ 492 | &7 [ 257 yIn00 i | 7 [&F [ 277 | 02 [ €97 J 22 [ € [ w2 | o2 107 | 2w [ &% [ ¢ [ w2 697 |, uat
Wiy piomdn sisamnd adid JaGWDD ‘PajIBIP UM “C SSINNJIHL TVLIN womiwin| 3215 SSINNIIHL VLN i XN
SNOLIYONYY0D §2 X S1 | SNOLLYONYHOD £1 X §9 Jdld SNOLLYIMWYO0D S2 ¥ 621 | SNOLLVOMGN0J G2 X S2 | SNOIVOMMOD £1 % 89 Idid
TSI Ul 94D PBIIGD] JOU A g ATNINTTTY 73715
‘310N 1Y3AIND 3did WVIS GIGIIM GNY WVIS¥20T TVOITIH H0J F1Gv1 SSINYIIHL IVIIN ONY IHOIFH 115
143IATND Jdid aNNoY IV IIN
M-n(u»ﬂ.-m nwcuzxm 123r08d nvis 23




C-CcO9N ) ’ 5

QUYONVLS JFwos ov =
anvg 1voI13H anveg YVINNNY SNOILIOINNOD GNYE JHVYANY LS
aNvE 9ONI1dN02
1H3ATIND 3dId VL3N 420D W OG0 “5B4oWDIP W G9!
BA0q0 paJnbas 43 [WOIp wuw OG0! 240Q0 pasinbas ‘sajowop ww OGO 8buoy4 (p1b434Uf
QYVYONVLS J1H43N 04 [DU01dO UOII23ULOD BIbUD PUOISS 0} [DU0IdO U0iIDRUUDD FBUD DUOIIS
301440 AVAHOW SONYY w3034
NOITYLOGSNYSL 40, INIAVA0 4 MIIA GNT MIIA N3 .
anvgd ag3LvonNyd409-In3s puog aibuy dpuis pup abpag, dosis B Jog
MIIA ONT
s 2
-
sHeg abuy puog

9/buD JO 304 puD [93Y D

uo1obnIIod  jO §S313 (D pram

104900003 dDIIS 131114 40 ‘pramiods ‘jaary
puo 40g “4108

‘9ibup jo 304 puo (33Yy D
wo110BNLI0D JO S840 D plom
1314 10 pamiods ‘13ary

M3IIA 30IS MIIA 3aI1S

04w 04 yibuasys udpANbY UD

Yim DuSDID D IO ‘WNUNUND JOJ WW 1G°0 4O ‘193LS M0 ww Z0O°| uDyj SS3 jou

JO SSauydyy 1punuOU D BUIADY 1040w Duydow O 8S "SS9 4O W QOE 4O
SspowoIp 3did 40 posn 9q Aow SPUDQ [Dif pup SIBIIN0D 9AK[-3A89)S YI00WS f5

“spua 8did pafioses U0 SU0HODNIIOD ww (x89 04 Alddo Sazis
DPoIOBNII0D Ww GZXGZ| PUD WW GZXG/ 10 UMOYS SYIDIM DpUDG Wiwiupy dyj fS

“pus 8did us UOLDBNLIOD puog “Spud paypbniiod Ajooiey Buiaby $30id yum SpubQ paobniiod D243y BSN [y
Mwnﬁ“u W%MM@ME:M\\” SuoDBNII0D 801 ww GZXG/ YliM Paj0sss Spus adid uo 3(q0ydedoD St
01105109 SHONUIIUOY puDq W QO§ ¥ "SUOHIDONII0D wuw CIXRG YiiM Paljosss spus adid uo 31qoydatop St
: : puDq ww G9Z ¥ SUOIODNLIIOD UDINUUD W0 Of Pud P31048s BuiADY 8did 1DDKaY
qum 10 SU0yDbNII0 JoNUUD BuiADy SBOIT ylim SPUOQ PaDBNIIOD IDINUUD SN [f ~
90Id 3Yy Ul UOHDDNIIOD PUB dYi JO UOISUBWIP yj Oy SI9jIs n_n

821S SUONDONIIOD [DULIOU dyj ‘SPUd PaljoJal yym ddid pajobniiod Kooy 104 3

210U J0 (Y240 301D ww (QHX0IF) LIIAND PUNOS WU G2G JOS ZIN

anNve Lvid aNvE JAFTTIS HIOO0NS $59/ 40 (4240 2010 ww OPEXOLG) {JOMIND PUNOS WW OGH S04 OIN
[J10G JO 19,oWDIP BUIMONOS Ayl Yiim Spupq Bundnod udiSO4
“quiof adAy Gois CWNUUNID JOJ W 27| S0 IBRYS JOJ W 2§°| UDY) JBUUIYY OU PUD ‘DedBuuod

“d0yS JBJUBD YiM 9ABYIS IBYIO0WS 89 04 010 Bys JO SSBUNIIYI BYf UDYJ JOUUIYI SISSIUNDNI JIUS [OUHOU

€ upyy asow jou Spupq BudnOd BpiAcLg “adid DUIIDBUUOD By SO [DJBW BWDS

ANIOr 3A33TTS ays wosy Spupq bundnod ddAL pPaIDBNIIOI-JWES PUD (DD11BY *IDINUUD B4021IGD4 [
095 005 02£Z x 009 0! 0291 ¥ 00gZ | 009t 94 0S6/ ¢z x ¢z
pasn 8q Aow 9z uO01[28S 095 00s 0051 x 0S0C 94 0L X 02s! 008! 04 006
L oroes It x [ X 0 B
voISIAIG *sabpiIg Aomybiy J0j Su01DI14198dS wwm Nmm Nmn 0252 RSmn M 0291 x 0022 o%%% e\ 056l | . .,
PIDDUBIS QLHSYY JO D1J311> 9oupws0jiad - - — -1 £ 00S! ¥ 0502 04 QLI X 025/ i 006
Ul ayy ypm Aidwod joys S921A9D §92 00f §9¢ - 0012 o1 056!
Butuaspy 10 spuoq buydnos jo sadhs 4ayi0 °f 005 s92 0Skl X 00l I OF8 X 0¥ | 008! 01 050/ £1 X 89
“Squawesnbay 9014u0) 1019805 B pa11950s 00f 08! Ov4 X 0901 04 O£E X OfP 006 0/ 00f
1 160D Dy 44 Ul paLgt - - o
ssajun paunbas jou 940 Sjuiof 9did 1ybiisoiom 2 592 081 592 /5 uIpIpIapun G'9 x B¢
Sanvg SONvE SOnvg JSIH X NVdS ¥313nviq
TSIBWNI Ul 810 PBIIGD] JOU SUOISUIWIT | a3 LvONH02|031vINYY02 | G LVYINYYOD 2 3718
£ TINIS | ATTVNTEH] g YYIINY HOYV -3did Idid NOILIVINYH0D
‘310N HIGIM ONVE AONINIR awnoy
n AY3IAIND 3Idid TVIIN YOS SANVE 9NI1dN0D

S1IMS| ‘oN
w101 {13ms 123roHd 3ivIS 934




£-209 wn_wwe | 3995 08

QYVYONVYS £6/20 150 403 QIAGAUST QUYONTIS -

. ‘yidap pajoodwod ,9 Buipdadxs jou S134AD ui Padoid i
1108 31QUI200Wed Buij 40 (0150w IDINUDID parosddy -

ONIAQ39 143A7ND 3dld

‘yidap pajoodwod .9 buipsazxa jou
J1LSY1d ANV VL3N NI Wl S43A01 U1 PIIOW [DLIBIOW JUBWIUOQU T
<
QUVAONV LS ININXNVYEHNT NI NOILYAVIXT HO''3YL
UIJYODQ 0§ PASN §§ (01E,u JOINUDID YO ANNOHO TVYNIVN MOT36 1014910/ bu1ppag
N a:: q._x.w.wx.%..,ﬂwﬁw Sueym B1Up [18MND adid Byl (O |D1s94OW v B
NOILTIUOSSNTAL 40 SNINIUYAI0 'S0 111J300Q dqoowsadw; jo B buidid 1I01iSU0Y J buippag

V-v NOILO3S F=e y GNNOH9 TVYN YN
T [ //\ brud budid MOT38 OGNV 3408V
NN buippag
NN
/ N~ GumninS i} T s s s R N
+ S — JUW]0R4|
jaaan0 adig pu3
Y ) = o
NOILYTIVLISKNI Jdid FdiLTINH ~ "UOHIDADOYD YIUSL| 84049Q Ioxy
T adoys Jybiay  jUBWYUDQWR JO RpOIHANS DIYSIUL R —
$59¢ S1 J8A3UIIYM 9C juswyuoquw 3 0110ADIX ADMPDOY Yow. 2l J0 HZ Yow.2r 10 HE
0 dnN Puo gp EEE»EE.-&EE«RBEEEEE&;P
jud Jore] ADMPOO;
ueds H0 42i3uwll] & /,/muut:m punos9 10NON joutb1i0 vewaubqu 3 - Y
[ 24 8 0 Jn 2p0IBANS  PIYSIVI 4
T S v TvIILYN FT1GYISNN NO
IMIVIS Wvds 10 ¥313nvio *P34200wod A1sad0sd (DLIBIDW (1] UOHDPUNOY
ONIDVYDS HWNANINIW J0NUDIE PaACIGTD yim 220/d9s PuD

1105 BuiIDeq Wil 0f [DII2JOW 34GDISUN aNNOYHY - TYYNIVYN NO

‘ anowsy
_II I||||:_ — — punosg [0010N 1 i buippog
LS ORI 5

pUNOLY 10INION

+330-¢

2661

60

t available as of January 9,

ods 2 A suoroyossuy il T ¥ :ete.guxu |\\ \\\w
J319w0I0 wnwgu | N (oisuog] A Juauyubqus Joj woug LK. 200 v e 9 B
voy2as o0 4 V014095 \\ A : \\\ 7
pua j0s9M -
(9/904 995) pus teren 9NIGa38 3 SS¥10 \\ll e \\ i ™
! Buoods wnwiumy ) E : oW, - !
s SU0LOBNIIOD Lt 40y 2 T ! %5 xew.ar 1o He rouel 10 He <L
SU0YOBNII0D L2, J0) LI <l :w%é:&&m Aompooy 1vawyuoquy Aompooy
8posbans paysiul4 ”%anzm paysiul 4
014 0PUNO,
Buippog D 20 g O TRITLVA INIGTIAND KO

SSDD uf SRMIND A saows pag BuIppIg § SO Ut

yydap payoodwosrun up Sayour 9
854 Ut JBIDRID PUD SRUIU] B $IJeAND Y210 ¥did pud M ]
J2BWOIp ., 430J01 PUD SOYIU Gb SN D pRG p wawhwahhxw@w.\bm”n“u cﬂn\uﬁo\ﬁg\zﬁwﬂ =
S1IAIND Y210 SAIT 10 JO UOISURUID OIS Byl wow.pz tumel D13 10w BupI9AUN SAOWRY ONNOYY TYHNIYN 3A08Y o
JO S$}J8MIND 3TID PUNOL IO O JAIPWOID Iy SIONbR H 2 49400 40 1005 sod .2, punOIY 1DINJON m
JUpoIb §19AIND punoig Jvawyuoqwy ADmMpooY n
2010 Y 9SDIIOUS JO IIQWDD JO JUNOWD Y] NP ONIOa38 8 SSv10 . buippeg ~
‘JIBAUY JRIUJ B! JO UOIIDASIR By $PIeINR paubisep Q 7 \ ) g
SO 2AINT 240GOIOD Y[ UO UDIDARR [UjOdPI SOPTIOTTUTP AN B VOV '/, \\ \\\\ S
Yy I '9AIND 2110qOIDT D UO JQWOD JORAST T T T \\ e O
ibusl 800 ayi JO uf Of (DADI JUNOWO 840UIPIO° = o - ==L -
U0 Sj59AUI JIN0 PUD [3IUI BYI UBNOSY| PIOYD O = - = N ks
WoJ ) piomdn Sisemind odid JAQWOD PRIRIP UM \ \ \ P : . o
s / [ZXEFTITITY T iz /
‘I1ON . ] s e O
xow.gl 0 HZ xow. 2l 0 HZ Yow.2i 10 HZ Xow.gt 10 HZ b}
o4 d0071 HLNOS! “
(1 OuHL-vud] ON | Mn 1UBwyUOqQW3 ADMPDOY Juawyuoqw3 ADmpooy
s13ms| on ——— ~ ———— — ~—— e
w101 [13ms 133r0ud uvis | 0w 8poIbgNs poysiulS S apoubans pausiuty

e g .




P-c09 ~ FT0L O
Gavousis | (6720 10 w04 QIOUddT OMTONTIS
. Jdid WLIN JIIVONHHOD YVINNNY 0L NOILDINNOD
Idid FLFHINOD 40 ANF 137100 HO gN3 13N v NOISTFC
NOIL23S ON3 TVI3N Idid V1IN 0L NOILDINNOD 3did FLIYONOD 0L NOILIINNOD
2 NOIS3Q /
QUVYONVLS § w9530 Y20 3G1d ISX.89 MM 6K .CT Youe BT 00 ¥.82 ML L4i v
- puo adid punost 09 Nyl L0f I ¢ puo 3did puncs pZ Nayi .71 504
320350 LvaKIIH SONYT Try3013
NOPLYMISININOY AvMHOIH Y3014 .
NOILYLHOASNYHL 0 {NINLHYAID SN 4040 90Id puD 8UIJ PUNO JO S3ZiS 4D 104
E U038 _ fo:uuw
- PapIom N Hog oAy 1 > pu3 pu3
U012’ pu3 J0 paiog ©01/39S pU3F 10728UY0D
U0 OJUUOD PIPIIM IO b6n7 Japuodx 3 < 0 u.m jiomn3 odig doais 1014

pRaALs jURIDAINDD 4O whwixOWw ‘20 L9
10 S40q 8/7f Wlim U013 pua patdij
0/ payoq doys pupq Buidnod ediy

adig wnupwny 10

IH.D.ts pup woIp LOf
139]S PIZJUDAIDD Y 00WS

L4-'WoIp 0f UDYy SS3Y
j49A1N3 8did 8;842u00

“~-— yoisuodr3 434 j0 L7
Logaaand iy o7 wnwium g %
(HOYY 3did) (GNNOY) ,ou.J
NOILYATTT NOILVATTT
MY Qgh{\xﬁ ‘U Moy P Ui [o))
voIsUaXs 8/0/d 30 - s » . J ]
109 % © uoISUB XD 94010 90] siq g # Sy
ui00ds B0y row L2) |/ buioods sjoy xow g 0
240)g J8UI0)
N[ Jome 2] #ow o [ Tam 5 e 1] o
CLUS. S I ) LIS CLA, AL O
T eioig o] ML= xH e .,“_u, 3/0ig” 861" M._Vo;_ m
$U01 935 pud 3 . <
pPasDiy @ys jO 800IS Byl Ydjow 0] $800IS JUBWYVOQW? dioM ‘g R )
. atp v Low
SUDI0 8Y] U0 UMOYUS 2Joym UO[SUdIXa 8j0id 90 asn ku\o\c\um 6p7 E‘.iﬁl ¢ O
"Apoq jouDd Yyl SO SSIUYOIY! [0 AWDS Y| WOS) SUOISUIIXD 4 P10 jUI3Y Y EEETS #713mvig w
5,010 80; PUD yDId JBUIOD ‘UOHDIS IOIIBUU0D B1DD1IG0H ] 407S SSINNIIL 3715 n
i TYLIN_ADHININ 3did ©
430 s Si0q 143ATND 3dId ONNOY HO4 SNOILD3IS ON3F %)
Yiim payooyp SaibuUs 1UI S INS Hhx 2 ox L2 uim youn adid —
480401 pUD GG X £/ '.2S X i/ Puo odid sajawoip sabiof - <t
. 1922 | 8 | eu | & [ or | &f 2 | gor | e | eor R Q |
PUD 0G J0) SUOHORS pUR JO SeDPe PRosojuIds ayy (uawdddng g (HIYV Jdid ¥0 GNNOY) 7 2z | 28 20 | 2 ros 7 EN or | 2 o R © e
NVId W oz | ¢ |03 | 2 | w | &1 | & | sor| o | 6or | /9% 56 —
‘WosS jouDd J3JUSD DY JOPUN PIIIALL JO PRLIOQ v-v NOILJ3S G | ow | 14 | o0l & [ o | @ o | sor | & | éor 97 8 -
JURWRDI0JULRs 9bUD ¥, x &2 x &2 epjaosd ‘yoso adid sebioj o s 62 | 44 9€l |} 2t » 2 2r sor | e 601 [ W
PUD GG X £ .OS X QL J0] SRUDD Jojusd UONDIS PUR UD G Hw Aoy 7L T U O T/ .4 4 er | sor )| & | eor 558 ©
&ﬂuu&w Jsomng adig oo | o Vvor 2 Toc T a2t | sor| & | 6or TN
: ! 9 | iz w2l | 2t 9€ 2 21 | sor | e 601" 25 * 1
wUno (8000 O1) LSEI'0 K0 [994s (9606 OI) L8CI0 wou) W 951 | 24 | an | & | sc o 2 | sor | o | 6o R M
Y240 adid 430101 pUD Lip X . PUD did sejeworp sebios puo %7 77 i 5 o o7 5 o 5 o e N
.09 40) SjPUDD J3judd UOJ}IRS PUP RJ0INIGD SIOQ SO SieAl L Zn | 0z 000 | 21 9¢ 0 2 sor | er 60 | " ro9
Aq pauol Ajubli SwoIs dD| GiiM S8IPOG 903(d 9IdLIW 2100140 b v | 69 | oor | of | u 2 | sor | o | eor 1 o
i~ paET, ofi | £9 g | & 92 2 2t sor | & [ wres [e)
Poy4jopds JsaAND #did By adars et | es | @9 L o ] 82 | 9 | o f SO} & ) eor | 8 r i -
04 20Ay 810403000 Auo 8q Aow Spudq Buydno) “SeZiS jsAMND a6, i £$ ce | & L Ll 2 nE.. il gor t_ fL 16 w
o0 5 P . [IEITE] ) ror | o €2 | ¢ [ " v s | v |60 62t 2r M
10 (03w 110 403 ¥ UDISIT JO Noy Uy pasn xq Aow D tD.M&Q iy DAL JUIY 7] 6C g 9 o 3 v S0 i me :11~N‘ ﬂ‘wn [
o | e | o [ 5 | o | 2 | o o0 | o |Tre0 | 0r7ee >
NJIRAIND RUI0 94RIDUCD By JO JJAWDIP PISUI Byl udjow £9 [ 4 oF 9 2t 3 9 090 9 | 290 L 0
0f § UBISS0 JO UONDRS PUR BY| JO JBBUOID Syi BIDIIN0H 2 | es | s2 238 K] " 9 9 1o | o | e | Tt 2
28 (4 82 9 [ $ 9 090" 9t +50° R
s813u01g J0 uDds N SHwi H
*SPIOPUDIS S J8INJO0 J0UOW 10} y [ FRIERE _ v nnwv 73345 351 x WYdS +
MOND 04 Payywidd 340 SUOISUBWIP puo UBISEP Ui SUOHDIIDA i SSINNIHL m
oy 4007 Hiiiug] : SNOISK3Ima 7 321 3did
0y 001 WSt oy [ an 310N 3do7s LIN RO
IR T e | s | o 14IAINI HOHY 3Idid H04 SNOILIFS ON3




G-CO9N i
QYVONVLS JTIs oW
1NOH 4 3ais
[ |
1H3AND 3dlid J11SvVd IR 5
051 {0651 [0601 [5£22] 006 T B
GUVANVLS 1L 3N 051 | 619/ | 516 |ccez]| os: . o .
W e, S N 01 [ocor or6 | 2or | 005
NOILVIHOJSNYHL 40 IN3NI¥V4IQ ‘SN 06/ | G6€1 | SE£Z | 0451 os¢# | .
| o5 | s {029 | oun [13
05! | osg |08 5901 ] oof
o | o] g | [
SNOISNIMG Idid d04
NOILJ3S ONF Fdid JI1SYid TN
—
f
RO | _
“n\\l\l\\““\\u
S5 ] 00§ 00zt <
. §S 08 00£ 0501
09 5E 005 006 R
09 S8 00g 0s/
S9 06 00f 009
0z | ool 00f 0S¢
S9 5’6 00§ S.€ 0z | [ 6 ] 0og 13
08 ol 00g 00f | =z 1 [ o 00§ 00f
SYILIN NI LHHNIH THA mOmxYn Y3L3Nvig SYILIN NI IHUIH THS AOwiXYn 4313MVI0
e [ e T e T s
a#9€E81 ON IbSHSI ON SSINNIIHI TIVM RONININ
'SSY1) 7132 'SSVI0 713D yanoo | FZIS 259521 ON 29552 ON y3rco | 321
nnminin - 3did Ssv1) 1130 | ssvi 7130 | Mhmwm | 3did
a3gay (TIYM aI70S) TIvM HIOOWS R
LHYIAIND Fdid d38814 OGNV TIVM HIOOWS 0
v/ G WISV Y3d YIGANN NOIIVIIFISSYID 113D WAWININ ONV 378V1 LH9IFH Tl 1
1H3INTINT Fdid ANNOY JIISYId (DAL) FAIHOTHI TANIAATOL ) <

“JuswaADd pibis pub 3qIxal) 410G 104

o'g 00§ 002!
JuawaAnd ayy o doj ayy 04 8did syy jo do; ayy - - - T .
wosy JybIoy Ii1) WOWIXDW PINSDIN S JUBWIAD] oe S99 00§ oozt of S’ 00 006 08 [ 0501
pibis 104 UsWIADG Byi JO dof dyy 0f Pud (o] 59 00§ 050/ [ S°¢ 00f 054 s 00f 006
‘SIuwRADd J4qIxS]y 404 9p0IOQGNS Fy§ Of {I3MINI S6 G/ 00f 006 of S 00¢ 009 Gl . 0] 062
adid ayj Jo dOj By WO.) IBA0D WHWIUIW FINSDIN °§ 58 59 005 05/ ot 53 005 0S% m.E 00¢ 009
“usIpoIb 1somno adid mumr{ m“m 00f 009 of mum, 00f 733 9/ _ ] 00§ asy
Yy ISDAIOUY IO JHQUDD JO JUNOWD BY] 3oNpal S/ GG 005 oSt [¥ S°E 00f 00§ _m | 00f 00§
CIIOAUL [3(Ul BYS JO UOIIDA9D 8y SPadoxd paubisep SYIFLIN NI IHHIH TUS ROMIXYR EEFELLL SYFLIN N IHNFH TiI" wOmXYn EEFELIZ SYILIN NI LHNIH THS AOmXYN y313nviQ
SO 9AIND 24j0GDIDT BY[ UO UOHDAINS JuIOdpi suswac] roc [eez [vez] o [var
i %5 > a.ec:u 21090400 b U0 JaquDd DoAY DEEHSEE ON JEELHES ON 2028425 ON J2I6SIE "ON SSINNDIHI TIVM HNAINIA
oo o] ok foes Lo Sioup 'SSY10 1130 | Ssvi M0 | waseo | JZiS ssvi0 T30 | ssvio T30 | waseo | IS JPEECEE USEMIN yir00 | 37iS
wos) piomdn Siiamnd odid L1aQWDD PILIBLD VUM 'S nnmvin | 3did nowinw | 3did NOLLY I HISSYTD T130 nwomnin | 3did
SIBJAWHIW Ul 91D PIfGD| JOu SuoISUBWI] *f a3galy G31VINHE0D (TIYM QI70S) TIVM HIO0NS

143AIND 3did 03§81Y 'GNY GILYONYH0D “TIVM HIOONS
0S£E 0 WISY Y3Id YIGANN NOILYIIFISSYTD T13D WONINIK GNY F19YL LHOIFH T4

LYIAIND Fdid GNNOY JILSVId (3d) INFTIHIIAT0d

e

S1IMSE ‘ON

101 {133ms 123r0ud vis | o




9-209 | ] T . i
ouvonvis | L6721 50 #O1 QIAvHOnT UavONTIS . :
S3d0TIS 1ND NI INJFWLv3YL 3
1 AN | ;
L3NT 143 J 3dld V-V NOILDIS
QYVANV LS
4 — g-§ NOILD3S =y
31390 AYMHDIH SONT T WRd301s ‘
oL vodENeR1 10 Km0 11 3d4d oo
)
0-.4 o Q
Of-0 ]
m -
T _0-9 0
#2-0 SR
o -
=Y .9-.6 s v
v [ 12G Pl b
S -0-.§ & 0¢ wieg
s T oo
N B S WP pu3 4o __ T emn) 8dig Y01 1DARE 9p0IOANS
,,.,.,.\:u_:v JO Buy moj4 s - o 10 (2 wnunxoN 0
......................... - y\ 3, mbokg:m\ m o2}
\ B waiag = 134ud2 o dip § fex)
2p0.6QNS \ 8004NS  JUBWIADY — 4 g - payoys S0 i
N vones pu3 g 3 adoys o - 8did 4o 8dors
200UNS  |UBWIADY © = - N\ S 2 " [OWLION
g S a00/5 1o poyoIs so S o
S W == 10w JON _—-9did jo 8dois Y W Ay s _
Q .
® ) sty g u o=
» 3 L eyl 3 s PUNOIB 10UI1I0 -
g v 7 TR
S [ punoib joubrip
[ D
g H
NYTd %
NY1d 2

Q

4

<

4
3260 s6b)

‘Moqe odid Gp 4O N3y Ut
pasnbas aq Aow smoqQre adid Of
10,822 'suoDd0; adid pamays v

‘moqi3 id LSk PIOPUDIS [ #apinous 2p0.BGNS
d

: \goE:ocm apoubang

A

aul youp
oW ION

il 424ip BE_\oz
[

-— MO7H

” Ul 4P

10w JoN

t available as of January 9,

i
g og 012
me ! . 1g_woio8 5
Yapul 149 9oL bl
1
_ adoss ! m
wowpxow 1:&)y - cQ_Ew adoss EG/J. -
irs 0
UipaIe| SNoWojuUnOWw Ui g UIDLIR| SNOUIDIUNOW Ul 1°G E:E.‘:_x& 7 _ “
40 Jado} cui0sid; (01} O 10 Ay ujoIId) 01} IO . [0}
Buyos vt 1201 10 43004 l._ bupos vy 101 40 49004 ! »
1
g L
v -
TSIARAIND Y010 9id (10 JO UOISUAWIP BSI4 Y v.r.u
J0 8did punos 1o JO J9jBwoIp Yy SIoNd3 G ©
[0d 4007 KiINOS ‘10N M
uni ouHL-vyd] O | MY
$43MS| ON
wi0s 133w 123084 Uvis | 9%




1-CO9N arsinz i
OYVONVLS
FIL 3dld FLIYINOD TVININIT TSNS NOILYTIVLISNI 3did GNNOY 3FTd1LTINHW
NOILVTIVLSNI LH3ATND
Idid JL3HINOID " o) w02 _ mmw mmw ommmm,wwwo
(dA1) $3104 oWy =
QUVONYLS JIMLIN o o0 Spameo " fxowy wir 058 _ HZ osc | o06-00¢
uu_tom:..zu_: SNV Ty3a34 l/ (e _nmw.\ om paunbas 4t bury O
NOILVHLSININGY AVAROIN 4303 - .
zo.:wzoawz.,ﬁ 40 —zu:EEWc .m.: . .' o - HONZY L | INIHANVENT | §3130VI0
N M | S INIDYDS HNHININ
_ Bl Jupof JZH 04
*150234d uaym - sy "op ww Of
Paywidd S0y pasado - ww 00¢
\ (U)W GJE
uiof did 19A0 1UaySDY [DJSUL Jou OF - | (XDW) W G2 '
{21q0¢ 835)
bugoods wnwiuiw
INid INIdid
4YO0Q S0 DPBSN SI D11340W NOIIVTIVLISNI HONFY L NOILVTIVLISNI INIWNINVYEGWT
JDuDb Is9ym J3jur 8did Byy D [D14BIDW v
1114¥20Q 3jqoawsadwi Jo bmyd buidid o jonssu0) ..‘_
ooz buippaq mu.:wuw\“m - 002 D113 DW
_f g 6 ’
v-¥ NOILD3FS 7009 cro %m n wIppaq g S50
~s9bp1Iq ,— Drvd buidid X v

Aomybipy 104 SU0N0D14193dS PIDPUDIS OLHSYY JO

01484102 9y bupssw subisep 8did jounyoniys

214128dS-841S JO [DAOIIDD UO PasSDaIIUl Bq Aow
SUOLIONISUI JIBAIND did 104 SIUDIBY 1) WNWiXDW -y

“adid jobids puo
113G 1101sUl JO taaMnD 8did vo §8iy 8did 949.10u00
jojuawsiddns oysup x0f PIIoN3 sappoib uyM ‘9

“£-209H

PIDDUDIS U0 UmMOYS u0j4o0dwod adid JO Syl ayy

03 Buipiodo0 j13AIN0 3d1d Yy [10JSUI ‘PIIIIUNOIUI
St (p113jow 3iqoysun so bupraihun asaym g

YouaLy Ay JO SlOM Bys 3 1DYS
S U0IJOOAWOD By ‘YU D Uf UODIDISUL
adid 404 JUBWIUDQWS UD Ul UOHOIOISUS

8did 104 94D UMOYS Sinufl UOpOOWOd adid “p

‘syuawandd pibrs pud SIQIXdYd yfoq

204 Juawoapd syy jo doy dyy o4 8did ayy jo doy

Yy wosy Jybray (i1 WNWIXOW 3INSDIN S jUswIadd

pibis 104 juswsadd dyi 4o doi syy 0f pup

‘SJuBWaADd B(Qix3l) 04 ppIOQNS Yy Of JIIAIND
8did ayy JO dOJ BYl WOLY JBAOD WOWIUIW BINSDIN ¢

JUBIPOID  §I3AIND
2djd ayy 8SD3IOUL U0 IAQWDD SO JUNOWD 3y} 23NpPas
IJOAUL J3IUI Yy JO UOIIDAIS 3yy SP3IdIxd paubisap

SO 2AIND 2410QDI00 3y§ UG UOHDAR jutodpiy

B3yy JI taaand 2110qoupd O U0 QoD dOfaAd(]

“yibuay adid ays jo 1 04 fonba Junowo 3jDUIPIO

UD SJUAUL J3N0 DUD 3IUf By ybnosyy pioyd o
Wo4y pioMdn SLIBAMD 9did 1aQWDD ‘PRIIBIP UM 2

“SJWINY Ul BID DIBQDl JOU SUOISUBWI]  f

‘310N

SLIMS] “ON

w101 uvis

- Juaw 0oy
pu3
143412
adi,
> v .A_ HE H AZ
adojs - 001420dwo0 3did 4O S jiwr]
JUBUOqW T

tuswyuoqus Aompooy

—-

Gz !

UOI{DADIXD (OUBIY
81049q jyblay juswyuoqwe Jo 8poibQNS pPIYSIUlS

2poubQns paysiur4

08 Ss () x4 003 0042
0L St 09 ot 009 00k2
ol 04 Sy 06 Sss (4 009 0012
061 sol 09 St gl 06 05 (224 003 oo8r
widap pajordwod ww Gl buipssrxs ‘ 06! 56 09 St SEl §°8 [ St 009 005!
wou ssakor i paooyd tosseiou Juewyuoqu3 |///) 0's/ 06 0's S [RY] 08 o% 5S¢ 009 ooz
“Yydap payopdwod wiw (G) buipaadxa Jou SLaApp up padpyd |- Q”Q QHQ o.v o.n mum\ Q.w m.N m.N 009 006
HOS 3Q0200wW0D Burj IO [D1I{OW SOMNUDIE PoArOLIdy |azee:- o4l 09 s o S0l S¥ ot s 009 054
_ o2 59 S¥ St 06 S+ o £ 009 009
“y4dep payo0dwod wu 0Gt buipasoxs ‘ S°El 06 o 0% 02t ] of £ 009 0S¥
10U SJ3AD] Ul PAdDId [D1IBIDW JUBUINUDQWF \L ov oe S°G GG [ R4 ¢ ¢ 009 005
SYILIIN NI Fdid 40 J0f FA0GY IHNIH THS ROMIXYN YIA00 313910
(o400 buippog @ A mmﬁu_ w mm<d|— 1 ssvid _ nssv ]l A mmzu_ N ssvD _ 1 ssvn _ n ssv | womwn | 321S
HINIY L INIAINVENT Jdid
F78v1 SSVID 3Jdid GNY 1HI9IFH T4
0N3931 153AIND_3did_ONNOY_F13HINOD

A-7




8-CO9N s [
[ .
g-8 NOI1J3S v-v¥ NOILI3S
3did aANNOY 04 ~ ~
NOI123S GN3 JLIYINOD _ —
- Tr
QUVANYLS DIMLIN Mv e ﬁ T S
301340 AVMHOIH SONVT TWy302 ‘ 3 ™ 3
LYHISININOY AVMHOIH TVH3G3 ~ -
chﬂ_uoamz;_ 10 thanLuvaI0 S *‘ N * g
3 Ty = P e s D
3 S pod & c | | T
] i J 1o g o 2 v_ ~
7 ! 7
NOILYATTF NOLLYATTT
O —
00f 058 - §22i | 00IZ | 00bZ | 009 008! 009 sl ooz
(744 058 - G60/ | 0561 | 00#C | G2B $86/ | 526 £ 050!
S 00s 08s 626 | 008/ | 0O¥Z | S8 G851 G 001 006
144 134 (439 S98 | 0591 | 00kC | 8C6 Seyi 1149 6 528
002 Sif 29 S/ | 00S! | vp8I | #6F 0s£! | 0og 88 0s1
S22 29¢ - 002 | 0S¢/ | 8£81 | BEY 002t | £9¢ c8 529
[2/0)4 0sE ocr §29 | 002l | 8581 | 054 880! | 8£C 52 009
seil 149 aw 085 | 0501 | 6281 | 526 006 522 69 $749 NYTd
88! 00f 1% Sir 006 | G281 | osl §49 | S22 £9 [294
0s/ | 62z | a1 | oor | 0S5 | Geer [ osi | 529 | ost 25 [ g l._
00/ G522 £62 (749 009 | g2gi | 2ccl 009 001t 0s 00f 4 4
g | ey » 4 M 7 2 g v 1 | ¥313nvia l_ M ﬁ!
3Zis
SKOISNINIG E \ _ /
\)
LYFAIND 3FdIld GNNOY Y04 SNOILDFS ON3F '
v _ ! @K
\ ! 1
\ L& \ <
v
\ I !
“ . |
oo
, .
1 | "
| .
1
L B
! ' 1
1
o
I
R
, .
U0/JIIS PUB PaLDI) dYi | I “
JO 8dois Byy yojow O] S3UOIS judwYUDQUS dIOM ‘b | . )
L}
pUs BNDUOY O YyM UOIIDDS pud Jajul Byl Ppup ' _ “
PUS 24006 D yJIM UOIIDGS PUB JOIINO DYy D40ILIDS L S B
1
“SPIDPUDIS S 4BINIDDINUDW J0] MOND Of [t
PaywIdd 310 SUOISUBUIP PUD UBISIp Ul SUOIIDIIDA 2 L w wr
"SI BWIL Uf 84D PIIQOD| JOU SUOISUBWIT  f 4 010 4
*JION A._
g
e ] 103008 avis | om -




1-909NW

Quvanvas

0¥sin 1

ATBAN3SSY AVMTITGS
Nivdd Qd3L107S

QUVANY LS JIYLIN

321440 AVMHTIH SONY) vy307
NOILVHLSININQY AYMHOIH TWEd s
NOILYLHOJSNYYL 40 ININ1HYLI0 SN

v uvi30

apys N0

Uy ww 0§

JYSOm 3.0nDS
20 punoy

201U (U
ww 02

102/ ww

dwor 81Q02

JUaWI0I0 jusas
ww p°g piOPULIS

19345 W02

‘YQOHOAD JOU P40 SIZIS (LW
vaym pasn 3q Aow $3zis jo1saduwy juaoAmnb3
UMOYS SIZIS DLW YL Ul SIOMPIDY aDIA0IY

"AIQUISSD uIDIP DR} 10IS

1015 bUD yi 40 (OIS 0J6 B4y sRyi1@ 3SNH Of
Bujusiybyy 9409

spupq @y Japun sbupi-Q 10 sjaysob burold
AQ jybiisaiom SUOIIIPUUOI pUDQ |10 ADW

'SU041085 8did

V104D DRIIOIS JBW G OM] JO whwuuw ©

PUD mOQIB UC JO PORISUI WOIjIRULOD 83 O
95N *SaAMND DO14JeA OOS [0 SUOHOHDISUI S04 8

“JSeAND 8did uIoIp UMOP DuOjD SIDAJRUI JRjw G
Arqowixe 100 SIYQWRISSD JOYdUD 10 30l

. ‘UoIdO 2A112R4024 SO} 1G2
U0K29S 0) bupwiojued dodls 2 SSOI) 804 9

pasn oq Aow
$O/QWISSO JOYIUD ¥dId 210U paadiddy G

Hn QIHSYY
04 bupIoVd0 @s0mpioy 110 pub ‘brid
PUA 2010 ‘AIQUISSO (OIS /0I5 IZIUCAIDY b

‘£81 N OLHSWY 01 wi0ju00
Orid pud 2j0id puD AIQUPSSD JOIS 91049 T

SSAUNIMUE w297 SIS wosy SPudy

BUKINOD PUD ‘U0J1D9S DU ‘SMOQID ‘{IIMND
2010 UiDIp umOp ‘ATId UIDIP PBLIOIS 9j024QD4 2
TSR 910 PBIAQD] jOU SUOISUIWI] |

iJLON

SLIWMS

w10l s

JwIs on
- v-v NOILD3S

. woIdD 3A112310i4
—— A 90A; 8j11x34099

SU0YIPUOD PI31S
i) 01 m0gia iy

J9A0D (‘up)
ww G/

28d33is 10 701 Saposb
o (uiw) ww 008/
whuw ww 0021

PayDyS SO 900IS Jit4
Japnoys  epoubgng
139ys 101/98S

209 1021041 UO umoys SO
y 40 950 94069166y
o3

2004 aam 7

9

UosdD 9A1;08104d

v

UO1OII0SUf 836 -

nvyayvno 1y
INIFNIOVId TVIIdAL

AlQwasso
\\Mcucb adig

(i2ays voy 095 1021041 235
QUNINILS JUBWIADG —-

ATGNISSY NIvYQG 311078

> T 107S FT1oNY
- - - T g4y
$4900ds 301d
3 e
g “d4,
- ! S 199005 o0 _P@mJﬁ_
£ e e o 5
2aly
......... 23S 2-0 NOILI3S

{'04y) KQuasso
J04oUD ¥dig

209 woj128s vosp umog

/ U sRpINOYS

2

W 430005
2401

aall
1075 F1v¥9

(*dAy; $420005

g ‘I_
; #posbans N R
. ] '_ 9% N/ [L2P)
E _ wg
5 £
g2 R L. °
91820000 g vy
Houdsy — \ouy 800y 13000S
qin) | 4014
SUOLIPUOD PIRI) puoq NM\NNMM adid uoup
i 01 MOQrR iy i poi015 ww 00f 2j0id 19345
v ww opy pomom  8-8 NOILOFS
909 011295 AlQuasso Aomi;ds wiim pus Ny
S sa00ds
T. @4o1d
Gb

8pys yaoa paooyd sayoys adid

V130 NOILVTIVLISNI

10437
uoDID IS UY
- 885

1101 40 320

qim Qo ubiy 9403

84840000 {1OYdSY

Uuv130 1708-n

— (s310Y 2)
aoid ww J2i — K

('0hj) ww
0z Y

Y]

FLIVNYILTV

w/6y 80'v
Y045 o jybram wnuwjuiw
(1ui0d 10 udiory) 9did jo

(paz1uoNDb) DUDQ
vos punos ww GO'6/

paziuomDb G0 ww 9278 -

"01p
! ww 05

3y0ls odid eapp 0y
POt O 43 (Sim)

I JLVNSF LY

vy 110430
935 dworo
94100 "PIS L. IDQ JUIWRDI0JUIDI

RIS w g oy oocn

Il Jogas o
Dapiam saysom

1998 1014 ww 16§

2004 24m 9S




I

dvddld 3S007

0080903 ‘HIANIQ

W SO Wi30)s Wein1d
Wow AuANDIN Wi3013
el 30 INMIbeIN) S N

(«N0°yiL NOILIISANS 4O SININIHNOIY
311 0L nEOUNGY 1IVAS JUIXIL0IT ¥0d SIvIHILvN

'NOILY1303A I1ONOBd ONV SQICA

TNy 01 3OV4HNS G3131dN0D 3HL YIAQ NOILYL3IOIA
ONINIVISNAS 30 310Ya¥D IVIHII¥A HIHIO HO NOSJOL
QYIS AWHOIIND  "dVHdIY IS00T ONIDYId 31 Iv

IN3MAVD €04 Q3WNSYIN I8 SON
TMiM dvddid IS00T 4O LNINIIVIJ HOJ NOILVAVIX3

SITON TVHINID
3-4 NOIL33S
R I,
anNodd  IYNIDIHO nuoxuw_mcwmumm_

3d01S 3@VIEVA-

1@. :tr\ v 214%34099
=
34075 _ k¥4 — »T 5 _
Rz}
3-3 NO11I3S

ONNOHD TYNIDIHO

SIHILTQ AVMAVOY 40 ONT [V AVMHILVM

1na

EEI
NOILVA3T3

ANNOHD TWNIDIBO

[RLUEIR LN )

373 NOIID3S

NIN .1

“HI11Q Ave v0Y

N4 40 301 1¥
3d07S ONNOXO 31GVINYA

HIONIT 3718VIHYA
M3IA NVd

HL10 Av&QV08 40 ON3

ONNOYY
WNIDIEO

pau N

1 T H
AVMOVOd

N

U4 30 301 Ml
INI'T NI XOBddY ¥

x3j09
St 1nd .

NOILYAIT3
FEVIEYA 3d0S

134 30 301 1v
ONNQYY IWNIDIHO

34075 3aviy

NOt11GNOT
0113 113 04

Ui

NI AVMYILVM

NOHLVYAIT] NIMCVIQ .82-3did 1HIAIND —

L3I0 1Y NOILDIS OND
HILVA Q1 dVHdY dBYH

"

IBVINYA

2114x21099

3d07S 103 3NRVINVA
-9 NI

H1d30 .9-.1 Nin

¢ SSY1D “I0HINGD
NOISOHI MOJ dvddis 35001

ONNOYD TYNIDINO

NOYdV 3A11033104d

GYVONVLS LACHLIM LY3IATND
g-8 NOTID3S

NOLLDJS ONJ
om<oz<hmzh_shmu>._au

V-V NOILD3S

2)4x24099

5 AYRHILYA ) ONNOKD ONNOKD
34016 31BVINVA KR WNIDID TNI9IHO
NOISOBI 403 HOLIQ AYMQYOY ———
dvidiy 35001 40083 LY M3IA NYd KIIA NYId
S{XI0)
aNNOHD INILSIXT 3 3
Nin NN
NInCo1 HLONIT 378VIdvA — ) ._ﬁ H K n
M3IA NVd ¥30WNOHS
HILIQ AVAQYOH 40 ON3 \i 30vyoens d °
S RN ; i
3 . o 31 P o1 i o-
3-0 NOILJ3S g i £
z SSv1) >
015003 o3 \ © °
NOI F) '] e v
dvualy 35007 .9-2 nJ) HJL| Y
NIA 0~ AYAQvOY
7 ! ]
4 a a114x34099 lnl_ |1
m mm > /52 /
R 5
L] | | ]
-2 32 L0-T RT k-l T4 30 308 L JToxs[ v [t
ONTOHD TYNIDINO B3 arslele
34015 J1BVINVA -8 oxvl ezl
[TE:)
H =
1 (2o
- NOHJY 30133
P z) Nouav | B>
@ | o |G e | 2 | nitha x 23R8
HLONTY
SIams | on . i
w101 | 138 +2"0dd vis o34

1996

’

Version not available as of January 9

Metric

A-10




M -0 N _ XR7RR 03SIATY
oo egs | XA7XR 350 503 OIAQHAJY GHYONVLS
. (WNOI LdO)
SWi0L
SNOILIJ3NNOD dvoy TGS WAL
QYVONV LS
JRS N LI PN UOIY UD POOY
YO00XIN DIDPUDIS DUIAS I0QUIAS JN KDY
oposs i f
woatpxop ok !/ .
[}
998 | raxny | cquny ol I HOLY IS ¥ m
o | 83 K3 wINTT | ol _
= BupopRIS uiN o
$501)
SQV0Y HWOHdSY 40 HVYARNS ot
73
¢ JdiL
(Vv NOILD3S) NOILDFS NVOIdAL FUA04d WAL by
e F50G 21000 100 o
G N #S T ARRADY ARINN0D —
U, HOITY OH VOLIDABRKING.
2. o, wimon 0 0p3 #p046GNS -
405 1o kg [ owid 079 101 90015 < g _ N
g9 NOILO3S A ! anaron 04 R (=) 41( o
- el
vsog wuwba by 5 —— A Aompooy uron 10 P [14]
u 1 A pRasag {
' K01 07 " 21901107 £ 02 3
wR Gl | F m
L]
| ﬁ O\ 4
| e Y o
| | ; T (V¥ NOILD3IS} NOILIIS TWIIdAL Wid WIJAL %
l ]
os0g 000,000 .
S omN WS [ MR RIIN) o
H4iSY K
DS i 4\4 — —
o a a
7 o3 (1 20K WS) b Mm N
&4
G 5 RAOYOL WOW{XDW g ~ 5 %) BupRuDt 4 FIHS ~
W SROMPOOS PR AR SIS 201 906 %2- ! %
01 70 O 0 PRRILSRI S| S “SUWORRS [V Al o ©
Ui 010 DUIRIO! FoAS] MDY B GO $PO0S 0O, 3 _ 8, 10s SMM /{ o
v
SOSTRIIING UOI9S : ron ﬂ ]
Jounpnus 1) woyes ok Ao 0 SRy G 010 “ moon 5 g |
0]
0 I YOy, RSO YD PO x: 4
00000 L0 PR(IOTE §] UOHRS UMOSD BN UK Y p " m
p =
U0 PRL4 10nSTUN - _ — " — IV
WIHNOW S0 00L0 KRADNL DOSORIN}
w0 0510 Lsws, posoo puo 11401 POLAOA 98 AON 1iPOY © Goxiy 3 N 1
Y0000 Ry Jo DR i 0 PROOKT 9J0 SLRNTD  C o %3 a Z T ™ n
e ¢ parson 9 kow [ zZ > z AN I m o
UMYS SO POOJ (I00XKID J0 9iuUD SUOIPUND 0TS Uf 2 o 3 ] Z Y m 5 -
(ad ¥ y 4 3 ey ol““w N e KRR 5. vnmhw 0
10918 X X1 o P
Joixe wnuirou au o nwﬂy\i.!\e&qg o o2 E) ' m.. NE 1oy o £ W /./‘ri HOWasY 0 Mm
P00 42001030 1D SO}40J FIOS Iff] PUD §1) UOPNIISUOO 73 > ] 7 OIS ,
AOMPOOS BULRIIOW Uit 3RIDAU0D 30 SRIH00KITD wlx #0p. { - 003 95t
10, GSKiL) B0t 5 S05600 b ORS00 1] P s> 1 St 2i v T ,m gl \ S Ry7 5 R~ 3y >
= Rix ™ -
1334 ~— a0p3 Ip0sbans
? 0p3 9poAqn: o
SILON WYINTO 7o ] s | seu m@ p P 3 S o
o 8 o
(£ ooN %S) R e o
- UOJIBOT) SN OHOR Y
N 133708d uvs | omw 14000 1 RNND PO | o
13315 s
e et - I
i
Sl




APPENDIX B

GUIDELINES FOR CLEAR ZONES




nselzgn:

Metric Version is not available as March 30, 1995.

8.4 Safety Analysis and Design. (continued )

The following information is
reproduced from:

FEDERAL LANDS HIGHWAY

PROJECT DEVELOPMENT AND

DESIGN MANUAL

Volume 1, Chapter 8

Safety Analysis and Design
Published by

U.S. Department of Transportation
Federal Highway Administration
Publication No: FHWA-DF-88-003
Last Revised 6/94

D. Clear Zone. A clear zone (L.) is defined
as the roadside border areas (starting at the
edge of the traveled way) that is available
for safe use by errant vehicles. The width
of the clear zone s influenced by the type
of traffic, speed, horizontal alignment, and
side slopes. Slopes steeper than 3:1 are not
considered traversable by vehicles and the
need for traffic barriers as discussed in Section
8.4.E should be evaluated. The AASHTO Barrier
Guide also discusses clear zone widths.

Determine clear zone widths for all roadway
tangent sections (excepl tangent seclions on
rural collectors and local roads and streets)
by using Figure 8-1.

On rural collectors and local roads and streets
with a design speed of less than 40 mph or
an ADT less than 250, the clear zone width
will be determined and documented on a
project-by-project basis. Where feasible and
environmentally acceptable, the clear zone width
should be a minimum of 10 feet. Consult
the AASHTO Barrier Guide and Green Book
(pages 500, 501, 516, and 517) for additional
guidance.

The clear zone on a curved alignment s
determined by increasing the value obtained
for a tangent section of highway. The tangent
section clear zone 1is increased by a curve
correction factor based on the degree of curva-
ture, the design speed, and the roadside width.

‘- conditions.

Clear zone widths for horizontal curves can
be determined using the following formula:

CZ, = (L) (K,,)

L, + W,
K, = —

<7

W

r

\/ 71296\, /(©9V 157\ 571296
b= D ( 13 ) D

Where V = Design speed, mph

W, = Roadside width, fi. (from 1able
below)

L, = Increase in roadside width, fu

K., = Curve correction factor

CZ
CZ. = Clear zone for curve, fL.

L. = Clear zone for tangent, fu
(from Figure 8-1)

D = Degrec of curvature (in degrees)

Finite Limit of Roadside*
Design Speed. V Roudside Width, W,
(mph) (feer)

40 91
45 100
50 108
55 117
60 125
65 134
70 142

*Based on theorctical encroachment model.

Clear zone widths for tangents (Figure 8-1)
and clear zone widths for horizontal curves
(formula) have been computed for a variety
of design speeds, curvatures, and sideslope
The results of these computations
are tabulated in Exhibit 8.8. Designers are

encourages to use these tables as a simpli-
fied method of determining clear zone widths.




l 8.4 Safety Analysis and Design. (continued)

Y

[
! 3:1 =
a.
£
(o)
<
Example: 4:1— R 4
6:1 Slope (Towards Roadway *
Obstacles) ) ===
70 mph 5:1-1
5,000 ADT 6:14— —>»—
l Roadway -
Solution: 8:1— l =
Clear Zone  10:1— i Obstacle
Width = 35.5 ft. ®
2 ' Roadway _ .
@ 20:1 I
¥ Slopes Sloping
Flat | Toward Obstacle -
‘ {} Slopes Sloping Away
| From Obstacle
- 20:1
g |
Example: ° l Obstacle
6:1 Slope (Away “ o 10:1
From Obstacle) 8:1— I .
60 mph ,‘ Roadway o—
750 ADT 6:1 |
| |
‘ Solution: 5:1 I
i Clear Zone I Roadway ‘_,._
‘ Width = 20.5 ft. 4:1 | N
| I
| |
L |
3:1 | *Average ‘““Weighted’’ Slope
| | | ,
1 Over 6,000 ADT WMMMWWWH
| 0’ 10’ 20° : 30’ 40’ 50’ 60’ 70° 80’ 90’ 100’
1 2.000 - 6.000 ADT O llunuulul1uullu1hnuhuuuulunuluhuuunluulnululuunluluou
ikttt A ' ’ s f . , f f ’ ’
| 0 10 2001 30 40 S0 60 70 80 90
| ‘ .
| 800 - 2.000 ADT N\ 1lnuuulunnuuIlluuu:IuluuulnuuuuluuuluIunluuluulunlu
__'_______f ’ ’ r . . ’ ' [ ’
0 10 20°] 30 40 50 60 70 80
W l[lllxllllllllllllllllllllllllllllllllllllllllllllllllllllll[llllllllllllll]
- 10’ 20° 30’ 40’ 50’ 60’ 70’
Under 250 ADT _ N llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
— 0 10’ 20’ 30’ 40’ 50’ 60’
Clear Zone Width (Lc)
Figure 8-1
i Clear Zone Width Criteria on Tangent Roadway Sections




-

of

Curve 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1

et Clear Zone Width (feet) — 40 mph Design Speed
ADT < 250 ADT 250 to 799

Degree Slope Ratios (cuts) Slope Ratios (Embankments) Slope Ratios (cuts) Slope Ratjos (Embankments)

Tangent 10 10 10 10 10 11 13 13 1" 11 n B 11 13 14 ‘IS

| 10 10 10 10 10 11 13 13 11 1 11 ] 11 13 15 16

1 1t 11 i1 8] 12 14 14 12 12 12 12 12 14 15 16

1 1 1 1t 11 12 14 14 12 12 i2 12 i2 14 16 17
12 12 12 12 12 13 i5 15 13 13 13 i3 13 15 16 17
12 12 12 i2 12 13 15 15 13 13 13 13 13 15 17 18
12 12 14 16 16 14 14 14 14 14 16 17 18
i3 13 13 13 13 14 16 16 - 14 14 14 14 14 16 18 19
13 13 13 13 13 14 17 17 14 14 14 14 14 17 18 20
13 13 13 13 13 15 17 17 15 15 15 15 15 17 ] 19 20
19 21
21
12 14 14 14 i4 14 16 19 19 16 16 16 16 16 19 20 22
13 15 15 15 15 15 16 19 19 16 16 16 i6 16 19 21 22
14 15 15 15 15 15 17 20 20 17 17 17 17 17 20 21 23

|
\

IV R I I~ SRV R
[ ]
N
N

-3
s
S
= =
-
= &
PN
- -
[ RV |
—
& ™
o 00
- -
w W
vV
W
-
W
v
o o0
[\

S

Clear Zone Width (feet) — 40 mph Design Speed

ADT = 800 to 1999 ADT = 2000 to 6000
Degree Slope Ratios (cuts) Slope Ratios (Embankments) Slope Ratios (cuts) Slope Ratios (Embankments)

of

Curve 3:1 4:1 6:1 19:1 10:1 6:1 4:1 3:1 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1

|

| Tangent 13 13 13 13 13 14 16 17 14 14 14 14 14 16 17 18

| i 13 13 13 13 13 15 17 18 15 15 15 15 15 17 18 19
2 14 14 14 14 14 15 17 18 15 15 15 15 15 17 18 19
3 14 14 14 14 i4 16 18 19 16 16 16 16 16 18 19 20
4 15 15 5 15 15 16 18 20 16 16 16 16 16 18 20 24
5 1S 15 15 15 15 17 19 20 17 17 17 17 17 19 20 21
6 16 16 16 16 16 17 20 21 17 17 17 17 17 20 21 22
7 16 16 16 16 16 18 20 22 18 18 18 18 18 20 22 23
8 17 17 17 17 17 18 |- 21 22 18 18 18 i8 18 21 22 23
9 17 17 17 17 17 19 21 23 19 19 19 19 19 21 23 24
10 18 18 18 18 18 19 22 23 19 19 19 19 19 22 23 25
il 18 18 18 18 18 20 23 24 20 20 20 20 20 23 24 25
12 i9 19 19 19 19 20 23 25 20 20 20 20 20 23 25 26
13 19 19 19 19 19 21 24 25 21 21 21 21 21 24 25 27
14 20 20 20 20 20 21 24 26 21 21 21 21 21 24 26 27

; !
¢ !
EXHIBIT 8.8

Clear Zone Widths for Tangents and Horizontal Curves
(page 1014} '

B-3




Clear Zone Width (feet) —~ 50 mph Design Speed
| ADT < 250 ADT 250 to 799
Degree Slope Ratios (cuts) Slope Ratios (Embankments) Slope Ratios (cuts) Slope Ratios (Embankments)
5 of
f Curve 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1 3:1 4:1 6:1 10:1 10:1 (-8 4:1 3:1
} -t
;5 Tangent 11 12 13 13 13 14 19 36 12 14 15 i5 15 17 22 a1
I | 12 13 14 14 14 15 20 38 13 15 16 16 16 18 23 44
f 2 2 {3 s | s 15 | 16 | 21 | 40 3 w6 | 17 | 7 17 | 19 ] 25 | a6
ji ) 13 14 15 1S 15 17 23 43 14 17 i8 18 18 20 26 49
f‘ 1 14 15 16 16 16 17 24 | 45 15 17 19 19 19 | 21 27 51
‘ S t4 16 17 17 17 18 25 a7 16 18 20 20 20 22 29 54
“ 6 15 16 18 18 18 19 26 49 16 19 20 20 20 23 30 56
f 7 16 17 18 18 18 20 27 51 17 20 21 21 21 24 31 58
» 8 16 18 19 19 19 21 28 53 18 21 22 22 22 25 33 61
; 9 t7 18 20 20 20 21 29 SS - 18 21 23 23 23 26 34 63
| Clear Zone Width (feet) — 50 mph Design Speed
ADT = 800 to 1999 ADT = 2000 to 6000
‘ Degree Slope Ratios (cuts) Slope Ratios (Emnbankments) Slope Ratios (cuts) Slope Ratios (Embankments)
: of
Curve 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1
1‘ Tangent 13 15 16 16 16 18 24 45 15 16 18 18 18 20 26 50
| 14 16 17 17 17 19 25 48 16 17 19 19 19 21 28 53
2 15 17 18 18 18 20 27 51 17 18 20 20 20 22 29 56
3 15 18 19 19 19 21 28 53 18 19 21 21 21 24 31 59
4 16 19 20 20 20 22 30 56 19 20 22 22 22 25 32 62
S 17 20 21 21 21 23 31 59 20 21 23 23 23 26 34 65
6 18 20 22 22 22 25 33 61 20 22 25 25 25 27 35 68
7 18 21 23 23 23 26 34 64 21 23 26 26 26 28 37 71
g 19 22 24 24 24 27 35 67 b 24 27 27 27 30 38 74
9 20 23 25 25 25 28 37 69 23 25 28 28 28 31 40 7
Clear Zone Width (feet) — 60 mph Design Speed
ADT < 250 . ADT 250 to 799
Degree Slope Ratios (cuts) Slope Ratios (Embankments) Slope Ratios (cuts) Slope Ratios (Embankments)
of
Curve 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1
Tangent 14 16 18 20 20 22 30 68 15 18 20 22 23 25 33 75
1 15 17 20 22 22 24 33 74 16 20 22 24 25 27 36 82
2 17 19 21 24 24 26 36 81 18 21 24 26 27 30 39 89
3 18 20 23 26 26 28 38 87 19 23 26 28 29 32 42 96
4 19 22 25 27 27 30 41 93 21 25 27 30 31 34 45 103
5 20 23 26 29 29 32 44 9 ) 2 26 29 32 34 36 48 109
[ 22 25 28 31 31 34 46 105 23 28 31 34 35 39 51 116
i
EXHIBIT 8.8
Clear Zone Widths for Tangents and Horizontal Curves
(page 2 of 4)




Clear Zone Width (feet) — 60 mp!l: Design Speed

ADT = 800 to 1999

ADT = 2000 to 6000

Slope Ratios (Embankments)

Degree Slope Ratios (cuts) Slope Ratios (cuts) Slope Ratios (Embankments)
of :‘.'_:‘_:‘
Curve 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1 31 4:1 6:1 10:1 10:1° o:l 4:1 3:1
Tangent 17 20 22 24 25 27 36 83 18 22 24 26 27 30 40 .| 9%
1 19 22 24 26 27 30 39 91 20 24 26 28 30 33 44 98
2 20 24 26 28 30 32 43 98 21 26 28 31 32 36 47 107
3 22 26 28 31 32 35 46 106 23 28 31 33 35 38 St 115
4 23 27 30 33 34 37 49 114 25 30 33 36 37 41 55 123
5 25 29 32 35 36 39 52 121 26 32 35 38 39 44 58 131
6 26 3i 34 37 39 42 56 128 28 34 37 40 42 a6 62 139
Clear Zone Width (feet) — 70 mph Design Speed
ADT < 250 ADT 250 to 799
Degree Slope Ratios (cuts) Slope Ratios (Embankments) Slope Ratios (cuts) Slope Ratios (Embankments)
of
Curve 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1
Tangent 16 19 21 23 25 28 39 83 17 21 23 25 27 30 42 90
1 18 22 24 26 28 32 44 94 19 24 26 28 31 34 48 102
2 20 24 27 29 32 35 49 105 22 27 29 32 34 38 53 114
3 22 27 29 32 35 39 55 116 24 29 32 35 38 42 59 126
4 24" 29 32 35 38 43 59 127 26 32 35 .38 41 46 64 137
Clear Zone Width (feet) — 70 mph Design Speed
ADT = 800 to 1999 ADT = 2000 to 6000
Degree Slope Ratios (cuts) Slope Ratios (Embankments) Slope Ratios (cuts) Slope Ratios (Embankments)
of :
Curve 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1
Tangent 19 23 26 28 30 33 47 100 21 26 28 30 33 37 51 110
1 22 26 29 32 34 37 53 13 24 29 32 34 37 42 58 125
2 24 29 33 35 38 42 60 127 27 33 35 38 42 47 65 139
3 27 32 36 39 42 46 66 140 29 36 39 42 46 52 71 154
4 29 3s 40 43 46 50 72 152 32 40 43 46 50 56 78 168
EXHIBIT 8.8

Clear Zone Widths for Tangents and Horizontal Curves

(page 3 of 4)




Clear Zone Width (feet) — 40 mph Design Speed . Clear Zone Width (feet) — 50 mph Design Specd

ADT > 6000 ADT > 6000
Degree Slope Ratios (cuts) Slope Ratios (Embankments) Slope Ratios (cuts) Slope Ratios (Embankments)
of t;'—
Curve 31 4:1 6:1 10:1 10:1 6:1 4:1 3:1 3:1 4:1 6:1 10:1 10:1 6:1 a1 3:1
Tangent 15 15 15 15 15 17 19 20 16 18 20 20 20 22 29 S5
1 16 16 16 16 16 i8 20 21 17 19 21 21 21 23 3 58
2 16 16 16 16 16 18 20 22 18 20 22 22 22 25 33 62
3 17 17 17 17 17 19 21 22 19 21 24 24 24 26 34 65
4 17 17 17 17 17 20 22 23 20 22 25 25 25 27 36 69
5 18 18 18 18 i8 20 23 24 21 23 26 26 26 29 38 72
6 18 i8 18 18 18 21 23 25 22 25 27 27 27 30 40 75
7 19 19 19 19 19 22 24 25 23 26 28 28 28 3t 41 78
8 20 20 20 20 20 22 25 26 24 27 30 30 30 33 43 81
9 20 20 20 20 20 23 25 27 25 28 31 31 31 34 (- 44 84
10 21 21 21 21 21 23 26 27 —

11 21 21 21 21 21 24 27 28
12 22 22 22 22 22 25 27 29
13 22 22 22 22 22 25 28 30
i4 23 23 23 23 23 26 29 30
Clear Zone Width (feet) — 60 mph Design Speed Clear Zone Width (feet) — 70 mph Design Speed
ADT > 6000 ADT > 6000
Degree Slope Ratios (cuts) .| Slope Ratios (Embankments) Slope Ratios (cuts) Slope Ratios (Embankments)
of
Curve 3:1 4:1 6:1 10:1 10:1 6:1 4:1 31 3:1 4:1 6:1 10:1 10:1 6:1 4:1 3:1
Tangent 20 24 27 29 30 33 44 100 23 28 31 33 36 40 56 120
1 22 26 30 32 33 36 48 109 26 32 35 37 41 45 64 136
2 24 28 32 34 36 39 52 19 29 35 39 42 46 51 n 152
3 26 31 35 37 38 42 -56 128 32 39 43 46 50 56 78 168
4 27 33 37 40 41 45 60 137 35 43 47 50 55 61 85 183
5 29 35 39 42 44 48 64 146
6 31 37 42 45 46 5t 68 154
EXHIBIT 8.8 .
Clear Zone Widths for Tangents and Horizontal Curves ! ‘)
{(page 4 of 4) /




APPENDIX C

STAKING AND PLOTTING EXAMPLES




" CULVERTS WITH END SECTIONS
T 150 mm (0.5 f1)
ALL CULVERTS IN FILL WP

SLOPES OF lv:3h
AND FLATTER

20
ALl CULVERTS IN FiLL l W
SLOPES fv:2h
OO0 m NOERRY! {
| <
eQ
600 mm (24 IN.) e
| CULVERTS IN FILL A
| SLOPES OF 2v:3 h e o
| AND STEEPER
| 00 (1.0 ft) ¢
75 . Q@(
’50 mm (30 INCH) AND o (e

| ARGER CULVERTS IN FILL
SLOPES OF 2v:3h
AND STEEPER

450/Tgy(fg/fﬂ {




a CULVERTS IN CUT SECTIONS

- TYPICAL HINGE POINT
NORMAL DITCH,

| ~_ /
i. ™~ /
3 NEW DITCH 7
| NEW HINGE POINT 250 p
: N> \
¢ ) 600 mm (24 inch)
| CULVERT WITH
%‘ END SECTION
[< 2D —] 3 42 N TYPICAL HINGE PQINT
‘« TYPICAL ~ NORMAL DITCH,
”
NEW DITCH \r%‘\rﬁ\" /]
\N - \
NEW HINGE POINT 750 mm (30 INCH
CULVERT WITH
END SECTION '
< 2D e 1,295 m .25 —> TYPICAL HINGE PQINT
TYPICAL NORMAL DITCH,
Vs
v
YR .
900 mm (36 INCH) CULVERT
WITH END SECTION
\
BASIN TYPICAL
. P
624 m .00 e TYPICAL HINGE POINT
f
‘/
\\I:ILY\ \\

1200 mm (48 INCH) CULVERT
3 WITH END SECTION
" BASIN TYPICAL
| \s

le— 1.905 m (6.25 f1)——>

C-2




CULVERT PIPE WITH
ELBOW AND END SECTION

CULVERT PIPE WITH

ELBOW AND END SECTION NORMAL DITCH,
/’ICAL HINGE POINT

NEW DITCH
NEW HINGE POINT

SEE STANDARD 602-6 —=




CULVERT STAKING DATA
TO BE SUBMITTED WITH PIPE PLOT FOR APPROVAL
;S SR . A S 2 S

DESCRIPTION PLANNED

CENTERLINE STATION

DIAMETER

LENGTH

GAUGE

SKEW ANGLE

ELBOWS

END SECTIONS

DROP INLETS

OTHER END TREATMENT

ANCHOR ASSEMBLIES

RIPRAP AT INLET TYPE/QUANTITY

RIPRAP AT OUTLET TYPE

INLET - OUTLET

F.L. ELEV STAKED @EOP F.L. ELEV STAKED @EOP

C/F STAKED AT F.L. C/F STAKED AT F.L.

REF. HUB ELEV. REF. HUB ELEV.

REF HUB C/F TO F.L. REF HUB C/F TO F.L.

DIST TO F.L. FROM RH DIST TO F.L. FROM RH

F.L. ELEV AT S.G. SH. F_.L. ELEV AT S.G. SH.

COVER AT SUBGRADE SH. COVER AT SUBGRADE SH.

DROP PERCENT GRADE

PIPE CULVERTS ON A SKEW - DISTANCE PERPINDICULAR TO C.L. OF

DIST TO INLET OF PIPE ) DIST. TO OUTLET OF PIPE

CENTERLINE STA. REF. HUB CENTERLINE STA. REF. HUB

DIST. TO INLET REF. HUB DIST. TO OQUTLET REF. HUB

SIGNATURES

STAKED BY:

SUBMITTED BY:

APPROVED BY:

INSPECTED BY:

CENTERLINE STATION INLET CENTERLINE STATION OUTLET
|
|
|
|
|
|
|
|
\
|




fercd PATT LTUNO _A0%i9 “A30 LTWN

Le-2i-u Yo A9 @IS

At SNOUD3S CNJ 110gs SMOET A0S HIONTD Idid 886 CHLONT TRIOK

\.3.8.8; MINS \..« VI AR S YIS TYOULIY A00eshi Y1S NOISQ
YiYQ ONINYLS 1H3AIND

el A0S vy gOud

S101d LMBAINO
NOANYD ONV¥9—VINOQ3YJ
103rodd 'H'd'd VNOZINY

0009 LA

e e e T T LT

00y

000 00°02

%%\\ \\\\\\\\\ 7

&Y
<2

&\‘W«l ln.ﬂnl\\%\/

. - ..:1.Ahv||;..:!:.:.l. s
* ;
& ?

QOW WA YN LOroY S, 10T

m

2 - m

8.«2_%

AT

e e e 39.09

eI 00°0CL8

T TT 00°6C(8

g 00y (G

)

2

.f.'d

0060




. (44 000I.

| | w w M w w w w : : !
......... ; ; ;
w m ! m w : m m m ; m ! |
v [ ] 1 il 1 [l ] Il 1 ' v )
1 | \ : ) : , ) . . . N )
lllllllll .I‘Innnllln 9 L“--ltonlnL”ll.lllnunL_..-llvnnlnlnltlnnlnL..I.'hl-llL.tu-l-ll-A-tlllnnllLA L.|l.|u-lllL_'-nn-l.l-L.
4 : m _" m W m m | m m ; m ;
] ] ] ] ) ] ] ] ) ) ] .
' 3 " _ : “ | ; " “ “ n " : :
R e _ ] d feeeeeens I feeeeenn e S frereeaa fevemeeens ; beveeeeens SR ;
" . " : " : " " " " " “ " : __
: " N " __ ” " | " " " " “ “ _. “
" W Ay @. o | m " m m ; " m m " " _. ;
" | " | : _ _ _ n _ . " “ " :
s deeerneens dreeeanes AN N deeeeenns J A S beeen deeeeeans deeeeeens F Jereaeens ; S e ;
[ [} . 4 v ~ " + [l + ] 1 1 1 ] [ [ ]
“ : " PN | " “ “ “ “ | " " " : "
S W | | | | | | | | | m
" ' ' ' ' P, | : ' ' o ' ' : ' ! '
oo bommmdooe- R S N 272 S - d--as- he SDEQD Lo bomen- - doo--- - 4
| " “ " _ n o " tW 960°vIE " ; " “ " "
; “ ! " | " . N : “ " ; : : L ; " _
m | w | m | N0 R | m m | “. (+: 0072€0D)! | |
S R S SR S I } fee SRS S A b A A WSSl E TN ST ;
w m | m m m m " " : “ : | ; m
] ' ) ] ] + ] ] ] + i) i)
" ! : “ n b0 " : L Ww 009 " “ u
m m m m m m m m m " I gy ; ”
........ T L S T A L AEEE e ~ : feamnsanced - _
“ : " " " | : | “ ! ] : N " i : ©
m m m : m | m | _" m m : 0°5£01 P &
| 1 ' ' ' ' t ' N ' ' ' . )
bt 0ocssob LB Bovsie ;
o | | “_ | | F0TggETSTET | | | | |
| | | m m | m | m (44 0535£01) : m m ;
" " ; ; " ; " “ ; p W o029'SIE " " : "
teonswenwae daeasuvecan wasevewoee weeansamem Wewvsocene desenvanan doesevenwne dewsoanaan dewnosenna duseenunen Wevanmoeanne deesemunsodooscnunce damsenenee doeanncanen dorewereecs desanccesesr

[ 1] - T l

M0813 | #0813
000°GI1S+l V1S

, Idid LYIATIND M3VE NINOHE
9 40 3NNV X3

!
F

|
i



(02753010
............. TS 908

.
;

h e SIS NN SO e ;
. S | | H
' I ‘ ' i

.

H H 13 H H
L ; LR ; R ;
B LT L LT YT Y i, B M. V. o, PR 21 <
#0074

1

M w W obrE i
: : : ! th 00rZeol
S, SRR SRR ARG - - 2 N ANSOONT WU Snieiee TS SRS SR W RS RLE
w | L IS X_ib®) W E'ST X wd 509
bl ,m ; lithrrreda i
m m w i { (44 0D'SEOID
; ; ; $£01) i w gopsif
------------------------- owl-n-l.-nﬁnnnlluuc-lm m...mﬂnu " epfeerroca l-ll.v.l\N-.lcl-'clm-.I-...-lm'..tn--
| i i m 3 0Si5E01) m m b
b SRS S I pwomsie) . I I I

M0813 YolRE _ 000°005+1 V1S

NIved 301S - JHL - H3A0
. 30 FTdNV X3




R
e 9305
930 S 89 _%9°%
SIN
40 %9°¢ MOgG T3
A SEI 930 O¢ W Z
X | X
W 009 gxm_ gxmv W 009 |
QOQ S W 009 LW 009 o 00 m
5007 A 010°0 4 010°0 2 006" J¥
000006+ 000 00G+! 000 00G+] 000 000G+
Hy "H
1371N0 1371N0 L3N LN
ENLARS SINYLS IONIYIATY ER RS
o EREEEN 40 3Ov@ NO  QNV 3dld 40 ERNEIEEEL
10 LNOY - ONT LY SIUVLS LH3IATIND 40 LNOX 4

SINVLS LHdINTIND  JIdAVL



