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. FOREWORD
The Implementation Package provides practical procedures for the inspection
and rating of various types of highway culverts. These procedures should be
of interest to hydraulic, bridge, and maintenance engineers, technicians and
inspectors. This manual is a supplement to the Bridge Inspector's Training
Manual and was prepared in accordance with its procedures and rating systems.

Copies of the manual are being distributed to FHWA Region and Division
offices, and to each State highway agency for use by their engineers and
inspectors. Additional copies of the manual can be obtained from the
Superintendent of Documents, U. S. Government Printing OfFfice,
Washington, DC 20402 or the National Technical Information Service,

Springfield, Virginia 22161. '
~
. / i ) -
onald E.” Heinz L—ﬁjﬁ‘%’ R. J.,Betsold

Director, Office o //' Director, Office of
Engineering - Implementation

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof. The contents
of this report reflect the views of the contractor, who is responsible for the
accuracy-of the data presented herein. 7The contents do not necessarily
reflect the official policy of the Department of Transportation. This report
does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers.

Trade or manufacturers' names appear herein only because they are considered
esaential to the object of this document. -

-
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Chapter 1

GENERAL ISSUES

Traditional definitions of culverts are based on the span length rather than
function or structure type. For example, part of the culvert definition
included in the Bridge Inspector's Training Manual 70 states:

" ..structures over 20 feet in span parallel to the roadway are usually
called bridges; and structures less than 20 feet in span are called
culverts even though they support traffic loads directly."”

Many structures that measure more than 20 feet along the centerline of the
roadway have been designed hydraulically and structurally as culverts. The
structural and hydraulic design of culverts is substantially different from
bridges, as are construction methods, maintenance requirements, and fnspection
procedures. A few of the more significant differences between brid, and
culverts are:

e Hydraulic--Culverts are usually designed to operate at peak flows with a
submerged inlet to improve hydraulic efficiency. The culvert constricts
the flow of the stream to cause ponding at the upstream or inlet end.
The resulting rise in elevation of the water surface produces a head at
the inlet that increases the hydraulic capacity of the culvert. Bridges
may constrict flow to increase hydraulic efficiency or be designed to
permit water to flow over the bridge or approach roadways during peak
flows. However, bridges are generally not designed to take advantage of
inlet submergence to the degree that is commonly used for culverts. The
effects of localized flooding on appurtenant structures, embankments,
and abutting properties are important considerations in the design and
inspection of culverts.

e Structural--Culverts are usually covered by embankment material.
Culverts must be designed to support the dead load of the soil over the
culvert as well as live loads of traffic. Either 1ive loads or dead
loads may be the most significant load element depending on the type of
culvert, type and thickness of cover, and amount of live load. However,
live loads on culverts are generally not as significant as the dead load
unless the cover is shallow. Box culverts with shallow cover are
examples of the type of installation where 1ive loads are important.

In most culvert designs the soil or embankment material surrounding the
culvert plays an important structural role. Lateral soil pressures
enhance the culverts ability to support vertical loads. The stability
of the surrounding soil is important to the structural performance of
most culverts.


















(4) Rate the condition of the culvert.

(5) Document the findings of a culvert inspection.
(6) Recognize and document traffic safety conditions,
(7) Recommend corrective actions.

To meet this objective, the manual provides general procedures for conducting,
reporting, and documenting a culvert inspection, and guidelines for inspecting
and rating specific hydraulic and structural culvert components.

b. A second objective of the manual is to provide users with the
information necessary to understand and evaluate the significance of defects
found during an inspection of an existing culvert. To meet this objective, a
review of how culverts should function structurally and hydraulically is
provided. Durability concepts are also reviewed.

¢. The third major objective of this manual is to serve as a stand alone
supplement to the Bridge Inspector's Training Manual 70. The information that
is contained in this manual specifically addresses culvert inspections. To be
a stand alone document applicable information in the Manual 70 has been
summarized in this manual.

1-2.2 Intended Audience.

a. Bridge Inspectors—-Culverts with a total opening length of over 20 feet
are conventionally classified as bridges and must currently be inspected as
part of the National Bridge Inspection Program. Therefore, the primary group
of individuals this manual was written for are bridge inspection personnel
responsible for inspecting structures that are designed hydraulically or
structurally as culverts.

b. Maintenance Personnel--Although bridges with spans over 20 feet usually
are inspected by bridge inspectors, culverts with a total opening length of
under 20 feet are usually inspected by maintenance personnel. Maintenance
personnel with culvert inspection responsibilities, therefore, should also
find this manual helpful.

1-2.3 Organization of the Manual.

This manual is organized into five chapters. Chapter 1, introduces the need
for gquidelines that specifically address culvert inspection. Chapter 2
describes the personnel qualifications, equipment requirements, and safety
considerations for culvert inspection. Chapter 3 reviews basic concepts
related to hydraulic, structural, and durability design. Chapter 4 presents
general procedures for conducting and documenting culvert inspections.
Chapter 5 contains guidelines for inspecting and rating the major structural
and hydraulic components of pre-cast concrete, cast-in-place concrete, and
corrugated metal structures.



CHAPTER 2

THE INSPECTOR

This chapter deals with the gualifications of personnel and equipment required
for bridge inspection. To be an independent supplement to the "Bridge
Inspector's Training Manual," some of the material presented in the Manual 70
is summarized in this chapter. The primary purpose of this chapter is to
describe any specialized personnel qualifications or supplemental equipment
needed for the inspection of culverts.

Section 1. Duties, Qualifications, and Equipment

2-1.0. General.

The National Bridge Inspection Standards (NBIS) describe the minimum
qualifications for two levels of bridge inspection personnel. These levels
also apply to personnel responsible for the inspection of bridge length
culverts. The first level is the individual in charge of the organizational
unit that is responsible for managing the bridge and culvert inspection
program of that organization. This individual generally provides day-to-day
supervision of the bridge and culvert inspection teams and is usually
available to provide assistance to the inspection teams when problems are
encountered.

The second level defined in the NBIS is the inspection team leader. This
individual is in charge of a bridge or culvert inspection team and is
responsible for the on-site supervision and direction of the inspection team.
Although one inspector is often used for a culvert inspection, for personnel
safety, ease of inspection, measuring, and documenting, inspection teams
should be composed of at least two people. For the purpose of this manual,
the term "inspector" will be used to indicate the team leader.

2-1.1. Qualifications of the Inspector.

a. Training and Experience--The culvert inspector or inspection team leader
should meet the qualifications defined in the NBIS which state that the team
leader should:

(1) be registered or be qualified for registration as a professional
engineer or

{2) have a minimum of five years in culvert inspection assignments and
have completed a comprehensive training course based on the "Bridge
Inspector's Training Manual."










(5)

(6)
(7)
(8)

(9)

(10)
(11)

Lighting devices, such as reflection mirror and flashlight. A
hat-mounted 1ight such as a miner's lamp is preferable to a hand-held
flashlight.

Photographic equipment, such as a camera and flash attachment.
Marking devices, such as scribes, punch, spray paint, and keel.

Record keeping supplies, such as field books, inspection forms, clip
boards, straight edge, and pencils.

Personal protective safety equipment, such as gloves, hard hat,
safety shoes, boots, or waders.

Traffic safety equipment, such as safety vests, signs, and cones.

First-aid kit, such as emergency supplies to treat cuts, scrapes,
bites, or other minor injuries.

b. Specialized Equipment--Specialized equipment includes that equipment
which is required to provide access to inspection locations on a structure as
well as that equipment which is needed for special sampling and testing. The
¢ollection of electrical resistivity data and soil water pH are examples of
specialized testing. Tests to obtain pH and resistivity data are not hard to

perform,

and this information should be collected. Data of this type is

useful in analyzing long-term cost benefits.

(1)

(2)

(3)

(4)

(5)

(6)

Ladders. Small portable ladders may be necessary to gain entrance to
culverts through manholes or similar structures. Step ladders or
other small ladders may be needed for close inspection of top. slab or
crown of culverts.

Small boat. A small boat may be needed during the inspection of a
large pipe culvert with water flow most of the time.

Rope. A rope may be required for use as a safety harness or life
1ine when inspecting steep culverts.

Transit or level surveying equipment. This equipment may be needed
for shape inspections of long span culverts. Such equipment is also
useful for determining culvert slope, depth of cover, and other
information.

Mechanical ventilation and pre-entry air test equipment. These items
are necessary for inspection of confined spaces and culverts with
poor air circulation.

Hole sawing equipment. Orills equipped with hole sawing or coring
attachments may be needed to obtain samples when durability problems
are observed. An appropriate power source such as a portable
generator will be required. Kits for plugging sampling holes are
also needed.

1



(7) Meters or kits for testing pH. The degree of acidity or alkalinity
of soil and water is measured in terms of pH. Testing to determine
pH is performed when evaluating durability problems. Meters or test
kits may be needed for field testing the pH of soil and water. Empty
containers may be needed for sampling soil and water when a
laboratory analysis of pH is to be performed.

(8) Resistivity meters. These devices may be needed to measure the
electrical resistivity of soil at locations where corrosion problems
are found. Electrical resistivity provides an indication of the
relative quantity of soluble salts in the soil or backfill materials.

Section 2. SAFETY

2-2.0. General.

The safety of the inspector is extremely important. It is therefore essential
that inspectors be aware of and practice safe work procedures. Safety
considerations related to culvert inspection are discussed in this section.

2-2.1. Confined Spaces.

a. Hazards. Culverts with inadeguate ventilation, such as those with one
end blocked by debris, or long runs of culvert pipe in urban drainage systems,
may develop a lack of oxygen or hazardous concentrations of toxic gases.
Oxygen depletion may result from the slow oxidation of organic matter. Toxic
gases, often heavier than air, may seep into and collect in poorly ventilated
culverts. When there is any doubt about the quality of air or adeguacy of
ventilation, safety procedures should be followed.

b. Safety Procedures.

(1) Where air quality is questionable, tests for oxygen content and the
presence of hazardous gases should be conducted prior to entry.
Hazardous gases may include toxic gases such as hydrogen sulphide and
carbon monoxide, and combustible gases such as methane. A variety of
devices are available for measuring oxygen levels and detecting
hazardous gases. Testing devices for field use range from clip on
badges which change color in the presence of a particular gas to
portable or hand-held instruments which measure the levels of various
gases. Audible alarms are provided with some models. The devices
and test procedures used should meet applicable State or Federal
Standards such as Occupational Safety and Health Association (0OSHA)
standards. '

(2) When oxygen levels are found to be below established minimum levels,
or noxious gases exceed recommended levels, persons should not be
allowed to enter the space until proper oxygen and gas contents are
established by mechanical ventilation.
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(3) Confined spaces should be mechanically ventilated continuously during
occupancy. Air tests similar to pre-entry tests should be conducted
during the occupancy period if oxygen depletion is suspected. The
use of a safety harness and 1ife line may also be required, and one
person should always remain outside the confined space.

2-2.2. Drowning Hazards.

a. Scour Holes--trosion of the streambed during peak flows may leave
hazardous pockets of deep water. Ouring periods of low flows, the water in
these scour holes may be considerably deeper than the depth of flow in the
culvert barrel or normal stream channel. The depth of scour holes may be
deceptive, and the inspectors should probe the streambed with a rod prior to
wading.

b. Flash Floods—-Runoff from high intensity storms may reach peak flow
levels in small culverts very quickly, creating hazardous conditions for
inspectors inside the culvert barrel. Peak flow levels have been known to
occur in culverts before the rain actually falls at the culvert site. Culvert
inspectors should exercise caution when storms are approaching.

2-2.3. Traffic Hazards

Inspection activities and the parking of inspection vehicles on or near the
roadway may represent a potential hazard to passing motorists, pedestrians, or
the inspectors. It is important that proper traffic control measures be

used. Traffic control should conform to the Federal or State Manual of
Uniform Traffic Control Devices,

2-2.4. Miscellaneous Hazards.

a. Steep Embankments--Roadway embankments may be both high and steep
resulting in hazardous footing. Brambles, vines, and other underbrush may
create additional hazards which cause stumbling. Inspectors must exercise
caution when going up or down the roadway embankment.

b. Toxic Chemicals--On rare occasions streams may carry hazardous chemicals
from spills or leaking storage containers. Fires and explosions have resulted
from gasoline leaking into storm drainage systems. The inspector should be
aware of the potential hazard and exercise caution when toxic chemicals are
suspected in the water,

c. Animals—--Underbrush and accumulations of drift and debris in and around
the culvert barrel may harbor rodents, snakes, or other animals which could
represent a hazard to the inspector, as shown in exhibit 8. Poor 1lighting and
reduced space inside the culvert barrel may limit the inspector's ability to
react or avoid these hazards. The inspector should exercise caution when
removing debris or vegetation.
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CHAPTER 3

CULVERT STRUCTURES

The inspector should be familiar with the various types of culverts which may
be encountered during inspections and should have some understanding of how
culverts function hydraulically and structurally. An understanding of the
factors which affect durability is also important when evaluating the
condition of a culvert.

This chapter discusses culvert types and culvert performance. The section on
culvert types reviews the most common culvert shapes, sizes, and materials.
The culvert materials addressed are precast concrete, cast-in-place concrete,
corrugated steel, corrugated aluminum, and masonry. The sections on culvert
performance consist of a review of basic concepts for culvert hydraulics,
structural behavior, and durability of culverts.

Section 1. CULVERT TYPES

3-1.0 General.

A wide variety of culvert structures are currently in use as stream crossings,
underpasses, and other highway and railroad applications. The inspector
should understand that the selection of a specific type of culvert structure
may be based on many factors. These factors can include:

a. Engineering Considerations—-—An analysis of each site is generally
performed to determine hydrautic, structural, and durability requirements.
Traffic safety requirements are also important considerations which may vary
from site to site.

b. Economic Considerations--An economic analysis may include factors such
as construction cost, estimated service life, maintenance cost, replacement
cost, risk of failure, and risk of property damage. The most ecohomical
culvert is the one with the lowest total cost over the design period. It is
not necessarily the culvert with the lowest initial cost or the culvert with
the longest service life. An economic analysis should be viewed as a tool to
aid in the decision-making process. Economic analysis can be sensitive to
service 1ife, discount rate, and other assumptions. Additionally, it is often
difficult to assign values to subjective factors.

¢. Local Considerations--Local construction capabilities, availability of

materials, time available for construction, and local policies or preference
may have a strong influence on the selection of culvert type.
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d. Other Considerations—-Impact on the environment, fish passage
requirements, importance of roadway in terms of traffic volume, use by
emergency vehicles and school buses, length of detour, land use, and
appearance or aesthetics are examples of other considerations which may
influence culvert selection.

3-1.1 Culvert Shapes

A wide variety of standard shapes and sizes are available for most culvert
materials. Since equivalent openings can be provided by a number of standard
shapes, the selection of shape may not be critical in terws of hydraulic
performance. Shape selection is often governed by factors such as depth of
cover or limited headwater elevation. In such cases a low profile shape may
be needed. Other factors such as the potential for clogging by debris, the
need for a natural stream bottom, or structural and hydraulic requirements may
influence the selection of culvert shape. Each of the common culvert shapes
are discussed in the following paragraphs.

a. Circular--The circular shape is the most common shape manufactured for
pipe culverts. It is hydraulically and structurally efficient under most
conditions. Possible hydraulic drawbacks are that circular pipe generally
causes some reduction in stream width during low flows. It may also be more
prone to clogging than some other shapes due to the diminishing free surface
as the pipe fills beyond the midpoint. With very large diameter corrugated
metal pipes, the flexibility of the sidewalls dictates that special care be
taken during backfill construction to maintain uniform curvature.

b. Pipe Arch and Elliptical Shapes--Pipe arch and elliptical shapes are
often used instead of circular pipe when the distance from channel insert to
pavement surface is limited or when a wider section is desirable for Tow flow
levels. These shapes may also be prone to clogging as the depth of flow
increases and the free surface diminishes. Pipe arch and elliptical shapes
are not as structurally efficient as a circular shape.

c. Arches—-Arch culverts offer less of an obstruction to the waterway than
pipe arches and can be used to provide a natural stream bottom where the
stream bottom is naturally erosion resistant. Foundation conditions must be
adequate to support the footings. Riprap is frequently used for scour
protection.

d. Box Sections--Rectangular cross-section culverts are easily adaptable to
a wide range of site conditions including sites which require low profile
structures. Due to the flat sides and top, rectangular shapes are not as
structurally efficient as other culvert shapes.

e. Multiple Barrels--Multiple barrels are used to obtain adequate hydraulic
capacity under low embankments or for wide waterways. In some locations they
may be prone to clogging as the area between the barrels tends to catch debris
and sediment. When a channel is artificially widened, multiple barrels placed
beyond the dominant channel are subject to excessive sedimentation. The span
or opening length of multiple barrel culverts includes the distance between
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barrels as long as that distance is less than half the opening length of the
adjacent barrels.

3-1.2 Precast Concrete pre.

Precast concrete pipe is manufactured in six standard shapes: circular, arch,
horizontal elliptical, vertical elliptical, pipe arch, and box section, as
shown in exhibit 10. With the exception of box culverts, concrete culvert
pipe is manufactured in up to five standard strength classifications. The
higher the classification number the higher the strength. Bo> culverts are
designed for various depths of cover and live loads. Al1l of the standard
shapes are manufactured in a wide range of sizes. Circular and elliptical
pipes are available with standard sizes as large as 144 inches in diameter,
with larger sizes available as special designs. Standard box sections are
also available with spans as large as 144 inches. Precast concrete arches on
cast-in-place footings are available with spans up to 40 feet. A listing of
standard sizes is provided in the appendix.

3-1.3 Cast-in-Place Concrete Culverts.

Reinforced culverts that are cast-in-place are typically either rectangular or
arch-shaped. The rectangular or box shape is more common and is usually
constructed with multiple cells (barrels) to accommodate longer spans. One
advantage of cast-in-place construction is that the culvert can be designed to
meet the specific requirements of a site. Due to the long construction time
of cast-in-place culverts, precast concrete or corrugated metal culverts are
often selected. However, in many areas cast-in-place culverts are more
practical and represent a significant number of installations.

3-1.4 Corrugated Steel.

Corrugated steel culverts are constructed from factory made corrugated steel
pipe or field assembled str.tural plate products. Structural plate steel
products are available as structural plate pipes, box culverts, or long span
structures. Standard shapes for corrugated steel culverts are shown in
exhibit 11.

a. Corrugated Steel Pipe--Factory made pipe is produced in two basic
shapes, round and pipe arch. Both shapes are produced in several wall
thicknesses, several corrugation sizes, as shown in exhibit 12, and with
annular (circumferential) or helical (spiral) corrugations. Pipes with
annular corrugations have riveted, spot welded, or bolted seams. Pipes with
helical corrugations have continuously welded seams or lock seams. Corrugated
steel pipe and pipe arch are usually zinc coated (galvanized). Other metallic
coatings such as aluminum and aluminum zinc alloy coatings have recently been
developed. Additional protective coatings are used with the metallic coating
when there are potential corrosion or abrasion problems.
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SHAPE

RANGE OF SIZES

COMMON USES

CIRCULAR

12 to 180
inches
reinforced

4 to 36
inches
nan-reinforced

Culverts, storm drains, and sewers.

PIPE ARCH

15 to 132
inches

equivalent
diameter

Culverts, storm drains, and sewers.
Used where head is limited.

HORIZONTAL ELLIPSE

Span x Rise

18 to 144
inches
equivalent
diameter

Culverts, storm drains, and sewers.
Used where head is limited.

VERTICAL

Span x Rise

Culverts, storm drains, and sewers.

ELLIPSE 36i§2hég4 Ugeq where lateral clearance is
equivalent limited.
diameter
RECTANGULAR
(box sections) Span .
Culverts, storm drains, and sewers.
3ft to 12ft Used for wide openings with 1imited
head.
ARCH
Span

24 ft to 41 ft

Culvert and storm drains. For low,
wide waterway enclosures.

Exhibit 10.
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Shape

Range of Sizes

Common Uses

Culverts, subgrains, sewers, Service
Round bin-26H tunnels etc. All piates same radws.
For medwm and high fills (or trenches).
. Culverts, sewers. service tunnels, re-
Yertically- N 4-21 f covery tunnels. Plates of varying
eiongated nominal- before |  radit shop fabncation. For appearance
{ellipse) \ '/ elongating and where backfill compaction i1s only
5% is common moderate.
1sﬂpfnn:ﬁ'5iﬁ Where headroom 15 (rmited. Has
o Rise ’ . hydraulic advantages at low flows.
Pipe-arch . to :
i 201 7. x Corner plate radius. 18 inches or 31
Span HH2in inches for structurg) plate.
Span x Rise
SH#t8inx
. Rise Sk %in For pedestrians. iivestock or vehicies
Underp2ss | 1O (structural plate).
L 204 x
Span—-| 17 # 9in.
] Soan x Rise
Arch Rise 16 ftx1#t 9% in.| For low clearance farge waterway open-
1 to ing. and aesthetics (structural piate).
" l—Span—- 25ftx12 #Ein.
Horizontal Span Culverts. grade separations, storm
Ellipse 20-40 sewers, tunnels.
Span
Span Grade separations, culverts, storm
25-30 #t sewers, tunnels.
Span
Culverts, grade separations. storm
:;g;' Frofile 25_“;; ft sewers, tynnels, Amme ammunition mag-
. azines, earth covered storage.
|-—Span—|
Low Prafile Span Low-Wide waterway enclosures, culverts,
20-50 # storm sewers.
Soan —
Span Low-wide waterway enclosures, culverts,
Bax Cuiverts Q 10_21 # storm sewers.
Span—-l
Specials Various For lining old structures ar other

special purpeses. Special fabricaticn.

“for equal area or clearance, the round shape is generalty more economical and simpler to assemble.

Source: Handbook of Steel Drainage and Highway Construction Products

American Iron and Steel Institute

Exhibit 11. Standard corrugated steel culvert shapes.
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M 2%”

Exhibit 12. Common corrugation patterns (not to scale).
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Protective coatings include bituminous coatings, bituminous paving, asbestos
bonded bituminous coatings, polymer, concrete paving, and concrete coatings.
Protective coatings are discussed in more detail in Section 4 of this

chapter. Both round and arch shapes are available in a wide range of standard
sizes. Round pipe is available in standard sizes up to 144 inches in
diameter. Standard sizes for pipe arch are available in sizes up to the
equivalent of a 120-inch diameter round pipe. A listing of sizes available
for each corrugation is provided in the appendix.

b. Structural Plate Steel Pipe--Structural plate steel pipes are field
assembled from standard corrugated galvanized steel plates. Standard plates
have corrugations with a 6-inch pitch and a depth of 2 inches. Plates are
manufactured in a variety of thicknesses and are pre-curved for the size and
shape of structure to be erected. Standard plates have a nominal length of
either 10 or 12 feet and are produced in standard widths of 3N, 5N, BN, 7N,
and 8N, where N eguals 3 pi or 9.6 inches. Widths are measured along the
circumference of the structure. Since the circumference of a circle equals pi
times the diameter, the use of dimensions expressed in N or pi permits an easy
conversion from pipe circumference to nominal diameter. For example a 60-inch
diameter round pipe has a circumference of 60 pi or 20N and would normally be
assembled from four 5N plates. Structural plate pipes are available in four
basic shapes; round, pipe arch, arch, and underpass. The standard sizes
available range in span from 5 feet to 26 feet. Tables showing typical sizes
and dimensions are provided in the appendix.

¢. Corrugated Steel Box Culverts—-Steel box sections use standard
corrugated galvanized steel plates with special reinforcing elements applied
to the areas of maximum moment. Steel box culverts are available with spans
that range from 9 feet 8 inches to 20 feet 9 inches. Typical sizes and
dimensions are listed in the appendix.

d. Long Span Corrugated Steel Structures--Long span steel structures are
assembled using conventional & by 2 inch corrugated galvanized steel plates
and longitudinal and circumferential stiffening members. There are five
standard shapes for long span structures: horizontal eliptical, pipe arch, low
profile arch, high profile arch, and pear shape. The long span pipe arch is
not commonly used.

The span lengths of typical sections range from 19 feet 4 inches to 40 feet.
Tables illustrating sizes and dimensions of typical sections are provided in
the appendix. Longer spans are available for some shapes as special designs.
It should be noted that each long span installation represents, to a certain
extent, a custom design. The inspector should therefore use design or
as-built plans when checking dimensions of existing long span structures.

3-1.5 Corrugated Aluminum.

Corrugated aluminum culverts are constructed from factory assembled corrugated
aluminum pipe or field assembled from structural plates. Structural plate
aluminum culverts are available as conventional structural plate structures,
box culverts, or long span structures.
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a. Corrugated Aluminum Pipe--Factory assemblied aluminum pipe is available
in two basic shapes: round and pipe arch. Both shapes are produced with
several different wall thicknesses, several corrugation patterns, and with
annular {(circumferential) or helical (spiral) corrugations. Round aluminum
pipe is available in standard sizes up to 120 inches in nominal diameter.
Aluminum arch pipe is available in sizes up to the equivalent of a 96-inch
diameter round pipe.

b. Structural Plate Aluminum Pipe--Structural plate aluminum pipes are
field assembled with 9-inch-pitch by 2.5-inch-depth corrugations. Plates are
manufactured in a variety of plate thicknesses and are pre-curved for the
specific size and shape of the structure to be erected. Pl._tes are
manufactured in lengths of BN through 18N (N equals 3 pi or 9.6 inches).

Plate length is measured along the circumference of the structure. Use of
measurements in terms of N permits easy conversion from nominal diameter to
circumference as previously explained for structural plate steel. Standard
plates have a net width of 4 feet b inches. Structural plate aluminum pipes
are produced in five basic shapes: round, pipe arch, arch, pedestrian/animal
underpass, and vehicle underpass. A wide range of standard sizes is available
for each shape. Spans as large as 30 feet can be obtained for the arch

shape. More detailed listings of available sizes and key dimensions are
provided in the appendix.

¢. Aluminum Box Culvert--The aluminum box culvert utilizes standard
aluminum structural plates with aluminum rib reinforcing added in the areas of
maximum moments. Ribs are bolted to the exterior of the aluminum shell during
installation. Aluminum box culverts are suitable for shallow depths of fill
and are available with spans ranging from B feet 9 inches to 25 feet
5 inches. Standard sizes and geometric dimensions are provided in the
appendix.

d. Aluminum Long Span Structures--Long span aluminum structures are
assembled using conventional 9- by 2.5-inch corrugated aluminum plates and
aluminum rib stiffeners. Long span aluminum span structures are available in
the same five basic shapes as steel long spans including horizontal ellipse,
pipe arch, low profile arch, high profile arch, and pear shape. The typical
sizes for aluminum spans are essentially the same as the typical sizes
available for steel long span structures. Spans range from 19 feet 4 inches
to 40 feet. Listings of typical sizes and dimensions for each shape are
provided in the appendix. Inspectors should use design or as-built plans when
inspecting existing long span structures because each long span structure
represents a custom design.

3-1.6 Masonry Culverts.

Stone and brick are durable, low maintenance materials. Prior to the 1920's,
both were used frequently in railroad and road construction projects because
they were readily available from rock cuts or Vocal brickyards. Currently
stone and brick are seldom used for constructing culvert barrels. Stone is
used occasionally for this purpose in locations which have very acid runoff,
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DRAINAGE DIVIDE
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OF FLOW
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HIGH POINT LOW POINT

CULVERT ‘

\
v

Exhibit 16. A drainage area is defined by drainage divides or lines
that connect the high points or follow the ridge lines
around the area served by the culvert.

a. Climatic Factors—-Climatic factors which may influence the amount of
runoff include rainfall intensity, storm duration, rainfall distribution
within the drainage area, soil moisture, snow melt, rain-on-snow, rain-hail,

and other factors.

b. Topographic Factors--Topographic factors which may influence runoff
include the land use within the drainage area; the size, shape, and slope of
the drainage area; and other factors such as the type of soil, elevation, and

orientation of the area.

(1) Land use is the most likely characteristic to change significantly
during the service 1ife of a culvert. Changes in land use may have a
considerable effect on the amount and type of runoff. Some surface
types will permit more infiltration than other surface types.
Practically all of the rain falling on paved surfaces will dfain off
while much less runoff will result from undeveloped land. If changes
4n land use were not planned during the design of a culvert,
increased runoff may exceed the capacity of an existing culvert when
the land use does change.
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(2) The size, shape, and slope of a culvert's drainage area influence the
amount of runoff that may be collected and the speed with which it
will reach the culvert. The amount of time required for water to
flow to the culvert from the most remote part of a drainage area is
referred to as the time of concentration. Changes in the drainage
area may influence the time of concentration.

Straightening or enclosing streams and eliminating temporary storage
by replacing undersized upstream pipes are examples of changes which
may decrease time of concentration. Land use changes may also
decrease time of concentration since water will flow more quickly
over paved surfaces. Since higher rainfall intensities occur for
shorter storm durations, changes in time of concentration can have a
significant impact on runoff. Drainage areas are sometimes altered
and flow diverted from one watershed to another.

3-2.2 Hydraulic Capacity.

The factors affecting capacity may include headwater depth, tailwater depth,
inlet geometry, the slope of the culvert barrel, and the roughness of the
culvert barrel. These factors are illustrated in exhibit 17. The various
combinations of the factors affecting flow can be grouped into two types of
conditions in culverts: inlet control and outlet control.

SHAPE AND AREA
OF BARREL

| ’

HEAD WATER
DEPTH
(HW)
TAIL WATER
DEPTH
—(TW)
—

L SLOrE — ROUgﬂNESS _/

INLET EDGE (80) LENGTH (L)

Source: Adapted from Concrete Pipe Handbook.
American Concrete Pipe Association

Exhibit 17. Factors affecting culvert discharge.
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3-2.3 Inlet Control.

Under inlet control the discharge from the culvert is controlled at the
entrance of the culvert by headwater depth and inlet geometry. Inlet geometry
includes the cross-sectional area, shape, and type of inlet edge. Inlet
control governs the discharge as long as water can flow out of the culvert
faster than it can enter the culvert.

Most culverts, except those in flat terrain, are designed to operate under
inlet control during peak flows. Since the entrance characteristics govern,
minor modifications at the culvert inlet can significantly effect hydraulic
capacity. For example, change in the approach alignment or the stream may
reduce capacity, while the improvement of the inlet edge condition, or
addition of properly designed headwalls and wingwalls, may increase the
capacity.

3-2.4 Outlet Control.

Under outlet control water can enter the culvert faster than water can flow
through the culvert. The discharge is influenced by the same factars as inlet
control plus the tailwater depth and barrel characteristics (slope, length,
and roughness). Culverts operating with outlet control usually lie on flat
slopes or have high tailwater.

When culverts are operating with outlet control, changes in barrel
characteristics or tailwater depth may effect capacity. For example,
increased tailwater depth or debris in the culvert barrel may reduce the
capacity.

3-2.5 Special Hydraulic Considerations.

a. Inlet and Outlet Protection—-The inlets and outlets of culverts may
require protection to withstand the hydraulic forces exerted during peak
flows. Inlet ends of flexible pipe culverts which are not adequately
protected or anchored may be subject to entrance failures due to buoyant
forces. The outlet may require energy dissipators to control erosion and
scour and to protect downstream properties. High outlet velocities may cause
scour which undermines the endwall, wingwalls, and culvert barrel. This
erosion can cause end-section drop-off in rigid sectional pipe culverts.

b. Protection Against Piping--Seepage along the outside of the culvert
barrel may remove supporting material. This process is referred to as piping
since a hollow similar to a pipe is often formed. Piping can also occur
through open joints. Piping is controlled by reducing the amount and velocity
of water seeping along the outside of the culvert barrel. This may require
watertight joints and in some cases anti-seep collars. Good backfill material
and adequate compaction of that material are also important.
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Section 3. STRUCTURAL CHARACTERISTICS OF CULVERTS

3-3.1 Loads on Culverts.

In addition to their hydraulic functions, culverts must also support the
weight of the embankment or fill covering the culvert and any load on the
embankment. There are two general types of loads that must be carried by
culverts: dead loads and live loads.

a. Dead Loads--Dead loads include the earth load or weight of the soil over
the culvert and any added surcharge loads such as buildings or additional
earth fill placed over an existing culvert. If the actual weight of earth is
not known, 120 pounds per cubic foot is generally assumed.

b. Live Loads--The live loads on a culvert include the loads and forces
which act upon the culvert due to vehicular or pedestrian traffic plus an
impact factor. The highway wheel loads generally used for analysis are shown
in exhibit 18. The effect of live loads decreases as the height of cover over
the culvert increases. When the cover is more than two feet, concentrated
loads may be considered as being spread uniformly over a square with sides
1.75 times the depth of cover. This concept is illustrated in exhibits 19
and 20.

4L
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— | s
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AASHTO ALTERNATE LOADS 400016 4000 1b
ALTERNATE LOAD U U"‘
12000 1b 12000 b

j—00- o | baw

00—00~, 0 = |
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Exhibit 18. AASKHTO live load spacing for highway structures.
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Source: Concrete Pipe Handbook
American Concrete Pipe Association

Exhibit 19. Surface contact area for single dual wheel.

Wheel Load Area

Distributed Load Area

Source: Concrete Pipe Handbook
American Concrete Pipe Association

Exhibit 20. Distribution of live load (single dual wheel)
for depth of cover H.
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3-3.2 Categories of Structural Materials.

Based upon material type, culverts can be divided into two broad structural
categories: flexible and rigid. Flexible culverts have little structural
bending strength on their own. The material from which they are made, such as
corrugated steel or aluminum, can be flexed or bent and can be distorted
significantly without cracking. Consequently, flexible culverts depend on the
backfill support to resist bending. Rigid culverts, however, are stiff and do
not deflect appreciably. The material from which they are made, such as
reinforced concrete, provides resistance to bending.

3-3.3 Structural Behavior of Flexible Culverts

A flexible culvert is a composite structure made up of the culvert barrel and
the surrounding soil. The barrel and the soil are both vital elements to the
structural performance of the culvert.

Flexible pipe has relatively little bending stiffness or bending strength on
its own. As loads are applied to the culvert, it attempts to deflect. In the
case of a round pipe, the vertical diameter decreases and the horizontal
diameter increases, as shown in exhibit 21. When good embankment material is
well compacted around the culvert, the increase in horizontal diameter of the
culvert is resisted by the lateral soil pressure. With round pipe the result
is a relatively uniform radial pressure around the pipe which creates a
compressive thrust in the pipe walls. As illustrated in exhibit 22, the
compressive thrust is approximately equal to vertical pressure times one-half
the span length (C = P x % or C =P x R).

A8 VERTICAL LOADS ARE APPLIED

A FLEXIBLE CULVERT ATTEMPTS TO
DEFLECT. THE VERTICAL DIAMETER
DECREASES WHILE THE HORIZONTAL
DIAMETER INCREASES. SOIL PRESSURES
RESIST THE INCREASE IN HORIZONTAL
DIAMETER.

Exhibit 21. Deflection of flexible culverts.
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P SUMMING THE VERTICAL FORCES
| ON HALF OF THE PIPE AT A TIME
SHOWS THAT

c= Px 8
2

WHERE

C= COMPRESSIVE THRUST IN
C C THE CULVERT WALL

SUM OF SOIL PRESSURE
ACTING ON THE CULVERT

)
L}

S= THE SPAN OR DIAMETER

) g= THE RADIUS (R)

Exhibit 22. Formula for ring compression.

An arc of a flexible round pipe, or other shape will be stable as long as
adequate soil pressures are achieved, and as long as the soil pressure is
resisted by the compressive force € on each end of the arc. Good guality
backfi1l material and proper installation are critical in obtaining a stable
soil envelope around a flexible culvert.

In long span culverts the radius (R) is usually large. To prevent excessive
deflection due to dead and/or live loads, longitudinal or circumferential
stiffeners are sometimes added. The circumferential stiffeners are usually
metal ribs bolted to the outside of the culvert. Longitudinal stiffeners may
be metal or reinforced concrete, as shown in exhibit 23. The thrust beams are
added to the structure prior to backfill. Concrete thrust beams provide some
Lircumferential stiffening as well as longitudinal stiffening. They also
provide a solid vertical surface for soil pressures to act on and a surface
which is easier to backfill against. The use of concrete stress relieving
slabs is another method used to achieve longer spans or reduce minimum cover.
A stress relieving slab is cast over the top of the backfill above the
structure to distribute live loads to the adjacent soil.
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Exhibit 23. Concrete thrust beams may be used as longitudinal stiffeners.

3-3.4 Structural Behavior of Rigid Culverts.

The load carrying capability of rigid culverts is essentialily provided by the
structural strength of the pipe itself and littlie benefit from the surrounding
soil is required. When vertical loads are applied to a rigid pipe, zones of
tension and compression are created as illustrated in exhibit 24. With the
exception of non-reinforced circular pipe, reinforcing steel is added to the
tension zones to increase the tensile strength of the pipe. Shear stress in
the haunch area can be critical for heavily loaded rigid pipe on hard
foundations, especially if the haunch support is inadequate. Because rigid
pipe is stiffer than the surrounding soil, it carries a substantial portion of
the load.

The weight of earth that must be carried varies with soil characteristics and
installation conditions. The installation conditions can have a significant
influence on the loads that must be carried by a rigid culvert. There are two
major classes of installation conditions: 1) trench, where culverts are placed
in natural ground or compacted fill with a controlled trench width and 2)
embankment, where culverts are placed in or covered by an embankment.
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RIGID PIPE
STRESS ZONES

TENSION
COMPRESSION

Source: American Concrete Pipe Association

Zones of tension and compression in rigid pipes

Exhibit 24.
develop to resist vertical loads.

In narrow trench installations, the pipe is placed in a relatively narrow
trench and covered with backfill material. The backfill tends to settle more
than the undisturbed soil beside the trench. Friction between the backfill

material and the sides of the trench tends to help support the backfill
material reducing the load on the pipe. In effect the width of the soil
This concept is illustrated in exhibit 25.

column over the pipe is decreased.

LOAD
TRANSFER

Exhibit 25. Trench installation. Friction on trench sides reduces
the size of the column of fil11 carried by the pipe.
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As the trench width increases, the effect of the friction at the sides of the
trench is reduced and dead load on the pipe is increased. The amount that the
loading is increased depends on trench width and the amount of backfill
settlement, which is related to compaction. Poorly compacted soil will settle
more than well compacted soil. In a trench that is too wide, poor compaction
can result in an increase in the dead load on the pipe. Pipes placed in a
shallow bedding on top of the original ground surface and then covered by the
embankment material will have loads similar to the very wide trench. Pipes
placed in trenches in the original ground prior to being covered by embankment
have reduced earth loads similar to those described for the narrow trench
installations.

3-3.5 Construction and Installation Requirements.

The structural behavior of flexible and rigid culverts is often dependent on
construction practices during installation. Items which require particular
attention during construction are discussed briefly in the following text.

a. Compaction and Side Support--Good backfill material and adequate
compaction are of critical importance to flexible culverts. A well-compacted
soil envelope is needed to develop the lateral pressures required to maintain
the shape of flexible culverts. Well-compacted backfill is also important to
the performance of rigid culverts. Poorly compacted soils do not provide the
intended lateral support.

b. Trench Width--Trench width can significantly affect the earth loads on
rigid culverts, It is therefore important that trench widths be specified on
the plans and that the specified width not be exceeded without authorization
from the design engineer.

c. Foundations and Bedding—-A foundation capable of providing uniform and
stable support is important for both flexible and rigid culverts. The
foundation must be able to support the structure at the proposed grade and
elevation without concentration of foundation pressures. Foundations should
be relatively yielding when compared to side fill. Establishing a suitable
foundation requires removal and replacement of any hard spots or soft spots.
Bedding is needed to level out any irregularities in the foundation and to
insure uniform support. When using flexible culverts, bedding should be
shaped to a sufficient width to permit compaction of the remainder of the
backfill, and enough loose material should be placed on top of the bedding to
fill the corrugations. When using rigid culverts, the bedding should conform
to the bedding conditions specified in the plans and should be shaped to allow
compaction and to provide clearance for the bell ends on bell and spigot type
rigid pipes. Adequate support is critical in rigid pipe installations, or
shear stress may become a problem.

d. Construction Loads--Culverts are generally designed for the loads they
must carry after construction is completed. Construction loads may exceed
design loads. These heavy loads can cause damage if construction equipment
crosses over the culvert installation before adequate fill has been
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placed or moves too close to the walls, creating unbalanced loadings.
Additional protective fill may be needed for equipment crossing points.

e. Camber--In high fills the center of the embankment tends to settle more
than the areas under the embankment side slopes. In such cases it may be
necessary to camber the foundation slightly, as shown in exhibit 26. This
should be accomplished by using a flat grade on the upstream half of the
culvert and a steeper grade on the downstream half of the culvert. The
initial grades should not cause water to pond or pocket.

camber

Final grade after seHlement

Source: Handbook for Steel Drainage and Highway Products
American Iron and Steel Institute

Exhibit 26. Camber allows for settlement of a culvert under a high fill.

Section 4. DURABILITY

3-4.0 General.

Although the structural condition is a very important element in the
performance of culverts, durability problems are probably the most frequent
cause of replacement. Culverts are more likely to "wear away" than fail
structurally. Durability is affected by two mechanisms: corrosion and
abrasion. Each are discussed in the following sections:

a. Corrosion--Corrosion is the deterioration of culvert materials by
chemical or electrochemical reaction to the environment. Culvert corrosion
may occur in many different soils and waters. These soils and waters may
contain acids, alkalis, dissolved salts, organics, industrial wastes or other
chemicals, mine drainage, sanitary effluents, and dissolved or free gases.
However, culvert corrosion is generally related to water and the chemicals
that have reacted to, become dissolved in, or been transported by the water.
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Acid water stems from two sources, mineral and organic. Mineral acidity comes
from sulfurous wells and springs, and drainage from coal mines. These sources
contain dissolved sulfur and iron sulfide which may form sulfurous and
sulfuric acids. Mineral acidity as strong as pH 2.3 has been encountered.
Organic acidity usually found in swampy land and barnyards rarely produces a
pH of less than 4.0. Alkalinity in water is caused by strong alkali-forming
minerals and from limed and fertilized fields. Acid water (low pH) is more
common to wet climates and alkaline water (high pH) is more common to dry
climates. As the pH of water in contact with culvert materials, either
internally or externally, deviates from neutral, 7.0, it generally becomes
more hostile.

b. Electrical Resistivity--This measurement depends largely on the nature
and amount of dissolved salts in the soil. The greater the resistance the
less the flow of electrical current associated with corrosion. High moisture
content and temperature lower the resistivity and increase the potential for
corrosion. Soil resistivity generally decreases as the depth increases. The
use of granular backfill around the entire pipe will increase electrical
resistivity and will reduce the potential for galvanic corrosion.

Several states rely on soil and water resistivity measurements as an important
index of corrosion potential. Some states and the FHWA have published
guidelines that use a combination of the pH and electrical resistivity of soil
and water to indicate the corrosion potential at proposed culvert sites. The
collection of pH and electrical resistivity data during culvert inspections
can provide valuable information for developing local guidelines.

¢. So0il Characteristics--The chemical and physical characteristics of the
soil which will come into contact with a culvert can be analyzed to determine
the potential for corrosion. The presence of base-forming and acid-forming
chemicals is important. Chlorides and other dissolved salts jncrease
electrical conductivity and promote the flow of corrosion currents. Sulfate
soils and water can be erosive to metals and harmful to concrete. The
permeability of soil to water and to oxygen is another variable in the
corrosion process.

d. Abrasion Potential--Velocity of the water in the culvert can be
determined if the amount of flow, slope, size of pipe, material of pipe, and
inlet and outlet conditions are known. The higher the velocity, the more the
potential for abrasion. The soil characteristics of the streambed are also
indicators of abrasion potential. Erosive large-grained materials such as
sand, gravel, and stones will increase the potential for abrasion.

3-4.2 Methods to Increase Service Life.

There are various methods available to culvert designers and maintenance
forces to offset identified potential for corrosion and abrasion. E£ach
culvert site should be considered individually and the culvert material,
shape, and size selected that best fits the conditions of that site while
meeting the agency's objectives for hydraulic effectiveness, service life,
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maintainability, durability, and total costs. Some of the design features
which can increase durability are:

a. Selection of Culvert Materials--Some materials can be expected to
perform better than others under any given set of conditions. Each agency
should carefully investigate the soil and water conditions that affect culvert
durability in its jurisdiction and develop meaningful guidelines to aid in the
selection of culvert materials.

Special attention should also be given to standards and specifications used at
the time of the culvert's installation,. Changes in gauge thickness and
chemical composition of metal pipes, or cement content and steel reinforcement
for concrete pipes, may affect the durability of the pipe. The following
guidelines reflect common durability characteristics observed on culverts
installed prior to 1983,

(1) Galvanized Steel. Bare, uncoated, galvanized steel pipe generally
performs well when the pH of the soil immediately adjacent to the
pipe and the pH of the flow which the pipe will carry are between
6 and 10 and when the electrical resistivity of the soil is 3,000
ohm-cm or greater. Bare galvanized steel pipe should not be used in
salt or brackish environments.

(2) Aluminum. Bare, uncoated, aluminum alloy pipe generally performs
adequately well when the pH of the soil immediately adjacent to the
pipe and the pH of the flow which the pipe will carry are between 4
and 9, and when the electrical resistivity of the flow and the
minimum electrical resistivity of the soil are 500 ohm-cm or
greater. When backfilled with a clean, granular, well-draining soil,
aluminum pipe has shown excellent resistance to corrosion even when
exposed to seawater and tidal flow. Aluminum may not perform well in
very acid or heavy metal (copper, iron, etc.) environments.

(3) Concrete. Concrete of good quality is resistant to many corrosive
agents. When the effluent has a pH of 5.0 or less, protective
measures are generally required.

(4) Other Materials. Very aggressive environments may require special
pipe materials such as vitrified clay, stainless steel, and plastic.
These materials are generally used in culvert applications only when
detailed analysis indicates the potential for serious durability
problems.

b. Pipe Protective Measures---There are several protective measures that can
be taken to increase the durability of culverts. The more commonly used
measures are:

(1) Extra Thickness. For some aggressive environments, it may be
economical to provide extra thicknesses of concrete or metal.
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(2)

(3)

(4)

Bituminous Coating. This is the most common protective measure used
on corrugated steel pipe. This procedure can increase the resistance
of metal pipe to acidic conditions if the coating is properly applied
and remains in place. Careful handling during transportation,
storage, and placement 1s required to avoid damage to the coating.
Bituminous coatings can also be damaged by abrasion. Field repairs
should be made when bare metal has been exposed. Fiber binding is
sometimes used to improve the adherence of bituminous material to the
metallic-coated pipe.

B8ituminous Paved Inverts. Paving the inverts of corrugated metal
culverts to provide a smooth flow and to protect the metal has
sometimes been an effective protection from particularly abrasive and
corrosive environments. Bituminous paving is usually at least
1/8-inch (3 mm) thick over the inner crest of the corrugations.
Generally only the lower quadrant of the pipe interior is paved.
Fiber binding is sometimes used to improve the adherence of
bituminous material to the metallic-coated pipe.

Other Coatings. There are several other coating materials that are
being used to some degree throughout the country. Polymeric, epoxy,
fiberglass, clay, and concrete field paving, have all been used as
protection against corrosion. Galvanizing is the most common of the
metallic coatings used for steel. It involves the application of a
thin layer of zinc on the metal culvert. Other metallic coatings
used to protect steel culverts are aluminum and aluminum-zinc.
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CHAPTER 4

CULVERT INSPECTION PROCEDURES

Section 1. INTRODUCTION

4-1.0 General.

Conducting and reporting inspections are important elements of an overall
structure inspection program. A systematic inspection pr.gram also requires
planning to establish the purpose and scope of the program, as well as
budgeting and scheduling to accomplish the planned program. The usefulness of
the information that is collected in the field depends to a large extent upon
how well the inspection is accomplished and documented. The information must
be recorded in a manner that provides a permanent record, is easy to
understand, furnishes an accurate assessment of conditions at the time of
inspection, makes information readily available for a variety of uses, and is
easily verified and updated.

This chapter reviews the various elements of an inspection program and
provides general procedures for conducting and reporting inspections of
culvert structures. Detailed inspection guidelines for the major components
of a culvert are provided in chapter 5, Culvert Component Inspection Guide.

4-1.1 Purpose and Scope of Inspections.

The National Bridge Inspection Program was designed to insure the safe passage
of vehicles and other traffic. The inspection program provides a uniform data
base from which nationwide statistics on the structural and functional safety
of bridges and large culvert-type structures are derived. Although these
bridge inspections are essentially for safety purposes, the data collected is
also used to develop rehabilitation and replacement priorities.

Bridges with spans over 20 ft in length are inspected on a two-year cycle in
accordance with the National Bridge Inspection Standards (NBIS). According to
the American Association of State Highway and Transportation Officials
(AASHTO) the definition of bridges includes culverts with openings measuring
more than 20 ft along the centerline of the road and also includes multiple
pipes where the distance between openings is less than half of the pipe
opening.

Multiple barrel culvert installations with relatively small pipes can
therefore meet the definition of a bridge. Structures included in the NBIS
are evaluated by utilizing a standardized inventory appraisal process that is
based on rating certain structural and functional features. The data obtained
is recorded on standardized inspection forms. The minimum data required for
bridge length culverts is shown on the Structure Inventory and Appraisal Sheet
{SI&A), as shown in exhibit 31. Procedures for coding these items are
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provided in the Recording and Coding Guide for the Structure Inventory and
Appraisal of the Nation's Bridges (Coding Guide).

While the importance of the NBIS inspection program cannot be overemphasized,
the SI&A data sheets are oriented toward bridges rather than culverts; thus,
they do not allow an inspector to collect either detailed condition data or
maintenance data. Additionally, the NBIS program does not specifically
address structures where the total opening length is less than 20 feet.
However, some type of formal inventory and inspection is needed for culverts
that are not bridge length. In many cases, the failure of a culvert or other
structure with openings less than 20 ft long can present a life-threatening
hazard. Although the primary purpose of this manual is t¢ provide inspection
guidelines for culverts included in the NBIS program, the guidelines should
also be generally applicable to culverts with openings which are less than

20 feet long.

Ideally, all culverts should be inventoried and periodically inspected. Some
limitations may be necessary because a considerable effort is required to
establish a current and complete culvert inventory. Small culverts may not
warrant the same rigorous level of inspection as large culverts.- Each agency
should define its culvert inspection program in terms of inspection frequency,
size, and type of culverts to be inventoried and inspected, and the
information to be collected. Of course, culverts larger than 20 ft must be
inspected every two years under the NBIS program. If possible all culverts
should be inventoried and inspected to establish a structural adequacy and to
evaluate the potential for roadway overtopping or flooding.

The types and amount of condition information to be collected should be based
on the purpose for which the information will be used. For example, if small
pipes are not repaired but are replaced after fajilures occur, then the
periodic collection of detailed condition data may not be warranted.
Documentation of failures as well as the causes of failures, may be all the

condition data that is needed. However, the inventory should be updated
whenever a replacement is accomplished.

Section 2. REPORTING

.4—2.1 Reporting Requirements.
The requirements of a good field reporting system include the following:
a. inventory data.
b. a structure file for each structure to be inspected.
c. a procedure for planning and scheduling inspections.
d. a system for recording the inspection results.
e. & system for updating the structure files.
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4-2.2 Inventory Data

Accurate inventory records are fundamental to the management of inspection and
maintenance programs. Inventory records serve as a data base for planning,
scheduling, and reporting inspection and maintenance activities.

Bridge culvert information such as the identification number assigned to the
structure, location, type of structure, number of spans, cells or barrels,
length of span, road or facility served by the structure, and the stream or
feature crossed by the structure should be available since this data is
required in accordance with the Coding Guide under items 1 through 57. This
data may also be available on inventory cards or forms maintained by
maintenance personnel.

If inventory data is not currently available on small culverts, inventory
guidelines should be established for the size of culvert to be inventoried and
the amount of data to be collected. As previously mentioned an initial
inventory requires a significant effort and may represent a sizeable
investment of manpower. Inventory listings and cards should be kept current
as work 1s done on a structure or as a replacement is accomplished. A sample
inventory card is shown in exhibit 32.

4-2.3 Structure Files.

Structure files are used to maintain detailed information on each important
structure. A thorough study of the available historical information can be
extremely valuable in identifying possible critical areas of structural or
hydraulic components and features. Because this information may require
considerable effort to assemble, a separate file should be established for
each structure. '

The contents of any particular file may vary depending upon the size and age
of the structure, the functional classification of the road carried by the
structure, and the informational needs of the agencies responsible for
inspection and maintenance. A very small culvert may be documented in an
inventory listing or with a file that contains little more than an inventory
card plus dates and comments of previous inspections. For larger culverts it
is recommended that the following types of information be assembled when
possible:

a. Construction and Design Data--"As built" or design plans should be
included in a structure file. If plans are not available, the following types
of construction information should be determined: date built; type of
structure including size, shape and material, wall thickness (or gauge); class
of pipe; joint types, size of corrugations if applicable; height of cover; end
treatments; type and thickness of pavement; design capacity; and design
service life. Standard drawings that indicate minimum and maximum allowable
depth of cover, wall thickness, gauge, and end treatments are often as useful
as plans. Hydraulic data should also be assembled where available, including
slope of structure, elevation of inverts, stream channel and water surface
during normal and high flows, design storm frequency, drainage area, design
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discharge, date of design policy, flow conditions, 1imits of flood plain, type
of energy dissipators, cut of wall depth, channel alignment, and channel

protection.

b. Repair History--Information on repairs, culvert extensions, and
rehabilitation activities should be collected. The types and amount of
repairs performed at a culvert site can be extremely important. Frequent
roadway patching due to recurring settlement over a culvert may indicate
serious problems that are not readily apparent through inspection of the
culvert barrel itself.

¢. Inspection History--Data from previous inspections can be particularly
useful in identifying components that require special attention during an
inspection. Information from earlier inspections can be compared against
current conditions to estimate rates of deterioration and to help judge the
seriousness of the problems detected and the anticipated remaining 1ife of the
structure.

4-2.4 Inspection Scheduling.

Scheduling is necessary to insure that the planned inspection program is
accomplished within the time and resources available. Scheduling helps to
achieve a well-organized, complete, and efficient inspection. Factors which
should be considered when developing an inspection schedule include:

a. Inspection Type--Inspections which collect SI&A and other supplemental
information must be made at least every two years. More frequent or interim
inspections may also be needed. For example, when there is a risk of damage
to a structure by high stream flows, the structure should be inspected after
major storms. Similarly structures with a history of significant structural
deficiencies such as excessive tearing of the bolt holes, severe corrosion in
corrugated metal structures, or severe invert or crown cracking in concrete
structures, should be inspected frequently until the problem is -resolved.
Hydraulic deficiencies causing severe embankment erosion, stream alignment
changes, or undermining of the structure may also require interim inspections.

Such interim inspections may be limited to the critical areas affected by the
deficiency. Other types of interim inspections may also be necessary. For
example, culverts with multiple barrels or flat gradients should be checked
frequently for blockage. Small culverts that are performing well may be
assigned an inspection frequency that is longer than two years. However, new
culverts should be checked at least once a year for the first two years.
Structural problems in culverts are often related to improper construction
practices such as inadequate compaction and poor bedding preparation.
Construction related problems are frequently evident within the first year
after construction.

b. Inspection Resources--The manpower, equipment, and materials required to

perform an inspection program should be determined and then compared against
available resources to identify additional resource requirements in
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any of the resource categories. If additional manpower is required and not
available, a policy should be developed to establish priorities for the
inspection of culverts with openings under twenty feet long. When data is
available, prioritization could be according to condition, opening length,
rise, or other factors. Specialized equipment and personnel may also be
needed on occasion for problems that are beyond the scope of an SI&A
inspection. Specialists in hydraulics, soils, materials, or structual
analysis may be needed to support the inspection program by investigating
unusual or potentially hazardous situations.

¢. Scheduling Requirements —Inspection schedules are generally prepared at
several levels including organizational, supervisory, anc¢ working levels. The
organizational schedule is prepared to insure that all structures are
inspected at the appropriate intervals. The supervisory schedule is prepared
to coordinate the use of manpower and equipment. The level of detail is
greatest at the working level. The detailed working schedule is very specific
in terms of the date, structure to be inspected, and personnel to conduct the
inspection. The working schedules for culvert inspections may require that
special consideration be given to seasonal stream levels and weather. Brush
clearing may be required before culverts can be inspected. Ideally structures
should be inspected during periods of lowest flow. However, it is often
advantageous to check the hydraulic operating characteristics of culverts
during or immediately after heavy rainstorms. Because of the special
scheduling considerations previously mentioned, culvert inspection schedules
must contain flexibility.

4-2.5 Recording the Inspection.

When inspecting culverts, information will usually be recorded by a variety of
methods including standard forms, standard prepared sketches, narrative
descriptions, and photographs. Collection methods include the following:

a. Inventory Data--A standard inventory card or form should be used to
record basic information such as location and structure type. A sample
inventory form was shown in exhibit 32.

b. Standard Inspection Report Forms--Standard inspection report forms are
usually the most convenient method for recording specific items of information
such as numerical data and brief descriptions or remarks. Properly designed
forms can provide assistance in field data collection by providing a list of
the items that must be evaluated or measured and can also organize data,
making it more accessible for review. Because very few of the items on bridge
inspection forms apply to culverts, it is highly recommended that forms
developed specifically for culverts be used to record culvert inspection
results. A sample culvert inspection report form is shown in exhibit 33.

The form shown is basically an adaption and expansion of the SI&A condition
rating items that apply to culverts. Numerical ratings are used to record the
condition of each item and rating systems are described in section 3 of this
chapter. The expanded SI&A items provide information that identify the
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components of a structure which may require rehabilitation or maintenance.
Forms may also be developed for collecting other supplemental information
including traffic safety, durability, hydraulic and hydrologic data. The
information recorded on forms is primarily summary type data and should be
supported by other types of documentation such as narrative descriptions,
photographs, and sketches. Supplemental data is particularly important when
actual maintenance requirements are needed or a hydraulic or structural
analysis is to be performed.

c. Standard Prepared Sketches--Standard prepared sketches are a convenient
method for recording field measurements. Exhibit 34 illustrates standard
sketches for recording basic culvert measurements.

d. Sketches—Additional sketches may need to be prepared in the field to
document deficiencies found during the inspection. An overall sketch should
also be made to show the general layout of the stream, structure, and roadway,
to indicate skew and the direction of flow during low and peak flows, and to
show the location of scour or other stream channel problems. A sample overall
sketch is shown in exhibit 35.

e. Narrative Descriptions—-Narrative descriptions supplement the
information recorded on forms, photographs, and sketches. Descriptions of the
condition of each component such as the culvert barrel, headwalls, wingwalls,
and stream channel should be prepared by the inspector. The descriptions
should be clear and concise, yet completely describe the structure's condition
at the time of inspection. An appraisal of flood hazard conditions, and
comments concerning the characteristics of the drainage area should be
included in the narrative. The narrative should reference appropriate
sketches and photographs, and the narrative descriptions should be written or
recorded on tape at the site.

f. Photographs--Photographs are an excellent method for documenting
problems found during an inspection. It is good practice when taking close-up
photographs to place a scale or rule next to the item being photographed to
clearly indicate the extent of the problem. Lumber crayon (keel) can be used
to point to or highlight defects. Writing the date, structure number, and
other comments on the structure with keel prior to taking the photograph can
also be helpful.

Photographs are of particular value to anyone reviewing the report as well as
for individuals making follow-up inspections. Photographs showing the
structure in side elevation and from the roadway are useful in providing the
reviewer an overall picture of the structure. A few traffic control cones on
the roadway over the culvert may be necessary to indicate the location of the
culvert in roadway photographs. An alternative is to draw a 1ine across the
photograph indicating the culvert centerline, as shown in exhibit 36.
Panoramic photographs of the upstream and downstream flood plan zones are
important to document existing property development. 01d outdated photos
should be retained and supplemented with new photos as conditions change.
While photographs are extremely useful they do not eliminate the need for
sketches and narrative descriptions; and, in many cases, a sketch is more
useful than a photograph.
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g. Summary--A brief summary of the structure's condition should generally
be included in the report. The summary should identify any significant
problems found and include a brief comment on type of defect andlocation of
the problem on the structure. The reviewer can then refer to appropriate
sections of the inspection report for details.

h. Recommendations--The inspector should 1ist any maintenance or repairs
that are needed to maintain structural integrity, insure public safety,
preserve the investment represented by the culvert, and extend the service
life.

4-2.6 Updating Inventory Records.

The usefulness of information collected during field inspections depends upon
jts availability for use. Records must be maintained in an orderly system so
that specific records can be easily located by authorized personnel for
updating or review.:

a. Updating Files~-The structure files, previously described, should be
used to retain copies of available information on each structure. They should
be updated each time the structure is inspected or maintenance is performed.
After an initial inspection report has been completed, subsequent inspections
will usually not require the same amount of documentation as a new report.
However, all inspections should be recorded even if they are cursory and no
changes were found. When a culvert is significantly modified, a revised
report should be prepared. The original report should be retained but clearly
marked to indicate that it has been superseded by a new report.

b. File Access——The use of computerized inventory records can greatly
improve the speed at which data can be located and retrieved. Even when
culvert inventory records are manually indexed, it is likely that some form of
tabulation or cross indexing will be required. Typical file access
requirements may include access by:

(1) structure number
(2) roadway data--route number, road classification, roadway width
(3) location
(4) area, district, county, coordinates
(5) structure type
(6) age
(1) size--span of each barrel and total opening length
(8) material
(9) date of last inspection
{10) condition
{(11) load capacity
(12) drainage data--drainage area, design discharge, design variables,
allowable headwater elevation
(13) end section-——-type, cut-off wall depth
(14) traffic safety features--guardrail, Jersey barrier
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Section 3. RATING SYSTEMS

4-3.1 Numerical Evaluation.

Numerical rating systems are useful methods for summarizing the condition of
bridge and culvert components. When the conditions associated with a specific
numerical value are well-defined and the rating system is clearly understood
by both raters and reviewers, valuable information can be quickly extracted
from the inspection reports.

To achieve accurate and consistent results, clear definitions are needed on
how the ratings are to be applied. For example, is an item rating based on
average condition or on the worst condition found? Ideally the answer should
depend upon the type and location of the defects found. Questions the
inspector should ask when rating an item are: 1Is the item functioning as
originally intended? Could it pose a threat to public safety and private
property? Could it cause extensive damage if it is not repaired? Can the
problem be repaired by maintenance action or will it require rehabilitation?

4-3.2 SI&A Ratings

The results of all bridge and culvert inspections performed as part of the
National Bridge Inspection Program are reported to the FHWA on Standard
Inventory and Appraisal (SI&A) forms as previously illustrated in exhibit __
The information reported includes inventory data, condition ratings, and
appraisal ratings. As noted earlier, FHWA publishes instructions and
guidelines for recording each item on the standard SI&A form.

a. Condition Ratings--Condition ratings are based on a comparison of the
existing condition of the item being evaluated with the "as-built" condition.
The following condition items are applicable to culverts:

Item 61--channel and channel protection

Item 62--culvert and retaining walls

Item 63-—-estimated remaining life

Item 64--operating rating (maximum permissible load)
Item 65--approach roadway alignment

Item 66-—-inventory rating
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A description of each of these six items is included in the Coding Guide
previously mentioned. With the exception of items 63, 64, and 66, SI&A
condition items are rated using a numerical scale that ranges from “0" for
closed and beyond repair to "9" for new condition. General descriptions of
the conditions that apply to each number of the rating scale are provided in
the Coding Guide.

b. Appraisal Ratings--Appraisal ratings are an evaluation of how the
structure as a whole functions as an element of the highway network.
Appraisal ratings also use a "0" to "9" numerical scale but are based on a
comparison with current standards as opposed to "as-built" standards. General
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descriptions of each number on the appraisal rating scale as well as a
description of each item are provided in the Coding Guide. The following SI&A
appraisal items apply to culverts:

Item 67 --structural condition

Item 68--deck geometry

Item 70--safe load capacity

Item 71--waterway adequacy

Item 72--approach roadway alignment

L W W o )
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4-3.3 Maintenance Rating Systems.

It is usually necessary to evaluate the condition of more items than those
rated on the SI&A forms because the SI&A condition items cover such broad
components. For example SI&A item 62 covers all structural components of a
culvert. Additionally, the SI&A numerical rating system is not well suited
for evaluating minor items. Minor items are essentially limited to ratings of
N, ngn o ugh o oor "7" since the other rating numbers imply a significant impact
on the overall integrity or safety of the structure. Therefore;, a modified
rating system should be used for rating the condition of items added to
supplement the SI&A items. Since items are added primarily to identify
potential maintenance problems, the modified rating scale should be oriented
toward maintenance.

A sample maintenance rating sysiem is shown in exhibit 40. The rating system
shown provides a numerical scale that is related to the urgency of maintenance
action required as well as the action which should be taken by the inspector.

It is important to note that the inspector basically has three courses of
action depending on the severity of conditions found. Each of these actions
involves noting the condition of the culvert components in the inspection
report. When no immediate maintenance actions are required, the note in the
report is all that is necessary. When a high priority should be assigned for
correcting problems found during the inspection, some type of special
notification to maintenance personnel is recommended. When immediate action
is required to address a hazardous situation or preserve the integrity of the
structure, maintenance personnel should be notified on an emergency basis.

Care must be exercised when using different rating systems, particularly when
combining the ratings given to supplemental items to arrive at ratings for
SI&A jtems, SI&A item ratings usually represent a composite rating of a group
or broad category of supplemental items. The SI&A ratings should not merely
be an average of the ratings assigned to the supplemental items but should be
based on the inspector's judgment. A low rating in one supplemental item will
usually control the composite rating. The inspector should ask the same
questions discussed in section 4-3.1.
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Maintenance Maintenance Inspection

—

Urgency Index Immediacy of Action Course of Action
9 No repairs needed. 7]
8 No repairs needed. List specific items for
special inspection during next reaular in-
spection.

Note in inspection
7 No immediate pians for repair. Examine Creport only.
possibility of increased level of inspection.

) By end of next season - add to scheduled work.
5 Place in current schedule - current season - 7]
first reasonable opportunity.

4 Priority - current season - review work plan Special notification
for relative priority - adjust schedule if ~to superior is
possibie. warranted.

3 High priority - current season as soon as can
be scheduled. -

2 Highest priority - discontinue other work if ’1
required - emergency basis or emergency sub-
sidiary actions if needed (post, one lane Notify superiors
traffic, no trucks, reduced speed, etc.) |_verbally as soon as

possible and confirm

1 Emergency actions required - reroute traffic in writing.
and close.

0 Facility is closed for repairs. -

Source: NCHRP Report 251
Exhibit 40. Maintenance rating scale,
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Section 4. ELEMENTS OF INSPECTION

4-4.1 Inspection Sequence.

A logical sequence for inspecting culverts helps insure that a thorough and
complete inspection will be conducted. More than just the components of a
culvert should be evaluated; look also for high water marks, changes in the
drainage area, settlement of the roadway, and other indications of potential
problems. A general plan is therefore useful to avoid oversights.

For typical culvert installations it is usually convenieni to begin the field
inspection with general observations of the overall condition of the structure
and an inspection of the approach roadway. The inspector should select one
end of the culvert and inspect the embankment, waterway, headwalls, wingwalls,
and culvert barrel. The inspector should then move to the other end of the
culvert. Detailed inspection guidelines are provided in the Culvert Component
Inspection Guide, found in chaper 5 of this manual; and the following general
elements of inspection are discussed briefly in this section.

a. Review of available information
b. Observation of overall condition
c¢. Approach roadway and embankment
d. Waterway

e. Headwalls and wingwalls

f. Culvert barrel

4-4.2 Review of Available Information.

Previous inspection reports and plans, when available, should be reviewed
prior to, and possibly during, the field inspection. A review of previous
reports will familiarize the inspector with the structure and make detection
of changed conditions easier. A review will also indicate critical areas that
need special attention and the possible need for special equipment.

4-4.3 Observation of Overall Condition.

General observations of the condition of the culvert should be made while
approaching the culvert area. The purpose of these initial observations is
simiiar to the plan review as it familiarizes the inspector with the
structure, may point out a need to modify the inspection sequence, or indicate
areas requiring special attention. The inspector should also be alert for
changes in the drainage area that might affect runoff characteristics. For
example, a change in land use from agricultural to commercial could result in
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increased runoff and sedimentation. When the inspector observes extensive
land development activities, an inspection of downstream culverts should be
conducted. The inspector should also look for new construction within flood
hazard zones, the addition of guardrail or Jersey barrier that would increase
the upstream flood hazard from ponding, unexpected or new directions of
runoff, and blockages downstream.

4-4.4 Approach Roadway.

Inspection of the approach roadway and embankment includes an evaluation of
the roadway condition and functional adequacy. The condition rating is
recorded under item 65 on the standard SI&A sheet {see exhibit 31). The
functional assessment is recorded under SI&A items 68 and 72. Collection and
validation of inventory data needed for the standard SI&A sheet may alsc be
performed as part of the approach roadway inspection. The inspection is
performed by visual observation and should be documented by a brief narrative
to support the ratings assigned, a sketch of the alignment, and photographs.

Defects in the approach roadway and embankment may be indicators of possible
structural or hydraulic problems in the culvert as shown in exhibit 41. The
approach roadway and embankment should be inspected for the following:

a. Condition of embankment and roadway
(1) sag in roadway or guardrail
(2) cracks in pavement
(3) pavement patches or evidence that roadway has been built-up
(4) erosion or failure of side slope

b. Functional requirements
(1) signing
{2) alignment
{3) clearances
{4) adequate shoulder profile
(5) safety features

4-4.5 Waterways

The SI&A sheet requires a condition rating for the stream channel (SI&A

item 61) and a functional rating of the waterway adequacy (SI&A item 71).
These items are inspected visually and should be documented by a brief
narrative description supporting the ratings along with sketches and
photographs showing the stream alignment and location of problems such as
scour or sediment deposits. Vertical distance between the streambed and the
culvert invert should also be measured when a significant difference in
elevation exists.
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The inspection of hydraulic components is a key part of culvert inspection.
The condition of the stream channel should be visually inspected for the

following:

a. Horizontal alignment of the culvert with the stream channel--The
inspector should be aware that this may change during high or Tow flows and
that poor alignment may reduce the hydraulic capacity of the culvert.

b. VYertical alignment of the culvert--This may cause problems with
sedimentation or scour.

c. Erosion and scour--These may be related to vertical (steep gradient),
horizontal alignment, or to more frequent flows of higher magnitudes resulting
from changes in the watershed.

d. Accumulations of debris and sediment--These may be caused by a number of
factors including a culvert opening too small, installation of the culvert
with its invert below the streambed, obstructions downstream, or development
upstream.

Evaluation of the waterway adequacy involves checking for indications of an
inadequate opening. The stream channel and drainage area should be evaluated
for the following:

a. Changes in stream channel alignment which may reduce hydraulic capacity
or cause scour.

b. Changes in ground cover or land use which may affect the amount of
runoff the culvert must handle.

¢. Changes in the amount and type of channel erosion. Excessive bank
erosion, stream channel aggradation/degradation, or head cutting may
indicate increased runoff.

d. Changes in high water marks. High water marks may indicate that
culverts are inadequately sized, increasing the potential for flooding
damage or roadway overtopping.

e. Changes in flow from intermittent to continuous which may indicate
changes in the drainage area.

f. Channel obstructions such as deposits of debris, mud slides, beaver
dams, fences, and utility pipes which may affect the hydraulic capacity
of culverts.

4-4.6 End Treatments

End treatments such as headwalls, wingwalls, slope protections, and energy
dissipators are used to protect the culvert barrel from hydraulic forces,
retain the embankment, and improve hydraulic efficjency. Headwall and
wingwall end treatments are shown in exhibit 42, The SI&A inspection form
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defects, seam defects, durability, and localized construction damage.
Concrete culvert barrels should be inspected primarily for barrel defects such
as misalignment, joint defects, cracking, spalling, and durability.
4-4.8 Summary.
A good inspection program requires procedures for
a. planning, scheduling, and conducting field inspections;
b. collecting and reporting the findings of the field inspection;

¢. updating the information to provide accurate and complete records; and

d. recommending corrective actions.
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CHAPTER 5
CULVERT COMPONENTS INSPECTION GUIDE

Chapters 1 to 4 have covered the terminology and basic principles of culvert
design and construction, the tools and equipment to be used, and the safety
precautions that must be taken during culvert inspections. Planning and
reporting requirements needed for culvert inspections have also been discussed.
The primary objective of this chapter is to serve as a guide that will enable
the culvert inspector to detect and identify common types of culvert distress
or deficiencies, and recognize the severity and significance of defects

found. The chapter concentrates on the most common types of culverts,
including corrugated metal pipe culverts, corrugated metal long-span culverts,
precast concrete culverts, and cast-in-place concrete culverts. Additional
information is also provided on the approach roadways, the waterways, and the
end treatments.

The following culvert components included in this chapter are covered in the
order given:

a. Approach Roadway

b. Waterways

c¢. End Treatments and Appurtenances

d. Cdrrugated Metal Culverts

e. Shape Inspection of Corrugated Metal Culvert Barrels

f. Shape Inspection of Corrugated Metal Long-Span Structures
g. Concrete Culverts

h. Precast Concrete Culvert Barrels

i. Cast-in-Place Concrete Culvert Barrels

j. Masonry Culverts

k. Overall Culvert Ratings
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Section 1. APPROACHES

5-1.0 General.

Settlement is a common problem with bridge and culvert approaches and is
usually due to poorly compacted embankment material. It may result from
settlement of the culvert in soft foundation material, displacement of soft
material, or piping along the culvert.

Settlement of backfill material and movement of the structure may have serious
structural consequences in culverts when it affects the tuackfill. A stable
soil envelope around culverts is necessary to obtain side support that will
minimize deflection of flexible culverts and reduce settlement of rigid or
flexible culverts.

The inspector should also look for any changes in the approach roadway that
might affect the performance of overflow sections. Grade changes or the
addition of gquardrail or Jersey barrier may increase the hazard to upstream
property.

Two items of concern in approaches are the condition (SI&A item 65) of the
approach, and an evaluation of how well the approach functions as a part of
the highway system (SI&A items 72, 68, and 36).

5-1.1 Inspection of the Approach Roadway Condition

Approach conditions may be inspected visually for sudden dips or sags, cracks,
pavement patches, and other indications of settlement. Cracks in pavements
will usually be parallel to the culvert barrel. Shoulders and embankments
should also be inspected for dips, sags and other depressions, erosion, and
slope siippage. Sags can often be detected by sighting along guardrails, as
illustrated in exhibit 44. Sighting along the edge of pavement, or along
pavement markings can also reveal sags and depressions.
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b. Mitered--Culverts with mitered end treatments and those with pipe end
sections should be inspected for the same types of problems as culverts with
projecting ends. In addition, metal pipe culverts with either a mitered end
or skewed end should be inspected for deformation. Cutting the ends to form a
mitered or skewed treatment reduces the structural integrity of the ends of a
corrugated metal culvert. The cut ends cannot act as a ring in compression
but act essentially as cantilevered retaining walls. If there is no fill
slope stabilization or reinforcement of the cut ends, deformation may occur.

While a retaining wall type failure of the cut end may not seriously affect
the structural integrity of the culvert barrel it could cause serious
hydraulic problems. As previously mentioned, hydraulic rorces can destroy or
turn up an unstable or distressed pipe end damming the culvert. Damaging
ponding or washing out of the fill may result. It is therefore important to
check cut ends of culverts for signs of distress including deformation,
erosion of the fill slope, and undercutting as shown in exhibit 58. Partial
headwalls, cutoff walls, slope paving, anchored tie-backs, and riprap are
frequently used to stabilize cut ends. These devices should be inspected for
undermining and to insure that pipe ends are firmly anchored.

\

Vst 'ﬁ‘% FULL MITERED PIPE END

MISSING SOIL
EXPOSED BY EROSION

Exhibit 58. Erosion around mitered end.

c. Headwalls and Wingwalls--Headwalls and wingwalls should be inspected for
any signs of undermining and settlement such as cracking, tipping, or
separation of the culvert barrel from the headwall. Settlement places
additional stresses on the ends of the culvert and may cause blockage or end
failure. Damaging ponding or washing out of the fill could result.
Separations between the barrel and the headwall that expose fill materfial can
be particularly serious and should be reported for special attention. Such
separations permit the loss of the supporting soil which could lead to failure
anywhere along the length of the culvert. Additionally headwalls should be
high enough and long enough to protect the embankment from erosive flows and
to keep the embankment from spilling over and blocking the flow. Metal
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headwall and wingwall tnspections should include checking for voids behind the
walls which may indicate a loss of backfill, toe out of the base which may
indicate scour in front of the wall, and outward movement of the top which may
indicate damage to anchor rods.

d. Aprons—-Aprons should be checked for signs of undermining settlement or
movement. Dry stone or ungrouted rip rap should be inspected for displaced or
moving stones. A scour hole with a downstream mound will often form in riprap
aprons and should generally not be disturbed by maintenance activities.
Additional rock may be needed if the scour has penetrated through the riprap.
Wire enclosed riprap should be checked for displaced baskets, nartially full
baskets, and wire deterioration. Concrete slabs should be checked for
undermining and settlement. Undermining is checked by probing along the edge
of the apron. Settlement can be detected by checking for cracks and signs of
movement at the joint with the headwall. The joints between concrete aprons
and headwalls should also be checked to insure that they are watertight.

Section 3. WATERWAYS

5-3.0 General.

The primary function of most culverts is to carry surface water or traffic
from one side of a roadway embankment to the other side. The hydraulic design
of culverts usually involves the determination of the most economical size and
shape of culvert necessary to carry the design discharge without exceeding the
headwater depth allowable. It is essential that the culvert be able to handle
the design discharge. If the culvert is blocked with debris or the stream
changes course near the ends of the culvert, the culvert may be inadequate to
handle design flows. This may result in excessive ponding, flooding of nearby
properties, and washouts of the roadway and embankment. In addition changes
in upstream land use such as clearing, deforestation, and real estate
development may change the peak flow rates and stream stability. It is
therefore important to inspect the condition of the stream channel, SI&A

item 61, and evaluate the ability of the culvert to handle peak flows, SI&A
item 71.

5-3.1 Stream Channel--What to Look for During Inspection.

The stream channel should be inspected to determine whether conditions exist
that would cause damage to the culvert or surrounding properties. Factors to
be checked include culvert location (horizontal and vertical alignment),
scour, and accumulation of sediment and debris. These factors are closely
related to each other. Poor culvert location can result in reduced hydraulic
efficiency, increased erosion and sedimentation of the stream channel, and
increased damage to the embankment and surrounding properties. A brief
discussion of each of these factors is provided. Exhibit 59 presents
guidelines for rating SI&A item 61.
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RATING GUIDELINES FOR SI&A ITEM 61 - CHANNEL AND CHANNEL PROTECTION

RATING CONDITION RATING CONDITION
9 e Alignment: good 4 Alignment:  alignment causing embankment erosion  and
e Scour: no indication of bed scour or bank erosion undercutting of structure
e Obstructions: no obstructions Scour: protection required due to bed scour or bank erosion
e Obstruction: partial blockage of channel or culvert
8 o Alignment: alignment adequate
e Scour: no indication of bed scour or bank erosion 3 Alignment: scour due to alignment threatening structure or
e Obstruction: no obstruction approach embankment
Scour: the structure has been displaced or settled due to bank
7 e Alignment: alignment fair erosion or scour
e Scour: mild bank erosion or bed scour Obstruction: mass drift accumulation has severely restricted
e Obstruction: minor debris accumulation channel or culvert opening
6 o Alignment: alignment not desirable 2 Alignment: structure or approach weakened by scour due to poor
e Scour: moderate bed scour or bank erosion occurring alignment
e Obstruction: minor sedimentation and debris Scour: structure or roadway weakened by bank erosion or bed
scour, danger of collapse with next flood
5 o Alignment: channe) alignment beginning to change Obstruction: culvert blocked by mass drift accumulation
e Scour: significant bed scour or bank erosion requiring
investigation to determine need and nature of corrective 1 Alignment: channel directed at embankment causing severe scour
measyres of approach embankment
e Dbstruction: waterway moderately restricted by trees, shrubs, Scour: structure or approach weakened, danger of immediate
or sedimentation collapse
Roadway: closed to traffic
0 Structure: washed out by flood action

Roadway: closed to traffic

NOTES:

1.

See Coding Guide for description of Rating Scale.
2. As a starting point, select the lowest rating which matches actual conditions.

Exhibit 59.

Condition rating guidelines.




a. Horizontal Alignment—The inspector should check the condition of the
stream banks and any bank protection at both ends of the culvert. He should
also check for erosion and indications of changes in the direction of the
stream channel. Sketches and photographs should be used to document the
condition and alignment at the time of inspection. Abrupt stream alignment
changes retard flow and may require a larger culvert; they cause increased
erosion along the outside of the curve, damage to the culvert, and increased
sedimentation along the inside of the curve. Where sharp channel curves exist
at either the entrance or exit of a culvert, the inspector should check for
sedimentation and erosion.

b. Vertical Alignment--Vertical alignment problems are usuwily indicated by
scour or accumulation of sediment. Culverts on grades that differ
significantly from the natural gradient may present problems. Culverts on
flat grades may have problems with sediment build up at the entrance or within
the barrel. Culverts on moderate and steep grades generally have higher flow
velocities than the natural stream and may have problems with outlet scour.
Scour and sediment problems may also occur if the culvert barrel is higher or
lower than the stream bed.

c. Scour--Erosion generally refers to loss of bank material and a lateral
movement of the channel. Scour is more related to a lowering of the stream
bed due to the removal and transporting of stream bed material by flowing
water. Scour may be classified into two types: local scour and general scour.

(1) Local scour is located at and usually caused by a specific flow
obstruction or object which causes a constriction of the flow. Local
scour occurs primarily at the culvert outlet.

(2) General scour extends farther along the stream and is not localized
around a particular obstruction. General scour can involve a
gradual, fairly uniform degradation or lowering of the stream
channel. It can also result in abrupt drops in the channel that move
upstream during peak flows. This type of scour is referred to as
head cutting. Head cutting may be a serious problem if it is
occurring in the channel downstream from the culvert, since it may
threaten the culvert as it moves upstream. Head cutting may also
occur in the stream channel immediately upstream from depressed
inlets. Where upstream head cutting is usually not as serious a
problem for the culvert, it can affect upstream structures and
properties.

The upstream channel should be checked for scour that may undermine the
culvert or erode the embankment as shown in exhibit 60. Scour that is
undermining trees or producing sediment that could block or reduce the culvert
opening should also be noted. The stream channel below the culvert should be
checked for local scour caused by the culvert's discharge and for general
scour that could eventually threaten the culvert as shown in exhibit 61.
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d. Accumulation of Sediment and Debris--Deposits of debris or sediment that
could block the culvert or cause local scour in the stream channel should be
noted. Accumulations of debris sediment in the stream may cause scour of the
streambanks and roadway embankment, or could cause changes in the channel
alignment. Debris and sediment accumulations at the culvert inlets or within
the culvert barrel reduce the culvert's capacity and may result in excessive
ponding. It also increases the chances for damage due to buoyant forces.
Downstream obstructions which cause water to pond at the culvert's outlet may
also reduce the culvert's capacity. Debris collectors are used in some
culverts so that the opening is not blocked by floating materials.

5-3.2 Waterway Adequacy--What to Look for During Inspection.

The preceding paragraphs dealt with evaluating the condition of the stream
channel and identifying conditions that could cause damage to the culvert or
reduce the hydraulic efficiency of the culvert. A closely related condition
that must be evaluated is the waterway adequacy or ability of the culvert to
handle peak flows including high water marks, changes in the watershed, and
changes in the stream channel which might affect the hydraulic performance.
Guidelines for rating SI&A item 71, Waterway Adequacy, are presented in
exhibit 62.

a. High Water Marks--The high water elevation will vary with each flood but
should still be checked to evaluate waterway adequacy. Ideally, culverts
should be checked during or immediately after peak flows toc determine whether
water is being ponded to excessive depths, flooding adjoining properties, or
overflowing the roadway, as shown in exhibit 63. High water marks are needed
to define the upstream pond elevation and the downstream tailwater elevation.
Several high water marks should be obtained, if possible, to insure
consistency. High water marks in the culvert barrel, in the drain down area
near the inlet, or near turbulent areas at the outlet are generally
misleading. An inspection can also determine high water levels for peak flows
by looking for debris caught on fences, lodged in trees, or deposited on the
embankment. Information may also be obtained by interviewing area residents.
Indications of excessive ponding, flooding, or overtopping of the roadway
should be investigated to determine the cause. If the cause is apparent, such
as a blocked inlet, it should be reported for scheduling of appropriate
maintenance. If the cause is not apparent, the culvert should be reported for
evaluation by a hydraulic specialist.
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RATING GUIDELINES FOR SI&A ITEM 71 - WATERWAY ADEQUACY

e Scour: no indication of bed scour or bank erosion

8 ¢ Opening: waterway opening is adequate 3
o Aligment: stream aligned with culvert centertine
o Scour: no indication of bed scour or bank erosion
1 ¢ Opening: opening is adequate
e Alignment: stream at slight angle to culvert centerline
¢ Scour: mild bank erosion or bed scour
2
(1 ¢ Opening: occasional drift or sediment removal required
o Alignment: stream enters or exits at moderate angle
¢ Scour: moderate bed scour or bed erosion occurring
H ¢ Opening: evidence of extensive ponding due to inadequate size
opening, partial blockage or poor alignment 1
o Alignment: alignment causing ponding or erosion
e Scour: significant bed scour or bank erosion requiring
fnvestigation to determine need and nature of corrective
measures
4 o Opening: marginally adequate, allowsble headwater, depths may 0

be exceeded during peak flows due to inadequate size opening,
partial blockage or poor alignment

¢ Alignment: misalignment causing erosion of embankment, or
undercutting structure

e Scour: protection required due to bed scour or bank erosion

. RATING CONDITION RATING CONDITION
9 ¢ Opening and Alfignment: good

e Opening: evidence that roadway is topped during high flows, or

that ponding area is excessive due to inadequate size opening,
partiaj blockage or poor alignment

Alignment: stream approaches or exits on small angle, channe!
is in the process of changing

Scour: the structure has been displaced or settled due to bank
erosion or scour

Opening: road”or adjacent properties frequently flooded dus to
fnadequate size opening, partial blockage or poor alignment
Alignment: channel directed at embankment, collapse possible
with next storm

Scoyr: structure or roadway weakened by bank erosion or bed
scour, danger of collapse with next flood

Opening: Flood action has closed structure

Alignment: channe) directed at embankment with threat of
inmediate collapse

Scour: structure weakened with threat of collapse

Roadway: closed to traffic

Opening: structure collapsed or washed out
Roadway: closed to traffic

NOTES: 1. See Coding Guide for description of Rating Scale.

2. As a starting point, select the lowest rating which matches actual conditions.

Exhibit 62. Condition rating guidelines.










Section 4. CORRUGATED METAL CULVERTS

5-4.0 General.

Corrugated aluminum and corrugated steel culverts are classified as flexible
structures because they respond to and depend upon the soil backfill to
provide structural stability and support to the culvert. The flexible
corrugated metal acts essentially as a 1iner. The liner acts mainly in
compression and can carry large ring compression thrust, but very little
bending or moment force. (Rib reinforced box culverts are exreptions.)
Inspection of the culvert determines whether the soil envelope provides
adequate structural stability for the culvert and verifies that the "liner" is
capable of carrying the compressive forces and protecting the soil backfill
from water flowing through the culvert. Verification of the stability of the
soil envelope is accomplished by checking culvert shape. Verification of the
integrity of the *liner" is accomplished by checking for pipe and plate
culvert barrel defects.

This section contains discussions on inspecting corrugated metal structures
for shape and barrel defects. Because shape inspection requirements do vary
somewhat for different shapes, separate sections with detailed guidelines are
provided for corrugated metal pipe culvert shapes and long-span culvert
shapes. Section 5 of this chapter addresses corrugated metal pipe culverts,
and section 6 covers long-span corrugated metal culverts.

5-4.,1 Shape Inspections

The single most important feature to observe and measure when inspecting
corrugated metal culverts is the cross-sectional shape of the culvert barrel.
The corrugated metal culvert barrel depends on the backfill or embankment to
maintain its proper shape and stability. When the backfill does not provide
the required support, the culvert will deflect, settle, or distort. Shape
changes in the culvert therefore provide a direct indication of the adequacy
and stability of the supporting soil envelope. By periodic observation and
measurement of the culvert's shape, it is possible to verify the adequacy of
the backfill. The design or theoretical cross-section of the culvert should
be the standard against which field measurements and visual observations are
compared. If the design cross section is unknown, a comparison can be made
between the unloaded culvert ends and the loaded sections beneath the roadway
or deep fills. This can often provide an indication of structure deflection
or settlement. Symmetrical shape and uniform curvature around the perimeter
are generally the critical factors. If the curvature around the structure
becomes too flat, and/or the soil continues to yield under load, the culvert
wall may not be able to carry the ring thrust without either buckling inward
or deflecting excessively to the point of reverse curvature. Efther of these
events leads to partial or total failure.

As explained in chapter 3, an arc of a circular pipe or other shape structure
will be stable and perform as long as the soil pressure on the outside of the
pipe is resisted by the compression force in the pipe at each end of the arc.
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Corrugated metal pipes can change shape safely within reasonable limits as
long as there is adequate exterior soil pressure to balance the ring
compression. Therefore, size and shape measurements taken at any one time do
not provide conclusive data on backfill instability even when there is
significant deviation from the design shape. Current backfill stability
cannot be reliably determined unless changes in shape are measured over time.
It is therefore necessary to identify current or recent shape changes to
reliably check backfill stability. If there is instability of the backfill,
the pipe will continue to change shape.

In general, the inspection process for checking shape will include visual
observations for symmetrical shape and uniform curvature a. well as
measurements of important dimensions. The specific measurements to be
obtained depend upon factors such as the size, shape, and condition of the
structure. If shape changes are observed, more measurements may be

necessary. For small structures in good condition, one or two simple
measurements may be sufficient, for example, measuring the horizontal diameter
on round pipe. For larger structures such as long span culverts, key
measurements may be difficult to obtain. Horizontal diameters may be both
high and large. The inspection process for long span culverts generally
requires that elevations be established for key points on the structure.
Although some direct measurements may also be required for long-span
structures, elevations are needed to check for settlement and for calculating
vertical distances such as the middle ordinate of the top arc. For structures
with shallow cover, observations of the culvert with a few 1ive loads passing
over are recommended. ODiscernible movement in the structure may indicate
possible instability and a need for more in-depth investigation.

The number of measurement locations depends upon the size and condition of the
structure. Long-span culverts should normally be measured at the end and at
25 foot intervals. Measurements may be required at more frequent intervals if
significant shape changes are observed. The smaller pipe culverts can usually
be measured at longer intervals than long-span culverts.

It is extremely important to tie down exact locations of measurement points.
Unless the same point is checked on each inspection, changes cannot be
accurately monitored. The inspection report must, therefore, include precise
descriptions of reference point locations. It is safest to use the joints,
seams, and plates as the reference grid for measurement points. Exact point
locations can then be easily described in the report as well as physically
marked on the structures. This guards against loss of paint or scribe marks
and makes points easy to find or reestablish. A1l dimensions in structures
should be measured to the inside crest of corrugation. When possible,
measurement points on structural plate should be located at the center of a
longitudinal seam. However, some measurement points are not on a seam.

When distortion or curve flattening is apparent, the extent of the flattened
area, in terms of arc length, length of culvert affected, and the location of
the flattened area should be described in the inspection report. The length
of the chord across the flattened area and the middle ordinate of the chord
should be measured and recorded. The chord and middle ordinate measurements
can be used to calculate the curvature of the flattened area using the formula
shown in exhibit 66.
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=

C = MEASURED CHORD
M = MEASURED MIDDLE ORDINATE

SOLVE FOR Rp = ACTUAL RADIUS

2
RA.—.— ih'z._"_c_
M

IF Ry IS > Rp {DESIGN RADIUS) THEN
ACTUAL CURVE IS FLATTER THAN DESIGN

Exhibit 66. Checking curvature by curve and middle ordinate.

5-4.2 Inspecting Barrel Defects.

The structural jntegrity of corrugated metal culverts and long-span structures
is dependent upon their ability to perform in ring compression and their
interaction with the surrounding soil envelope. Defects in the culvert barrel
itself, which can influence the culvert's structural and hydraulic
performance, are discussed in the following paragraphs. Rating guidelines are
provided in the sections dealing with specific shapes.

a. Misalignment--The inspector should check the vertical and horizontal
alignment of the culvert. The vertical alignment shouid be checked visually
for sags and deflection at joints. Poor vertical alignment may indicate
problems with the subgrade beneath the pipe bedding. Sags trap debris and
sediment and may impede flow. Since most highway culverts do not have
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failure of the structure. Longitudinal cracks are most serious when
accompanied by significant deflection, distortion, and other
conditions indicative of backfill or soil problems. Longitudinal
cracks are caused by excessive bending strain, usually the result of
deflection, exhibit 71. Cracking may occasionally be caused by
improper erection practices such as using bolting force to "lay down"
a badly cocked seam.

DEFLECTION _
- _

CRACKING AT SEAM /

DUE TO DEFLECTION

Exhibit 71. Cracking due to deflection.

(4) Bolt Tipping--The bolted seams in structural plate culverts only
develop their ultimate strength under compression. Bolt tipping
occurs when the plates slip. As the plates begin to slip, the bolts
tip, and the bolt holes are plasticalily elongated by the bolt shank.
High compressive stress is required to cause bolt tipping.
Structures have rarely been designed with loads high enough to
produce a ring compression that will cause bolt tip. However, seams
should be examined for bolt tip particularly in structures under
higher fills. Excessive compression on a seam could result in plate
deformations around the tipped bolts and failure is reached when the
bolts are eventually pulled through the plates.

e. Circumferential Seams - The circumferential seams, like joints in
factory pipe, do not carry ring compression. They do make the conduit one
continuous structure. Distress in these seams is rare and will ordinarily be
a result of a severe differential deflection or distortion problem or some
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other manifestation of soil failure. For example, a steep sloping structure
through an embankment may be pulled apart longitudinally if the embankment
moves down as shown in exhibit 72. Plates should be installed with the
upstream plate overlapping the downstream plate to provide a "shingle" effect
in the direction of flow.

SLIP PLANE

FILL MOVEMENT ON
POSSIBLE FUTURE SLIP
PLANE CAN DISTRESS
CIRCUMFERENTIAL SEAM

SEAM BEING
PULLED APART

Exhibit 72. Circumferential seam failure due to embankment slippage.

The circumferential seam at one or more locations would be distressed by the
movement of the fill. Such distress is important to note during inspections
since it would indicate a basic problem of stability in the fill.
Circumferential seam distress can also be a result of foundation failure, but
in such cases should be clearly evident by the vertical alignment.

f. Dents and Localized Damage--Al1l1 corrugated metal culverts should be
inspected for localized damage. Pipe wall damage such as dents, bulges,
creases, cracks, and tears can be serious if the defects are extensive and can
impair either the integrity of the barrel in ring compression or permit
infiltration of backfill. Small, localized examples are not ordinarily
critical. When the deformation type damages are critical, they will usually
result in a poorly shaped cross section. The inspector should document the
type, extent, and location of all significant wall damage defects. When
examining dents in corrugated steel culverts, the opposite side of the plate
should be checked, if possible, for cracking or disbonding of the protective
coating.

g. Durability (Wall Deterioration)--Durability refers to the ability of a
material to resist corrosion and abrasion. Corrosion is the deterioration of
metal due to electrochemical or chemical reactions. Abrasion is the wearing
away of culvert materiais by the erosive action of bedload carried in the
stream.
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Abrasion is generally most serious in steep or mountainous areas where high
flow rates carry sand and rocks that wear away the culvert invert. Abrasion

can also accelerate corrosion by wearing away protective coatings.

As discussed in chapter 3, metal culverts are subject to corrosion in certain
aggressive environments. For example, steel rapidly corrodes in sait water
and in environments with highly acidic (Jow pH) conditions in the soil and
water. Aluminum is fairly resistant to salt water but will corrode rapidly in
highly alkaline (high pH) environments, particularly if metals such as iron or
copper and their salts are present. The electrical resistivity of soil and
water also provide an indication of the likelihood of corrosion. Many
agencies have established guidelines in terms of pH and recistivity that are
based on local performance. The FHWA has also published guidelines for
aluminum and steel culverts inciuding various protective coatings.

Corrosion and abrasion of corrugated metal culverts can be a serious problem
with adverse effects on structural performance. Damage due to corrosion and
abrasion is the most common cause for culvert replacement. The inspection
should include visual observations of metal corrosion and abrasion. As steel
corrodes it expands considerably. Relatively shallow corrosion can produce
thick deposits of scale. A geologist's pick-hammer can be used tc scrape off
heavy deposits of rust and scale permitting better observation of the metal.

A hammer can also be used to locate unsound areas of exterior corrosion by
striking the culvert wall with the pick end of the hammer. When severe
corrosion is present, the pick will deform the wall or break through it.
Protective coatings should be examined for abrasion damage, tearing, cracking,
and removal. The inspector should document the extent and location of surface
deterioration problems.

When heavy corrosion is found by observation or sounding, special inspection
methods such as pH testing, electrical resistivity measurement, and obtaining
cores from the pipe wall are recommended. A routine program for testing pH
and electrical resistivity should be considered since it is relatively easy to
perform and provides valuable information.

Durability problems are the most common cause for the replacement of pipe
culverts, The condition of the metal in corrugated metai culverts and any
coatings, if used, should be considered when assigning a rating to the culvert
barrel. Suggested rating guidelines for metal culverts with metallic coatings
are shown in exhibit 73. Modification of these guidelines may be required
when inspecting culverts with non-metallic coatings. Aluminum culvert barrels
may be rated as being in good condition if there is superficial corrosion.
Steel culverts rated as in good condition may have superficial rust with no
pitting. Perforation of the invert as shown in exhibit 74 would indicate poor
condition. Complete deterioration of the invert in all or part of the culvert
barrel would indicate a critical condition as shown in exhibit 75. Culverts
with deteriorated inverts may function as an arch structurally, but are highly
susceptible to failure due to erosion of the bedding.

101



collapse

Rating General
Value Description Corrugated Steel Corrugated Aluminum

9 New Near original Near original
condition condition

8 Good Superficial rust, Superficial corrosion
no pitting slight pitting

1 Generaily Good Moderate rust, Moderate corrosion
slight pitting no attack of core alloy

6 Fair Fairly heavy rust, Significant corrosion
moderate pitting, minor attack of core alloy
slight thinning

5 Generally Fair Extensive heavy Significant corrosion
rust, deep pitting, moderate attack of core
moderate thinning alloy

4 Marginal Pronounced thinning Extensive corrosion
(some deflection or significant attack of
penetration when struck] core alloy
with pick hammer)

3 Poor Extensive heavy Extensive corrosion
rust, deep pitting attack of core alloy
scattered perforations scattered perforations

2 Critical Extensive perforations Extensive perforations
due to rust due to corrosion

1 Critical Invert completely Invert completely
deteriorated deteriorated

0 Critical Partial or complete Partial or complete

collapse

Exhibit 73.
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Suggested rating criteria for condition of corrugated metal.
















a. The inspector should select the lowest rating which best describes
either the shape condition or the barrel condition. Structure shape is the
most critical factor in flexible culverts, and this should be kept in mind
when selecting the rating.

b. The shape criteria described for each numerical rating should be
considered as a group rather than as separate criteria for each measurement
check l1isted. As discussed in section 3 of this chapter, good curvature and
the rate of change are critical. Significant changes in shape since the last
inspection should be carefully evaluated even if the structure is still in
fairly good condition.

c. The guidelines merely offer a starting point for the inspector. The
inspector must still use judgment in assigning the appropriate numerical
rating. The numerical rating should be related to the actions required. The
inspector may wish to refer to chapter 4, section 3 and exhibit 40.

5-5.2 Round and Vertical Elongated Pipe.

Round and vertically elongated pipes are expected to deflect vertically during
construction resulting in a slightly increased horizontal span. Round pipes
are sometimes vertically elongated five percent to compensate for settlement
during construction. It is frequently difficult to determine in the field if
a pipe was round or elongated when installed. Large round pipes may appear to
be elongated if they were subjected to minor flattening of the sides during
backfill.

Vehicular underpasses sometimes use 10 percent vertically elongated very large
pipe which jis susceptible to side flattening during installation. In shallow
cover situations, adequate curvature in the sides is the important factor.

The soil pressures on the sides may be greater than the weight of the shallow
fill over the pipe. The result is a tendency to push the sides inward rather
than outward as in deeper buried or round pipes. Side flattening, such as
that shown in exhibit 80, can be caused by unstable backfill. A deteriorated
invert may have contributed to the problem by reducing the pipe's ability to
transmit compressive forces.

107






B MID ORDINATE

/J CHORD

1. MINIMUM MEASUREMENTS REQUIRED:
® HORIZONTAL DIAMETER = AC

2. IF FLATTENING OBSERVED MEASURE:
s CHORD AND MID ORDINATE OF FLATTENED AREA

3. IF HORIZONTAL DIAMETER EXCEEDS DESIGN BY MORE
THAN 10% MEASURE:

= VERTICAL DIAMETER = BD

Exhibit 81. Shape inspection circular and vertical elongated pipe.

Pipe with poor to critical shape will have a poor shape appearance that does
not match the design shape, does not have smooth or symmetrical curvature, and
may have obvious deformations. Severe distortion in the upper half of the
pipe, a horizontal diameter more than 15 percent to 20 percent greater than
the design diameter, or flattening of the crown to an arc with a radius of 20
to 30 feet or more would indicate poor to critical condition. It should be
noted that pipes with deflection of less than 15 to 20 percent may be rated as
critical based on poor shape appearance. Guidelines for rating round
corrugated metal culvert are presented in exhibit 82.
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RATING GUIDELINES FOR ROUND OR VERTICAL ELONGATED CORRUGATED METAL PIPE BARRELS

RATING

CONDITION

RATING

CONDITION

o New condition

o Shape: good, smooth curvature in barrel
- Horizontal: within 10 percent of design

o Seams and Joints: tight, no openings
o Metal:

~ Aluninum: superficial corrosion, slight pitting
- $teel: superficial rust, no pitting

o Shape: generally good, top half of pipe smooth but minor
flattening of bottom
- Horizonta) Diameter: within 10 percent of design

o Seams or Joints: minor cracking at a few bolt holes, minor
Joint or seam openings, potential for backfill infiltration

o Metal:
- Aluminum: moderate corrosion, no attack of core alloy
- S5tee|: moderate rust, slight pitting

e Shape: fair, top half has smooth curvature but bottom half has
flattened significantly
~ Horizontal Diameter: within 10 percent of design

e Seams or Joints: minor cracking at bolts is prevalent in one
seam in lower half of pipe. Evidence of backfill infiltration
through seams or joints

o Meta):
~ Aluminum: significant corrosion, minor attack of core alloy
-~ §tesl: fairly heavy rust, moderate pitting

o Shapy: generally fair, significant distortion at isolated
locations in top half and extreme flattening of invert
- Horizontal Diameter: 10 percent to 15 percent greater than

dasign

e Seams or Joints: moderate cracking at bolt holes along one seam
near bottom of pipe, deflection of pipe caused by backfill
infiltration through seams or joints

o Metal:
- Aluminum: significant corrosion, moderate attack of core

alloy
- §tesl: scattered heavy rust, deep pitting

shape: marginal significant distortion throughout length of

pipe, lower third may be kinked

- Horizontal Diameter: 10 percent to 15 percent greater than
design

Seams or Joints: Moderate cracking at bolt holes on one seam

near top of pipe, deflection caused by loss of backfill through

open joints

Metal:

- Aluminum: extensive corrosion, significant attack of core
alloy

- Steel: extensive heavy rust, deep pitting

Shape: poor with extreme deflection at isolated locations,

flattening of crown, crown radius 20 to 30 feet

- Horizontal Diameter: in excess if 15 percent greater than
design

Seams: 3 in. long cracks at bolt holes on one seam

Metal:

- Aluminum: extensive corrosion, attack of core alloy,
scattered perforations

- Steel: extensive heavy rust, deep pitting, scattered
perforations

Shape: critical, extreme distortion and deflection throughout
pipe, flattening of crown, crown radius over 30 feet

- Horizontal Diameter: More than 20 percent greater than design
Seams: plate cracked fram bolt to boit on one seam

- Aluminum: extensive perforations due to corrosion
Steel: extensive perforations due to rust

hape: partially coilapsed with crown in reverse curve
eams: failed
Road: closed to traffic

1

Pipe: totaily failed
Road: closed to traffic

NOTES:

1. See Coding Guide for description of Rating Scale.

2. As a starting point, select the lowest rating which matches actual conditions.

Exhibit 82.

Condition rating guidelines.










HORIZONTAL SPAN

OF TOP ARC
|
{ Z
|

TOP OF
CORNER PLATE

A

SPRINGLINE _7

1. MINIMUM REQUIRED MEASUREMENTS - AC, BD
= SPAN = AC
= RISE = BD

2.IF AC EXCEEDS DESIGN BY 3% OR MORE
MEASURE BF, ED, AND HORIZONTAL SPAN
OF TOP ARC

Exhibit 85. Shape inspection structural plate pipe arch.
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characteristics such as a poor shape appearance, severe deflection or
distortion in the top half of the pipe, severe reverse curvature in the bottom
of the pipe, flattening of one side, flattening of the crown to an arc with a
radius of 20 to 30 feet, or a horizontal span more than seven percent greater
than theoretical. Guidelines for rating pipe arches are shown in exhibit 86.

5-5.4 Arches.

Arches are fixed on concrete footings, usually below or at the springline.

The springline is a line connecting the outermost points on t'2 sides of a
culvert. This difference between pipes and arches means that an arch tends to
deflect differently during backfill. Backfill forces tend to flatten the arch
sides and peak its top because the springline cannot move inward like the wall
of a round pipe as shown in exhibit B7. As a result, important shape factors
to look for in an arch are flattened sides, peaked crown, and flattened top
arc.

Another important shape factor in arches is symmetrical shape. If the arch
was erected with the base channels not square to the centerline, it causes a
racking of the cross section. A racked cross-section is one that is not
symmetrical about the centerline of the culvert. One side tends to flatten,
the other side tends to curve more while the crown moves laterally and
possibly upward. If these distortions are not corrected before backfilling
the arch, they usually get worse during backfill. Exhibit 88 illustrates
racked or peaked arches.

Visual observation of the shape should involve looking for flattening of the
sides, peaking or flattening of the crown, or racking to one side. The
measurements to be recorded are iliustrated in exhibit 89. Minimum
measurements include the vertical distance from the crown to the bottom of the
base channels and the horizontal distances from each of the base channels to a
vertical line from the highest point on the crown. These horizontal distances
should be equal. When they differ by more than 10 inches or 5 percent of the
span, whichever is less, racking has occurred and the curvature on the flatter
side of the arch should be checked by recording chord and midordinate
measurements. Racking can occur when the rise checks with the design rise.
When the rise is more than 5 percent less than the design rise, the curvature
of the top arc should be checked.

Arches in fair to good condition will have the following characteristics: a
good shape appearance with smooth and symetrical curvature, and a rise within
three to four percent of theoretical. Marginal condition would be indicated
when the arch is significantly non-symetrical, when arch height is five to
seven percent less or greater than theoretical, or when side or top plate
flattening has occurred such that the plate radius is 50 to 100 percent
greater than theoretical. Arches in poor to ¢ritical condition will have a
poor shape appearance including significant distortion and deflection,
extremely non-symetrical shape, severe flattening (radius more than 100
percent greater than theoretical) of sides or top plates, or a rise more than
eight percent greater or less than the theoretical rise. Guidelines for
rating structural plate arches are shown in exhibit 90.
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RATING GUIDELINES FOR CORRUGATED METAL PIPE-ARCH BARRELS

| RATING

CONDITION

RATING

CONDITION

o New condition

e Shape: good with sswoth curvature
~ Horizontal Spen: less than 3 percent greater than design
e Joints or Seams: good condition
o Metal: minor construction defects, protective coatings intact
- Aluminum: superficial corrosion, slight pitting
- Steel: superficial rust, no pitting

o Shape: generally good, smooth curvature in top half, bottom
flattened but still curved
- Horizonta) Span: within 3 to S percent greater than design

o Joints or Semwms: minor cracking at a4 few bolt holes; minor
joint or seam openings, infiltration of backfill possible

e Metal: protective coating ineffective
-~ Aluminum: moderate corrosion, no attack of core alloy
- Steel: moderate rust, slight pitting

e Shape: fair, smooth curvature in top haif, bottom flat
- Horizontal Span: 5 percent greater than design

o Joints or Seams: minor cracking all along one seam; minor joint
openings with evidence of infiltration

o Metal:
- Aluminum: significant corrosion, minor attack of core alloy
- Stesl: fairly heavy rust, moderate pitting

o Shape: generally fair, significant distortion in top in one
location; bottom has slight reverse curvature in one location
- Horizontal Span: within S to 7 percent greater than design

o Joints and Seams: moderate cracking at bolt holes along a seam
in one section, backfill being lost through seam or joint
causing slight deflection

e Metal:
~ Aluminum: significant corrosion, moderate attack of core

alloy

- Steel: scattered heavy rust, deep pitting

Shape: marginal, significant distortion all along top of arch,
bottom has reverse curve

- Horizontal Span: more than 7 percent greater than design
Joints and Seams: moderate cracking all along one seam;
backfill infiltration causing major deflection

Petal:

-~ Aluminum: extensive corrosion, significant attack of core

alloy
- Stegl: extensive heavy rust, deep pitting

shape: poor, extreme deflection in top arch in one section;

bottom has reverse curvature throughout

- Horizontal Span: more than ! percent greater than design

Seams: seam cracked 3 in. on each side of bolt holes

Metal:

~ Aluminum: extensive corrosion, attack of core alloy,
scattered perforations

- Stesl: extensive heavy rust, deep pitting, scattered
perforations

Shape: critical, extreme deflection along top of pipe

- Horizontal Span: more than 7 percent greater than design
Seams: seam cracked from bolt to bolt down one seam

Metal:

- Aluminum: extensive perforations due to corrosion

- Steel: extensive perforations due to rust

Shape: structure partially collapsed
Seams: seam failed
Road: closed to traffic

Shape: structure collapsed
Road: closed to traffic

NOTES:

1. See Coding Guide for description of Rating Scale.
2. As a starting point, select the lowest rating which

Exhibit 86.

matches actual conditions.

Condition rating guidelines.
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MORE UNIFORMLY

Exhibit 87. Arch deflection during installation.
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RATING GUIDELINES FOR STRUCTURAL PLATE ARCH BARREL

| RATING

CONDITION

RATING

CONDITION

New condition

Shape: good, smooth symmtrical curvature

fse: within &+ 3 percent of design

Seams: properly made and tight

Metal: minor defects and damage due to contraction
- Aluminum: superficial corrosion, slight pitting
- Steel: superficlal rust, no pitting

Footings: good with no erosion

shape: generally good with smooth curvature, symmetrical;
slight flattening of top or sides in one section

Rise: within 3 to 4 percent of design

Sqams: minor cracking 4t a few bolt holes; minor seam opening,
possibility of soil infiltration

Metal:

- Aluminum: moderate corrosion, no attack of core alloy

- Steel: moderate rust, slight pitting

footings: moderate erosion causing differential settlement and
minor cracking In footing

Shape: fair, smooth curvature but non-symetrical; slight
flattening of top and sides throughout

Rige: within 4 to S parcent of design

Seams: minor cracking of bolt holes along one or more seams;
avidence of backflll infiltration

peta):

- Aluminum: slignificant corrosion, minor attack of core alloy
- Steel: fairly heavy rust, moderate pitting

Footings: moderate cracking and differential settlement of
footing due to extensive erosion

shape: generally fair, significant distortion and deflection in

one section; sides beginning to flattend; non-symetrical

Rise: within S to 7 parcent of design

Seams: moderate cracking of one seam near footing; infiltration

of soil causing slight deflection

Metal:

- Aluminum: significant corrosion, moderate attack of core
alloy

- Steel: scattered heavy rust, deep pitting

Footings: significant undercutting of footing and extreme

dfferential settiement; major cracking in footing

shape: marginal, significant distortion and deflection

throughout; sides flattened with radius 100 percent greater

than design

Rise: within 7 to 8 percent of design

Seams: major cracking of seam near crown; infiltration of soil

causing major deflection

Metal:

-~ Aluminum: extensive corrosion, significant attack of core
alloy

- Steel: extensive heavy rust, deep pitting

footings: rotated due to erosion and undercutting; settlement

has caused damage to metal arch

Shape: poor, extrems distortion and deftection in one section;
sides virtually flattened; extremely non-symetrical

Rise: within 8 to 10 percent of design

Seams: cracked 3 to either side of bolts

tal:

Aluminum: extensive corrosion, attack of core alloy,
scattared perforations

Steel: extensive heavy rust, deep pitting, scattered
perforations

Footing: rotated, severely undercut; major cracking and spalling

2

Shape: critical, extreme deflection, throughout; sides
flattened; extremely non-symetrical

Rise: greater than 10 percent of design

Seams: cracked from bolt to bolt; significant amounts of
backfill infiltration

Metal:

- Aluminum: extensive perforations due to corrosion

- Steel: extensive perforations due to rust

Footing: severe differential settlement has caused distortion
and kinking of metal arch

Shape: severe due to partial collapse; local reverse curve of
crown and sides

Seams: failed, backfill pushing in

Road: closed to traffic

Structure: completely collapsed
Road: closed to traffic

NOTES:

1.
2.

Exhibit 90.

See Coding Guide for description of Rating Scale.

As a starting point, select the lowest rating which matches actual conditions.
Condition rating quidelines.




5-5.5 Corrugated Metal Box Culverts.

The box culvert is not 1ike the other flexible buried metal structures. It
behaves as a combination of ring compression action and conventional structure
action. The sides are straight, not curved and the plates are heavily
reinforced and have moment or bending strength that is quite significant in
relation to the loads carried.

The key shape factor in a box culvert is the top arc. The design geometry is
clearly very "flat" to begin with and therefore cannot be allowed to deflect
much. The span at the top is also important and cannot be a’lowed to increase
much.

The side plates often deflect slightly inward or outward. Generally an inward
deflection would be the more critical as an outward movement would be
restrained by soil.

Shape factors to be checked visually include flattening of top arc, outward
movement of sides, or inward deflection of the sides. The inspector should
note the visual appearance of the shape and should measure and record the rise
and the horizontal span at the top of the straight legs as shown in

exhibit 91. If the rise is more or less than 1 1/2 percent of the design
rise, the curvature of the large top radius should be checked.

The radius points are not necessarily located at the longitudinal seams. Many
box culverts use double radius plates and the points where the radius changes
must be estimated by the inspector or can be determined from the
manufacturer's literature. These points can still be referenced to the bolt
pattern to describe exactly where they are. Since these are all low
structures, the spots should also be marked and painted for convenient repeat
inspection.

Box culverts in fair to good condition will appear to be symetrical with
smooth curves, slight or no deflection of the straight legs, a horizontal span
tength within five percent of the design span and the middle ordinate of the
tops are within ten percent of the design. Culverts in marginal condition may
appear to be non-symetrical, have noticeable deflection in the straight legs,
have spans that differ from design by five percent, or have a middle ordinate
of the top arc that differ from design by 20 to 30 percent. Poor to critical
conditions exist when the culvert shape appears poor, the culvert has severe
deflections of the straight legs, a horizontal span that differs from design
by more than five percent, or a middle ordinate of the top arc that differs
from the theoretical by more than 40 to 50 percent. Guidelines for rating
structural plate box culverts are shown in exhibit 32.
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LARGE RADIUS ARC

lc 2

Bt

H
i
—of

SHARP CORNER
RADWS

CHECK FOR
INWARD
DEFLECTION
WITH STRAIGHT

EDGE

STRAIGHT
LEG

G —

|
!
BOTTOM OF BASE CHANNEL #

1. MINIMUM REQUIRED MEASUREMENTS

u RISE =
® SPAN = AE

2. IF NOT PQSSIBLE TO MEASURE CG, MEASURE BD AND CH

3. IF CG DIFFERS BY MORE THAN 1112%0F DESIGN OR AE DIFFERS
BY MORE THAN *3%OF DESIGN MEASURE

= CHORD OF TOP ARC = BD
= MIDDLE ORDINATE OF TOP ARC = CH

Exhibit 91. Shape inspection structural plate box culverts.
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RATING GQUIDELINES FOR CORRUGATED METAL BOX CULVERT BARREL
RATING CONDITION RATING CONDITION
4 o Jhapg: warginal, significant distortion and deflection
* New condition hroughout; mid-ordinate of half top arc less than 50 percest
of design
. hepe: good sppearance, wmooth symmetrical curvature - lop Arc Mid-Ordinate: within 20 to 30 percent of design
- log Arg Mi¢-Qrdinale: within Ul percent of design 1 Span: more than o or - 8 percent of design
- Horizontal Span: within S peccent of design m. straight leg boved imiard significantly or extremely
$igeg: straight leg very siightly defiected Imeard or outward bowed outward for distance between 1/4 and 1/2 span length,
and curvature smooth curvature irregular
Jeamg: properly made and tight o Sqamg: significant seam cracking all along seam; infiltration
Matg): minor defects and damage dve to coastruction of sol) causing major deflection
- Alyminugm: superficial corrosion, siight pitting . Meta):
- §ise]: sperficial rust, ro pitting - Algwiogm: extensive corrosion, significant attack of core
tootings: good with o erosion atloy -
« $igel: extensive heavy rust, deep pitting
1 §hapg: generally good; cvrvature is swooth and symetrical . : rotated due erosion and undercutiing; settiement has
- [gp_Arc M1d-Ordinaty: within 11 percest to 13 percest of cavsed damage to metal arch
design
- Horizontat Span: within § percent of destgn 7 e 3hapa: poor extreme distortion and deflection in one section
$ideg: straight leg slightly deflected Imvard or moderately and ordinate of half top arc 50 to 70 percent less then design
deflected outward, curvature ssooth - Iop Arg Mid-Ordimate: 30 to 40 percent less than design
¢ minor cracking st a faw bolt hotes: ainor seam openings, - Horizontal Span: more than ¢ or - § percent of design
possibiiity of backfill Iafittration exists Sidgy: steaight leg extremely bowed inward for distance Véss
Mata): than 1/2 spsn length or leg bowed outward severely causing
- Algnimgm: woderate corrosion, a0 attack of cors alloy bulges in metat
- $teel: moderate rust, siignt pitting o $gams: cracked 3* or mors to either side of bolt; infiitration
Footingg: sinor differential settiowent due to erosion; minor of backfi1! causing severe deflection locally
hatriine cracking in footing e Petal:
- Alumingm: extensive corrosion, attack of core alloy,
[ $hapa: swooth curvature, Shape is non-symetrical scattered perforations
- 10D Arg Wig-Ordingte: within IS parcent of design - Steel: extensive hesvy rust, deep pitting, scattered
- Wgrizontal Spqu: ore than « or - S percent of design perforations
Sldeg: straight Yeg eoderately deflected imiard or extremely o [ooting: rolated, severely undercut, major cracking and
deflected outward, curvature smooth spalling of footing, significant demege to structure
2 minor cracking at bolt holes along One seam; evidence of
backf 11V infittration 2 e 3haps: critical, extreme dixtortion and defiection throughowt;
H mid-ordinate of half top arc more than 70 percent less than
- Alumipum: significant corrosion, minor attack of core alloy “..',‘
- $lasl: falely heavy rust, soderate pitting Jon Arg Mig-Ordinate: wore than 40 percent less than design
: differsatial settioment dee to extensive erosion; - Borizonial Span: more then + or - 8 percent of design
waderate craching of footing - $ideg: straight teg extrenaly bowed imiard for a distance of
¥/2 to ) span length, or leg bowed outward seversly cavsing
s $hapg: generally fair; significant distortion and deflection in bulges or kinking in metal
one section;half top arcs beginning to flatten: mid-ordinate of v Sears: cricked fram bolt to bolt; significant wmounts of
NI top arc 3O percent fest than design backfi)) infiltration throughout
- lop Arg Mi ngtg: within IS to 20 percent of design . Metal:
- torizonta) Span: more than o or - § percent of design - Alymings: extensive perforstions due to corrosion
- $ideg: straight teg bowed Imward signalficantly or estremely - §teal: extensive perforations due to rust
boved outward for distance of lets than 1/4 spen lenglh . ing: re differential settlement has caused distortion
amg: wajor cricking in one location; (nfiltration of sol) and kinking of meta) arch
causing siight deflection
netyl: 1 ® 3hipe: severe due to partial collapse; top arc cuovature flat
- Alwmingy: sigaificant corrosioh, woderate attack of core oF reverse curved
alloy o Seams; fatled, backfil) pushing in
~ $leq): scattered heavy rust, deep pitting o foad closed to traffic
footingy: significant undercutting of foating and extreme
differential settiement; major cracking of footing 0 o $tructyre: completely collapsed
e Road: closed to traffic

NOTES: 1.
2. As a starting point,

See Coding Guide for description of Rating Scale.

select the lowest rating which matches actual conditions.

Exhibit 92. Condition rating quidelines.



Section 6. CORRUGATED METAL LONG-SPAN CULVERTS

5-6.0 General.

This section describes procedures for conducting shape inspections of
long-span structures. The long-span structures addressed include four typical
shapes: low profile arch, horizontal ellipse, high profile arch, and pear.
These shapes are jllustrated in exhibit 93. The evaluation of shape
characteristics of long-spans will vary somewhat depending upon the typical:
shape being inspected. However, the top or crown sections of all long-span
structures have very similar geometry. The crown sections on all long-span
structures can be inspected using the same criteria. This section therefore
includes separate discussions on the crown section and on each of the typical
long-span shapes. Guidelines are also provided for rating the condition of
each shape in terms of shape characteristics and barrel defects. The
procedures for using the rating gquidelines are the same as those described in
section 5-5.1.

Shape inspections of long-span structures will generally consist of 1) visual
observations of shape characteristics such as smooth or distorted curvature
and symmetrical or non-symmetrical shape, 2) measurements of key dimensions,
and 3) elevations of key points. Additional measurements may be necessary if
measurements or observed shape differ significantly from design.

The visual observations are extremely important to evaluate the shape of the
total cross section. Simple measurements such as rise and span do not
describe curvature, yet adequate curvature is essential, as shown in

exhibit 94. However, measurements and elevations are also needed to document
the current shape so that the rate change, if any, can be monitored.

Many long-spans will be too large to allow simple direct measuring. Vertical
heights may be as large as 20 to 30 feet and horizontal spans may be large and
as high as 12 to 15 feet above inverts. Culverts may have flowing water
obscuring the invert and any reference points there. It is, therefore, in
general desirable to have instrument survey points which can be quickly
checked for elevation. When direct measuring is practical a 25 foot
telescoping extension rod can be used for measuring. Such rods can also serve
as level rods for taking elevations.

5-6.1 Long-Span Crown Section--Shape Inspection.

As previously mentioned, the section above the springline is essentially the
same for most long-span shapes. With the exception of pear shapes, the
standard top geometry uses a large radius top arc of approximately 80 degrees
with a radius of 15 to 25 feet. The adjacent corner or side plates are from
one-half to one-fifth the top arc radius. The most important part of a
long-span shape is the standard top arch geometry. Adequate curvature of the
large radius top arc is critical. Inspection of the crown section should
consist of a visual inspection of the general shape for smooth curvature (no
distortion, flattening, peaks, or cusps) and symetrical shape (no racking).
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_.1.._ - - - - -

Low Profile Arch

-

Horizontal Ellipse

High Profile Arch

Exhibit 93. Typical long-span shapes.
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‘THE RISE AND SPAN ON

THIS STRUCTURE ARE EQUAL
TO THE DESIGN RISE AND SPAN,
YET IT IS A VERY POOR SHAPE

THE RISE AND SPAN ON THIS
STRUCTURE ARE CONSIDERABLY
DIFFERENT FROM THE DESIGN

RISE AND SPAN, YET IT IS IN
|- ’ EXCELLENT SHAPE

Exhibit 94. Simple linear measurements may not describe the structural shape.
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An inspection should also include key measurements such as the middle ordinate
of the top arc. Recommended measurements and elevations are shown in

exhibit 95.

The initial inspection should establish elevations for the radius points and
the top of the crown. From these elevations the middle ordinate for the top
arc can be calculated. 1If the actual middle ordinate is 10 percent more or
less than the theoretical design mid-ordinate the horizontal span for the top
arc should also be measured. For standard 80 degree arcs the theoreticai
middle ordinate is equal to 0.234 times the theoretical radius of the top
arc. This span is not easy to measure on many long-span strurtures and need
not be measured if the top arc mid-ordinate is within 10 percent of
theoretical. Even if it is convenient and practical to direct measure the
vertical heights of the points on the top arc from the bottom cf the
structure, it is wise to aiso establish their elevations from a reliable
benchmark. Bottom reference points can be wiped out by ercsion, covered with
debris, or covered by water. When direct vertical measuring is practical, the
shape may be checked on subsequent inspections with direct measurement.
However, it is still important to establish elevations in case bottom
reference points are lost or inaccessible.

Crown sections in good condition will have a shape appearance that is good,
with smooth and symmetrical curvature. The actual middle ordinate should be
within 10 percent of the theoretical, and the horizontal span (if measured)
should be within five percent of theoretical. Crown sections in fair
condition will have a fair to good shape appearance, smooth curvature but
possibly slightly non-symetrical. Middle ordinates of the top arc may be
within 11 to 15 percent of theoretical and the horizontal span may differ by
more than 5 percent of theoretical.

Crown sections in marginal condition will have measurements similar to those
described for fair shape. However, the shape appearance will be only fair to
marginal with noticeable distortion, deflection, or non-symmetrical

curvature. When the curvature is noticeably distorted or non-symmetrical, the
sides should be checked for flattening by measuring the middle ordinates of
the halves of the top arc. Crown sections with marginal shape may have middle
ordinates for top half arcs that are 30 to 50 percent less than theoretical.

Crown sections in poor to critical condition will have a poor to critical
shape appearance with severe distortion or deflection. The middle ordinate of
the top arc may be as much as 20 percent less than theoretical, while middle
ordinates of the top arc halves may be 50 to 70 percent less than theoretical.

5-6.2 Low Profile Long-Span Arch--Shape Inspection.

The low profile arch is essentially the same as the crown section except that
the sides are carried about 10 degrees below the springline to the footing.

These structures are low and can be measured more easily than other long-span
shapes. Recommended measurements and elevations are shown in exhibit 6.

Rating guidelines are listed in exhibit 97.
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SMALLER
RADIUS,
50°SIDE OR
CORNER ARC

_ _SPRINGLINE

1. MINIMUM REQUIRED ELEVATIONS - B, C, D

MINIMUM REQUIRED MEASUREMENTS -
= TOP SPAN = AE

CALCULATE CF = ELEV G- ELEVE + ELEVD
2

2. IF CF IS GREATER THAN OR LESS THAN DESIGN BY 10%
MEASURE:

® TOP ARC CHORD = BD

3. IF BD DIFFERS BY MORE THAN 3% FROM DESIGN
MEASURE FOR EACH HALF OF TOP ARC

s HALF TOP ARC MID ORDINATES = X & Y

Note: These measurements and elevations should be obtained on all long span
inspections (see exhibits 96, 98, 100 and 103).

Exhibit 95. Shape inspection crown section of long span structures.
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BOTTOM OF BASE CHANNEL

AE = SPAN, CG = RISE OR HEIGHT

1. MINIMUM REQUIRED MEASUREMENTS -
a SPAN = AE
®= TOP ARC CHORD = BD
® RISE = CG

2. MINIMUM REQUIRED ELEVATIONS B, C, D
3. CALCULATE CF FROM ELEVATIONS

ELEV.B + ELEV. D
2

CF = ELEV. C ~-

Note: Use with exhibit 95, crown inspection.

Exhibit 96. Shape inspection low profile long span arch.
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RATING GUIDELINES FOR LOW PROFILE ARCH LONG-SPAN CULVERT BARREL

RATING

CONDITION

RATING

CONDITION

New condition

j__n good appearance, wmooth symmetrical curvature
lop Ar Nid-Ordinatg: within 11 percent of design
Horizontal Spae: within § percent of design

i!!. properly made and tight

Netal: winor defects and damage due to construction

- Aluminum: superficlal corrosin, siight pitting

- Steal: superfictal rust, no pitting

Fgotings: good with mo srosion

shape: generally good: curvature is smooth and symmetrical

- lop_Arc Mid-Ordinate: within 11 percent to 1S percent of
design

- Horizontal $pan: within § percent of design

Seamg: minor cracking st & few balt holex; minor seam openings,

poss ibi1ity of backfill infiitration exists

Petal:

- Aluminum: moderate corroslon, no attack of core alloy

- $teel: maderate rust, slight pitting

footingg: minor differsntial settiement due to srosion; minor

Mairtine cracking In Footing

$hapg: smooth curvature, shape |s non-symetrical

- lop Arg Mig-Ordinate: within 15 percent of design

- Horizonta) Span: more than s or - 3 percent of design

Seams: minor cracking at bolt holes along one seam; evidence of
backfitl infiltration

Peta):

- Aluminum: significant corrosion, minor attack of core allow
- Steel: fairly hesvy rust, moderate pitting

footing: differential settlement due to extensive erotion;
moderate cracking of footing

shapg: generally fair; significant distortion and defiection in

one section;half top arcs beqinning to flatten; mid-ordinate of

Nalf top arc 30 percent less than design

- lop Arg Mid-Ordinate: within 13 to 20 percent of design

- Horizontal Spen: more than &+ or - S percent of design

Seamy: major cracking in one location; infiitration of soil

causing siight deflection

Betal:

- Aluminem: significant corrosion, moderate attack of core
alloy

- §teel: scattered heavy rust, desp pitting

Footings: significant undercutting of footing and extreme

differential settlement; major cracking of footing

shape: margina), significant distortion and deflection

throughout; mid-ordinate of half top arc less than 50 percent

of design

- Top Al s within 13 to 20 percent of design

- torizontal Span: more than + or - 3 percent of design

Seamg: significant seam cracking all aslong seam; infiltration

of soil causing major defiection

retal:

- Alumingm: extensive corrosion, significant attack of core
4lloy,

- §teg): extensive heavy rust, desp pitting

footingg: rotated due erosion and undercutting; settiement has

caused damage to metal arch

$hape: poor extreme distortion and deflection in one section

and ordinate of half top arc 50 to 70 percent lass than design
Top Arg Wid-Ordinaty: 20 to 30 percent less than design

- ligrizontal Span: more than + or - § percent of design

Seamg: cracked J° or morw to either side of boit; infiltration

of backfill causing severs deflection locally

Metal:

~ Aluminum: extensive corrosion, attack of core alley,
scattersd perforations

- $tegl: extemsiva heavy rust, deep pitting, scattered
perforations

footing: rotated, severely undercut, major cracking snd

spalling of footing, significant damage to structure

Shapg: critical, extreme distortion and deflection throughout;
mid-ordinate of half top arc more tham 10 percent less than
design

- Tog Arg Aid-Ordinate: more than 30 percent lest than design
- Worizontal Span: more then + or - B percent of design

Seams: cracked from bolt to bolt; significant amounts of
backfi1) infiltration throughout

reta):

- Alymingm: axtensive perforations due to cormﬂon

~ Stagl: extensive perforations dus to rust

Footing: severe differential settlement Ms caused distortion
and kinking of metal arch

Shapq: severe due to partial collapse; top arc curvature flat
or reverse curved

$eamy; failed, backfit! pushing in

Road closed to traffic

$tructyre: completely collapsed
Road: closed ta traffic

NOTES:

1.

2.

See Coding Guide for description of Rating

As a starting point,

Exhibit 97.

Scale.

select the lowest rating which matches actual conditions.

Condition ratina quidelines.




Because arches are fixed on concrete footings, backfill pressures will try to
flatten the sides and peak the top. Another important shape factor is
symmetry. If the base channels are not square to the centerline of the
structure racking may occur during erection. In racked structures, the crown
moves laterally and the curvature in one side becomes flatter while the
curvature in the other side increases. Backfill pressures may cause this
condition to worsen.

5-6.3 High Profile Long-Span Arch—-—Shape Inspection.

High profile arches have a standard crown sectjon geometry buc have high large
radius side walls below the springline. Curvature in these side plates is
important. In shallow fills or minimum covers, the lateral soil pressures may
approach or exceed the loads over the culvert. Excessive lateral forces could
cause the sidewalls to flatten or buckle inward.

Inspectors should visually inspect high profile arches for flattening of the
side plates. Additionally, high profile arches have the same tendencies as
reqular arches for peaking and racking, so inspectors must also look for
peaked top arcs and non-symmetrical or racked arches.

Recommended measurements and elevations are shown in exhibit 98. The shape of
the crown section is the most important shape factor. It can be measured and
evaluated using the same criteria as that described for the standard crown
section. If flattening is observed in the high sidewalls the curvature of the
sides should be checked by measuring the middle ordinate of the side walls.

If the sidewall middle ordinate is no more than 50 to 70 percent less than the
theoretical middle ordinate and no other shape problems are found the arch's
shape may be considered fair. When the middle ordinate approaches 75 to 80
percent less than theoretical, the shape should be considered marginal. If
the middle ordinate is more than B0 to 90 percent less than theoretical the
shape should be considered poor to critical. Rating gquidelines are provided
in exhibit 99,

5-6.4 Pear Shape Long-Span--Shape Inspection.

The crown section of the pear shape differs from the standard top arch in that
smaller radius corner arcs stop short of the horizontal springline. The large
radius sides extend above the plane of the horizontal span. In checking
curvature of the sides, the entire arc should be checked. Side flattening,
particularly in shallow fills, is the most critical shape factor.

The pear shape behaves similarly to the high profile arch. It is essentially
a high profile with a metal bottom instead of concrete footings. Pears may be
fnspected using the criteria for a high profile arch., The recommended
measurements and elevations are shown in exhibit 100. Rating guidelines are
provided in exhibit 101,
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TOP_ARC CHORD

STRING

MID ORDINATE —

BOTTOM OF
BASE CHANNEL _

!
1
|
_ _ ‘+ _ SPRINGLINE _
)
]
G

AE = SPAN, CG = RISE

1. MINIMUM REQUIRED MEASUREMENTS
a SPAN = AE

2. MINIMUM REQUIRED ELEVATIONS - B, C, D, H, |

3. CALCULATE CF FROM ELEVATIONS

Note: Use with exhibit 95, crown inspection.

Exhibit 98. Shape inspection high profile long-span arch.
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RATING QUIDELINES FOR HIGH PROFILE ARCH LONG-SPAN CULVERT BARREL
RATING CONDITION RATINQ CONDITION
[] o Mev condition L} e Shape: warginal, significant distortion and deflection
throughout; mid-ordinate of half top arc less than 50 percent
[] . L!I!l 900d 2ppearance, wwooth symeetrical curvature of design
Top Arg Wid-Orginate: within 1) percent of design - Jop Arg Mid-Ordinake: within 15 to 20 percent of design
- Horizonts) Spea: within § percent of design - borizontal Span: sory than « or - 5 percent of desige
$ide Plateg: smooth curvature - §ide Plates: side flattened, mid-ordinate less than 20
. li.ﬂ properly made and tight parcent of design
o Mgtp|: winor defects and damsge dus to comstruction o Sewms: significant sesa cracking al) aloag seam; infiltration
- A)gsimm: superficial corrosion, slight pitting of s0}) cavsing major deflection
= $igql: superfictal rust, no pitting ] :
o fooline): good with no erosion - Aluminum: extensive corrotion, significant attack of core
X alloy
1 o $hape: generally good; curvature is smooth and symmetrical - Sieg): extensive haavy rust, desp pitting
- lop Arc Mid-Ordingte: within 1) percent to 15 percent of o [gotipgg: rotated due erosion and undercutting: settiement has
design caused damays to metal arch
mmn_}m within 3 percent of design
1 : slde Mattensd, mid-ordinate less than 50 3 o $haog: poor extrese distortion and deflection in one section
percent of design and ordinate of half top arc 50 to 70 percent less than desige
o $eamy: minor cracking at & few bolt hales; minar seam openings, -~ Jop Arc Mid-Ordingte: 20 to 30 percent less than design
possibitity of backfill Infiltration exists - porizonty} Span: sore than + or - & percent of design
o Myl - Side Plates: side flattened, mid-ordinate less than 12
- Alumings: moderate corrosion, no ettack of core alloy percent of design
- §iggl: moderate rust, slight pitting o Seomy: cracked 3* or more to either side of bolt; infiltration
. s minor differential settlement due to erosion; minor of backFil) causing severe deflection locally
hairiine cracking Ia footing o Petel:
- fplusimm:  extensive corrosion, attack of cors alloy,
[} ¢ 3hape: smoth curvature, shape is non-symetrical scattered perforations
- Tgg Arg Mid-Ocginate: within 15 parcent of deaign - §teel: extensive heavy rust, desp pitting, scattered
- horizontal Spyn: more tham o or - S percent of design perforations
~ $ide Plates: side flattened, wid-ordinste less than 33 ¢ footing: rotated, severely wundercut, major cracking and
parcant of detlge spalling of footing, significant damage to structure
o Sesmy: minor cracking at bolt hales aiong one seam; evidence of
backFill Infiltration H o Shapg: critical, extreme distortion and deflaction throughout;
. Mtal: mid-ardinate of half top arc mors than 10 percent lass than
- Alynimys: significant corrosion, minor attack of core lioy design
~ $teel: fairly Meavy rust, moderste pitting - lpp Arg Mjd-Ordinate: more than 30 percent less than design
o Fgotipg: differential settlement due to extensive eroslon; = Morizoatsl 5pan: wore then + or - 8 percent of design
moderate cracking of footing -~ 3ide Platey: side flatiened, mid-ordinate less thaniOpercent
of design
s o Shapg: generally fair; significant distortion and deflection in o Jewmy: cracked from bolt to bott; significant amounts of
one section;half top arcs beginning to flatten; mid-ordinate of backfi)} infiltration throughout
half top arc 30 percent less than design L] :
- Top Arg Md-Ordinaty: within 15 to 20 percent of design - Alwmipum: extensive perforations due to corrosion
- Vorizoetal Span: more than + or - 3 percest of design « Stee): extensive perforations due to rust
- § 1ateg: side (lattened, mid-ordinate less than 25 ¢ [ooting: severs differential settlemant has cavsed distortion
parcent of design and kinking of metal areh
o §eams: major cracking in one location; Iafiltration of sofl
cousing siight deflection ' o 3hape: vevere due to partial collapse; top arc curvature flat
L] t4): or reverse curved
- Alumimm: significant corrosion, moderate attack of core - $ide Plates: side flat or reversed curved
alloy o fepms; faided, backfil} pushing in
- Stegl: scattered haavy rust, deep pitting o Roag closed to traffic
o fgotings: significant undercutting of footing and axtreme
differential settiement; major cracking of footing o ¢ $tructyrg: completely collapsed
& Road: closed to traffic

NOTES:

1.
2.

See Coding Guide for description of Rating Scale.

As a starting point,

Exhibit 99.

select the lowest rating which matches actual conditions.

Condition ratina auidelines.




- ¥~ CORNER PLATE
r  SMALL RADIUS

SPRINGLINE e

MID ORDINATE

AE = SPAN, CG = RISE

1. MINIMUM REQUIRED MEASUREMENT - AE
® SPAN = AE

2. MINIMUM REQUIRED ELEVATIONS B, C, D

3. WHEN FLATTENING OBSERVED IN SIDE, CHECK
MID ORDINATE (RECORD CHORD LENGTH USED)

Note: Use with exhibit 95, c¢rown inspection.

Exhibit 100. Shape inspection long span pear-shape.
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RATING GUIDELINES FOR PEAR SHAPED LONG-SPAN CULVERT BARREL

RATING

CONDITION

RATING

CONDITION

New condition

[b_m good Jppearance, smooth symmetrical curvature
- Jop Arc mid-Ordinate: withia 11 percent of design
- Horigontal Span: within $ percent of design
- §ide Plates: smooth curvature
$8amg: properly made and tight
Metal: minor  defects and damage due to construction;
superficial corrosion with no pitting
~ Alusioum; superficia) corrosion, siight pitting
- $teg]; superficial rust, no pltting

lh_!! gansrally good; curvature is smooth and symmetrical
i : within 1 percent to 15 percent of
design
~ tlorlzontal Span: within $ percent of design
- §ide Plateg: side flattened, mid-ordinate less than 50
percent of design
$eamg: minor cracking at a feu boit holas; minor seam openings,
possibility of backfil) Infiltration exists
Aetal:
- Aluminum: woderate corrosion, no attack of core alloy
- §tesl: moderate rust, slight pitting

Shape: smooth curvature, shape is non-symetrica)

- Jop Arc Mid-Ordingty: within 1S percent of design

- MNoriyontal Span: more than + or - 3 parcent of design

- §ide_Plates: side flattened, mid-ordinate less than 33
percent of dasign

Seamy: minor cracking at bolit holes along one sesm; evidence of

backf111 Infiitration

- Alumjngm: significant corrosion, minor attack of core alloy

~ $teg): fairly heavy rust, moderate pitting

Shapg: generally fair; significant distortion and deflection In

one section:half top arcs beginning to Flatten; mid-ordinate of

half top arc 10 percent less than design

- Jop Arg Mid-Ordinate: within 1S to 20 percent of design

- Horigonta) Span: more than « or - 3 percent of design

- §ide Plateg: side flattened, mid-ordinate less than 25
percent of desiga

Stamg: major cracking in one location; infiltration of soft

causing stight deflection

Mytal: corroded locally

- Aluminum: significant corrosion, moderate attack of core
alloy

- $tee): scattered heavy rust, deep pitting

shipg: marginal, significant distortion and deflection

throughout; mid-ordinate of half top arc tess than 50 percent

of design

- Yop Arc Hid-Orginate: within 15 to 20 percent of design

- Horizonta) Span: more than « or - 5 percent of design

~ 3ide Plates: side flattened, mid-ordisate less than 20
parcent of design

§eamg: significant seam cracking all along seaw; infiltration

of soil causing major deflaction

Metal:

- Alymingm: extensive corrosion, significant attack of alloy

- $teg!: extensive heavy rust, deep pitting

$hape: poor extreme distortion and deflection in one section

and ordinate of half top arc 50 to 70 percent less than design

- Top Arc_mid_Ordinatg: 20 to 30 percent less than design

- Worizontal Span: more than + or - 6 percent of design

- gide_Platey: side Flattened, mid-ordinate less than 12
percent of design

feamg: cracked J° or more to either side of bolt; infiltration

of backfil) cavsing severe deflection locally

Neta):

- Alyminum: extensive corrosion, attack of core alloy,
scattered perforations

- $teel: extensive heavy rust, deep pitting, scattered
perforations

shape: critical, extrems distortion and deflection throughout;

mid-ordinate of half top arc more than 70 percent less than

design

- Jlop Arc Mid-Ordinate: more than 30 percent less than design

- Horizontal Span: more then + or - 8 percent of design

- g_Plates: side Flattened, mid-ordinate less thanlOpercent
of design .

§eamy: cracked from bolt to bolt: significant amounts of

backfi1! Infiltration throughout

Patal:

- Aluminum: extentive perforations due to corrosion

- $3eel: extensive perforations due to rust

Shape: severe due to partia) collapse; top arc curvature flat
OF reverse curved

- $ide Plates: side flat or reversed curved

- Seams: failed, backfil1 pushing in

Road closed to traffic

strugtury: completely collapsed
Boag: closed to traffic

NOTES: 1.

See Cdding Guide for description of Rating Scale.

As a starting point, select the lowest rating which matches

Exhibit 101.

Condition rating aquidelines.

actual conditions.



5-6.5 Horizontal Ellipse—-Shape Inspections.

For horizontal ellipses the most important shape factor is adequate curvature
in the crown section. The crown section uses the standard long-span crown
geometry. The sides and bottom behave similar to the corners and bottom of
pipe arches. The invert has relatively minor pressure when compared with the
sides, which may have several times the bearing pressure of the invert. As a
result the corners and sides have the tendency to push down into the soil
while the bottom does not move. The effect is as if the bottom pushed up.
Inspectors should look for indications of bottom flattening and differential
settlement between the side and bottom sections, as illustrated in exhibit 102.

DESIGN SHAPE

SOIL PRESSURE IS
MUCH GREATER AT
SMALL RADIUS SIDE

*SETTLED" SHAPE

'a + - PLATES.
AN
LOWER "CORNER" ™\ T~ Y
OF SIDE PLATES MAY TEND $
TO PUSH DOWN AND OUTWARD f\y

IF ADEQUATE COMPACTION

IS NOT OBTAINED IN
HAUNCH AREA

Exhibit 102. Potential for differential settlement in horizontal ellipse.

The recommended measurements and evaluations for a shape inspection of
horizontal ellipse are shown in exhibit 103. The measurements are essentially
the same as those recommended for a standard crown section. Shape evaluation
of an ellipse is also essentially the same as the evaluation of a standard
crown section except that the curvature of the bottom should also be
evaluated. Marginal shape would be indicated when the bottom is flat in the
center and corners are beginning to deflect downward or outward. Critical
shape conditions would be indicated by reverse curvature in the bottom arc.
Guidelines for rating horizontal ellipse shape culverts are provided in
exhibit 104.
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1. MINIMUM REQUIRED MEASUREMENTS
®"SPAN = AE

2. MINIMUM REQUIRED ELEVATIONS - B, C, D, G (IF POSSIBLE)

3. WHEN BOTTOM FLATTENING IS OBSERVED, CHECK CURVATURE,
MEASURE

a BOTTOM ARC CHORD = HI
a BOTTOM ARC MIDDLE ORDINATE = JG

Note: Use with exhibit 95, crown inspection.

Exhibit 103. Shape inspection long-span horizontal ellipse.
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Section 7. PRECAST CONCRETE PIPE CULVERTS

5-7.0 General.

The principal properties of concrete, the factors causing deterioration and
common signs of distress and deterioration in reinforced concrete are
discussed in the Bridge Inspector's Training Manual 70 in chapter 5,

section 1. The discussion in Manual 70 is primarily intended for
cast-in-place bridge components and cast-in-place culverts but also applies in
general to precast concrete culvert pipe. There are, however, certain
important considerations related to concrete used in culverts. Precast
concrete pipe is manufactured in a plant rather than in the field. The entire
manufacturing process is under controlled conditions enabling the production
of a uniform quality, high density concrete. B8oth cast-in-place and precast
concrete culverts are somewhat protected by the soil backfill from rapid
fluctuations in surface temperature and direct application chloride (salts)
used for deicing. As a result they are generally more resistant to surface
deterioration than concrete bridge elements. Concrete culverts are classified
as rigid structures because they do not bend or deflect appreciably.
Inspections must therefore concentrate on defects in the alignment, joints,
and walls of the structure. Section 8 describes the conditions to look for
when inspecting precast concrete pipe culverts. Section 9 describes the
conditions to look for when inspecting cast-in-place concrete culverts.

Section 8. PRECAST CONCRETE PIPE CULVERT BARRELS

5-8.0 General

Rigid culverts such as precast concrete pipe do not deflect appreciably before
cracking or fracturing. As a result shape inspections, while very important
in flexible structures, are of 1ittle value in inspecting precast concrete
culverts.

Although the need for soil stability and side support is obviously important
with flexible pipe, it is less important with rigid pipe. However, adequate
stability of the surrounding soil is necessary to prevent settlement around
the culvert and to achieve load carrying capability. The inspector should
therefore look for any indications of a lack of soil stability such as
settlement or misalignment as well as signs of structural distress such as
cracking. Descriptions of the types of distress to look for during inspection
are provided in the following paragraphs. Guidelines for condition ratings of
concrete pipe are included at the end of this section.

5-8.1 What to Look for During Inspection.

a. Misalignment—-Misalignment may indicate the presence of serious problems
in the supporting soil. The vertical and horizontal alignment of the culvert
barrel should be checked by sighting along the crown and sides of the culvert
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and by checking for differential movement or settlement at joints between pipe
sections. Vertical alignment should be checked for sags, faulting, and
heaving. The inspector should be aware that pipes are occasionally laid with
a camber or a grade change (broken back grade) to allow for fill settlement.

Sags which trap water may aggravate settlement problems by saturating the
supporting seil. Horizontal alignment should be checked for strajghtness or
smooth curvature for those culverts constructed with a curved alignment.
Alignment problems may be caused by improper installation, undermining, or
uneven settlement of fi11. The inspector should attempt to determine which of
those problems is causing the misalignment. If undermining is determined to
be the probable cause, maintenance forces should be notifi.d since damage will
continue until the problem is corrected. The inspector should also try to
determine whether the undermining is due to piping, water exfiltration, or
infiltration of backfill material. When the misalignment is due to improper
installation or uneven settlement, repeat inspections may be needed to
determine if the settlement is still progressing or has stabilized.

b. Joint Defects--Joint defects are fairly common and can range from minor
problems to problems that are serious in nature. Typical joint defects
include leakage (exfiltration and infiltration), cracks, and joint
separation. Past and current criteria should be reviewed as some agencies
design culverts with open joints to perform as subdrains.

(1) Exfiltration--Exfiltration occurs when leaking joints allow water
flowing through the pipe to leak into the supporting material. Many
culverts are built with joints that are not watertight or with mortar
joints that crack with minor deflection, movement, or settlement of
the pipe sections. Minor leakage may not always be a significant
problem unless soils are quite erosive. However, if leaking joints
contribute to or cause piping, then serious misalignment of the
culvert or even failure may result. Leaking joints may be detected
during low flows by visual observation of the joints and by checking
around the ends of the culvert for evidence of piping.

(2) Infiltration—-Infiltration is the opposite of exfiltration. Many
culverts are essentially empty except during peak flows. When the
water table is higher than the culvert invert, water may seep into
the culvert between storms. This infiltration of water can cause
settlement and misalignment problems if it carries fine grained soil
particles from the surrounding backfill. Infiltration may be
difficult to detect visually in 1ts early stages although it may be
indicated by open joints, staining at the joints on the sides and top
of the culvert, deposits of soil in the invert, or by depressions
over the culvert, as shown in exhibit 105.

(3) Cracks--Cracks in the joint area may be caused by improper handling
during installation, improper gasket placement, and movement or
settiement of the pipe sections. Cracked joints are more than likely
not watertight even if gaskets were used. However, if no other
problems are evident, such as differential movement between pipe
sections, and the cracks are not open or spalling, they may be

139



considered a minor problem to only be noted in the inspection
report. Severe Joint cracks are similar in significance to separated

joints.
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Exhibit 105. Surface indications of infiltration.
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g. Durability--Durability is a measure of a culvert's ability to withstand
chemical attack and abrasion. Concrete pipes are subject to chemical attack
in strongly acidic environments such as drainage from mines and may also be
damaged by abrasion. Abrasion damage is a wearing away of the concrete
surface by sediment and debris being transported by the stream. Mild
deterioration or abrasion less than 1/4 inch deep should be noted in the
report. More severe surface deterioration should be reported as a potential
candidate for maintenance. In severe cases where the invert is completely
deteriorated, maintenance forces should be given immediate notification. - When
1inings are used to protect against chemical attack or abrasion the condition
of the 1ining should be noted in the report.

h. End Section Drop-off--This type of distress is usually due to outlet
erosion as discussed earlier in the sections on end treatments and waterways.
It is caused by the erosion of the material supporting the pipe sections on
the outlet end of the culvert barrel.

5-8.2 Condition Ratings of Concrete Pipe.

Guidelines for rating the condition of concrete pipe are provided in
exhibit 114.

Section 9. CAST-IN-PLACE CONCRETE CULVERT BARRELS

5-9.0 General.

Most cast-in-place reinforced concrete culverts are single or multi-cell box
culverts. Rigid frame structures are similar to concrete box culverts but are
constructed without a bottom slab. Some agencies also consider small concrete
arches as culverts. Cast-in-place box culverts are constructed using
conventional bridge construction techniques but may function hydraulically and
structurally as a culvert rather than as a bridge.

5-9.1 What to Look for During Inspection.

A11 components of the culvert barrel should be visually examined, including
walls, floor, top slab, and joints. The concrete should be sounded by tapping
with a hammer particularly around cracks and other defects. Typical types of
distress to check for include the following:

a. Misalignment--The vertical and horizontal alignment should be checked by
visual observation. Vertical alignment should be checked for sags, faulting,
or differential settlement at joints. Sags can best be detected during low
flows by looking for areas where the water is deeper, or where sediment has
been deposited. When excessive accumulations of sediment are present, it may
be necessary to have the sediment removed before checking for sags. An
alternate method would be to take profile elevations of the top slab. The
horizontal alignment can be checked by sighting along the walls and by
examining joints for differential movement.

147



RATING GUIDELINES FOR PRECAST CONCRETE PIPE CULVERT BARRELS

RATING

CONDITION

RATING

CONDITION

148

New condition

Alignment: good, no settlement or misaligrment

Jointg: tight with no defects apparent

Concrete: no cracking, spailing, or scaling present; surface in
good condition

Aligrment: generally good; minor misalignment at Joints; no
settiement

Xintg: minor openings, possible infiltration/exfiltration
Concrete: minor hairline cracking at isolated locations; slight
spalling or scaling present on invert

Alignment: fair, minor misaligrnment and settlement at isolated
tocations

Joints: minor backfill infiltration due to s)ight opening at
Joints; minor cracking or spalling at Joints allowing
exfiltration

Congrete: extensive hairline cracks, some with minor
delaminations or spalling; invert scaling less than 0.23 in.
desp or smal) spalls present

Alignment: generally fair; winor misalignment or settlement
throughout pipe; possible piping

: open and allowing backfill to infiltrate; significant
cracking or joint spalling
Concrete: cracking open greater than 0.12 in. with moderate
delamination and moderate spalling exposing reinforcing steel
at lsolated locations; large areas of invart with surface
scaling or spalls greater than 0.23 in. deep

Alignment: marginal; significant settiement and misaligrment of
pipe; evidence of piping; end sections dislocated about to drop
off
Joints: differential movement and separation of Joints,
significant infiltration or exfiltration at joints
Concrete: cracks open more than 0.12 in. with efflorescence and
spalling at numerous locations; spalls have exposed rebars
which are heavily corroded; extensive surface scaling on invert
greater than 0.5 in.
Alignment: poor with significant ponding of water due to
sagging or misalignment pipes; end section drop off has occurred
Jointg: significant openings, dislocated Joints in several
locations exposing fill material; infiltration or exfiitration
causing misalignment of pipe and settiement or depressions in
roadway

rete: extensive cracking, spalling, and minor slabbing;
invert scaling has exposed reinforcing steel

Alignment: critical; culvert not functioning due to alignment
problems throughout

concrate: severs slabbing has occurred in culvert wall, invert
concrete completely deteriorated in isolated locations

Cylvert: partially collapsed
Road: closed to traffic

Culvert: total failure of culvert and i1
Road: closed to traffic

NOTES: 1. See Coding Guide for description of Rating Scale.

2. As a starting point, select the lowest rating which matches actual conditions.

Exhibit 114, Condition rating guidelines.
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RATING GUIDELINES FOR CAST -IN-PLACE CONCRETE CULVERT BARRELS

RATING CONDITION RATING CONDITION
9 New condition
L} o Alignment: marginal; significant settlement and misaligrment;
i f pipl
Aligrment: omen evidence of piping
8 !l:n - tighg:o:;mnon:‘o:::““t.:;.::;:llgmm e Joints: differentia)l movement and separation of joints,
m. no cracking, spalling, or scaling present; surface in significant infiltration or exfiltration at joints
good condition ' * * . crete: extensive cracking with cracks open more than
. 0.12 in. with efflorescence; spalling has caused exposure of
Footings: good with no invert scour rebars which are heavily corroded; extensive surface scaling on
Ligrent: gene . . invert greater than 0.5 in.
! :oul-n; rally good; winor misalignnent at joints; no o Footings: scour along footing with s)ight undermining,
Joints: Joint material deteriorated at isolated locations protection required
concrete: minor hairtine cracking at isclated locations; slight
spalling or scaling present on |':|’urt or bottom of top :;nb o 3 e Aligmment: poor with significant ponding of water due to
footings: good with only minor invert scour sagging or misalignment pipes; end section drop off has occurred
) ® Jointg: significant openings and differential movement;
6 Aligmeent: fair, minor misalignment and settlement at isolated :"::‘l::::‘.:“:’;rz‘:::";"“:: ‘:‘“"f::”"‘“"'""’“ of culvert
1
;cj:l_:;_m Joint  material generally deteriorated, minor e Concrete: extensive cracking with spalling, delaminations, and
separation, possible Inflitration or exfiltration; minor ::2':"::?:::?:" "":m“;: 1’::::"" has exposed reinforcing
cracking or ’"I“"n at :::“:: al!oﬂn:tuﬂltnum i 4 o footingsg: severe q:mdamining with slight differential
Concrete:  extensive riine cracks, some with minor - . .
delaminations; scaling less than 0.25 in. desp or small spalls sc::lmnt causing minor cracking or spalling in footing and
present on invert or bottom of top slab walls
footings: minor scour near footings 2 o Alignment: critical; culvert not functioning due to severe
misalignment
Alignment: generally fair; minor misalignment or settlement;
i possible piping rally i wino 9 ® Concrete: severe cracks with significant differential movement;
Joints: open and allowing Backfill to infiltrate; significant c«lm:reu‘ culptletcly deteriorated in isolated locations in top
cracking or spalling at joints siab or inver . .
cracking open greater than 0.12 in.; significant e Footings: sove;‘t undermining with significant differential
delamination and moderate spalling exposing reinforcing steel; settlemant causing severe cracks
large areas of surface scaling greater than 0.25 in. deep
Footings: moderate scour along footing; protective measures ma;
be required ™ i # Y 1 o Culvert: partiaily collapsed
e Roag: closed to traffic
o Footings: severe undermining resulting in partial collapse of
structure
0 e Culvert: total failure of culvert and fill
e Rgad: closed to traffic
NOTES: 1. See Coding Guide for description of Rating Scale.

2. As a starting point, select the lowest rating which matches actual conditions.

Exhibit 117.

Condition rating guidelines.




Section 10. MASONRY CULVERTS

5-10.0. General,

At the present time, masonry construction is limited primarily to headwalls,
wingwalls, and inlet structures. While culvert barrels are rarely constructed
from masonry, a wide variety of masonry culvert barrels are still in service.
Masonry culverts are generally arch-shaped or box-shaped and may be
constructed of stone, brick, or concrete blocks. Stone culverts may be dry
{no mortar), pointed (stones set in mortar), or cemented (stones set in
concrete) masonry.

5-10.1. What to Look for During Inspection.

The walls, floors, and top of masonry culverts should be carefully inspected
both visually and by tapping stones, bricks, or blocks and mortar with a
geologist's hammer. The inspector should note any apparent signs of
distress. Typical items to check include:

a. Masonry Units--The individual stones, bricks or blocks should be checked
for displaced, cracked, broken, crushed, or missing units as illustrated in
exhibits 118 and 119, For some types of masonry surface deterioration or
weathering can also be a problem.

Exhibit 118. Masonry arch mortar deterioration and displaced
stones in arch and headwall.
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RATING GUIDELINES FOR MASONRY CULVERT BARRELS

RATING

CONDITION

RATING

CONDITION

o 9's

fiew condition

Alignment: good, no settlement or misaligrment
Mortar: tight with no defects apparent
Masonry: no cracking, no missing disl
surface in good condition

Footings: good with no invert scour

|agonry pr \H

Alignment: generally good; minor misalignment at joints; no
sattloment

Mortar: shallow mortar deterioration at isolated locations
Pagonry: surface deterioration at isolated locations

footings: good with only minor invert scour

Alignment: fair, minor misalignment or settlement

Mortar: extensive areas of shallow deterioration; missing
wortar at isolated locations; possible infiltration or
exfiltration; minor cracking

Magonry: minor cracking of masonry units

footings: minor scour near footings

Alignment: generally fair; minor misalignment or settlement
Mortar: wortar generally deteriorated, looss or missing wortar
at isolated locations, infiltration staining apparent

Pagonry: minor cracking; s)ight dislocation of masonry units;
large areas of surface scaling

Footings: moderate scour along footing; protective measures may
be required

Alignment: margina); significant settlemsnt and misalignment
Mortar: wortar seversly deteriorated, significant loss of
wortar, significant {infiitration or exfiltration between
masonry units

Masonry: significant displacement of individual masonry units
footings: scour along footing with slight undermining,
protection required

Aligmment: poor with significant ponding of water due to
sagging or misalignment pipes; end section drop off has occurred
Mortar: extensive areas of missing mortar; infiltration or
exfiltration causing misalignment of culvert and settlement or
depressions in roadway

Masonry: individual masonry units in lower part of structure
missing, or crushed

Footings: severs undermining with slight differential
settioment causing minor cracking or spalling in footing and
minor distress in walls

Alfgnment: critical; culvert not functioning due to severe
misalignment

masonry: individua)l masonry units in top of culvert missing, or
crushed

footings: severe undermining with significant differential
settlement causing severe cracks in footing and distress in
walls

Culvert: partially collapsed

Road: closed to traffic

footings: severe undermining resulting in partial collapse of
structure

Culvert: total failure of culvert and fill
Road: closed to traffic

NOTES: 1.

See Coding Guide for description of Rating Scale.

2. As a starting point, select the lowest rating which matches actual conditions.

Exhibit 121.

Condition rating quidelines.




Section 11. OVERALL CULVERT RATINGS

5-11.0. General.

The earlier sections of this chapter have addressed the individual components
of a culvert. Overall ratings consider all of the components which make up a
culvert and are useful in establishing maintenance, rehabilitation, and
replacement programs and priorities.

Some of a culvert's individual components are not rated in the SI&A sheet.
They are useful supplemental items in defining the condition and in
determining the overall ratings. The SI&A sheet has several items that
require evaluation of the culvert as a whole. The SI&A items can be divided
into three categories including overall condition, load carrying capacity, and
remaining life.

5-11.1. Overall Condition.

Two items on the SI&A sheet pertain to the overall condition of culverts.
Item 62, Culvert and Retaining Walls, covers the condition of the culvert's
structural and hydraulic components (alignment, settlement, culvert barrel,
end treatment, and embankment). Item 67, Structural Condition, covers the
condition of the structural components and the load carrying capacity. A
culvert in good condition with a load carrying capacity lower than current
standards may receive a relatively low rating for item 67 while receiving a
high rating for item 62.

As described in chapter 4, overall ratings should not be an average of the
ratings assigned to individual components. Very often a low rating for one
component will control the overall rating; but when assigning an overall
rating the inspector should consider each component and its possible effect on
the culvert. The inspector should consider whether the component is
functioning properly, whether it could pose a threat to safety or cause
property damage, whether it could cause more extensive damage if not repaired,
and whether the repairs represent rehabilitation or maintenance.

5-11.2. Load Carrying Capacity.

SI&A items 64, 66, and 70 are based on the loads which the structure can
carry. Item 64, Operating Rating, is the maximum load the structure can
carry. Item 66, Inventory Rating, is the load which can be carried repeatedly
for an indefinite period of time. Item 70, Safe Load Capacity, is a rating
based on an evaluation of the culvert's load carrying capacity and the state's
legal load limits. The procedures used for determination of these capacity
ratings should take into account the condition of the culvert at the time of
the inspection.

156



5-11.3. Remaining Life.

Under SI&A item 63, Remaining Life, the inspector estimates the number of
years that remain before major rehabilitation or replacement of the culvert is
required. The estimate should be based on the design life of the barrel
material, the years of service prior to the inspection, and the condition of
the culvert at the time of the inspection. The current condition and the
performance of the culvert material under similar conditions are the key
considerations. Where durability is a problem, electrical resistivity and pH
measurements may be helpful in estimating the remaining 1ife.
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APPENDIX

STANDARD SIZES FOR CONCRETE PIPE

CIRCULAR
PIPE
ASTM C 14—-Nonreinforced Sewes and
Culvert Pips, Bell and Spigot Joint
Class 1 Class 2 Class 3

Internel | ppinimum | Apwron. | Minimum | Apsrox. | Minimum | Apprex.
Diamerer.| 0y Weight, wail Waight. wall Weight,
nch® | ryixnem. | pounds | Thicknem. | pounds | Thicknam, | pounds
inchaes per foot nches per foot nchas per foet

4 5/8 3.5 3/4 13 3/4 13

6 5/8 17 3/4 20 /8 2

8 3/4 27 1/8 31 1-1/8 36

10 7/8 37 1 42 1-1/4 50

12 1 50 1-3/8 68 1-3/4 90

15 1-1/4 78 1-5/8 100 1.2/8 120

18 1-1/2 105 2 . 158 2-1/4 165

21 - 1-3/4 159 2-1/4 205 2-3/4 260

21 2-1/8 200 3 318 3-3/8 350

27 3-1/4 390 3-3/4 450 3-3/4 450

30 3-1/2 450 4-1/4 540 4.1/4 540

k] 3-3/a 520 4-1/2 620 4-1/2 620

36 4 580 4-3/4 700 4-3/4 700

SOURCE: AMERICAN CONCRETE PIPE ASSOCIATION
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STANDARD SIZES FOR CONCRETE PIPE

CIRCULAR
PIPE

ASTM C 76-Reinforced Concrete Cuivert, Storm Draim and
Sewsr Pipe, Bell and Spigot Joint
Wall A Wall 8
Internsl S N
Diarmeter Mi m Approxi Minimum Approximsts
) . wall Waeight, Wall YWaight,
inches Thickness, pounds Thickness. pounds
nches por foot inches par fat
12 1-3/4 90 z 108
15 1-1/8 120 2-1/4 148
18 2 155 2-1/2 200
21 2-1/4 205 2-3/4 260
23 2172 265 3 328
7 2-5/8 310 kBY. ) 388
30 2.3/4 363 3.1/2 453

These tables are based on concrate weighing 150 pounds per cubic foot and

witl vary with heavier or lighter weight concrets.

SOURGE: AMERICAN CONCRETE PIPE ASSOCIATION
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STANDARD SIZES FOR CONCRETE PIPE

CIRCULAR

ASTM C 76 - Reinforced Concrete Culvert, Storm Drain and
Sewer Pipe, Tongue and Groove Jaints
Wail A Wall 8 Wail C

'."t'"“i Minimum | A ox | Minimum | Approx | Minimum | Approx
D'i:‘:::" wall wp:;m, Wall w:;m, Wail Waight,
Thickness, | pounds | Thickness, | pounds | Thickness,| pounds
i inches per foot inches | per foor inches | per foot
12 1-3/4 79 z 93 2-3/4 133
18 1-7/8 103 2-1/4 127 3 177
18 2 131 2-1/2 168 3-1/4 25
21 2-1/4 1M 2-3/4 214 3-1/2 279
24 2172 217 3 264 3.3/4 366
27 2-5/8 255 3-1/4 322 4 4290
30 2-3/4 295 3-1/2 384 4.1/4 478
33 2-1/8 336 3-3/4 45 4.1/2 552
36 3 383 4 524 4-3/4 654
42 3172 520 4.1/2 686 5-1/4 811
48 4 683 5 867 5-3/4 1011
54 4-1/2 864 5-1/2 1068 6-1/4 1208
60 5 1064 6 1295 6-1/4 1473
66 ! 5-1/2 1287 6-1/2 1542 1.1/4 17358
12 6 1832 7 1811 1-3/4 2015
78 6-1/2 1797 7-1/2 2100 8-1/4 2410
84 7 2085 8 2409 8-3/4 26560
90 7-1/2 2395 8-1/2 2740 ; 9-1/4 3020
95 8 2710 9 30890 9.3/4 33585
102 8-1/2 3078 9.1/2 3480 | 10-1/4 3760
108 9 3448 10 3865 10-3/4 4160
114 9.1/2 3840 10-1/2 4278 11-1/4 4611
120 10 4263 1 4716 11.3/4 ;5066
126 10-1/2 4690 111/2 5175 12-1:4 % 5542
132 1" 5148 12 5655 12-3/4 ’ 6040
i 138 11172 5627 12172 6156 13-1.4 | 6558
144 12 6126 13 6679 13-3/4 | 7098
150 12-1/2 6647 13-1/2 7223 14-1,4 765%
156 13 7180 14 7783 14.3.4 8242
162 13-1/2 7754 14.1/2 8375 15.1/4 8846
168 14 8339 15 8983 15-3/4 3471
174 14.1/2 8345 15-1/2 9612 16-1/4 10,117
180 15 9572 16 10,263 16-3/4 10,785

These ‘avies sra based on concrete weighing 150 pounds per cubic foot and wiil
vary with heavier or Lighter waight concrate.

SOURCE: AMERICAN CONCRETE PIPE ASSOCIATION
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STANDARD SIZES FOR CONCRETE PIPE

ARCH PIPE

DIMENSIONS AND APPROXIMATE WEIGHTS
OF CONCRETE ARCH PIPE

ASTM C 506 — Reinforced Concrete Arch Culvert, Storm Drain and Sewer Pipe
Equrvaient Mintmum Minumem Minimym Water-Way Apprazimate
Round Sire. Rise, Soan, wall Area, Werght. pounds

inches inches nches Thickness. inches square feet per toot

15 11 18 2Ya 1.1 114
18 131 2 ¥ 1.65 170
2 15ta 26 2% 2.2 225
24 18 8y, 3 28 320
30 22%; 364 32 44 450
36 26% 43 4 64 595
42 31 51 avz 88 740
48 36 S8y S 114 880
54 40 65 Sy 143 1090
60 45 73 ] 17.7 1320
72 54 88 7 25.6 1840
84 62 102 8 346 2520
80 72 1us ava 4.5 2750
96 7y, 122 9 2.7 3110

108 87v 138 10 660 3850

120 9% % 154 1" 818 5S040

132 106 168% 10 99.1 5220

SOURCE: AMERICAN CONCRETE PIPE ASSOCIATION
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STANDARD SIZES FOR CONCRETE PIPE

HORIZONTAL
AND
VERTICAL

ELLIPSE
PIPE

DIMENSIONS AND APPROXIMATE WEIGHTS
OF ELLIPTICAL CONCRETE PIPE

ASTM C 507 - Reinforced Concrete Eilliptical Culvert. Storm Drain and Sewer Pipe
Equrvalent Miner Mapr Minimom Wall Warer-Way Agprsumate
Round Sire. Aus, Anig. Thichnesy, Arag Wetght, peunts
wches inches inches inches square feet per fost
18 14 23 2% 1.8 19%
24 19 30 % 33 300
27 22 3a vy 4.1 365
30 24 38 3% 5.1 430
33 27 42 3% 6.3 475
36 29 45 4%y 74 625
39 32 a9 4% 88 720
42 34 s3 5 10.2 815
43 38 60 5% 129 1000
54 43 68 6 16.6 1235
60 48 76 (373 20.5 1475
66 53 83 7 248 1745
72 58 91 7Yy 29.5 2040
78 63 98 8 346 2350
84 68 106 8¥y 40.1 2680
90 72 113 9 46.1 " 3050
9% 77 121 Ve 524 34820
102 82 128 9% 59.2 3725
108 87 136 10 66.4 4050
114 92 143 10¥ 740 4470
120 97 151 11 82.0 4930
132 106 166 12 99.2 5900
144 116 180 13 1186 7000

SOURCE: AMERICAN CONCRETE PIPE ASSOCIATION
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STANDARD SIZES FOR CONCRETE PIPE

DIMENSIONS AND APPROXIMATE WEIGHTS
OF CONCRETE BOX SECTIONS

ASTM C7809+-PRECAST REINFORCED CONCRETE BOX SECTIONS
Thnickness (in.) Waterway Appros.
Ares Wasght
Span (Ft.) | Rise {FY) Top Slab Bot. Slab wail {Sq. Fest} (os/rt)
3 2 a a 4 5.8 600
3 3 4 4 4 4.2 700
4 2 H 5 H 7.7 910
- 3 ] s 3 11.7 1030
4 4 H 5 s 15.7 1160
L 3 [ & L3 14 1430
F 4 6 s s 1 1580
5 E [ 6 6 24 1739
[ 3 ? 7 7 17.3 1880
& . 7 7 ? 23.1 060
'3 ] r Y 7 29. 230
3 3 7 7 ? 3s. 410
? 4 ] [] ) 27. 600
7 5 . [} 2 34, 900
7 [ 8 & ') 41. 000
7 7 [ [ [] a8, 200
] L) a 8 ] . 300
s E [] [ [ 9.1 000
& s a 8 [ 47.1 200
3 7 [] [ [] 55, 400
3 s 8 s [] 63, 400
9 ] L » [ ] 43.9 560
9 -] 9 9 9 52.9 ass
9 Y L 4 9 9 &1.9 4110
9 [ L] 9 9 70. 4330
9 9 9 9 9 19 4580
10 5 10 10 ] a8 4380
10 ¢ 10 10 [} 58.. 4630
10 7 10 10 -] 4380
10 a 10 10 o 78. s130
19 b d 10 10 0 (1 X 3
10 10 10 10 a 928 4 5630
11 4 11 11 1 42.3 A380
11 s 11 11 1 64.) 5430
11 ] 11 i1 1 861 5988
11 10 11 1 1 108.3 £
11 11 11 11 1 119.3 5810
12 4 12 12 2 46.0 5700
12 & 12 12 2 70.4 6300
12 3 12 12 2 [
12 10 12 12 2 118. 7500
12 12 12 12 2 142 3100
ASTM CBS0-PRECAST AEINFORCED CONCRETE BOX SECTIONS
Tnicxness {in.} Water way Approx-
Area Warpht
Span (Ft.) Risa (Ft.} Tap Siab Bot. Sladb wal (5Q. Fest) {1ossft)
3 2 ? [ [ s 830
3 3 7 & L] a2 930
4 2 Ta ] -] 1.7 1120
4 3 Tin [ 3 11.7 1240
4 4 v ] 5 15.7 1370
] 3 7 [ 14, 1650
5 4 7 s 19. 1800
s H 7 [ 24, 1950
6 3 7 7 11.3 1970
] 4 7 7 23.] 2150
[ S 7 7 29.3 2320
1 L3 ? ? 15.3 2500
7 4 [ 27. 2600
7 3 ] 4. 2000
7 -3 8 4l 3000
7 7 a 48. 3200
s 4 [ 3. 2800
[] H [] 39. 3000
[} ] [} ar. 3200
[ 7 ] 55, 3400
8 8 8 s 63.1 600
9 F] 9 9 43.9 3660
9 [ p 9 52.9 3880
9 7 9 ) 9 61.9 4110
9 8 9 2 70.9 43130
9 9 9 ) 9 79.9 4560
0 ] G ) 10 426 4380
o [ 10 586 4630
-] 7 10 685 4380
0 8 [ 10 78.6 5130
-] 9 £ 10 sa.6 5380
-} 10 10 98.6 5630
1 4 11 42.3 4280
1 [ ] 11 654.3 5430
1 [ 1 11 86.3 5980
1 10 1 11 108.3 6330
1 11 11 11%3 6210
2 4 12 46.0 5700
2 4 12 70.0 6300
2 ] 12 4.3 909
2 10 12 118.0 7500
2 12 11 2 12 142.0 9100

SOURCE: AMERICAN CONCRETE PIPE ASSOCIATION
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STANDARD SIZES
FOR CORRUGATED STEEL CULVERTS

ROUND

Mandiing Weight of Corrugated Steel Pipe (2% x W in.)
Estimated Average Weights—Not for Specification Use®

Apprommaty Poynds par Lingal RR™
Insice Specified
Diameter, Thichness, Full- Ful-Conted Full-Coated
" in. Galvanired Coated and tovert Paved. | and Full Paved
12 0.052 8 10 13
0.064 10 12 15
0.079 12 it 7
15 0.052 10 12 15
0.064 12 15 18
0.07% 15 it} 21
)t ] 0.052 12 14 17
N 0.064 15 19 2
0.079 13 7 25
| 0.052 1) 16 1%
0.064 17 21 F: ]
0.079 2l 25 k]
u 0.052 15 7 20
0.084 19 4 30 5
0.079 A4 Fa} kH 50
30 0.052 0 2 il
0.064 A k] k3 55
0.079 30 36 2 &0
k] 0.052 b1 26 2
0.064 Fs'l k! “ 65
0.079 k1] [ k) 51 75
2 0.052 8 30 33
0.054 M L4 51
0079 [} 50 53 15
[ ) 0052 31 kt] 36
0.064 38 a 51
0.079 3 58 67 %
0.064 [’} 5% 66 95
0.019 54 65 78 105
0.079 &0 1 LH]
0.109 31 2 106 140
23 0.109 29 101 117 160
0.138 113 125 Ui 183
72 0.109 8 112 129 170
0.138 123 137 1 21¢
n 0.109 105 121 138 200
0.138 133 149 166 1o
] 0.108 m 133 155 25
0133 14 6l 17 P
% 0.109 121 145 187
0.138 14 1R 192
0.168 18 204 20
9% 0.133 164 191 217
0183 198 212 3%

“Lock seam construction only; weights will vary with other fabrication practices.
**For other coatings or lininE the werghts may be interpolated.
**“The handiing weights for 1 Y2 x Yain_and 2 x Y in. are spproximately the same as for 2% x W in.
Note: Pipe-Arch weights will be the same as the equivalent round pipe.
Fer exampie; for 42 x 29, 234 x Vi in. Pipe-Arch, refer to 36 in. diameter pipe weight.
Smocth steel hned CSP werghs appriimately 5% more than single wali gavamzed.

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES
FOR CORRUGATED STEEL CULVERTS

ROUND

Handling Weigivt of Corrugated Steel Pipe (3 x 1in.0r 5 x 1 iIn)""
Estimated Average Weights—Not for Specification Use

Appraximate Pounds per Lineai Ft**
Ingide Specitied
Diameter, | Thickness, Futl- fFull-Coated Full-Coated

n. in. Galvanized Coated and Invert Paved | and Full Paved

54 0.064 50 66 84 118

0.073 61 17 95 149

60 0.064 55 k| 93 153

0.079 87 86 105 165

66 0.064 60 80 102 168

0.079 " ) 116 18

72 0.064 66 38 111 183

0.079 81 102 126 197

8 0.064 11 9% 121 198

0.079 87 111 137 214

0.064 n 102 130 213

0.079 94 119 147 230

90 0.064 82 109 140 228

0.079 100 127 158 206

9% 0.064 8 116 149 W2

0.079 107 136 169 262

102 0.064 93 124 158 58

0.079 114 145 179 21

108 0.064 98 131 166 213

0.079 120 . 153 138 29%

114 0.064 104 139 176 289

0.079 127 162 199 312

120 0.064 109 146 183 29

0.079 134 171 210 329

0.109 183 220 259 78

126 0.079 141 179 220 36

0.109 195 233 24 400

132 0.079 148 188 231 363

i 0.109 204 4 287 419

138 0.079 154 19% 4] 379

0.109 213 255 300 438

‘14 0.109 23 267 k)] 458

0.138 m 326 n 517

“ Lock seam ‘mstrmm only: weights will vary mth other fabnication practicss.
**For other coatings or linings the we may bs interpolated.
*=35 x 1in. weighs approximately [2% less than 3 x 1in.

Note: Fipe-Arch weights wiil ba the Same as [he squivaient mund pipe.
For example: for 81 x 59, 3 x 1 in. pips arch, reter to 72-in. diamater pipe weight
Smooth stest lined CSP weighs a2pprosimately 5% mors than singie wall gaivanized.

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES
FOR CORRUGATED STEEL CULVERTS

Rise

Span {

Sizes and Layout Detalle—CSP Pipe Arches
24 x ¥ in. Corrugation

Layout Dimensions
Equiv. Waterway

Diameter, Span, Rise, Ares, B R. R Ry
in. in. in. ft2 in. in. in. n.
15 17 13 11 4% K} 8% 25%
13 21 15 16 A 1% 10% 3%
21 24 18 22 5% A 11% %
24 28 20 29 6% 5% 14 2%
30 35 24 4.5 8% h 17% 55%
36 42 29 65 PN 8% 21" 66%
42 49 33 89 11% ] 25% 77V
43 57 38 116 13 11 8% 88%
L} 64 43 14.7 1é% 12% 2% 99%
60 1 47 18.1 16% 13% 5% 110%
66 n 52 21.9 17 15% 3% 121%
72 83 57 26.0 19% 16%2 43 132%

Dimensions shown not for specification purposes, subject to manufacturing tolerances.

Sizes and Layout Detaile—CSP Pipe-Arches
3 x 1 In, Corrugation

Layout Dimensions

Equiv. Waterway
Diameter, Size, Span, Rise, Area, B R; Ry Ry
in. in. in. in. g in. in. in. in.

54 60 x 46 | 58% 13% 156 20% 18% 2% 51%
60 66 x 51 65 M 19.3 2% 20% 2% 56%
66 713 x 55 | 2% 58% 232 5% 22% Jo¥ 63%
2 81x59 | 79 62% 214 23% 20% 39% 82%
8 87 x 63 | 86% 67% 321 25% 2% 43% 92%
8 9Bx67 | 9% T1% 37.0 1% 2% 47 | 100%
90 103 x 71 ] 101% 76 424 2% 26% 51% 111%
9% 112x 75 | 108% 80% 430 3% 2% 54% 120%
102 17 x79 | 116% 84% 4.2 3% 29% 5% 131%
108 128 x 83 | 123% 83% 60.5 35% Y. 63% 13%
114 137 x 87 | 131 93% 674 ™% 3 7% 149%
120 142 x 9] 1 138% 98 745 39% ¥ 7% 162%

Dimensions shown not for specification purposes, subject to manufacturing tolerances.
Similar sizes are avajlable with 5 x 1 in. Corrugation.

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES

FOR CORRUGATED STEEL CULVERTS

Q@

7

Risg

i

Span

Sizes and Layout Detaiis—Structural Plate Sisel Plpe-Arches

6 X 2 In. Corrugations—Boited Seams
18-inch Corner Radius Rc

Jimensions Layout Oimensions Periphery
Waterway ‘ Total
Span, Rise, Area, g R; Ry No. of
ft-in. ft-in, ft* in. ft ft Plates N P
6-1 4-7 22 210 3.07 6.36 5 22 66
6-4 &9 A4 20.5 318 8.22 5 23 69
6-9 4-11 26 220 3.42 6.96 5 24 72
1-0 5-1 28 214 153 8.68 5 25 IE]
13 5-3 k)| 208 3.63 1135 6 26 8
1-8 5-5 3 224 383 9.15 6 27 81
1-11 5-7 15 217 398 11.49 [ 28 84
8-2 5-9 8 209 4.08 15.24 6 29 87
8-7 5-11 40 217 433 175 ] 10 %0
8-10 6-1 43 218 442 14.89 7 il 93
9-4 6-3 46 218 468 12.05 7 2 %
9%-6 6-3 49 229 4.78 14.79 7 kK| 9
9-9 6-7 52 219 486 18.98 7 K]} 102
10-3 6-9 55 219 5.13 14.86 7 35 105
10-8 6-11 54 26.1 541 1217 7 36 108
10-11 1-1 61 25.1 549 15.03 7 37 111
11-5 7-3 64 274 5.78 13.16 7 38 114
11-7 1-5 67 26 585 15.27 8 15 117
11-10 1-7 1 25.2 5.93 18.03 8 40 120
124 7-9 74 215 6.23 15.54 8 41 123
12-6 7-11 78 26.4 6.29 18.07 8 42 126
12-8 81 81 25.2 6.37 2145 8 43 129
12-10 84 85 240 6.4 26.23 8 u 132
135 . 8-5 89 263 6.73 21.23 9 45 135
13-11 8-7 93 289 7.03 18.39 9 46 138
14-1 &9 97 216 1.08 21.18 9 4 141
14.3 8-11 101 26.3 116 24.80 9 48 144
14-10 9-1 105 28.9 147 21.19 9 49 147
15-4 93 109 ile 1.78 18.90 9 50 150
15-6 9-5 113 30.2 1.8 21.31 10 51 153
15-8 9-7 118 238 138 2429 10 92 156
15-10 3-10 122 274 7.96 28.18 10 53 159
16-5 911 126 30.1 8.27 U 10 54 162
16-7 10-1 131 287 8313 21.13 10 55 165

Dimensions are to inside crests and are subject to manufacturing tolerances.
N=3F=96in

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES
FOR CORRUGATED STEEL CULVERTS

Rise

]
|

Span '

Sizes and Layout Details—Structural Plate Stesl Pipe-Arches'!

6 X 2 in. Corrugations—Boited Seams
31-in Comer Radius, R,

Dimensions Layout Dimensions Periphery
Waterway Total

Span, Rise, Ara, 8 R, Ry No. of

f-in. ft-in. ft? in. ft # Plates N (]
13-3 9-4 97 385 6.68 16.05 8 46 138
13-6 9-6 102 37.7 6.78 18.33 8 4 141
14-Q 9-8 105 396 103 16.49 8 43 144
14-2 9-10 109 388 7.3 18.55 8 49 147
14-5 10-0 114 379 1.22 21.38 8 50 150
14-11 10-2 118 398 7.48 18.98 9 51 153
15-4 10-4 123 418 176 17.38 9 52 156
15-7 10-6 127 409 784 194 10 53 159
15-10 10-8 132 400 793 2172 10 54 162
16-3 10-10 137 42.1 821 19.67 10 55 165
16-6 11-0 142 41.1 829 21.93 19 56 168
17-0 11-2 146 433 8.58 20.08 10 57 m
17-2 11-4 151 423 8.65 2.2 10 8 174
17-5 11-6 157 413 873 2483 10 59 1m
17-11 11-8 161 435 9.02 22.55 10 60 180
18-1 11-10 167 424 9.09 24.98 10 &l 183
18-7 12-0 172 “u] 938 22188 10 62 186
18-9 12-2 n 436 9.45 25.19 10 a3 188
19-3 12-4 182 45% 9.75 3.22 10 o4 192
19-6 12-6 188 48 983 25.43 1§ 65 195
19-8 12-8 194 437 5.90 28.04 11 66 198
18-11 12-10 200 425 9.98 31.19 11 67 201
20-5 13-0 205 “u9 1027 28.18 11 68 204
20-7 13-2 211 43.7 1033 31.13 12 89 207

Dimensions are to inside crests and ae subject to manufacturing tolerances,
N=3P=96in

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES
FOR CORRUGATED STEEL CULVERTS

Span

Structural Plate Steel Underpasses
Sizes and Layout Details

Periphery Layout Dimensions in In,
No. of
Span x Rise, Plates

ft and in. N Pi per Ring R Rs R, Ry

5-8 . 5-9 24 T2 ] 27 53 18 Flat
5-8 6-6 26 18 6 29 15 18 Fiat
5-9 7-4 28 84 b 28 9 18 Flat
5-10 7-8 29 8 7 30 112 18 Flat
5-10 8-2 30 90 6 28 116 18 Flat
12-2 11-0 47 141 8 68 93 38 136
12-11 11-2 49 147 9 74 92 38 148
13-2 11-19 51 153 11 73 102 38 161
13-10 12-2 53 159 11 17 {1 38 168
14-1 12-10 95 165 11 17 115 38 183
14-5 13-5 57 171 1 78 131 38 174
14-10 14-0 5% 177 11 19 136 38 193
15-6 14-4 61 183 12 <] 139 k} ] 201
15-8 15-0 63 189 12 82 151 k| ] 212
16-4 15-5 65 195 12 86 156 k! | 217
16-5 16-0 67 201 12 83 159 33 271
16-9 16-3 68 204 12 89 168 38 246
17-3 17-0 10 210 12 %0 174 4 214
18-4 16-11 72 216 12 9 157 4 23
19-1 17-2 74 222 13 105 136 4 262
19-6 17-7 76 228 13 107 158 47 295
20-4 17-9 18 23 13 114 155 47 ils

Ali dimensions. to nearest whole number, are measured from inside crests.

Tolerances should be allowed for specification purposes.

6 x 2 in. Cormugations.

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES
FOR CORRUGATED STEEL CULVERTS

)

A\

Aise

Rise ——

Span

Representative Sizes of Structursl Plate Steel Arches

Dimensions(') )
) Neminal
Span, Rise, Area, over Radius,

ft ft-in. fe Span(?) in. N B, in.

6.0 1-9% ™ 0.30 41 9 27

2-3% 10 038 TV 10 a0

32 15 0.53 k[ 12 3%

70 24 12 0.4 45 11 k]

2-10 15 040 4] 12 k[

3-8 20 0.52 42 14 42

8.0 2-11 17 037 51 13 39

34 20 042 v 14 2

4-2 26 0.52 43 16 48

9.0 2-11 18% 032 59 14 42

3-10% 6% 043 55 16 48

48 13 0.52 M 18 M

100 5% 25 0.35 o4 16 43

4-5 u 0.44 60 18 L7}

53 41 0.52 60 20 60

11.0 4 M 0.32 I 17 51

4-5% 37 0.4] (Y4, ] 19 57

59 50 0.52 65 2 66

12.0 0% i5 0. ™ 19 57

540 45 042 73 21 63

&3 59 0.52 72 2 72

13.0 4] k! | 032 B6V2 20 60

5-1 49 0.39 80va 2 66

1 6-9 70 0.52 78 26 78

140 4-1% 47 0.3 9] 2 66

57 58 0.40 85 U 12

73 8 0.52 8 28 84

(Table continued on following page)
{")Dimensions are to inside crests and are subject to manufactuning tolerances.
{"R/S ratio vanes from 0.30 to 0.52. intermadists spans and rises sre available.
"W=3P=96m. 6 x 2 in. Corrugations — Boited Seams.
SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES

FOR CORRUGATED STEEL CULVERTS
ARCH

18€ _—1

o —\ L

Continued. Representative Sizes of Structural Plate Steel Arches

Dimensions(') Nominal
Waterway Rise Arc Length
Span, Rise, Area, over Radius.

ft ft-in. ft? Span(?) in. N Pi, in.
15.0 4.7% 50 0.31 101 x| 89
58 62 0.38 93 25 75

6-7 75 0.44 91 27 8l

19 92 0.52 90 30 %0

16.0 5-2 60 0132 105 25 1§
7-1 86 045 97 29 87

8-3 105 0.52 9% 32 %

17.0 5-2% B3 0.31 115 26 18
1-2 92 042 103 30 %0

8-10 119 0.52 102 !} 102

18.0 5-9 75 032 119 28 84
78 104 043 109 32 95

8-11 126 0.50 108 35 105

14.0 64 87 033 123 30 90
8-2 118 043 115 k1| 102

9-5% 140 0.50 114 37 111

20.0 64 9] 032 133 k]| 93
8-I%1 124 042 122 35 105

10-0 157 0.50 120 39 117

21.0 6-11 104 0.33 137 33 99
8-10 140 042 128 37 111

10-6 172 0.50 128 41 123

220 6-11 109 031 146 34 102
8-11 146 0.40 135 38 114

114 190 0.50 132 43 129

230 80 134 0.35 147 37 111
9-10 i71 043 140 4] 123

114 208 0.50 138 45 135

24.0 85 150 0.35 152 39 17
104 188 0.43 146 43 129

1240 226 0.50 144 47 141

5.0 864 155 0.34 160 40 120
10-10% 207 043 152 45 13§

126 247 0.50 150 49 147

(")Dimensions are to inside crests and are subject to manufactuning tolerances.
{MR/S ratio vanies from 0.30 to 0.52. Intermediate spans and nses are avaiiable.
(W = JPi = 96 in. 6 x 2 in. Cormugations —Boited Seams.

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES
FOR CORRUGATED STEEL CULVERTS

3
[+
I~ Span i
Layout Details
Corrugated Steel Box Culverts

Rise. Span, Area Rise, W Span, Area
ft-in. ft-in. fi? ft-n ftom. f1?

27 98 208 39 12-10 410
2-8 10-5 232 3-10 136 445
2-9 11-] 25.7 310 174 55.0
2-10 t-10 283 3-11 14-2 48.2
2-11 1246 3l 3-11 180 59.1
31 13-3 40 4-1 14-10 52.0
3-2 13-11 371 4] 18-8 634
3-3 14-7 404 42 10-7 364
34 10-1 284 4-2 15-6 55.9
35 10-10 314 4-3 11-2 9.9
35 15-3 433 43 19-4 679
36 . 116 345 44 11-10 435
36 154 473 4-4 16-2 60.1
3-8 12-2 377 45 12 473
3-8 188 511 46 13-2 51.2

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES
FOR CORRUGATED STEEL CULVERTS

Continued.

Layout Detaiis Corrugated Stesl Box Culverts
Rise, Span, Ares Rise, Span, Area
Rt-in. ft-in. Ld ft-in. ft-in. fi?
4-6 16-10 644 (3] 137 7%
&7 17-6 689 69 16-9 393
47 20-8 716 6-10 14-2 833
4-3 13-10 5.3 610 17-4 105.1
4-9 14-6 59.5 10 14-9 889
49 18-1 715 70 17-11 111.1
4-10 15-1 638 1-0 20-8 1272
4-11 11-0 Wy 71-1 15-4 9.6
4-11 18-9 184 1-2 13-§ 1173
5-0 11-7 487 1-3 12-3 115
50 15-9 68.3 7-3 15-10 1005 -
51 12-3 52.9 7-4 12-10 7.1
5-1 16-4 73.0 14 16-§ 106.5
51 13-5 834 74 13-1 1236
52 12-10 512 1-5 13-5 828
5.3 17-0 718 1-6 13-11 886
54 13-6 81.7 1-6 17-0 1127
55 14-1 66.2 1-8 14-§ s
5-§ 17-7 828 1-8 17-6 119.0
5-§ 20-3 9.1 7-9 15-0 100.6
5-6 14-9 71.0 1-9 18-1 125.5
57 18-3 830 1-11 15-7 106.8
58 11-§ 533 1-11 18-7 132.1
5-8 15-4 15.8 &0 12-3 8l.1
58 18-10 934 8-0 16-1 113.1
5-9 12-0 519 81 19-2 1388
5-9 16-0 209 8-2 16-8 1196
5-10 12-7 62.6 8-2 13-9 931
5-10 19-6 9.9 83 19-8 1459
S-11 16-7 86.1 34 17-2 126.2
6-0 13-3 674 &5 14-10 106.0
§-1 13-10 724 8-5 17-83 1330
6-1 17-2 914 &7 18-3 1399
6-2 14-5 715 87 20-9 160.3
6-2 17-9 9%.9 83 15-10 119.2
6-2 20-8 110.6 89 18-9 147.0
64 15-0 827 811 16-10 129
64 184 102.6 B-11 19-3 1542
6-5 11-10 622 91 19-¢ 161.6
6-5 157 88.1 93 17-10 471
6-6 18-11 108.5 95 20-9 176.9
6-7 12-5 67.3 96 18-10 162.0
6-7 16-2 936 910 19-10 - 1774
68 13-0 125 10-2 20-¢ 1935
64 19-6 114.5

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES
FOR CORRUGATED STEEL CULVERTS

~<s /‘s' T
Span
Long Span Horizontal Ellipse Sizes and Layout Detalls
Periphery Inside Radius
Top or
Bott Side - Total
Span, Rise, | Ares, o ¢ ! Top Side
ft-in. ft-in. f* N Pi N| AN Pi Rad. in. Rad. in.
19- 4 12- 9 191 | 22 66| 10| 30 | b4 | 192 12- 6 4-6

20- 1 13- 0 202 | 23 69| 10 30| 66| 198 13-1 46
20- 2 11-11 183 | 24 721 8] 24| 64| 192 13- 8 3-7
20-10 12- 2 194 1 25 751 8| 24| 66| 198 4-3 3-7
21- 0 15- 2 u8 | 23 691 13§ 39| 72| 216 13- 1 511

2l-11 13- 1 21 1 2 181 91 271 70| 210 14-10 41
22- 6 15- 8 274 | 25| 751 13| 39 ) 76| 228 14-3 511
23-0 14- 1 49 | 27 | 8l1f 10} 30| 74| 222 18- § 4-6
23-3 15-11 288 | 26| 78] 13| 39| 78| 24 14-10 511
n4 16-11 320 ( 27 | 81| 14| 42 ) B2 | 6 155 6- 4

24- 6 4- 8 274 | 29| 87| 10 30} 78| 234 16- 6 4-6
252 W-11 287 1 30| 90| 10| 30| 80 240 17- 1 4- 6

25 5 16- 9 330 | 29| 87 13 39| 84 252 16- 6 >11
261 18- 2 369 | 29 87| 15| 45| 88| 264 16- & 6-10
26- 3 15-10 320 | 31 B3| 11| 33| 84| 252 17- 8 4-11
27- 0 16- 2 U | 86| 11 33| 8| 258 18- 3 4-11
21-2 19- 1 405 1 0| S0)| 16| 48| 92| 276 17- 1 7-3
21-11 1% 5 a2l 1il $2] 16| 48 | 94| 282 17- 8 7-3
81 17-1 369 | 33 99| 12| 36| %[ 270 18-10 55
28-10 17- § 384 | M | 102 12| 36| 92| 276 19- 5 55
25 19-11 45 | 1 997 16{ 48] 98| 234 18-10 7-3
301 20- 2 472 | 34 | 102¢ 16| 48 | 100 | 300 18- 5 7-3
30-3 17-11 415 | 36 | 108] 12| 36 | 9% | 288 20- 7 55
il-2 21- 2 512 | 35 | 1051 17 51 }I04 | 312 2-0 1-9
3l- 4 18-11 454 | 37 | 11 13| 39 | 100 | 300 21- 1 511
32-1 19- 2 471 | 38 | 114 13| 39 | 102 | 306 21- 8 511
32-3 22- 2 555 | 36 [ 108| 18 54 | 108 ] 324 2-7 8- 2
3-0 2-5 514 | 37 1111|181 54 11101 330 2l- 1 82
3-2 20- 1 512 | 39 ] 1I7] M 42 | 106 318 2-3 64
-1 -4 619 | 38 | 114 19} 57 | 114 | 342 21- 8 8-8
U 20-8 S4B | 4l ] 123| 14 42 | 110 | 330 a3-5 6- 4
Hu-11 21- 4 S | 41 | 123 15 45 [ 112 ] 336 23- 5 6-10
351 A4-4 665 | 39 | 117| 20| 60 | 118 | 3 2-3 %1
359 259 718 | 39 | 17| 22| 66 | 122 | 366 2-3 -0
360 2-4 619 | 42 | 126 16| 48 | 116 | 348 -0 1-3

36-11 57 735 | 41 | 1231 21| 63 | 124 | 372 23-5 97
37- 2 2-2 631 | 44 | 132 15| 45 | 118 | 354 25 2 6-10

ko | 27-11 843 | 42 | 126 241 72 | 132 ] 3% 4-0 10-11
40-0 287 927 { 43 | 129 26 78 | 138 | 414 27-11 11-10

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES

FOR CORRUGATED STEEL CULVERTS

R, R,
c 2
/ &
47 47
8
y
Span
Long Span Pipe Arch Sizes and Layout Details
Periphery Inside Radius
, Btai | g Bottom Total

Span, | Rise, | Area,| No. B, C, Ri, Rs,
ft-in. | H-in. ft* |Plates| N | Pi [ N Pi N Pi m. in. in. in.
20- 0| 13-11 ¢ 218 10 134 ]102) 20| 60 | 68| 204 | 62.8] 146.2 | 1225 2236
0- 6| 14-3 | 231 10 |36]108] 20 60 | 70§ 210 | 61.4 | 152.3 | 124.7 | 255.7
21- 5] 14- 6| 243 11 136 |108] 22 66 | 725216 [ 653 1628 | 131.4 | 236.7
21-11 ] 14-11 | 256 11 {38114 22| 66 | 74| 222 £ 63.7] 1689 133.5 268.1
2-51 153 270 11 40120} 22| 66 ) 761228 t 621} 1746 1355 307.1
23- 41 15-7 | 284 11 140120 24 | 72 | 78| 234 | 66.2 ] 185.5 | 1424 ] 280.2
24- 21 15-11 | 297 12 |40 1120) 26| 78 | 80 240 | 70.7] 196.2 | 149.7 | 262.1
4-8]16- 2] 312 12 |42 126} 26| 78 | 82| 246 | 68.8| 202.2 | 151.4 | 2922
25 2| 16- 7| 326 12 (44 |132] 26| 78 | 84| 252 ]66.9] 207.9{ 153.2 | 328.6
25- 71 16-11 | 342 12 (46 |138) 26 | 78 | 85| 258 | 64.8| 213.3 | 155.0 ] 3733
-7 17-31 3% 12 |46 |138]| 28 | 84 | 88 264 | 69.4 | 224.7 | 162.1 | 339.4
A-6117-61 372 12 146|138 30} 9 ( 9] 270 | 74.2( 2358} 1696 | 3158
8- 0 17-10 | 388 12 |48 |44 30| 90 | 92]276 {721 2415} 171.1| 350.2
28- 5 18- 3| 405 13 |50|150] 30 ] 90 | 94| 282 }699| 2468 1727} 3923
29- 4 18-6 | 421 13 [50|150)1 32] 9% | 96)288 | 748 2582} 180.2} 361.1
30- 4| 18-10 | 438 14 |52 ]156] 34 | 102 |100{ 300 | 80.0| 2694 | 1882 ] 339.1

“Includes 14N for two N7 comer plates.

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES
FOR CORRUGATED STEEL CULVERTS

Maximum Span ———W

x
RC

le——Total Rigg——e{

\_ A
| - L
L‘————Bonom Span———-l

—_—

Long Span Low Proflle Arch Sizes and Layout Details

Periphery inside Radius

Max. Bottom Total Top Side Tota)

Span, Span, Rise, A, Top Side
ft-in. ft-in ft-in ft! N{ P [NIP]N Pi tad_ in rad. in.
20- ] 19-10 7- 6 121 23] 69| 6 | 18] 35 105 -1 4- 6
19- 5 18- 1 610 105 231 69 51151337 99 13- | -7
2]- 6 21- 4 7- 8 134 250 751 6 118} 37 111 u-3 -6
22-3 22- 1 7-11 140 % 78] 6 {18 38| 114 14-10 4- 6
23- 0 22- 9 80 147 271 81| 6 |18} 39 ( 117 15- 5 -6
23- % 36 82 154 28 ) 841 6 (1840 120 16- 0 46
-6 a3 -4 161 29, 87 ) 6 |18} 41} 123 16- 6 46
252 250 85 169 30} 9] 6 )18 421 126 17- 1 4- 6
2511 259 87 176 1| B3| 6 )18 [ 431 129 17- 8 46
27- 3 27- 1 10- 0 217 31| B 82447} W 17- 8 6- 4
81 27-11 97 212 B9 72| 4] 14 18-10 55
28- 9 27 10- 3 234 33 9 81| 49} 147 18-10 64
28-10 288 31 221 MI102] 7 |21 48} 144 19- 5 5 S
30- 3 30- 1 %11 238 36108 7 ]2l ] 5 | 150 20- 7 55
30-1) 309 10- & 261 36108 8 |24 52| 15 20- 7 6- 4
3-7 31-2 12- 1 309 3611068 110 |30 5 { 168 20- 7 7-3
- 0 30-10 10- 1 246 J7jur} 7 a1 s1}1s 21- 1 5 5
32- 4 31-11 12- 3 320 | sm 21- 1 7-3
3-8 31-7 16- 3 255 14 7(21(52] 15 21- 8 55
33-1 32- 7 12- 8 130 3114 {10 [0} 58| 174 21- 8 7- 3
33-2 3-0 11- 1 9117 8 24| 55 165 22-13 6- 4
H-5 M- 1 13- 3 3n 33 {117 411 }33) 61141383 22- 1 82
U7 -6 11- 4 308 41 j123 1 8 {24 ] 57| 183 23-5 6- 4
37-11 37-7 15- 8 a7 41 [ 123 |14 |42 ] 69 | 207 23-5 10-11
354 352 -5 318 4211261 8 {24 8] 14 AU-0 6 4
3-8 34 159 4% 42 1126 |14 |42 ] 70 | 210 -0 10-11

NOTE: Larger sizes available for special designs.

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES

FOR CORRUGATED STEEL CULVERTS

Maximum Span ___I

|

]
= |
a \v}
< AT @/
[ B
d L1
! Bottom Fise ]
Long Span High Protlis Arch Sizes and Layout Details
Penphery Inside Radius
Upper Lower
Max. | Bottom | Totat Top Side Side Tatal Top Upper | Lower
Span, Span, Rise, | Ares, Radius, Side, [ Side,
f-in. ft-in. f-in. ft2 N ([P [N|JPI NJP| N| P ft-in. ft-in. | ftom.
20- 1 19- 6 -1 f IS2 [ 231 691 S 15| 3| 9) 39Uz 13-1 4-6 | I3-1
20- 8 18-10 12- 11 214 | 23| 69| 6| 18| 6| 18y 47 141} 13- ! 551 131
21- & 19-10 -8 215} 25| 75 5| 15| 6| 18] 47 ] 141 | 1s-3 4-6 ) 1)
22-10 19-10 14-7 ) 2851 250 75 7| 21| 8| 24| 55| 165 14-1 6-4 1 143
22-3 20- 7 I-10 | 225 ) 261 78 5} 15| 6| 18] 48 | 144 | 14-10 4- 6§ 14-10
2-11 20- 0 14- 0| 276 | 26§ 78 6 ) 181 8| 24| %4 | 162 | 14-10 5- 51 H4-i0
23- 0 21- § 12-0f 235 | 27| 8| 5|15 6| 181 49| 147 | 15-§ -6 ] 155
-4 2l- 6 14-10 | 310 f 27 ) 8L 712l 8| 240 57171 15§ 6-4 | 155
23- 9 22- 2 12-1 | 245§ 28| 84 St 15| 6| 18] S0} 150 16-0 4-6 | 16-0
u- 6 21-11 13- | 289 ) 29| 87| 5} 15| B |28} 55| 165 16-6 -6 | 16-6
259 2}- 2 15-2 | 35|29y 87 7|21 | B |28 59 (177 | 16-6 6- 4 | 16-46
25- 2 23- 3 13-2 7 2831307 90¢ 5115 712l 5a(1e2| 17-1 -6 [ 11-1
26- 6 4-0 15-3 | 348 1 30| 90} 72l 8 (24| 60| 18O | 17-1 6-4 | 17-1
2511 Au- 1 13-3 [ 295 ¢ 31} 93 5|15 7 ([21] 55 165] 17-8 -6 1 17-8
21- 3 24-10 15-5 ) 360 | 31| 93} 7] 21| 8|24 61 ] 183} 17-8 6- & | 17
21- 5 25- 8 13-7 1 N7 | 33 ] 99| 5115 7]21f 57170 L8-10 4- 6 | I18-10
2% 5 21- 1 16-5 7 412 1334 99) 8128 | 8 ([ 24| 65| 195 | 18-10 -3 1 1810
%2 25-11 14- 51 349 | 34 3102 5715 8| 24| €0 | 180 | 19-§ -6 13- 5§
30- 1 26- 9 18- 11 467 | 34 7102) 81 24} 10)30] 704210} 19-5 -3 19-¢%
30-3 8- 2 15-5 | 399 1 36 |108) 6|18 8] 24) 64 | 192 | 20-7 5 51 20-7
31- 7 28- 4 18-4 | 497 | 36 | 1081 8} 24 [ 10 )30 72216 | 20-7 7-3 1 20-7
il-4 29- 0 1.7 ] a3 | 3711l 61 18] 8] 24} 657195} 21-1 5-§ | 21-1
3-8 28 6 17-9 | 484 | 37 11| 7p21 10|30} 71 j2130 2i-1 6- 4§ 21-1
-4 21-11 19-11 ] 554 37 p100 ) 8| 24}t 12|36 17231 21- 1 -3 2-1
31- 9 28-8 | 17-3 ] 470 | 84 6|18} 1030 70|20 21-8 5-51 28
33- 1 28-9 4§ 2-1( S7T1 3814 8|28 12 (36 78)23d4} 21-8 -3 1 2l-8
32- 6 2% 6 17- 4 1 484 | 393117 61 18] 10} 30} 711213 22-3 3-51 21
33-10 %7 20-3 | 588 | 39117 8] 24 12,36 719237} 22-3 7-3 | 2-3
H-0 3l- 2 17-8{ S14 | 41 {123 61 18} 10] 30) 73! 219§ 23-5 5-51] 235
-7 30- 7 19-10 | 591 | a1 ji23 | 728 ¢ 12|36 79 (237 | 23-§ 6-4 1 23-5
35- 3 -7 21-3 | 645 41 1123 8 | 24| 1339 83| 249 | 23-5 -3 1 28-5
37- 3 32-6 | 23-5 | 747 | 41 123 (11 ]33] 13 )39 89| 267 | 23-5% 10-0{ 23-5
-3 31-11 17-10 t 529 | 42 1126 6 ( L8] 1030 76 ) 222 280 31 40
35- 4 3l- 5 20-0 | 608 | 421126 7 )21} 12 36| 80 }2e0] 28-0 6- 4 4-0
30 31- 5 21- 5| 663 | 42 ]126) 8 | 24 ] 13} 39f 84 252 28-0 -3 | -0
30 33-5 | 23-6 ] 767 | 42 {12611 |33 ) 13]39] %270 ]| 240 10-0 | 28- 0

NOTE: Larger sizes availabie for speial designs,

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES
FOR CORRUGATED STEEL CULVERTS

Maximum Span
|
RT
|
RC
3
(-4
3
[ o
Long Span Pear Shape Sizes and Layout Detsiis
Periphary Inside Radius
[ { Rise op ( Comer | Side | Bottom | Total |Bottom! Side | Comer| Top
Rise, | Bottom, Radiug | Radivs, | Radius,| Radius,
fi-in, | ft-in. |Area| N 1P JN] P | N]P I N]|P]| N | P | ft-n [ fein | fivin, | ft-in.
25 8 M-10|481| 25] 75] 5| 15 a4} 72115(30 | 98 294 | B-11 j16-7 ] 6-3 {14-8
2510 | 15 1|496| 22| 66| 7| 21| 22| 662060 [100(300| S-11}17-4] 7-0 |16-2
25111 1510|5211 27| 8117 | 21 | 20| 60|21 |63 |102|306110- 718 1] 6-11 | 1510
27- 8 16- 9|54 27| BLY 5| 15| 25| 75) 18|54 1051315 -3 }19-B| 5 9 [151]
27-01 18- 1(578130| 90| 6} 18]26| 78] 16|48 |110}330) S- 7 |20-4| 47 |15-11
28-3] 18- 059328 ) 841 5] 15301901213 |110]|330| 8- 0] 20- 1] 4 9 |20-11
27-10| 16-10|624| 27 | 81| 8] 24 | 22|66} 25)75)112)336 (12-2|19-0§7-3 |20-5
30-7| 19-7|68%132| 9|7 21| 4f72]124)72(118|354 |11-2)24-0] 7-01]18 2
29-B| 20-0]6991 32| 96 8| 24 | 23| 6912575119357 [11-11 |24 0¢ 6 7 |2]-10
31-2| 1911|736} 34 |102] 7 | 21 |24 | 72| 26|78 }122 366 |12- 1) 24-0| 7-0 |18-3

SOURCE: AMERICAN IRON AND STEEL INSTITUTE
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STANDARD SIZES
FOR ALUMINUM CULVERTS

Helical Pipe Availability, Weights

CORNA. PATTEAN WEIGHT {Lbe.Linest Ft)
1-1/2 2-2/3 3 6 Equiv. Sundard Gauge
x X 4 ) 4
1/4 1/2 1 1 18 16 14 12 10 8
Dramgter {in.)
[ 14 1.7
8 1.8 2.2
10 2.2 2.7
12 3.2 4.0 558
15 39 493 68
18 4.7 59 an
21 5.4 68 3.4
24 6.2 78 ] 10.7 | 128
2 7.0 8.7 ) 121 154
k4] 78 96 13.4 171
x 8.9 1.2 ] 155 199
% 15| w0 | 205
% 107 | 134 | 185} 23.7
42 186 | 238
42 124 JISS ] 215 12725
448 21772 1327
48 1941 L 17.7 | 245 | 14 | 378
48 128 1156 | 218 | 281 | M
54 23.8 | 0.5 | w».7
54 158 1199 | 7S | %52 | Q4
4 14.0 175 | 245 | 1.5 | 383
60 39 | ©38
-] 176 | 20 | 05 | 390 | 470
60 155 ] 194 | 272 | 3489 | 25
68 372 |48
66 170 | 7.3 | 298 | 384 | 488
7] 483
n 263 | B85 | 46.7 | 58.2
7 32| 5| 8 | S08
k] 52.9
] 2851395 ) %5 | &8
] 5.1 ]| 5.2 ]¢52 | 550
a4 58.9
84 307 | 425 | 54 | 85.4
84 378 | 487 | S8.1
€K 4.4 | 582 | 700
80 ©s [ | 8]
9% 484 | 820 | 748
98 Q2|55 | @5
102 S1.4 1 658 | ™A
R 4468 | B9 | "6
108 M4 ] W7 |B9
108 48.5 | 624 | 758
114 574 | 735 | 88S
14 512 | 5.8 | 0.0
120 04 § 773 | 11
120 518 | 9.2 | 84.1

NOTES: 1. Sizes 6 thru 10°" sre available in helical corrugation only.
2, Sizes 12 through 21" in helical configuration have corrugation depth of 7/18" rather than 1/2”,

SOURCE: ALUMINUM ASSOCIATION
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STANDARD SIZES
FOR ALUMINUM CULVERTS

DIAM

Geometric Data — Structural Plate Pipe

Nom. Area Total Nom. Area Total
Diam. Sq. Fi. N Diam. Sq. Ft. N
In. In.
60 19 20 162 145 54
66 23 22 168 156 56
72 27 24 174 167 58
78 32 26 180 179 60
84 kl:] 28 186 191 62
90 44 30 192 204 64
96 50 32 198 217 66
102 56 34 204 231 68
108 63 36 210 245 70
114 71 38 216 259 72
120 79 40 222 274 74
126 87 42 228 289 76
132 95 44 234 305 78
138 104 46 240 321 80
144 114 48 246 337 82
150 124 50 252 354 84
156 134 52 — — -

SOURCE: ALUMINUM ASSOCIATION
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STANDARD SIZES

FOR ALUMINUM CULVERTS

GEOMETRIC DATA - ARCH

~“X" Values For Rise 'Span Rabo
RS Ratio “X” R’S Ratio "X~ Radws
30 6.40 A2 2.10 /
I 596 A3 1.82
32 5.5 44 1.54
a3 5.13 A3 127
Y 1,74 A6 1.00 Rise
35 1,37 A7 Ja ]
36 a0 48 48
.37 3.67 .49 28
.38 1133 .50 .00 /
.39 o 5 24 Span -
20 2.70 .52 A7 X7
3 2.6 12
Typical Seclion
. Rise/ . Rise/
Span Rise Area Totad Span Aadius Span Ane Area Total Span Radius
Fiin. Fiin. Sq.FL N fAatic inches FLin. Fiin, Saq.FL N Ratio inches
5-0 2-7 10.4 10 .52 30 9-0 4.3 a4 18 .50 54
2-3 g5 9 .4z 304 2.3 299 17 .48 53
-9 6.5 8 .36 e, 310 26.3 16 .43 54,
3-5 228 15 .38 56
6-0 3.2 14.9 12 .52 35 2-11 19.1 14 .33 59
2-9 12.6 1 .46 36%,
2-4 10.2 10 .38 rw, 10-0 5-2 a2 20 52 50
1-10 7.8 9 .30 40, 410 373 19 .48 60
1.5 313 8 .44 60y
70 3-8 20.3 14 .52 a2 In 294 17 .40 61,
33 17.5 13 46 42 3-6 253 H .35 64
2-10 148 12 .40 43 3-0 21 15 .30 68",
2-4 120 11 34 a5,
11.0 5-8 498 22 52 66
8-0 4-2 26.4 16 52 a8 5-4 455 21 .48 56
39 233 15 AT 48 4-11 412 20 45 56’
3-4 202 14 .42 48s, 4-B 388 19 .41 677,
2-N 7.0 13 36 50°, 2-0 324 18 .36 69",
2-5 136 12 e 4] 54, 36 278 17 32 T,

SOURCE: ALUMINU
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STANDARD SIZES
FOR ALUMINUM CULVERTS

l+——— Rise

Geomatwic Data—Arch [Continued)

ARCH
(CONT'D)

Span Rise Aree Tetel Riaa Aot | Span Rise Aree Teotel finas Ragive
Fitm Flin. Sa fi L] “‘"" " thehes fua Frin. sqrt ] :’:. ches
120 (%] E)] a2 n -0 %2 140.4 7 - 120%
510 n K n cont -9 1224 s a4 2t
(2] n 45 7, s3 1244 s &1 a2
50 Fi 42 i, 710 1143 34 » 1237
7 ] 38 ] T4 104 = Ei4 1735%,
1 " 34 m; (0] ns z 4 128%
"2 N » 1384
30 [X] &5 » k= ]
- B4 23 - Ta 210 10-10 o Q 2 -
&1 Y] +23 a8 n -6 1T2r ar E ] 128
56 Say a 42 i W1 1543 0 - 2
51 “ws a . =0y [ 1580 » ] 128%
7 434 2 » v, %1 1478 B a4 177
1 .t x 2 6% =1a 1392 kg a2 [E]
a4 o7 % 40 1290,
14-0 7 aa . ) 52 [ ] T-11 22 E-] . 1319
=10 i B n K. ] [ ] 7-5 1134 Ja 5 133,
) .S F] .. ey, &1t 1026 b n tary,
60 840 5 K- [ -] [ ] ”4 R m 142
[ 4 Sh 4 I g »
2 2y - n a8 20 1-3 1948 “ 52 m
- “3 2 a oy 14 1.9 a3 so 152
-7 TR 42 . 112
150 18 ”ns k] 2 0 10-2 1724 [3] .a 132
15 85 2 A9 0 *9 118 0 K {F-]
10 0.6 n k. 90, 9 1548 k. ] 42 33y,
7 a7 Fid .t )] =11 1440 = 40 138
& "y L ] 4 ” L] 1370 3r 3 135y,
55 [ -1 3 Fe- 8 oY% T-11 1779 » s 129
52 w4 % 4 9:8Y, 7.5 mr s E ey,
“a 0.0 a 3 100°% -n 083 Y n a2y
%0 83 02 n 52 » B0 11-11 nry “ 52 k]
7.1 " n -« ] "y xre 45 50 128
7.5 [- 17 n 4T L 1'3 n-1 me aa a8 138
7.t -1 »n 4. *%, 10-8 e a a7 128Y%
- ns -] 41 ", 10 1905 L4 -5 k]
-2 13 L » wvy, 10 1ma3a 4 - (2. oY
5§ ss » 38 107% *5 1820 0 L Ty,
53 @00 F-] k- a8 -1 1527 k- . 1427,
- a3 » 7 144y
2] [30] ey Eo 52 Lo 18 37 x 4y
-5 120 n £l rs ns bed -1 131
(o] 10832 2 &7 -1 18 3 B 138
77 "s n 4%
-2 "y 0 -z 20 125 43 “ EH 148
[ “ F- » 124 nes a ] 144
(] 78e n ar "7 nr2 L] . 1a4
(2] s L ET) 1.3 Ty [ 47 Taav,
3 ©as » i 1910 .1 - K 1440,
104 83 g <3 1431,
wo [ ¥ i » 52 (S} s 2 4 148,
[ 303 1239 -] 30 [ 23 I ¥ 3] n 148
- e 3 A7 0 1593 ] '] 130
[ 2] 1307 ] D A3 - 149.4 » k] 5%
4 10494 E- < -0 133 un 3 155%,
3 72 n K re 1788 ar N 180v,
- " 0 »
- ”s » 33 -0 12-19 2484 0 52 130
[e ] 48 » = 1248 2484 @ 30 150
22 e “ “ 10
190 10 44, » 52 3L | e a7 K 150%,
5 140.7 ¥ 30 H-a 148 “ 43 150,
o] 12 » 48 1011 2088 .5 s 151
- 158 5 45 105 1948 Ty 2 142'%
[ & 1180 34 < 100 198.4 Qg .40 152,
-8 1104 k-1 - >4 "3 « M 153%
1 ey 2 k] =1 e at E 157%,
=0 “s n » &7 1884 [ 34 e,
84 [T 0 a3 =1 %z N P g
510 ot » -1 19 133.7 n E tro
00 t0-4 1642 0 K- 1 -0 133 ara iy 12 15
w00 1.3 » 0 120 12 .0 [ 1] 30 154
-7 end » - 12 170 =44 ) ”~ 154

SOURCE: ALUMINUM ASSOCIATION
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STANDARD SIZES
FOR ALUMINUM CULVERTS

j«——— Risg ——*

ARCH
(CONT'D)
Span
Geometric Data—Arch {Continued)
. Rise/ " . Risers
Span Rise Ares Total Span Radius Span Rise Arns Total Span Radius
Ftin. FLin. Sq.FL N Ratio Inches Fi.in. Ft.in. Sq.FL N Ratio Inches
260 12-3 248.2 49 41 1567, 280 10-2 208.8 45 36 176%
cont 1310 23589 48 46 1563, conL S-3 1971 45 .35 179,
11-§ 225.5 a7 44 157, 5-2 185.1 44 33 183,
11-0 2151 46 &2 158, 8-8 1729 43 31 188
10-6 2046 45 40 159%
10-1 194.0 44 39 161 29-0 15-0 3448 58 52 174
9-7 1833 a3 37 163Y, 14-7 3333 57 50 174
9-1 1724 42 35 166 14-2 axt? 6 a9 174
8-7 161.4 at k k] 169", 13-10 0.2 S5 .48 174y,
B-1 150.1 a0 n 174 13-5 298.6 54 46 174
130 287.1 s3 45 175
27-0 14-0 299.0 54 52 162 12-6 2754 52 4] 175%Y,
13-7 288.2 53 S0 162 12-1 2638 51 42 178%,
13-2 2775 52 49 162 11-8 252.0 50 40 178,
12-9 2687 51 47 162%, 142 240.2 49 29 180
12-4 256.0 50 a5 1622, 10-9 2282 a8 37 182
11-1 245.2 49 a4 183, 10-3 216.1 47 s 184%,
1§ 2344 48 43 ;| 164 9.9 203.8 48 k7] 188
1141 2235 a7 41 165, 8-2 191.3 45 a2 192%,
10-7 2126 a5 39 1887, 8-8 1785 ai 30 197y,
10-2 201.4 as 38 1683,
9-8 190.2 44 k] 171, 30-0 15-8 B0 60 52 180
9-2 1788 43 k73 174 15-1 as7.1 59 50 180
8-7 367.2 42 A2 178, 14-9 2451 58 49 180
8-1 1553 41 30 1839, 4.4 332 57 48 180,
13-11 3212 S8 48 180'%
280 14-6 as 36 52 168 13-6 3ane2 85 45 181
14-1 3104 55 50 168 1349 2972 54 a4 181%,
13-8 2992 54 49 168 12-7 285.1 53 42 182%,
13-3 2881 53 47 168", 12-2 2730 52 a1 184
12-10 2TES 52 45 168", 1-g 2608 $1 39 185%
12-5 2657 S1 aa 168, 1.3 2485 50 37 1875
12-0 254 § 50 43 170 10-3 23650 43 a6 190
11-7 2432 19 a 171 10-3 2733 a8 34 193
11 218 18 a0 172°, 99 210.5 a7 32 197
10-8 2204 a7 as 174, 92 1873 46 k}| 201,

SOURCE: ALUMINUM ASSOCIATION
183




FOR ALUMINUM CULVERTS

STANDARD SIZES

Geometric Data—Pipe Arch

31.8 Haunch
Radius-*
{ins)da)

Typical Section

| f
I 1
Required N insids Aadius

Span Risa Ares B c
Fi-in, Fr-in, Sa.FL Totsl Crown trvert | Haunch [ Crowe Pirert

&7 58 296 25 8 3 7 4415 699 328 153

6-11 5-9 31.9 26 9 3 7 437 102.9 324 19.6

7-3 5-11 343 il 10 3 7 456 188.3 322 238

7-9 &0 36.8 28 9 5 7 56 aae 3.8 29.0

81 81 392 2 10 5 7 533 1081 s hi i)

8-S 6-3 419 k) 1 5 7 549 150.1 3.2 374

£10 -4 s n 1 7 7 633 93.0 a6 “@s

3 E-5 47t 2 " 7 7 644 1128 352 ar1

-7 68 99 3 12 7 7 654 1416 M7 513

=11 65-8 52.7 34 13 7 7 66 4 188.7 342 55.3
10-3 8-9 555 as 14 7 7 67 4 2788 s 592
10-9 E-10 584 36 13 9 7 78 139.6 36 A 65.2
11-1 7-0 61.4 ar 14 9 7 778 172.0 36.1 693
11-§ 7-1 644 k] 15 9 7 782 2220 5.3 733
-8 7-2 575 k] 16 9 7 18.7 aoas M4 A
12-3 7-3 708 40 15 " 7 908 165.2 384 834
12-7 7-5 7 a1 16 " 7 905 200.0 s T4
12-11 7-6 70 42 17 11 7 90 4 251.7 36.5 91.3
137 82 [.kX:] 43 18 13 [ 388 143.6 2.0 93.6
131 8-4 86.8 a4 2 n 6 a7 300 8 RLY ) 917
31 [N 90 3 a5 18 15 3 100 4 1326 46.0 1033
14-0 8-7 94 2 a5 21 13 6 90.3 2151 394 104.5
13-11 85 1015 47 2 )73 5 862 159 3 @28 1039
16-3 8.7 0me? L' ] 24 4 5 872 1763 220 107 0
14-8 -8 109% 49 . 15 5 909 166 2 “a 1123
1411 $-10 1142 S0 25 15 S 9t 8 183.0 432 1155
154 10-0 186 51 25 16 5 95.5 1730 453 1208
157 10-2 123.1 52 % 16 5 96.¢ 1396 a4 1239
16-1 10-4 1278 53 25 17 5 100.2 179.7 4866 129.2
164 10-6 1323 54 27 37 5 101.0 1961 45 7 1323
16-9 08 1269 48 27 18 5 1050 186 3 479 137.7
170 10-10 141 4 56 b 18 S 108.7 025 469 1408
17-3 110 1457 57 29 18 [ 1065 2213 459 1438
17-9 11-2 1516 58 2% 19 5 110 ¢ 208.9 8.2 149 3
18-0 114 156.7 59 » 19 5 111 2273 472 18213
18-5 18 181.7 60 30 0 5 a2 215.2 496 1578
15-8 1-g 167.0 51 k3 20 5 1158 233 485 1650 7
18-2 11-8 1722 52 3 21 5 1199 22t 5 50 9 156 2
19-5 11-19 1776 63 » 21 5 1205 2193 498 169 2
19-10 12-1 92,9 ] » 2 H 1247 2217 523 1748
20-1 12-3 1885 &5 13 2 5 125.2 2453 511 1727
20-1 12-8 194 4 66 a5 2t 5 1225 308 462 1775
20-10 12-7 1997 &7 M 2 - 1300 2512 529 186.2
211 12-9 255 -] as 22 L] 105 2109 512 1891
01-6 12-11 211 2 69 kO] 24 5 148 572 539 1948

SOURCE: ALUMINUM ASSOCIATION
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STANDARD SIZES
FOR ALUMINUM CULVERTS

Crown Radius

Haunch
Radws

Invert
Radtus

\

I

\ ‘
— — Span- >

‘ .

Typical Section

Geometric Data—Vehicular Underpass

_ Sige Radi's

Span Rise Tot Required N Inside Radius (Inches)
Ft In. | Fx In. N Invert Haunch Side Crown Invert Haunch Side Crown
12 1 1 0 47 10.00 4.32 7.69 1299 135.95 3795 88.00 | 6795
12 10 1" 2 49 1104 444 7.50 14.10 148 53 38.53 86.78 7453
13 0 12 0 51 1097 4.27 8.79 13.91 160.54 3754 98.19 7254
13 8 12 4 53 1198 4.36 8.67 14 96 167.77 37.77 102.62 76.77
14 0 12 " 55 1199 4.39 962 14.98 182.90 3790 110.65 76.90
14 6 13 5 57 1307 4.61 9.26 16.18 174 .88 3888 12473 | 7888
14 8 14 1 59 1300 . 4.42 10.58 15.99 192.96 3796 130.01 78.96
15 § 14 5 61 1404 4.59 1033 17.11 20154 38.54 135.39 83.54
15 6 15 2 63 1397 4.45 11.61 1692 21159 3759 149.14 81.59
16 2 15 6 65 14.99 4.50 11.52 17.97 21685 37.85 15440 | 85.85
16 6 16 0 67 14.07 473 12.10 19.29 272.34 39.34 163 .89 89.34
16 8 16 4 68 15.01 4.49 12.49 19.03 246.17 38.17 160.82 89.17
17 3 17 1 70 15.04 5.7 12.20 19.13 214 .64 4764 171.19 90.64
18 5 16 11 72 16.09 5.87 11.95 2027 249.37 48.37 16602 1100.37
19 0 17 3 74 17.02 5.60 12.36 2106 262.29 4729 153.14 {105.29
19 7 17 7 76 17.07 5.79 13.06 21.24 28621 48.21 164.46 1108.21
20 5 17 9 78 1808 5.78 13.05 22.27 317.39 48.39 14994 [115.39

SOURCE: ALUMINUM ASSOCIATION
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STANDARD SIZES

FOR ALUMINUM CULVERTS

Geometric Data—Pedestrian/Animal Underpass

Spon Rise Total To Ts Bc
Fi-in. | FL-in. N in. n. Degrees
61 59 24 92 72 100.2
6-3 6-1 25 11 1.0 118.3
6-3 66 26 1186 156 136.5
6-2 70 27 10.2 211 152.2
6-3 74 28 16 252 1533
6-1 7-10 29 98 309 1617
6-3 8-2 a0 13 350 1813

B¢ (degrees)

Radius
(Inside}

Radius
(tnside)

Span ——p|

Typical Section

SOURCE: ALUMINUM ASSOCIATION

186



STANDARD SIZES
FOR ALUMINUM CULVERTS

Box Culvert Geometric Data

Exteror Rib Splice Structures 24 thru 39 onky
o

Y Haunch Rib Type Il at
2N Odd N P 54- o.c.. Structures 1.23
27" o.c. Structures 24-32

187 o.c.. Structures 3339

=
-~ 4 c
}‘\\;‘/ EJ’ .
/ L O — Ay
s~ ®
a 3 : ‘_.,.
. &2 . -
- - 'Optloﬂ,I 5 T )
\“:\I\ 9" x 2v2° Corm. Invert ;‘ } 9" x 2%" Corr. Shell

-
v [}
T
Span
. ' ! Full Invert Width '
: - - - i
BOX CULVERT CROSS SECTION - '5 o
ide
Angle "E
y
SHELL FULL INVERT
Crowa Heunch Crown
” Shem A"  Rise“E"  Amma bl AR Toat e S Suppiementai/Smb PL
Bamber (FL-in.} Fi-dmt (S PL) § "C™ (M) "D (M) “E” Deg. Mim LY Langth () Length i) Solta/FL Jor~ ()  Thick. Wil (N)  Walght/FL Bals/Pt,
1 8- 9 2-6 18.4 3 5 15-24 14 1@t - 667 [E] — — 2306 578
2 9 2 32 234 5 15 1524 16 2@ s - 1% 17 - - 23.08 ars
] 97 a1 e 5 25 1524 18 2@ 9 - 1200 14 - - e 50
. 10- 0 10 402 s 35 1524 20 2@10 - 12,44 14 - - 20.44 620
5 10- 6 5 7 431 5 45 15-24 22 2@u - 12.89 1% — — 25482 8.2
[ 10-11 6 4 56.4 5 5.5 15-24 4 2@12 - 13.33 17 - - 28.58 557
7 11- 4 7-2 650 s 8.5 1524 26 2@13 - 13 17 — -— 858 867
1 1 10- 2 2- 8 no 7 5 1333 16 2@ 8 - 12.89 15 - - 542 [ ¥
9 10- 7 ¥ S5 1R 7 15 133 18 2@ 9 - 1132 1% — — 2542 6.2
10 10-11 43 35 7 25 1333 20 2@ - 13.78 17 - - 28.58 857
11 11- 4 5- 0 82 7 35 12 22 i@n - 2 17 - - 858 657
12 -8 5 9 572 7 45 1333 2] 2@12 - 1467 17 - — 28.58 6.57
13 12- 1 87 68.4 7 55 1333 8 2@13 - 15.11 17 - - 28.58 6.57
14 12- 8 7- 4 rs.0 7 5.5 1333 2 2@ 14 - 15.58 17 - - 28.58 837
15 1.7 230 8.1 9 0.5 11.42 18 2@ 9 - 1467 7 - - 28.58 637
18 111 37 ara 9 1.5 1142 20 2@ - nmn 17 - - 20,58 637
17 12- 3 4 5 s S & 11.42 2 2@n - 1558 17 - - 28.52 5357
[ 12- 1 5 2 566 9 a5 11-42 4 2@12 - 18.00 19 - - J2.02 719
19 12-11 6 0 X 9 s 13.42 % 2@13 - 16.44 19 - - 32.02 7.4
20 13- 3 6 9 8.9 < 55 1842 28 2@ 14 - 16.89 19 - - 32.02 7t
21 13- 0 3-0 138 1 0.5 952 20 2@ 10 - 15.44 9 - - J2.00 70
2 13- 4 310 “? 1" 1.5 952 2 2@mn - 16.89 19 - - 202 7
2 13- 7 4+~ 7 548 1 25 w52 24 1@12 - 11.33 19 - _ J2.02 LA LI
24 1310 5 5 858 1 35 »52 2% 2@13 - FARE] 19 - -— ki m
25 -1 6 2 78.6 1" 45 52 B 2@ 4 - 2.58 20 - - Eei] 12.14
o] 14 5 33 40.0 13 as &1 2 2@ - 2267 20 - - 13,34 t2.%4
27 14- 8 1 515 13 15 [X] 4 2@ 8 [ 25.58 21 100 2 0.23 12,57
28 14-10 410 63.2 13 25 &1 % 2@ 9 8 26.4a 2 100 2 w0 257
29 181 5 & a0 13 35 &1 F 1@10 L] .09 Fal 100 2 wx 12,57
30 15 4 65 ar2 13 45 &1 0 2@ 11 a 7.3 0 .1oQ z 0.z 12,57
n 15 6 7-3 ¥4 13 55 81 2 @12 8 2 a .100 2 4185 1249
2 15. 9 8- 0 ma 1 85 81 M 2@13 ] nz 2 100 2 41.61 12.59
n 1590 36 “s 15 05 610 U 1@ 8 L] zn 2 .100 2 81 2.9
34 16- Q 4 LK) 15 .5 &n % 29 9 3 158 Frd 190 2 ey 2.9
5 18- 2 5 1 122 19 23 [ 20] o] o010 8 J4.89 px) 100 4 29 131
»n 16 4 51t 852 15 35 &1 30 ien ] 1B 3 100 3 45.75 1311
37 16- 8 6- 8 983 15 45 810 2 2e102 L} mm 23 100 3 4875 art
E ] 16- 8 7- 8 1115 15 55 [ 211] 34 2013 8 .22 23 100 3 45.75 it
0 1810 83 1248 15 63 610 B 204 [ 867 24 100 3 4713 nn
NOTES: %) Waeight ner foot of footing pad includes & 32 x 3 x Y-in. connecting
1) “N" aqusls 9.82*. angle tor each side. Optional wale baam not mciuded
2) Al crowns of shelis have Type IV ribs outsice at 18° on centers. & :":" irvent plates are 100 Ihck, Wihen rescuions la invert reguire ad-
_ ) itionai thickness supplemental plates of thickness and width usied
% Weignta per foot listed do nOt include DOIt waight. are furnished 10 boit Detween full invert and Side coNNecting angle.
4) Waight per 100t of full invert inchudes %2 x 3x % connecting angie 71 Width of foating pad is for sach side.
and scalloped ciosure plate for aach side. inverts for 20N ang greater 8} For struciures using short footing pads wnth leg length “D” equal to

are two-pisce.

- 3.5 N or more, gither wale Deam stitteners should be used O VoK

SOURCE: ALUMINUM ASSOCIATION
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STANDARD SIZES
FOR ALUMINUM CULVERTS

Box Culvert Geometric Data

™

) $———

= Shell Grown A,

Oprona
9 x 2'1” Com. inven

298 %

ooan]

Rise

N

9%y !_v-y i %) i

and graater are two plece.
3 Full invert plates ara 100 thick. Wiven raactions to invert require

= 3 vl
I ¢ Span “A” ‘1
. Full Invert Width “F
—
BOX CULVERT CROSS SECTION x l-.‘""‘ £
SHELL FULL INVERT
Crewn Side Hawnen (= Baits
| e S ) wan L::'n Angie Yo [Sves [ o Supplementsl Stab Mates. Sons
Mumpor  (FLin) FLw)  Befy | CTe DTN T Deg. M M Longth (N) Length ) Feot Y Thicaness  Wikhn Pw Feol Bur Fomt
Skt R b
] 17- 9 10 544 7 5 9454 3 B 10 33156 25 -100 2 4851 13.56
a1 ®» 2 .7 a3 17 15 14.54 2 9 10 3489 2 300 3 a5 1348
< w7 5 s 14 2s 1454 20 1] 0 k¥ x 100 k] @8 1378
Qa %0 [ 971 17 as 1954 2 1 0 30.67 Fid 100 3 8126 1400
- 1% 5 &N mas ” a5 1454 R tH 1 an a7 .100 ] 5128 14.00
-] 1910 7-8 1270 17 53 1454 k] 7 10 irss 2 100 J 284 1w
L 20 3 85 1428 17 65 1454 a8 1" 10 38.00 2 100 ] 8284 un
o w1 42 €33 "0 5 1247 -3 [] 12 H: 27 .100 3 5128 14.00
- %8 1 783 " 1.5 1247 2 9 12 *B2 Fid 100 3 5126 1400
“ %9 58 936 % 25 1247 a2 10 2 758 a7 100 a 5128 1400
% 21 [ ] 1052 19 s 1247 kN 1" 12 ».00 F. 100 k] 5284 un
51 %8 T3 1250 9 a5 1247 % W2 12 54.04 n a2 ] 5809 t4.44
L] 20-10 81 1412 19 55 1247 » 13 12 54.89 n 100 3 54.02 4d4
53 212 510 157.6 " 55 1247 40 4 12 55.33 0 150 3 59.54 1467
54 2 4 “6 k8 Fil 5 1040 2 [} " 4956 F2] 150 3 58.18 1444
35 27 53 ”n2 n 15 1040 » 9 " 22 2 125 3 509 4 dd
" N &1 oS 2 25 1040 3 10 14 54.89 9 .100 k] 407 1404
7 21-3 [£1] 1221 n 3s 1040 1" 1 5533 k4 .1%0 3 954 1487
L] 216 78 139.0 Fil 45 10-40 2 2 14 55.78 30 12 k] 5147 14.87
L] 21 &5 156.0 2 a5 1040 0 13 " 56.22 n a5 3 8299 1489
a0 22 1 9 3 1733 Fi) £ 10-40 42 14 14 568 87 k) 150 3 80.92 14.09
(3] 07 11 (<%} n 5 832 2 $ " 50.89 30 23 3 5747 1487
62 21 58 010 n 15 832 34 0 L] 53,5 EL 175 3 6299 1409
[ 21 X ] 8.4 F=] 25 832 % 1" I S6.22 n 150 3 60.92 1488
[ 23 7.3 1359 23 as 83z £ 12 u 58.57 n 150 4 68.05 14.89
] 26 &1 153.7 n 45 832 @ 13 u 5711 » X0 4 7nes 1511
o 2 9 B0 ”ns 3 a5 832 I+ 1 " 5786 12 A7S 4 .19 1511
o7 230 98 1898 F=) 85 832 4 15 14 58.00 » 130 < 66.43 5.1
[ 29 5 4 [ 1Y 2 5 825 3 0 2] 5222 32 7y a 0,19 FE RN
3 a0 51 137 F2) 15 02 % 1 " 4.9 R 150 4 68.43 1
n 2 2 &n 2y b~ 24 25 8 12 " 57.58 k=] 29 4 7.0 "
n 4 78 1508 -] as 625 L) 19 4 53.00 n .200 4 N 1523
2 28 &8 168.2 -1 45 525 43 1 " 5844 3 200 4 733 1%
73 b= ] [ 3] 881 2 55 625 “ 15 1 59.09 3 A7 a 7057 153
74 2310 101 20790 2 6.5 625 46 16 " 59.33 34 250 4 80.22 15.56
” 240 [N 1082 n 5 18 » 10 18 5155 L7 7 a fa ] 1558
n 1 [ bt X r 15 R 38 " *® s 3 Fro) a 17,46 558
” 7 1 7.4 1468 P14 25 [ar] 0 2 " sae EN 200 [l 74 1558
™ M4 s 2 1882 a7 s 418 < 13 ] 5.0 k) 0 4 T4 T 556
»n s (S]] .57 Fid a5 18 - " L %7 M 200 ] 4.7 556
] 7 (X 2053 Fid 55 1 % 1" "® )] = 00 4 8r.12 1578
a1 24 3 w0 & 225.0 Ed [ 418 48 AL 1 20.687 ] 230 4 8).80 18.78
= 25 2 s 2 1220 F- ) E] 21 »n n 18 5408 3% 200 . r8.00 15.78
(<] > 2 70 1422 n 15 1 ] 12 16 8738 3% 200 . %00 15.79
o~ =2 L] 824 » 5 *n 2 13 1 a2 3 300 4 88.50 18.00
[ 4 7 828 2 as 21 “ ”® "% 8067 38 300 ‘ 8850 18.00
”" 4 5 2029 » 45 an 8 1] . (181} % .300 4 150 18.00
= = 5 w0 2 m3 2 55 n %8 % s §156 % 300 . s850 18.00
NOTES: 1} “N” = §.82 a0gitional thickness, supp) I plates of thickness and widih
2 Al sheils have Type IV ribs outsice only. Both haunch and crown listed are furnished ta bolt between ful) invert and side connecting
riba &re 18° on canters for structures 40 through 50 and 8° on sngres. When thickness listed is graater than a 250~ luaplmnm

for stn, S5t ugl plates will be two pieces equailing the P t oy

T Weights per foot listed do not include bolt weight. 6) Weight per foot of footing pads inciudes 3% x3x % connecting
4) Welght per foot of futl inwert includes 3 x3x % connecting angie angle for each side. Optional waie beam weight is not included.
and acalioped claaure plate for sach side. Inverts for 20 N wicth 7 Wicth of footing Dads is Tor each side. When thickness lisied is

greater than 250" the footinq pads will be two DISCet aqQualling the
thickness

SOURCE: ALUMINUM ASSOCIATION
188



STANDARD SIZES

FOR ALUMINUM CULVERTS

Required N Inside Radius
Span Riss Ares
Fi.-in Ft-in. n Crown or Haunch Total Crown & Haunch
invert Invert in. in.

19 4 12 9 191 22 10 64 150.3 539
20 1 13 0 202 23 10 66 157.2 539
20 2 11 10 183 24 8 64 164.1 428
20 10 12 2 193 25 8 66 171.0 428
21 0 15 1 248 23 13 72 157.2 704
21 1" 13 1 220 26 9 70 177.9 48.4
22 6 15 8 274 25 13 76 171.0 70.4
23 0 14 1 249 27 10 74 184.8 539
23 3 15 11 288 26 13 78 1779 70.4
24 4 16 1" 320 27 14 82 184.8 759
24 6 4 7 274 29 10 78 198.6 539
25 3 14 1" 287 30 10 80 205.4 539
25 6 16 9 330 29 13 84 198.6 70.4
26 1 18 2 369 29 15 88 198.6 814
26 3 15 10 320 a1 11 B84 2123 594
27 0 16 2 334 32 1 B6 219.2 59.4
27 2 19 1 405 30 16 92 2054 86.9
27 11 19 5 421 31 16 94 2123 B69
28 1 17 1 369 33 12 S0 2261 64.9
28 10 17 4 384 34 12 92 2330 649
29 5 19 1 455 33 16 98 226.1 86.9
30 2 20 2 472 34 16 100 233.0 86.9
30 4 17 11 415 36 12 96 246.8 649
31 2 21 2 513 35 17 104 2399 92.5
N 4 18 " 454 37 13 100 2537 70.4
a2 1 19 2 471 38 13 102 2606 70.4
32 3 22 2 555 36 18 108 246.8 98.0
33 0 22 5 574 37 18 10 253.7 98.0
a3 2 20 1 ‘513 39 14 106 2675 75.9
4 1 23 4 619 as 19 114 2605 103.5
24 8 20 8 548 41 14 110 281.2 758
s 0 21 4 574 41 15 112 281.2 814
35 2 24 4 666 39 20 118 267.5 109.0
a5 10 25 9 719 39 22 122 267.5 120.0
36 1 22 4 620 42 16 116 2881 869
36 11 25 7 736 41 21 124 2812 114.5
a7z 2 22 2 632 44 15 118 3019 814
38 0 26 7 786 42 22 128 288.1 1200
38 8 28 0 844 42 24 132 288 1 131.0
40 1 29 8 928 43 26 138 2950 1421

SOURCE: ALUMINUM ASSOCIATION
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STANDARD SIZES
FOR ALUMINUM CULVERTS

Geometric Data—Pipe Arch

Required N ingide Radius

Spen Rise Area 8 c

Ft-in Ft-in. n Total | Crown | Invert | Haunch c’;'" h.\:‘m
20 1 13 N 218 [%:] 34 20 7 t22.7 2242 52.9 146.7
20 7 14 3 229 70 36 20 7 1249 256.4 61.4 152.8
21 S 14 7 241 72 36 22 7 131.7 2373 654 1634
21 11 14 1 254 74 38 22 7 133.7 2688 638 169.4
22 8 15 3 267 76 39 23 7 138.2 2749 65.0 177.8
23 4 15 7 281 78 40 24 7 142.7 2810 66.3 186.1
24 3 15 10 295 80 40 26 7 150.0 262.8 708 196.8
24 9 16 3 309 82 42 26 7 151.7 293.0 68.9 202.9
25 S 16 7 324 84 43 27 7 1586.2 299.0 70.2 2113
26 4 16 10 339 86 43 29 7 163.9 2813 750 2221
27 0 17 2 354 88 44 30 7 168.6 287.4 76.4 2305
27 9 17 6 369 S0 45 K} 7 1733 2935 779 238.9
28 S 17 10 385 92 46 32 7 178.0 2996 793 2473
29 4 18 2 401 94 46 34 7 186.6 286.7 846 2579
29 10 18 6 418 96 48 34 7 187.5 3116 82.3 264.2
30 4 18 10 435 98 50 34 7 188.6 3401 80.0 270.2

SOURCE: ALUMINUM ASSOCIATION
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STANDARD SIZES
FOR ALUMINUM CULVERTS

. MAXIMUM SPAN g

(1Y)
@ 3
T h-]
= 3
Geometric Data—Low Profile Arch & @
=
BOTTOM SPAN
Max. Total Aren Bottom Top Required N Inside Radius i
Span Rise nz Span Rise Crown Side
Flein. Ft-in Ft-in. Ft-in, Crown Side Total n in. Deg. Min.
20 1 7 [ 120 9 10 6 [ 23 6 a5 1872 s¢ 0 12 19
19 5 [ 9 105 19 2 s 10 23 5 3 1572 Q0 15 22
21 s 7 ] 133 F3 4 6 9 25 6 37 1710 540 12 19
2z 3 b7 1 140 22 1 [ 11 26 6 28 1779 540 12 19
23 0 a [ 142 2 10 7 ] 27 6 a9 184 8 s40 12 19
23 9 8 2 154 23 5 7 2 28 6 0 1917 540 12 19
28 6 8 3 161 24 3 7 4 29 6 “ 198 6 540 12 19
25 3 -] 5 188 25 0 7 5 30 6 42 205 4 540 12 19
26 ¢ [] 7 175 5 [] 7 7 3t 6 43 212.3 54,0 12 19
27 3 10 0 217 27 1 ] 0 3 8 a? 21223 76.0 8 &
28 1 9 6 212 27 1N 3 7 33 ? 47 2261 85.0 w0 17
28 9 10 300 23« ! 28 7 5 3 33 8 49 226.1 76.0 8 52
28 ] e s | 220 1 28 [] 8 a 34 7 a8 2330 65.0 w17
30 4 - 1" 27 30 2 9 0 3% 7 50 2468 65.0 10 17
31 0 110 [ 261 30 10 ] L] 36 8 52 2468 76.0 B 52
n 7 P12 1 309 3 2 |10 4 36 10 56 2488 870 14 ]
3t 1 10 1 248 10 9 1 37 7 51 2537 85.0 10 37
32 4 12 k] ng 31 1 | [ 37 10 57 2537 870 14 ]
n 9 10 2 255 3 7 ] k] kT] 7 52 260.6 65.0 w17
32 1 12 5 330 32 8 |0 8 38 10 58 2606 870 14 0
33 2 1 ] 289 33 ¢ |10 1 39 8 S5 2675 76.0 8 s2
34 6 13 3 w7 k7S 1 11 [ a9 1 61 267.5 98.0 12 %
34 8 1" 4 08 3 & | 10 4 a1 8 57 2812 760 8 S
37 11 15 7 478 az ] 13 10 41 14 63 8.2 13t 0 9 23
38 s 1 s 318 35 3] 10 § 42 ) 58 2881 76.0 s S2
38 ] 15 9 4 38 4 | 14 0 €2 14 0 288.1 1310 g

Sas ‘Notes” Table 5-20A or 5208 h b spacwn wihen regueed.

SOURCE: ALUMINUM ASSOCIATION
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STANDARD SIZES
FOR ALUMINUM CULVERTS

MAAIMUM SPAN

IL_-
N

o - 4
. . . 3
Geometric Data—High Profile Arch - ]
= ~-
Q
[
ol BOTTOM SPAN =
| max | Tow | ... | Bomom | Top Required N inside Redius 8
Span Riss 1 Spen | Rise Crown | Haunch |  Side
Ft-in. | Ft-in. " F-in. | Frin. | Crown ] Hsunch [ Side Total in. iy in. Deg. Min
ERRE) 1 152 19 6]6 6 2 5 a » 157 2 540 157 2 T
v ef1z 1 214 18 1wi{7r 23 23 8 6 .7 157 2 650 157 2 22 8
21 s8] 8 215 19 1|6 9 25 5 & a7 1710 540 1”710 20 20
22 W] 6 2684 19 w08 6 25 7 8 55 1710 76 0 1710 26_ 48
22 3} 11 9 231 20 {6 11 26 s 6 48 1779 540 1779 19 33
22 1l o 275 20 1{7 7 26 ] 8 54 1779 550 1779 25 4a
23 o1V 1 234 21 s{7 ) 27 5 6 49 184 8 54 0 184 8 18 a9
24 4| 1a " 309 21 78 5 27 7 8 57 184 B 760 184 8 2¢ 50
22 9|12 1 244 2 27 2 28 5 [ 50 1917 540 1 1917 18 8
24 6 {13 8 288 21 M"miz a 3 S 8 55 198 6 540 198 6 23 2
25 W] 334 23 ite 9 2 4 8 59 198 6 760 198 6 23 6
25 3|13 v 283 23 Ity s 30 5 4 54 2054 540 205 a 1938
26 6|15 23 7 24 08 10 30 7 8 | 60 205 4 76 0 205 4 22 19
2 o3 23 294 24 17 7 a s H 55 2123 540 2123 18 7
27 3|15 S 380 24 wie o n 7 8 &1 2123 760 2123 FIR-"
27 sl 6 37 25 8l? 10 kx) 5 7 57 2261 540 2261 17 a8
29 5 ¢ 5 112 27 T10 0 23 8 8 &5 226 870 | 2260 V2 8
28 2] s 348 25 11]8 0 3 H 8 60 2330 540 we 9w
o 2w o 465 26 8 jwo 2 34 8 0 70 2330 B8 D 2330 a3 %
B 4|15 S 399 2@ 219 0 35 6 8 54 2468 650 2068 | 13 34
3 7|18 4 7 28 5|10 e 36 8 10 2 2468 870 2468 l 23 3
N ri1s 7 "z 29 L] 1 a7 6 B s 2537 650 2517 L1 I
n s{17 @ ITx) 28 Tis 10 7 7 10 7 2537 76 0 2537 2 25
2 4w n 554 27 w lte 6 37 [ 12 44 2537 87 0 2537 26 4%
31 9|7 2 468 28 9 (9 E] 38 3 10 70 260 6 650 260 6 FIEL
N t ] 20 1 571 28 9| 8 8 [} 12 78 2606 e’ o 250 6 % 2
R 6 |17 ] 484 29 619 a » [ 10 Al 267 5 650 267.5 21 14
33 1wl 3 568 29 71w 9 3 ] 12 ks ] 26748 870 267§ 25 22
34 0|17 & 514 31 219 8 [T [ 0 73 281 2 650 | 2812 20 1
M Bjtg 10| sh % 7)1 a at 7 12 ) 2812 60 | 2812 24 7
as al 21 3 845 ] 7l n 0 ay s 1] 83 2812 870 281 2 26 [}
37 3|23 4 747 12 7 b3 2 a 31 13 89 2812 1200 2812 % 8
M 9|17 9 529 IR K 42 6 10 74 208 1 550 2881 9 a2
I3 sl o 608 at *fw 6 «Q ? 12 80 2881 760 2881 22 1
% 1 )2 s 653 3 sta 2 2 8 13 8a 288 1 870 2881 P ]
18 of2a & 787 13 5113 3 42 1" 13 % 288t 1200 288 1 25 N
See “Notes” Table 5-20A or 5-208 for rib spacmy when required.

SOURCE: ALUMINUM ASSOCIATION
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STANDARD SIZES

FOR ALUMINUM CULVERTS

Geometric Data—Pear Shape

MAXIMUM SPAN

w @
H - o
2
E
[=3
-]
. Required N Inside Radius

Span | Pise | oo | Ares :

Fran, | P40 | TR ! Top | Comer | Side [ Bottom | Total Boi:om sl':' Cc::‘mr 1;:?
23 7125 &{14 10 477 25 5 24 15 98 108.21 198 07 74 07 175 07
24 0725 1915 1 497 22 7 22 2n 100 119.07 | 20807 84 07 184 07
25 4|25 1115 10 518 27 7 20 20 102 12423 21824 84 24 19124
24 10|27 716 9 545 27 S 25 18 105 11090 | 236.21 69 21 191.21
28 1027 319 8 590 32 7 27 8 110 7961 | 257.96 68 96 252 96
26 828 3{18 ¢© 594 28 5 30 12 110 9545 | 24124 57.24 251 24
28 0[27 10}16 9 624 27 8 22 25 112 14638 | 227 72 86.72 244 72
8 7130 7119 7 690 32 7 24 24 118 13313 | 288 45 84 45 21845
30 0[l29 7120 O 699 32 -] 23 25 118 14241 | 28826 79 26 262 26
30 0|3 2119 11 739 34 7 24 26 122 144 43 | .288 58 84 58 231 58

SOURCE: ALUMINUM ASSOCGIATION

193




GLOSSARY OF TERMS

Abrasion
Wearing or grinding away of material by water laden with sand, gravel, or
stones.

Aggradation
General and progressive raising of the streambed by deposition of

sediment.

Aggressive Environment
A soil-stream environment where corrosion-abrasion deterioration is
highly destructive to culvert life.

Allowable Headwater
Difference in elevation between the flowline of the culvert and the
lowest point at which the water surface upstream would either flood the
roadway or jeopardize property.

Anode
A metallic surface on which oxidation occurs, giving up electrons with

metal ions going into solution or forming an insoluble compound of the
metal.

Autogeneous Healing
A process where small cracks are healed by exposure to moisture, forming
calcium carbonate crystals that accumulate along the crack edges,
inter-twining and building until the crack is filled.

Backfill
The material used to refill the trench, or the embankment placed over the
top of the bedding and culvert.

Backwater
The water upstream from an obstruction in which the free surface is

elevated above the normal water surface profile.

Bedding
The soil used to support the load on the pipe. For rigid pipe, the
bedding distributes the load over the foundation. It does the same thing
for flexible pipe except that it is not as important a design factor.

Bed Load
Sediment that moves by rolling, sliding, or skipping along the bed and is
essentially in contact with the streambed.

Bituminous (Coating)
Of or containing bitumen; as asphalt or tar.

Box Section
A concrete or corrugated pipe with a rectangular or nearly rectangular
cross section.
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Buckling
Failure by an inelastic change in alignment (usually as a result of
compression).

Buried Pipe
A structure that incorporates both the properties of the pipe and the
properties of the soil surrounding the pipe.

Buoyancy
The power of supporting a floating body, including the tendency to float
an empty pipe (by exterior hydraulic pressure).

Capacity
Maximum flow rate that a channel, conduit, or structure is hydraulically
capable of carrying. The units are usually CFS or GPM.

Cathode
A surface that accepts electrons and does not corrode.

Cathodic Protection .
A means of preventing metal from erroding. This is done by making the
metal a cathode through the use of impressed direct current or by
attaching a sacrificial anode.

Cavitation
A phenomenon associated with the vaporization of a flowing liquid at high
velocities in a zone of low pressure, wherein cavities filled with liquid
{(vapor bubbles) alternately develop and collapse; surface pitting of a
culvert may result.

CFsS
Rate of flow in cubic feet per second.

Critical Flow
The condition of flow in a channel where the specific energy for a given

discharge is minimum.

Class
The grade or quality of pipe.

Coating
Any material used to protect the integrity of the structural elements of
a pipe from the environment, and add service 1life to the cuivert.

Compaction
The process by which a sufficient amount of energy is applied to soil to
achieve a specific density.

Conductor

A metallic connection (in drainage facilities, usually the pipe itself)
that permits electrical current flow by completing the circuit.
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Conduit
Usually a pipe, designed to flow according to open channel equations.

Corrosion
Deterioration or dissolution of a material by chemical or electrochemical

reaction with its environment.

Cover
The depth of backfill over the top of the pipe.

Crack
A fissure in installed precast concrete culvert.

Critical Flow
That flow in open channels or conduits at which the energy content of the
fluid is at a minimum.

Crown
The top or highest point of the internal surface of the transverse cross

section of a pipe.

Culvert
A drainage opening beneath an embankment, usually a pipe, designed to

flow according to open channel equation.

D-Load
The supporting strength of a pipe loaded under three-edge-bearing test

conditions expressed in pounds per lineal foot per foot of inside
diameter or horizontal span, or expressed in new tons per linear meter
per millimeter of inside diameter or horizontal span.

D-Load, 0.01-in. (0.25 mm} Crack
The maximum three-edge-bearing test load supported by a concrete pipe
before a crack occurs having a width if 0.01 in measured at close
intervals, throughout a length of at least 1 ft expressed as D-load.

Debris
Any material including floating woody materials and other trash,

suspended sediment, or bed load, moved by a flowing stream.

Degradation
General progressive lowering of the stream channel by erosion,

Discharge (Q)
Flow from a culvert, sewer, or channel in cubic feet per second (CFS).

Drainage

Interception and removal of ground water or surface water by artificial
or natural means.
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Drop Inlet
A type of inlet structure which conveys the water from a higher elevation
to a lower outlet elevation smoothly without a free fall at the discharge.

Electrolyte
Moisture or a liquid carrying ionic current between two metal surfaces,

the anode and the cathode.

Embankment
A bank of earth, rock or material constructed above the natural ground
surface over a culvert.

End Section
A concrete or steel appurtenance attached to the end of a culvert for the
purpose of hydraulic efficiency and anchorage.

Energy Gradient
The increase or decrease in total energy of flow with respect to distance
along the channel.

Energy Grade Line
The 1ine which represents the total energy gradient along the channel.
It is established by adding together the potential energy expressed as
the water surface elevation referenced to a datum and the kinetic energy
{usually expressed as velocity head) at points along the streambed or
channel floor.

Erosion (Culvert)
Wearing or grinding away of culvert material by water laden with sand,
gravel, or stones; generally referred to as abrasion.

Erosion (Stream)
Wearing away of the streambed by flowing water.

Female End of Pipe (bell, socket, groove, modified groove)
That portion of the end of the pipe, regardless of {its shape, size, or
dimensions, which overlaps a portion of the end of the adjoining pipe.

Flexible Pipe
A pipe with relatively little resistance to bending. As the load
increases, the vertical diameter decreases and the horizontal diameter
increases, which is resisted by the soil around the pipe.

Flood Frequency
The average time interval in years in which a flow of a given magnitude,
taken from an infinite series, will recur.

Flow Line
A line formed by the inverts of pipe.

Foundation
The inplace material beneath the pipe.

191



Free OQutlet
Exists when the backwater does not diminish the discharge of a conduit.

Gauge
A standard or scale of measurement.

GPM
Gallons per minute,

Grade
The longitudinal slope of the channel as a ratio of the drop in elevation
to the distance.

Gradient
See grade

Groundwater
Water contained in the subsoil which is free to move either vertically or
horizontally.

Hair Line Cracks
Very small cracks that form in the surface of the concrete pipe due to
tension caused by loading.

Haunches
The outside areas of a pipe between the spring 1ine and the bottom of the

pipe.

Head (Static)
The heights of water above any plane or point of reference.

Headloss
The loss of energy reported in feet of head.

Headwall
A concrete structure placed at the inlet and outlet of a culvert to
protect the embankment slopes, anchor the culvert, and prevent
undercutting.

Headwater
The distance between the flowline elevation at the inlet of a culvert and

the water surface at the iniet.

Hydraulics
The mechanics of fluids, primarily water.

Hydraulic Gradeline
An imaginary line, representing the total energy and paralleling the free

water surface if the flow were at atmospheric pressure.
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Hydraulic Jump
An abrupt rise in the water surface in the direction of flow when the
type of flow changes from supercritical to subcritical.

Hydraulic Radius
The cross-sectional area of flow divided by the length of that part of
its periphery in contact with its containing conduit; the ratio of area
to wetted perimeter.

Hydrology
The science of water related to its properties and distribution in the
atmosphere, on the land surface, and beneath the surface of the land.

Inlet Control
A culvert operates with inlet control when the flow capacity is
controlled at the entrance by the depth of headwater and the entrance
geometry, including the barrel shape, cross-sectional area and the inlet
edge.

Invert
The bottom or lowest point of the internal surface of the transverse
cross section of a pipe.

Joint
A connection between two pipe sections, made either with or without the
use of additional parts

Male End of Pipe (Spigot, Tongue, Modified Tongue)
That portion of the end of the pipe, regardless of its shape or
dimensions, which is overlapped by a portion of the end of the adjoining

pipe.

Manning's Formula
An equation for the value of coefficient C in the Chezy Formula, the
factors of which are the hydraulic radius and a coefficient of roughness.

Metal Corrosion
An electrical process involving an electrolyte (moisture), an anode (the
metallic surface where oxidation occurs), a cathode (the metallic surface
that accepts electrons and does not corrode), and a conductor (the metal
pipe itself).

Minor Head Losses
Head lost through transitions such as entrances, outlets, obstructions,
and bends.

0-Ring Basket
A solid gasket of circular cross section.

Outfall
In hydraulics, the discharge end of drains or sewers. Also referred to

as outlet.
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Outlet
See Qutfall.

pH Value
The log of the reciprocal of the hydrogen ion concentration of a
solution. A pH value of 7.0 is neutral; values of less than 7.0 are
acid; values of more than 7.0 are alkaline.

Pipe
A tube or conduit.

Pipe Diameter
The inside diameter of a pipe.

Piping
A process of subsurface erosion in which surface runoff flows along the
outside of a culvert and with sufficient hydraulic gradient erodes and
carries away soil around or beneath the culvert.

Ponding :
Water backed up in a channel or ditch as the result of a culvert of

inadequate capacity or design to permit the water to flow unrestricted.

Prestressed Concrete
In pretensioned concrete, the steel bars, wires, or cables are held in a
stretched condition during placing of the plastic concrete and until the
concrete has hardened; then the pull on the reinforcing steel is released.

Reinforced Concrete Pipe '
A concrete pipe designed with reinforcement as a composite structure.

Rigid Pipe
A pipe with a high resistance to bending.

Rip Rap
Rough stone of various sizes placed compactly or irregularly to prevent
scour by water or debris.

Roughness Coefficient (n)
A factor in the Kutter, Manning, and other flow formulas representing the
effect of channel (or conduit} roughness upon energy losses in flowing
water.

Resistivity (Soil)

An electrical measurement in ohm-cm, which is one of the factors for
estimating the corrosivity of a given soil to metals.

Runoff
That part of precipitation carried off from the area upon which it falls.
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Sacrificial Coating
A coating over the base material to provide protection to the base
material. Examples include galvanizing on steel and aluclading on
aluminum.

Sacrificial Thickness
Additional pipe thickness provided for extra service 1ife of the culvert
in aggressive environment.

Scour (Outlet)
Degradation of the channel at the culvert outlet as a result of erosive

velocities.

Seepage
The escape of water through the soil, or water flowing from a fairly
large area of soil instead of from one spot, as in the case of a spring.

Skew (Skew Angle)
The acute angle formed by the intersection of the line normal to the
centerline of the road with the centerline of a culvert or other
structure.

Slabbing
Radical tension failure of the concrete, resulting from the tendency of
the curved reinforcing to straighten out under load.

Slide
Movement of a part of the earth (embankment) under the force of gravity.

Spalling (Culvert)
The separation of surface concrete due to fractures in the concrete
parallel or slightly inclined to the surface of the concrete.

Springline
The points on the internal surface of the transverse cross section of a
pipe intersected by the line of maximum horizontal dimension; or in box
sections, the mid-height of the internal vertical wall.

-Suspended Load
Sediment that is supported by the upward components of the turbulent

currents in a streamand that stays for an appreciable length of time.

Tailwater Depth
The depth of water just downstream from a structure.

Three-Edge-Bearing Method
A method for applying the load to a pipe in an external load-crushing
strength test.

Velocity Head
For water moving at a given velocity, the equivalent head through which
it would have to fall by gravity to acquire the same velocity.
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Wall (Concrete Pipe)
The structural element composed of concrete or concrete and reinforcing
steel between the inside and outside of a concrete pipe.

Watercourse
A channel in which a flow of water occurs, either continuously or

intermittently, with some degree of reqularity.

Watershed
Region or area contributing to the supply of a stream or lake; drainage
area, drainage basin, catchment area.

Wetted Perimeter

The length of the wetted contact between the water and the containing
conduit measured at right angles to the conduit.
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