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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 Office,
Washington, DC 20402 or the National Technical Information Service,

Springfield, Virginia 22161.
s
/MQ@ N s L
-Ronald £, Heinz - R. J. Betsold
D

Director, Office o /// Diregéor, 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. The 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
essential 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 inspection
procedures. A few of the more significant differences between bridges and
culverts are:

o 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 live 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,
1ive 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 live 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.



Maintenance--Because culverts usually constrict flow there is an
increased potential for waterway blockage by debris and sediment,
especially for culverts subject to seasonal flow. Multiple barrel
culverts may also be particularly susceptible to debris accumulation, as
shown in exhibit 1. Scour caused by high outlet velocity and turbulence
at inlet end is a concern. As a result of these factors, routine
maintenance for culverts primarily involves the removal of obstructions
and the repair of erosion and scour. Prevention of joint leakage may be
critical in culverts bedded in pipeable soils to prevent undermining and
loss of support.

Exhibit 1. Accumulation of debris at culvert inlets may be a
recurring problem in some locations.

Traffic Safety--A significant safety advantage of many culverts is the
elimination of bridge parapets and railings. Culverts can usually be
extended so that the standard roadway cross section can be carried over
the culvert to provide a vehicle recovery area. However, when ends are
located near taffic lanes or adjacent to shoulders, guardrails may be
used to protect the traffic. Less differential icing, which occurs when
water on the bridge deck freezes before water on._the nearby roadway, is
an additional benefit.



e Construction--Careful attention to construction details such as bedding,
compaction, as shown in exhibit 2, and trench width during installation
is important to the structural integrity of the culvert. Poor
compaction or poor quality backfill around culverts may result in uneven
settlement over the culvert and possibly structural distress of the
culvert.

Exhibit 2. Attention to construction details such as compaction, bedding,
and trench width is critical to proper culvert performance.

e Durability--Durability of material is a significant problem in culverts
and other drainage structures. In very hostile environments corrosion
and abrasion can cause deterioration of all commonly available culvert
materials.

e Inspection--The inspection and assessment of the structural condition of
culverts requires an evaluation of not only actual distress but
circumstantial evidence such as roadway settlement, pavement patches,
and embankment condition.

Until now, there has been 1ittle concise information available that deals
specifically with the inspection and evaluation of culverts. The purpose of
this manual is to meet this need for guidelines for the inspection of
structures functioning structurally and hydraulically as culverts regardless
of span length. '



Section 1. NEED FOR CULVERT INSPECTIONS

1-1.1 Introduction.

Over the years, culverts have traditionally received less attention than
bridges. Since culverts are less visible it is easy to put them out of mind,
particularly when they are performing adequately. Additionally, a culvert
usually represents a significantly smaller investment than a bridge and in the
event of a failure usually represents much less of a safety hazard.

Since 1967 there has been an increased emphasis on bridge safety and on bridge
rehabilitation and replacement programs. In many cases small bridges have
been replaced with multiple barrel culverts, box culverts, or long span
culverts. There have also been recent advances in culvert design and analysis
techniques. Long span corrugated metal culverts, as shown in exhibit 3, with
spans in excess of 40 feet were introduced in the late 1960's.

Exhibit 3. This long span high profile arch replaced a
small bridge in North Carolina.

As a result of these developments, the number, size, complexity, and cost of
culvert installations have increased. The failure of a culvert may be more
than a mere driving inconvenience. Failure of a major culvert may be both
costly and hazardous, as shown in exhibit 4.



Exhibit 4. Several fatalities occurred due to this culvert failure.

Like bridges, culverts should be inspected regulariy to identify potential
safety problems and maintenance needs or other actions required to preserve
the investment in the structure and to minimize property damage due to
improper hydraulic functioning.

1-1.2 Safety.

Safety is the most important reason why culverts should be inspected. To
insure that a culvert is functioning safely, the inspection should evaluate
structural integrity, hydraulic performance, and roadside compatibility.

a. Structural Integrity--The failure of major culverts can present a life
threatening safety hazard. The identification of potential structural and
material problems requires a careful evaluation of indirect evidence of
structural distress as well as actual deterioration and distress in the
culvert material.

b. Hydraulic Performance--When a culvert's hydraulic performance is
inadequate, potential safety hazards may result. The flooding of adjacent
properties from unexpected headwater depth may occur. Downstream areas may be
flooded by failure of the embankment. The roadway embankment or culvert may
be damaged because of erosion, as shown in exhibit 5.



Exhibit 5. Roadway and embankment wash-out.

c. Roadside Compatibility--Many culverts, like older bridges, present
roadside hazards. Headwalls and wingwalls higher than the road or embankment
surface may constitute a fixed obstacle hazard. Abrupt dropoffs over the end
of a culvert or steep embankments may represent roll-over hazards to vehicles
which leave the roadway.

1-1.3 Maintenance Needs.
Lack of maintenance is a prime cause of improper functioning in culverts and

other drainage structures. Regular periodic inspections allow minor problems
to be spotted and corrected before they become serious.

Section 2. OBJECTIVES, AUDIENCE, AND ORGANIZATION OF THE MANUAL

1-2.1 Objectives.

a. The priﬁary objective of this manual is to provide information that will
enable users to do the following tasks:

(1) Properly inspect an existing culvert.
(2) Evaluate structural adequacy.
(3) Evaluate hydraulic adequacy and recognize potential flood hazards.
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(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 guidelines 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 qualifications 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."




The culvert inspector should have knowledge of how culverts function
hydraulically and structurally and the significance of defects that may be
found during a culvert inspection.

b. Physical Ability--The culvert inspector must be capable of working under
physically demanding conditions, including cramped spaces, rugged terrain,
steep embankments, and in and around water.

c. Skills--Certain skills are needed to adequately prepare for, conduct,
and document a culvert inspection. To prepare for an inspection the inspector
should be able to read plans, construction documents, and previous inspection
reports. To conduct a culvert inspection the inspector should have a working
knowledge of the use of measuring devices including rules, tapes, feeler
gauges, protractors, and micrometer calipers, as illustrated in exhibits 6
and 7. The ability to use a transit or surveyor's level is desirable. The
jnspector should also be aware of potential safety hazards. To adequately
document the inspection, the inspector must be able to letter legibly, draw
technical sketches, and operate a camera.

Exhibit 6. Stringline and rule being used to check middle ordinate
of top plate of structural plate culvert.



Exhibit 7. Micrometer being used to check plate thickness.

d. Attitude--The inspector should approach each inspection with the
expectation of finding serious defects.
2-1.2. Specialized Equipment and Standard Tools.
Tools and equipment needed for culvert inspections are listed in this ‘
section. A more extensive 1isting of bridge inspection tools and equipment is
provided in the "Bridge Inspector's Training Manual 70."

a. Standard Tools and Equipment---The inspector should be prdvided with the
following tools and equipment:

(1) Transportation vehicles, such as a van or carry-all, to haul men and
equipment to the inspection sites.

(2) Measuring tools, such as tapes, rulers, feeler gauges, calipers,
“plumb bob, protractor, and sounding line.

(3) Hand tools, such as geologist's hammer, chisel, scraper, pocket
knife, wire brush, ice pick, and probes or pointed steel rods.

(4) Debris removal tools, such as hand shovel, pick, and brush hook or
machete. .
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(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. :

Pﬁotographic 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
collection 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 Tong 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. Drills 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. '
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(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 inadequate 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 adequacy 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 (OSHA)
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 1ine may also be required, and one
person should always remain outside the confined space.

2-2.2. Drowning Hazards.

a. Scour Holes--Erosion of the streambed during peak flows may leave
hazardous pockets of deep water. During 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
Jevels 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 lighting and
reduced space inside the culvert barrel may 1imit the inspector's ability to
react or avoid these hazards. The inspector should exercise caution when
removing debris or vegetation.
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Exhibit 8. Inspectors should use caution when working in areas
' that may be inhabited by snakes, rodents,
or other animal hazards.

d. Other Hazards—-Poison ivy, ticks, wasps, and other stinging or biting
insects may also be hazardous to the inspector. The inspector should learn to
recognize and avoid poisonous plants, should check clothing, skin, and scalp
for ticks, as shown in exhibit 9, and should wear appropriate clothing where
biting insects may be a problem. Insect repellents and insecticide sprays may

also be useful.
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Exhibit 9. Inspectors should check their clothing, skin,
and scalp when working in areas where ticks

are common.
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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 hydraulic, 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 1ife, maintenance cost, replacement
cost, risk of failure, and risk of property damage. The most economical
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.

c. 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 terms 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 low 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.

¢. 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, multipie 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 Pipe.

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. Box culverts are
designed for various depths of cover and live loads. All 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 structural 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
= iqches
reinforced Culverts, storm drains, and sewers.
4 to 36
inches
non-reinforced
PIPE ARCH
15 to 132 .
inches Culverts, storm drains, and sewers.
equivalent Used where head is limited.
diameter
HORIZONTAL ELLIPSE Span x Rise
Culverts, storm drains, and sewers.
18 to 144 Used where head is limited.
inches
equivalent
diameter
Span x Rise
VERTICAL 36 to 144 Culverts, storm drains, and sewers.
ELLIPSE inches U§eq where lateral clearance is
equivalent Vimited.
diameter
RECTANGULAR
(box sections) Span ] g
Culverts, storm drains, and sewers.
3ft to 12ft Used for wide openings with Timited
head.
ARCH
Span
fgﬂ’“u“'"“§§§ 24 ft to 41 ft Culvert and storm drains. For Tow,
[ V) wide waterway enclosures.

Exhibit 10. Standard concrete pipe shapes.
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S

Range of Sizes

Common Uses

Culverts, subdrains, sewers, service

hape
Round 6 in~26 ft tunnels, etc. All plates same radius.
For medium and high fills (or trenches).
. Culverts, sewers, service tunnels, re-
Vertically- N\ 421 ft covery tunnels. Plates of varying
elongated nominal: before |  fadii: shop fabrication. For appearance
(Segle:eéo mmon \ /) elongating and where backfill compaction is only
moderate.
Span x Rise L
] 18 in. x 1 in. Where headroom is limited. Has
Pipe-arch Rise to hydraulic advantages at low flows.
} 208 7inx Corner plate radius, 18 inches or 31
Span: B #2in inches for structurg) plate.
3 Span x Rise
: sztﬂBQin. X
* se in. For pedestrians, livestock or vehicles
Underpass 2 ﬂtg ) {structural plate).
r in. x
Span-| 17 9in.
| Span x Rise
Arch Rise |6 ftx1ft 9% in.| For low clearance farge waterway open-
+ . }g “6i ing, and aesthetics (structural plate).
fo—Span—- X in.
Ig;rizontal 205-943(;1ft Cuiverts, grade separations, storm
ipse sewers, tunnels.
Span
Pear 25$p33(;1ft Grade iepar}ations, culverts, storm
- sewers, tunnels.
Span
. . Culverts, grade separations. storm
:;g: Profle 205.0435?11 sewers, tunnels, Ammo ammunition mag-
iN azines, earth covered storage.
—Span—
Low Profile ZOSpsa(;iﬁ Low-Wide waterway enclosures, cuiverts,
Arch ' - storm sewers.
}— Span—]
Box Culverts Q— IOSDZalnft L:w-wide waterway enclosures, culverts,
- storm sewers.
Span—-‘
Specials Various For lining old structures or other

-special purposes. Special fabrication.

*for equal area or clearance, the round shape is generaily 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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Exhibit 12. Common corrugation patterns (not tb 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, 6N, 7N,
and 8N, where N equals 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 6 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 assembled 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. Plates are
manufactured in lengths of 8N 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 6 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 8 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, lTow 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 local 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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but the most common use of stone is for headwalls where a rustic or scenic
appearance is desired. A stone arch culvert is shown in exhibit 13. While
brick is rarely used for culvert barrels, it is frequently used in the
construction of manholes and inlets in storm drainage systems.

Exhibit 13. Masonry arch culvert. In some areas masonry arches
and masonry box culverts are common. With good
foundations these culverts have long service
Tives.

3-1.7 Other Culvert Materials.

Aluminum, steel, concrete, and stone masonry are the most commonly found
materials for existing culverts. There are several other materials which may
be encountered during culvert inspections, including timber, as shown in
exhibit 14, cast iron, stainless steel, terra cotta, asbestos cement, and
plastic. These materials are not commonly found in many areas because they
are either relatively new (plastic), labor intensive (masonry), or used for
specialized situations (stainless steel and cast iron).
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Exhibit 14. Timber culvert. Timber culverts are generally box culverts.
Section 2. HYDRAULICS OF CULVERTS

3-2.0 General.

Culverts are primarily constructed to convey water through a highway,
railroad, or other embankment. A culvert which does not perform this function
properly may jeopardize the roadway, as shown in exhibit 15, cause excessive
property damage, or even loss of life. The hydraulic requirements of a
culvert usually determine the size, shape, slope, and inlet and outlet
treatments of a culvert. Culvert hydraulics can be divided into two general
design elements. The first is a hydrologic analysis to determine the design
discharge or the amount of runoff the culvert should be designed to convey.
The second is a hydraulic analysis to select a culvert, or evaluate whether an
existing culvert is capable of adequately conveying the design discharge. To
recognize whether a culvert is performing adequately the inspector should
understand the factors that influence the amount of runoff to be handled by
the culvert as well as the factors which influence the culvert's hydraulic
capacity.
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Exhibit 15. Roadway overtopping due to culverts with
inadequate capacity may result in extensive
damage to the roadway and the embankment.

3-2.1 Estimating Runoff.

Most culverts are designed to carry the surface runoff from a specific
drainage area, as illustrated in exhibit 16. While the selection and use of
appropriate methods of estimating runoff requires a person experienced in
hydrologic analysis and would usually not be performed by the inspector, the
inspector should understand how changes in the topography of the drainage area
can cause major changes in runoff. Climatic and topographic factors are
briefly discussed in the following sections.
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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 life 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 drain off
while much less runoff will result from undeveloped land. If changes
in 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
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/ / { T
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DEPTH
(HW) % |
l TAIL WATER
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e ' ' - ‘ ., | =W
—
sLope N) 7
INLET EDGE - (S0) LeNGgTH (L) ROUGHNESS -

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 of 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 factors as inlet
control plus the tailwater depth and barrel characteristics (slope, length,
and roughness). Culverts operating with outlet control usually 1ie 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 OQutlet Protection-~-The inlets and outlets of culverts may
require protection to withstand the hydraulic forces exerted during peak
flows. 1Inlet 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 cuivert 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 fil11 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.
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Exhibit 18. AASHTO 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. 1In 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).

AS 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= P x'§
2

WHERE

C= COMPRESSIVE THRUST IN
C C THE CULVERT WALL

‘0
L]

SUM OF SOIL PRESSURE
ACTING ON THE CULVERT

S= THE SPAN OR DIAMETER

§= 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 C on each end of the arc. Good quality
backfil1l 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 1ive 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
circumferential 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 essentially provided by the
structural strength of the pipe itself and 1ittle 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 fi11 with a controlled trench width and 2)
embankment, where culverts are placed in or covered by an embankment.
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Exhibit 24. Zones of tension and compression in rigid pipes
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
column over the pipe is decreased. This concept is illustrated in exhibit 25.

TRANSFER

Exhibit 25. Trench installation. Friction on trench sides reduces
the size of the column of fill 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. 1In 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 .
fi11 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 fi11 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.

Final grade after settlement

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 tran§ported by the water.
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Corrosion can attack the inside or outside of the culvert barrel. The
chemicals in drainage water can attack the material on the interior of the
culvert. Culverts subject to continuous flows or standing water with
aggressive chemicals are more likely to be damaged than those with
intermittent flows. The exterior of culverts can be attacked by chemicals in
the ground water which can originate in the soil, be introduced through
contaminates in the backfill soil, or be transported by subsurface flow.

Corrosion affects all metals and alloys, although the rates can vary widely
depending both upon the chemical and physical properties of the metal and upon
the environmental condition to which it is exposed. When a metal corrodes a
very low voltage electrical current is established between two parts of a
metal surface that have different voltage potential. The difference in
voltage potential may be caused by slight variations in the material, changes
in surface condition, or the presence of foreign materials. The current
removes metallic ions from one location and deposits them at another location,
causing corrosion, as shown in exhibits 27 and 28. The chemicals present in
the water greatly influence its effectiveness as an electroiyte.

W

Exhibit 27. Severe corrosion of corrugated steel
culvert due to aggressive water.
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Exhibit 28. Corrugated steel culvert with invert perforations.

Although less common than with metal pipe, corrosion can occur in concrete
culverts. Metallic corrosion can take place in the reinforcing steel when it
is exposed by cracking or spalling, when the concrete cover is inadequate or
when the concrete is porous enough to allow water to contact the reinforcing
steel, as shown in exhibit 29.
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Exhibit 29. Reinforcing steel in concrete may corrode when
exposed to water due to spalling or cracking.

If the steel corrodes, the corrosion products expand and may cause spalling of
the concrete. Corrosion can also take place in the concrete itself. It is
not, however, the same type of electrochemical reaction that occurs in metal.
Other reactions between the concrete materials and the chemicals present in
the stream flow or ground water are involved and can result in deterioration
of the concrete, as shown in exhibit 30.
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Exhibit 30. Reinforcing steel exposed in concrete pipe
due to concrete deterioration.

b. Abrasion--Abrasion is the process of wearing down or grinding away the
surface material of culverts as water laden with sand, gravel, or stones flows
through a culvert. Abrasive forces increase as the velocity of the water
flowing through a culvert increases; for example, doubling the velocity of a
stream flow can cause the abrasive power to become approximately four-fold.

Often corrosion and abrasion operate together to produce far greater
deterioration jointly than would result from either alone. Abrasion can
accelerate corrosion by removing protective coatings and allowing water-borne
chemicals to come into contact with corrodible culvert materials.

3-4.1 Aggressive Soil and Water Conditions.

Certain soil and water conditions have been found to have a strong
relationship to accelerated culvert deterioration. These conditions are
referred to as "aggressive" or "hostile." The most significant conditions of

this type are:

a. pH Extremes--pH is a measure of the relative acidity or alkalinity of
water. A pH of 7.0 is neutral, values of less than 7.0 are acid, and values
of more than 7.0 are alkaline. For culvert purposes, soils or water having a
pH of 5.5 or less are strongly acid and those of 8.5 or more are strongly
alkaline. ’
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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 1imed 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.

¢. Soil Characteristics-~The chemical and physical characteristics of the
sofl 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 increase
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. Each
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 is 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.

Bituminous 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 program 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 smail 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 to 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
Timitations 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 failures 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.

. a procedure for planning and scheduling inspéctions(

[o]

o

. a system for recording the inspection results.
e. a 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 is done on a structure or as a replacement is accomp]wshed 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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Exhibit 32.

Sample inventory card.
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discharge, date of design policy, flow conditions, limits 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 life 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.

c. Scheduling Requirements—--Inspection schedules are generally prepared at
several levels including organizational, supervisory, and 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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Exhibit 33.
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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.

¢. 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 line 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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Exhibit 36. A line indicating a culvert centerline.

Exhibits 37, 38, and 39 provide comparisons of toe-wall scour as shown in
photographs and as shown in a sketch.
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Exhibit 37. Undermined toe-wall.

Exhibit 38. Undermined toe-wall.
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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 1list 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
its 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
(7) 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:

(1) Item 61--channel and channel protection

(2) Item 62--culvert and retaining walls

(3) Item 63--estimated remaining life

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

(6) Item 66-——inventory rating

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, SIRA
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

P Yo Yo XY e
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4-3.3 Maintenance Rating Systems.

It s 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. Add1t1ona11y, the SI&A numerical rating system is not well suited
for evaluating minor items. Minor items are essentially limited to ratings of
wNw uwgu  ugw - ogp "7" gipnce 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 system 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 items. 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
Urgency Index

Maintenance Inspection
Immediacy of Action Course of Action

No repairs needed.

No repairs needed. List specific items for
special inspection during next regular in-
spection.

No immediate plans for repair. Examine
possibility of increased level of inspection.

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

Priority - current season - review work plan
for relative priority - adjust schedule if
possible.

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

Highest priority - discontinue other work if i
required - emergency basis or emergency sub-
sidiary actions if needed (post, one lane
traffic, no trucks, reduced speed, etc.)

Emergency actions required - reroute traffic
and close.

| Note in inspection
report only.

Special notification
—to superior is
warranted.

Notify superiors
L_verbally as soon as

| possible and confirm

in writing.

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 convenient 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
¢. 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
similar 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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