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This document establishes uniform procedures to carry out the highway design functions
of the California Department of Transportation. It is neither intended as, nor does it
establish, a legal standard for these functions. The procedures established herein are for
the information and guidance of the officers and employees of the Department.

This document is not a textbook or a substitute for engineering knowledge, experience or
judgment. Many of the instructions given herein are subject to amendment as conditions
and experience may warrant. Special situations may call for variation from the
procedures described, subject to the approval of the Division of Design, or such other
approval as may be specifically called for.
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1.1 INTRODUCTION

1.1.1 Objectives

Numerous documents and publications have already been written on the issue of culvert
repair. The primary purpose of this Design Information Bulletin (D.1.B.) is to
supplement the 1995 Federal Highway Administration Publication ‘Culvert Repair
Practices Manual-Volumes 1 and 2’ (refer to on-line FHWA Hydraulics publications:
http://www.fhwa.dot.gov/bridge/hydpub.htm), highlight areas of general concern, and
reference other appropriate documentation to provide information, guidelines and
alternatives for the cost-effective repair, rehabilitation, strengthening or retrofit upgrade
of culverts and storm drains as described in Indices 806.2 and 838.1 of the Highway
Design Manual (HDM). In addition, information contained in this D.1.B. supplements
Topic 853 - Pipe Liners and Linings for Culvert Rehabilitation of the HDM and Section
15-6 of the 2010 edition of the Standard Specifications.

This D.L.B. is intended to be of assistance to design, maintenance, hydraulic and
structural engineers who are responsible for decisions regarding maintenance, repair,
rehabilitation, retrofit upgrading, and replacing highway culverts.

Many new products and techniques have been developed that often make complete
replacement with open cut unnecessary. When used appropriately, these new products
and techniques can benefit the Department in terms of increased mobility, cost, and
safety to both the public and contractors. This D.1.B. is intended to build a collection of
procedures that are cost-effective for their location and that will meet the needs of their
particular area.

1.1.2 Organization
This D.1.B. is organized into twelve sections:

e Index 1.1 provides an introduction, purpose, target audience, and a general
overview of problem.

e Index 2.1 reviews the most common materials used in culvert conduits and
associated Highway Design Manual (HDM) references for material selection and
service life. It provides general discussions on the behavior of rigid and flexible
pipe and references the appropriate Caltrans standards for excavation, backfill and
installation. Service life for culvert rehabilitation is also discussed in conjunction
with various geotechnical factors, which include: pH, resistivity, chloride and
sulfate concentration of the surrounding soil and water, and abrasion potential.

e Index 3.1 discusses problem identification and assessment through field
inspection.

e Index 4.1 outlines culvert end treatment and other appurtenant structure repairs
and retrofit improvements for headwalls, endwalls, wingwalls and outfall works.

e Index 5.1 outlines various types of problems that can be encountered in culvert
barrels and presents guidelines and information on procedures for the associated
repairs.
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e Index 6.1 provides information on general culvert rehabilitation techniques. This
section discusses Caltrans host pipe structural philosophy, grouting voids and
provides a comprehensive outline of the various rehabilitation families and
techniques.

e Index 7.1 discusses the following influencing factors that should be considered:
hydrology, hydraulics, safety, environmental, host pipe dimensions and
irregularities, and headquarters assistance/approval for large diameter plastic
liners and pipe replacement using Trenchless Excavation Construction (TEC)
methods.

e Index 8.1 provides a summary table and references for comparison of the various
alternative rehabilitation techniques and guidance on the overall process.

e Index 9.1 discusses replacement; the decision process used to determine whether
to repair or replace. Open cut and a comprehensive listing of the various
trenchless replacement systems are provided, along with other considerations for
TEC.

e Index 10.1 discusses Caltrans New Product Approval Process and construction
evaluated experimental feature program and appropriate headquarters contacts.

e Index 11.1 Identifies some other considerations that should be taken into account
when analyzing alternatives to repair and/or replace culverts.

e Index 12.1 — Appendixes provides supplemental information on; butt fusion
procedures, Caltrans New Product Approval Process, culvert inspection, corrosion
and crack repair in concrete pipe. Also provided are sources of repair information,
industry contacts, cured in place pipe (CIPP) guidance for resident engineers,
some large diameter metal pipe repair case studies, and design examples.

1.1.3 Overview of Problem

Culverts are an integral part of the highway system, and like other parts of the system
they are subject to deterioration. Currently, culverts functionally classified as bridges (see
Index 62.2 (2) of the HDM) are inspected at least every two years. In 2005 the
Department initiated a statewide culvert inspection program resourced through
maintenance. Camera equipped vehicles for culvert inspection are available in every
District. See Index 3.1.1. However, culvert repair work is frequently approached strictly
as a maintenance problem without consideration of the underlying structural or hydraulic
conditions from which the deterioration originates. Surveys performed recently have
shown relatively high percentages of culverts in need of at least some form of repair.

Because of the large number of aging culverts in use today, the Department is faced with
a major expense in repairing, rehabilitating, and replacing culverts as they reach the end
of their design service life.

To date, there has been limited written guidance available within the Department on the
topic of how to rehabilitate culverts without disrupting traffic.
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2.1 CULVERT STRUCTURES

2.1.1 Material

The most common materials used in culvert conduits are reinforced concrete, corrugated
steel, and corrugated high-density polyethylene. Other materials that may be found in
culvert conduits are corrugated aluminum, non-reinforced concrete, ribbed polyvinyl
chloride (PVC), welded steel, timber, and masonry. Refer to HDM Chapter 850, Topics
851, 852, 855 and 857 for guidance on Material Selection, Design Service Life and Kinds
of Pipe Culverts. Refer to FHWA Culvert Repair Practices Manual Volume 1, pages 2-18
to 2-30 for a description of culvert materials and coatings for culvert materials. Refer to
Table 857.2 in the HDM for allowable alternative pipe materials for various types of
installations.

These various pipe materials will have differing types of response to applied load. Based
on this response, the pipe material can be categorized as either rigid or flexible, as
described in Indices 2.1.1.1 and 2.1.1.2. This distinction in behavior is important not only
in understanding how a pipe will perform under various soil and live load conditions, but
will also affect failure mechanisms and repair considerations.

HDM Index 857.2 provides general guidelines for alternative pipe culvert selection using
the AltPipe web-based program that is located on the Headquarters Office of Highway
Drainage Design (within the Division of Design Headquarters Division of Design)
website at the following web address: http://www.dot.ca.gov/hg/oppd/altpipe.htm

2.1.1.1 Rigid
2.1.1.1.1 General

If the culvert material is rigid (usually reinforced concrete), the load is carried primarily
by the structure walls. Refer to FHWA Culvert Repair Practices Manual Volume 1, pages
2-7 to 2-8, 2-11 and 2-31 to 2-35 for a description of pipe loading, rigid culvert behavior
and installation. As described on page 2-33 and in Figures 2.20 and 2.21 on pages 2-34
and 2-35, it is very important to have uniform bedding to distribute the load reaction
around the lower periphery of the pipe. Adequate support is critical in rigid pipe
installations, or shear stress may become a problem. Excavation, backfill and culvert
beddings shall conform to the details shown on the Standard Plans numbered A62D, RSP
A62DA, A62E and to the provisions in Section 19-3, “Structure Excavation and Backfill”
of the Standard Specifications. In addition, slurry cement backfill or controlled low
strength material (CLSM) may be used in lieu of structure backfill. Per Index 856.5 of the
HDM, a stress reducing slab may be used for culverts where it is necessary to have less
than 2 feet of cover below the top of a flexible pavement.
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2.1.1.1.2 Concrete Pipe

Laying Circular Reinforced Concrete Pipe

Per Topic 855.1 of the HDM, for reinforced concrete pipe (RCP), box (RCB) and arch
(RCA) culverts maintenance free service life, with respect to corrosion and abrasion
and/or durability, is the number of years from installation until the deterioration reaches
the point of exposed reinforcement at any location on the culvert.

Refer to Standard Plan D88 for required minimum cover for construction loads on
reinforced concrete pipes and arches.

For non-reinforced concrete pipe culverts, per HDM Topic 855.1 maintenance free
service life, with respect to corrosion and abrasion and/or durability, is the number of
years from installation until the deterioration reaches the point of perforation or major
cracking with soil loss at any point of the culvert.

2.1.1.1.3 Other Rigid Materials
2.1.1.1.3.1 Reinforced Polymer Mortar Pipe (RPMP)

Reinforced Polymer Mortar (semi-rigid) pipes (RPMP) are made by mixing a high
strength thermosetting polyester resin, aggregate/sand and chopped glass fiber roving to
form a type of semi-rigid concrete. The resin within the mix provides for bonding the
aggregate much like Portland Cement does in traditional concrete pipes. Cement and
water are not used and this product may be used in corrosive applications. It is also
lightweight with less wall thickness compared to RCP and uses push-together joints
instead of a bell and spigot. RPMP is available in diameters from 18 inches to 102 inches
and section lengths of 5, 10 and 20 feet. See FHWA Culvert Repair Practices Manual
Volume 1, page 2-27 and refer to ASTM D3517.
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Currently, Caltrans does not contemplate developing new Standard Specifications for this
product; however, this product is approved for jacking and microtunneling for permit
installations. See Indices 9.1.2.2.1 and 9.1.2.2.3. There is a very limited use for RPMP in
typical direct burial culvert applications due to its relatively high cost. However, in
addition to jacking and microtunneling applications, there is potential usage for RPMP as
a slipliner if site conditions dictate a structural design. See Index 6.1.3.1. and ASTM
D3262. In large diameter human entry pipes the material may also be viable for use as a
segmental liner (see index 6.1.3.7.1).

Since RPMP is specially designed to fit specific site loading and hydraulic
characteristics, the Underground Structures Unit within Caltrans Division of Engineering
Services (DES) should be contacted for a project-by-project review. See Index 7.1.6.2.

Maintenance free service life, with respect to corrosion and abrasion and/or durability, is
the number of years from installation until the deterioration reaches the point of
perforation or major cracking with soil loss at any point of the culvert.

2.1.1.1.3.2 Polymer Concrete Pipe

Also known as Polyester Resin Concrete (PRC), this type of pipe is currently not
included in Caltrans. The materials used in polymer concrete include resin, sand, gravel,
and quartz powder mineral filler. Similar to RPMP pipes, Polymer concrete pipes are
lightweight compared to RCP and use push-together joints with gaskets. PRC pipes may
be viable for use in some specialized applications including corrosive environments (pH
ranges of 1 to 10) and pipe jacking or microtunneling (high compressive strengths of up
to 13,000 psi), see Indices 9.1.2.2.1 and 9.1.2.2.3.

2.1.1.1.3.3 Fiber Reinforced Concrete Pipe

The fiber cement industry has grown out of the asbestos cement industry. Fiber
reinforced concrete pipe consists of cellulose fiber, silica sand, cement, and water. Fiber
reinforced concrete pipe is potentially a durable, lightweight option to non-reinforced
concrete pipes. It is not approved or included in Caltrans Standards for use as a direct
burial alternative pipe. However, in large diameter man entry pipes the material may be
viable for use as a segmental liner. See Index 6.1.3.7.1.

2.1.1.1.3.4 Ductile Iron

Ductile iron is a strong, durable semi-rigid pipe. Even though ductile iron has been used
for culvert and storm drains, it is generally not a cost effective option and there are no
Caltrans Standards. Occasionally this material may be a consideration for use as a
slipliner.

2.1.1.2 Flexible

If the culvert material is flexible (usually metal or plastic), a soil-pipe interaction must be
present in order that the pipe is able to transfer the bulk of the load to the surrounding
soil. In other words, the soil, not the pipe, carries and supports most of the live and dead
load. Suitable backfill material and adequate compaction are of critical importance —
especially below the springline. A well-compacted soil envelope of adequate width is
needed to develop the lateral pressures required to maintain the shape of the culvert. The
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width of the soil envelope is a function of the strength of the surrounding in-situ soil and
the size of the pipe. This is achieved by meeting the requirements that are outlined in
Section 19-3 of the Standard Specifications for Structure Excavation and Backfill and
conforming to the details shown on Standard Plan A62F. Refer to FHWA Culvert Repair
Practices Manual Volume 1, pages 2-9 to 2-10 for a description of flexible culvert
behavior. Also, refer to Standard Plan D88 for required minimum cover for construction
loads on plastic pipes and metal culverts. See Index 2.1.1.1.1 for discussion of structure
backfill alternatives. See HDM Topic 856.5 and Table 856.5 for minimum thickness of
cover required for design purposes.

2.1.1.2.1 Metal Pipe

For all metal pipes and arches that are listed in Table 857.2 in the HDM, maintenance
free service life, with respect to corrosion and abrasion and/or durability, is the number of
years from installation until the deterioration reaches the point of perforation at any
location on the culvert. This is primarily a function of corrosivity and abrasiveness of the
environment into which the pipe is placed. See Figure 855.3A - Minimum Thickness of
Metal Pipe for 50 Year Maintenance Free Service Life and Figure 855.3B — Chart for
Estimating Years to Perforation of Steel Culverts (California Test 643) in the HDM. Note
that the service life estimates referenced in Figures 855.3A and 855.3B, are for various
corrosive conditions only, and both these charts require, as a minimum, site-specific pH
and minimum resistivity data from District Materials in order to determine the pipe’s
corrosion resistant service life. For a detailed discussion of maintenance free service life
and durability of metal pipe, refer to Topic 852.3 and 852.3 (2) Durability, in the HDM.
For a detailed discussion of corrosion, see Index 5.1.2.4 of this document. For a detailed
discussion of metal pipe abrasion see Indices 2.1.4.1 and 5.1.2.2.

The following is a brief summary of the material design step considerations for metal
pipe:
1) Metal thickness adequate to support fill height (see HDM Tables 856. A-P).

2) Use Figures 855.3A and 855.3B to determine the minimum thickness and
limitation on the use of steel, aluminum or aluminized steel (corrugated or spiral
rib) pipe.

3) Consider Aluminized Steel or Aluminum if applicable.

4) Increase Metal thickness to offset corrosion and abrasion effects.

5) Consider Protective Coating or invert paving using Tables 855.2C and 855.2F
(knowing channel bedload material and stream velocity) if necessary.

6) Check material design meets design service life per Topic 855.1(1).
2.1.1.2.2 Plastic Pipe

“Plastic” pipe is as unspecified a term as is “metal” pipe. The two most commonly used
plastics are polyvinyl chloride (PVC) and high-density polyethylene (HDPE). The limited
data that is available regarding plastic pipe for culvert applications suggests that plastic
materials may provide equivalent service life in a potentially broader range of
environmental conditions than either metal or concrete. Both PVC and HDPE are
unaffected by the chemical and corrosive elements typically found in soils and water. In
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addition, both types have exhibited excellent abrasive resistance. Plastic pipe materials
are also subject to some limiting conditions that often are not a consideration in selecting
other culvert types which include: extended exposure to sunlight (specifically ultra-violet
radiation) and a higher potential for damage from improper handling and installation. See
Index 5.1.4. Plastic is also flammable; PVVC will melt/burn under high temperatures but is
inherently difficult to ignite and will self-extinguish once the heat source is removed.
PVC brittleness increases with decreased temperatures and/or long term exposure to
ultra-violet radiation. However, temperature considerations are most important if the pipe
is likely to be handled or impacted during periods of low temperatures, therefore,
situations where PVC pipe is placed where temperatures are regularly below freezing
should be avoided. HDPE will continue to burn as long as adequate oxygen supply is
present. Based on testing performed by Florida DOT, this rate of burning was fairly
slow, and often "burned itself out" if there wasn't sufficient airflow through the pipe. End
treatments using metal or concrete (flared end sections or headwalls) will limit the
possibility of fire damage.

Per Topic 855 of the HDM, maintenance free service life, with respect to corrosion and
abrasion and/or durability, is the number of years from installation until the deterioration
reaches the point of perforation at any location on the culvert or at the onset of wall
buckling. and/or for further discussion on durability and strength requirements. See
Section 64 of the Standard Specifications for pipe material, joints, earthwork and
concrete backfill requirements. See Index 2.1.1.2 for a general discussion on flexible pipe
behavior and excavation and backfill considerations. See Index 6.1.3.1.1 for sliplining
using plastic pipe liners. For further discussion on plastic pipe, see Index 5.1.4 and
FHWA Culvert Repair Practices Manual VVolume 1, pages 2-25 and 2-26.

2.1.1.2.3 Fiberglass — Fiber Reinforced Plastic (FRP)

FRP is not included in the Caltrans Allowable Alternative Materials Table 857.2 of the
HDM and is typically not economically competitive for use as a direct burial alternative
culvert material. FRP pipe is available in diameters from 12 inches to 144 inches. For
further discussion on FRP, see FHWA Culvert Repair Practices Manual VVolume 1, page
2-26.

2.1.1.3 Culvert Coatings
2.1.1.3.1 Coatings for Concrete and Other Culverts

As discussed in FHWA Culvert Repair Practices Manual VVolume 1, pages 2-28 to 2-30, a
variety of coating types may be used either singularly or in combination to protect
culverts from corrosion and or abrasion and meet design service life requirements.
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Caltrans Abrasion Test Panel Installation Showing Various Culvert Materials and Coatings

Polyvinyl Chloride (PVC) Lined RCP is not listed in the FHWA Culvert Repair Practices
Manual. It is primarily used for protection from corrosion, but also provides some
sacrificial abrasion resistance to RCP in lieu of additional cover and/or admixtures. PVC
Lined RCP uses Polyvinyl Chloride sheet liners that cover three hundred sixty degrees
(360°) of the interior surface of the pipe. It was originally designed specifically to protect
new concrete sewer pipe against hydrogen sulfide gas/sulfuric acid attack.

Example Polyvinyl Chloride (PVC) Lined RCP Using T-Lock™ Polyvinyl Chloride (PVC)
Sheet Liners Manufactured By Ameron Protective Linings Division

Designers need to be aware that both the cement in concrete as well as the reinforcing
steel in RCP are susceptible to chemical attack and will occasionally need to be
protected. For pH ranging between 7.0 and 3.0 and for sulfate concentrations between
1500 and 15,000 ppm, concrete mix designs conforming to the recommendations given in
Table 855.4A of the HDM should be followed. Higher sulfate concentrations or lower
pH values may preclude the use of concrete or would require the designer to develop and
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specify the application of a complete physical barrier. Reinforcing steel can be expected
to respond to corrosive environments similarly to the steel in CSP. Referring to Figure
855.3A it is apparent that combinations of pH and minimum resistivity will lead to
corrosion of reinforcing steel if water can penetrate through the concrete. In a similar
fashion, waters with high chloride concentrations (e.g., marine environments) can also
lead to corrosion of reinforcing steel. However, properly designed and installed RCP
(i.e., minimal cracking due to handling/construction loading) will typically provide
adequate concrete coverage over the reinforcing steel to provide protection to the steel,
except under extreme conditions. Contact the District Materials unit or Corrosion
Technology in Engineering Services for design recommendations when in extremely
corrosive conditions. Non-Reinforced concrete pipe is not affected by chlorides or stray
currents and may be used in lieu of RCP (with additional concrete cover and/or protective
coatings) for sizes 36 inches in diameter and smaller. See Table A in Index 2.1.2.2, HDM
Table 855.4A, and HDM Index 852.1(4).

2.1.1.3.2 Coatings for Metal Culverts

Coatings for metal culverts are designed to provide either a corrosion barrier (generally
covering the entire periphery of the pipe) or a sacrificial layer of abrasive resistant
material (generally concentrated in the invert of the pipe). While increasing the pipe’s
metal thickness to offset corrosive or abrasive effects can also be specified, coatings are
typically more cost effective and should be given first consideration.

HDM Table 855.2C lists all of the plant-applied approved coatings for steel culverts and
constitutes a guide for estimating the added service life that can be achieved based upon
abrasion resistance characteristics only. Field application of a concrete invert lining or
even special abrasion resistant tiles or linings can also be specified to increase service life
due to abrasive conditions.

Under most conditions, plain galvanizing of steel pipe is all that need be specified.
However, the presence of corrosive or abrasive elements may require the use of various
coating products, used either individually or in combination. The Department of Fish and
Game (DFG) has approved the use of polymeric sheet coating; however, DFG will
restrict the use of bituminous coatings as discussed in the HDM. It should be noted that
polymeric sheet coating was originally developed as a corrosive barrier although it can
also provide additional protection from abrasion.

Where significant soil side corrosion and abrasion are present, a composite steel spiral rib
pipe, which is externally pre-coated with a polymeric sheet, and internally polyethylene
lined, may also provide additional service life. Index 852.3 (2) (a) of the HDM discusses
these approved protective coatings and their application to protect against corrosion,
abrasion, or both. Section 66-1.02C of the Standard Specifications outlines the
requirements for the approved coatings.

Determining when a coating is needed, and what type to call for will depend on the
results of the materials/geotechnical investigation and an assessment of the corrosive and
abrasive potential of the site by the designer. Minimum resistivity; pH; sulfate
concentration; type, size and hardness of bedload materials can affect both durability and
selection of appropriate coating. In many cases, multiple coating types may be effective
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and as such the contractor should be given the option of selecting the most cost effective
of those that meet minimum service life requirements.

While generally perceived as an alternative pipe product as opposed to a coating, the
application of a thin layer of aluminum over steel (i.e., aluminizing) can often be a very
effective mechanism to enhance the durability of steel pipe. Per the material design
selection considerations listed in Index 2.1.1.2.1, if the channel bedload is non-abrasive,
the pH of the soil, backfill, and water is within the range of 5.5 to 8.5, inclusive, and the
minimum resistivity is 1500 ohm-centimeters or greater, the use of Aluminized Steel
(type 2) should be considered prior to considering alternative coatings or increasing the
thickness of the steel. See Index 852.3 (2) (b) of the HDM. Aluminized steel should be
considered to be equivalent to galvanized steel when abrasion is a factor. See Table
855.2D of the HDM.

Where soil side corrosion is the only concern, polymeric coated steel pipe service life
should be evaluated using Figure 855.3B (to determine steel thickness necessary to
achieve 10-year minimum life of base steel), with the assumption that the (exterior)
polymeric coating will provide additional protection to attain the 50-year service life
requirement.

For locations where water side corrosion and/or abrasion is of concern, recently
developed coating products like polymeric sheet, can provide superior abrasive resistant
qualities (as much as 10 or more times that of bituminous coatings of similar thickness).

2.1.2 Service Life for Culvert Rehabilitation; Geotechnical Factors

Generally, for culvert rehabilitation, the design service life basic concepts are the same as
those defined in Index 855.1 of the HDM. Plastic pipe liners should be considered the
same as plastic pipe with no additional service life added for annular space grouting. The
estimated design service life for rehabilitation projects should be the same as indicated in
Index 855.1(1) of the HDM.

Regardless of the method or material selected to repair, rehabilitate or replace the culvert,
the following influences must be assessed during any estimation of service life:

2.1.2.1 Hydrogen-lon Concentration (pH), Soil Resistivity, Chloride and Sulfate
Concentration of the Surrounding Soil and Water

Both concrete and metal pipes can be subject to corrosion attack. In reinforced concrete
culverts, a high sulfate concentration will cause the cement to deteriorate whereas the
reinforcing steel can be corroded if there is a low pH or high chloride concentration. See
Indices 2.1.1.3.1 and 2.1.1.3.2, Table A in Index 2.1.2.2, Tables 855.4A, 855.4B and
Figure 855.3A of the HDM.

2.1.2.2 Material Characteristics of the Culvert

A careful determination of geotechnical factors at the Culvert site should be made to
assure proper material selection for any repair or restoration. Table A suggests limitations
and potentials for culvert materials.

10
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Table A
Material | Acceptable Resistivity Abrasion Chloride/Sulfate
pH range Level Potential resistance
(ohm-cm)
See HDM See HDM 3) (5)
Steel | Taple 855.3B | Table 855.3 B Low
Aluminum 5.5-8.5® >1500 varies® ®)
Plastic >4®) N/A Generally Low® N/A
Concrete >3 N/A Low to High® Sulfates®
Polymer 1-13 N/A Generally Low N/A
Mortar

(1) Aluminum corrodes differently than steel and is not susceptible to corrosion attack within the
acceptable pH range of 5.5-8.5 when considering abrasion potential. See HDM Index
852.4(2)(a) thru (e), abrasion potential dependent upon, velocity, size, shape and hardness of
bedload, i.e., velocities > 5 ft/s only allowable for a small, rounded bedload.

(2) See HDM Table 855.4A for recommended cement type and minimum cement factor when
pH range is 3 to 5.5.

(3) Assuming zinc galvanizing is present and base steel not exposed to corrosion attack.

(4) Abrasion potential for concrete is dependent upon the quality, strength, and hardness of the
aggregate and density of the concrete as well as the velocity of the water flow coupled with
abrasive sediment content. There is a correlation between decreasing water/cement ratio,
increasing compressive strength and increasing abrasion resistance.

(5) Chlorides and sulfates combined with moist conditions may create a hostile corrosive
environment. Minimum resistivity indicates the relative quantity of soluble chlorides and
sulfates present in the soil or water. See HDM Figure 855.3A.

(6) PVC may experience greater abrasive wear in an acidic environment.
2.1.2.3 Abrasion

Abrasion is the wearing of pipe material by water carrying sands, gravels and rocks (bed
load). There are multiple factors that should be considered when attempting to estimate
the abrasion potential of a site and associated service life of a culvert and/or lining
material including size, shape, hardness and volume of bed load in conjunction with
volume, velocity, duration and frequency of stream flow in the culvert. For example, at
independent sites with a similar velocity range, bedloads consisting of small and round
particles will have a lower abrasion potential than those with large and angular particles
such as shattered or crushed rocks. Given different sites with similar flow velocities and
particle size, studies have shown the angularity of the material may have a significant
impact to the abrasion potential of the site. All types of pipe material are subject to
abrasion and can experience structural failure around the pipe invert if not adequately
protected. Four abrasion levels have been developed by FHWA to assist the designer in
quantifying the abrasion potential of a site. The abrasion levels and recommended
pipe/invert materials that are presented in HDM Table 855.2A are similar to the four
abrasion levels that have been developed by FHWA, however, some modifications have

11
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been made based on research data. The descriptions of abrasion levels are intended to
serve as general guidance only, and not all of the criteria listed for a particular abrasion
level need to be present to justify defining a site at that level. Included with each abrasion
level description are guidelines for providing an abrasive resistant pipe, coating or invert
lining material. The designer is encouraged to use those guidelines in conjunction with
the abrasion history of a site to achieve the required service life (see Index 2.1.2) for a
pipe, coating or invert lining material. See HDM Index 855.2 Abrasion.

Sampling of the streambed materials is generally not necessary, but visual examination
and documentation of the type, size and shape of the materials in the streambed and the
average stream slopes will provide the designer with the general site characteristics
needed to determine the expected level of abrasion from HDM Table 855.2A. Where an
existing culvert is in place, the wear rate of the invert should also be estimated and
compared with HDM Tables 852.2D — F to determine the expected level of abrasion.

The stream flow velocity in the culvert should be based on typical intermittent flows and
not a 10 or 50-year event. This is because most of the total abrasion will occur during
these more frequent smaller events. For velocity determination of typical intermittent
flow, the velocities in Tables 855.2A — D and 855.2F of the HDM should be compared to
those generated by the 2-5 year return frequency flood.

Corrugated steel pipes are typically the most susceptible to the combined actions of
abrasion in conjunction with corrosion — this has led to a wide range of protective
coatings being offered. However, steel plate and welded steel pipeliners are viable
alternatives for use as an invert lining. See Index 5.1.2.2 for abrasion and invert durability
repairs of corrugated metal culverts.

Aluminum may display inferior abrasion characteristics than steel in non-corrosive
environments, however, Aluminized Steel (Type 2) can be considered equivalent to
galvanized steel for abrasion resistance. Furthermore, in some cases, Aluminum may
display less abrasive wear than steel in a corrosive environment depending on the
volume, velocity, size, shape, hardness and rock impact energy of the bed load.

Polymer Mortar, fiber reinforced plastic and other resin-based products such as Cured in
Place Pipeliner (CIPP) offer good abrasion resistance and are not subject to corrosion
effects. The same can be said for PVC and HDPE; however, PVC may experience greater
abrasive wear in an acidic environment (pH < 4).

Concrete pipes will counter abrasion through increased minimum thickness over the steel
reinforcement, i.e., by adding additional sacrificial material. In RCP it is possible to
specify an additional 0.5 inches of cover, however, RCP is generally not recommended as
an alternative in abrasive environments. Abrasion potential for any concrete lining is
dependent upon the thickness, quality, strength, and hardness of the aggregate as well as
the velocity of the water flow coupled with abrasive sediment content. There is a
correlation between decreasing water/cement ratio, increasing compressive strength and
increasing abrasion resistance. For further discussion on concrete invert paving, see Index
5.1.2.2.1 and HDM Index 853.6.

12
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Various Culvert Material Test Panels Shown Above After 1 Year Of Wear At Site With
Moderate To Severe Abrasion (Velocities Generally Exceed 10 ft/s, See Table Next Page).
Note: the significant wear to abrasive resistant protective coatings, which, would typically
not be recommended under these conditions (see table next page). The bed load material
composed of 90% quartz sand. Also note the wear on the leading edges (right) of the steel

nuts.

3.1 PROBLEM IDENTIFICATION AND ASSESSMENT

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 appear
to be performing adequately. Safety is the most important reason why culverts should be
inspected.

3.1.1 Culvert Inspection Program (CIP)

Under the CIP, the physical characteristics and condition of Caltrans’ culverts and related
drainage system assets are inventoried and assessed by state forces. The purpose of the
CIP is to identify and address drainage system deficiencies before they become a serious
problem.

The CIP was established in 2005 by a $2.5 million Budget Change Proposal (BCP) and
implemented in all twelve districts during FY 2006/07. All districts maintain a functional
database, into which drainage asset inspection information is entered (i.e., photos/video,
condition summary), to manage statewide culvert inventory and prioritize state fiscal and
other resources for protecting, maintaining, restoring and improving drainage facilities in
Caltrans’ right of way.

13
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A rating system was developed by Caltrans Division of Maintenance in lieu of the
FHWA rating system and is compatible with the Caltrans Culvert Inventory database. For
more information see attached link to the Culvert Inspection Manual:

http://onramp.dot.ca.gov/ha/maint/OMSWEC/Drainage/CIP/Docs/Inspection Manual 10
-31-08.pdf

3.1.2 Office Review

Prior to heading out to the field, the first step is to review the as-built plans to establish a
baseline for service life from the construction date and to better understand the design
parameters of the culvert facility including type, size, physical and geographical
locations. In addition, the designer should review the drainage files (if available) for the
hydrological and hydraulic parameters of the culvert to determine a preliminary
understanding of outlet velocity, design headwater and abrasion level and perform
supplemental calculations as needed.

When available, at a minimum, the following information sources and references
generally should be included as part of the office review prior to heading out to the field:

e As-built plans (Construction date, pipe material, thickness, coating etc.)

e Materials/Geotechnical Report (pH, resistivity, chlorides, sulfates, groundwater
etc.)

e Culvert database (Maintenance Culvert Inspection Program)

e Hydraulic Report/Hydrology Study (Q100 — Headwater/Velocity & flow regime)
e Google Earth (Aerial and street view of watershed and topography)

e Photo Log

e HDM Abrasion Tables 855.2A, 855.2B, 855.2D and 855.2F

3.1.3 Site Visit and Inspection

The goal of the site visit to a deteriorated culvert is to establish the underlying cause of
the problem by observing all of the symptoms which may be present and performing
additional tests, explorations and measurements as required.

There are several key activities that must always be performed during a culvert inspection
to ensure that a culvert is functioning adequately. The inspection should evaluate
structural integrity, hydraulic performance and roadside compatibility. It is important to
determine the underlying cause of a problem so that it will not recur or become more
serious.

In most instances, District Maintenance will have already conducted an initial inspection
- either as part of the culvert inspection program, or as a result of a problem being
discovered by Maintenance forces. When inspection information within Maintenance
does not already exist, the designer may contact District Maintenance to schedule an
inspection of all culverts that are suspected of needing repair as part of a pavement
rehabilitation or highway reconstruction project to existing facilities. This information,
either pre-existing or via specifically scheduled inspection, needs to occur early in the

14
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PID phase of the project in order to generate appropriate repair strategies and their
associated cost estimates. See HDM Index 803.3.

For non-human entry culvert inspections (generally less than 36”), it will be necessary for
the designer to request the culvert inspection crew within Maintenance to perform an
inspection of the barrel using a remote controlled video camera. All Districts have remote
cameras.

Only staff with confined space training and proper equipment may enter confined spaces.
The District or Headquarters Safety and Health Officers are responsible to ensure
standardized training is given on a regular basis and that qualified trainers and instructors
are available.

Per Caltrans safety manual, a confined space is any location that meets the following
definition:

1) Anemployee can physically enter, and

2) Has limited or restricted means of entry or exit, and

3) Is not designed for continuous employee occupancy.

Confined spaces include structures or facilities such as tanks, bridge cells, shafts, pits,
bins, tubes, pipelines, deep trenches, vaults, vats, pump houses or compartments, sewage
lift stations, culverts, cofferdams, elevator pits, or similar locations.

For more detailed information on confined spaces, see Chapter 14 of the Safety Manual.

Work activities that include human entry into regulatory defined tunnels or shafts to
conduct construction activities must address the requirements of the California Code of
Regulations (CCR), Title 8, Subchapter 20 - Tunnel Safety Orders (TSO). The
regulations apply to underground structures of 30 inches or greater diameter or shaft
excavations of 20 feet or more in depth. However, inspection for design purposes or
inspection as a part of construction close-out of tunnels, shafts or other underground
facilities are not affected by these regulations.

For more detailed information on Tunnel Safety Orders, see HDM Index 110.12.
For safety, the assessment team should consist of at least two people.

Recommended field safety and inspection gear to have available for conducting field
assessments of culverts includes:

e Traffic Safety Vests and Hardhat (mandatory)

e Safety goggles (mandatory)

e Waterproof boots

e Work gloves

e Geologist pick hammer

e Clipboard

e 25-foot Measuring Tape or Folding Carpenters Ruler

e Digital camera (shock-resistant and waterproof)

e Flashlight (500k to 1M candle) and/or head lamp

15
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e Personal Air Monitoring Device
e Tool Belt or backpack for Hands-Free Carrying of Inspection Equipment
e Cell phones and/or Field Radios
e CTL Crack comparator card (concrete pipes)
¢ Folding Shovel, Machete and Pry-Bar
e Inclinometer
e Paint spray can(s)
There are several key activities that should be performed during a culvert inspection to

ensure that a culvert is functioning adequately. The following general elements are
recommended to consistently determine cause, type, and extent of culvert problems:

a) Evaluate the roadway for cracks or depressions:

16
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Further investigations by Geotechnical Design may be needed. Refer to Index

7.1.6.3 for coordinating with Geotechnical Design.

c) Evaluate the stream for bedload type, debris load type, high water marks, profile,
waterway, watershed (organic or inorganic, major changes since original
construction), upstream storage, downstream erosion, fish and aquatic species:

17
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d) Evaluate the culvert barrel for changes in shape (metal and plastic pipe), loss of
backfill (by using hammer soundings), signs of corrosion, abrasive wear and
existing thickness (for metal pipe, contact the Corrosion Technology Branch
within DES):

18
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e) Evaluate the culvert barrel for joint integrity, soil loss, alignment, cracks (concrete
pipe - check location and crack width) and structural integrity:

19
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g) Evaluate the inlet and roadway for signs of overtopping or high water:

h) Evaluate the inlet and roadway for available headwater:

1) Evaluate the outlet for piping
""'-_-: =
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J) Evaluate the outlet for slope, or downstream channel erosion:

For long pipes 24 inches or smaller in diameter, it will probably be necessary to perform
an inspection of the barrel with a remote controlled video camera. All Districts have a
remote camera.

22
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Remote Controlled Camera Vehicle District 3 Video Inspection Vehicle

The camera system is also used to respond to Maintenance requests for investigation,
which may lead to Capital Projects. If available, this unit may be utilized during project
construction for investigating the quality of joints, backfill operations, or other needs.
The uses may vary from district to district.

The following references discuss problem identification and assessment:

e FHWA Culvert Inspection Manual (refer to on-line FHWA Hydraulics
publications: http://www.fhwa.dot.gov/bridge/hydpub.htm) provides guidelines
for the inspection and evaluation of existing culverts. Although it is a stand-alone
supplement to the bridge inspector’s training manual, the guidelines are generally
applicable to culverts of all sizes and it is recommended as the primary inspection
reference by Caltrans staff for all culvert inspection.

e Chapter 3, FHWA Culvert Repair Practices Manual Volume 1, and Table 7.1 on
page 7-5. See Figures 3.2, 3.3 and 3.4 on pages 3-9, 3-10 and 3-12 for flow charts
outlining the overall process for analysis of problems and solutions.

3.1.3.1 Voids and Piping in the Backfill

When the water table is higher than the culvert invert, water may seep into the culvert
between storms. Infiltration can occur during flood events by suction from pressure
differentials in inlet control culverts. If voids in the backfill are discovered during the
field review, the most likely cause of soil loss is the migration of soil fines from
infiltration - either through a worn invert or leaking joints. It is important to investigate
the full extent of the voids. In human entry culverts this may simply involve performing
hammer soundings (if metal pipe) along with a thorough evaluation of the roadway and
the embankment for cracks, depressions, sinkholes, scour or piping. In non-human entry
culverts that are inspected by camera, if symptoms such as a worn invert or open joints
are present, the same thorough evaluation of the roadway and the embankment must be
performed. However, if the full extent of the voids or their cause (e.g. groundwater) is
still unknown, further investigations by Geotechnical Services may be needed. See
below.
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Cross-Section shows the CPT depth and approximate void locations

Void Detection in the Roadway Prism by Geotechnical Services with Cone Penetrometer

Exfiltration is the opposite of infiltration and occurs when leaking joints allow water
flowing through the pipe to leak into the supporting material. It is not as common as
infiltration because many culverts are empty except during peak flows and operate under
open channel flow with the hydraulic grade line below the top of the pipe. Examples of
where exfiltration may occur include inverted siphons, storm drains and pipes that are
designed with the hydraulic grade line above the top of the pipe. Minor leakage may not
be a significant problem unless soils are quite erosive.

Piping is a phenomenon caused by seepage along a culvert barrel which removes fill
material, forming a hollow similar to a pipe. Fine soil particles are washed out freely
along the hollow and the erosion inside the fill may ultimately cause failure of the culvert
or the embankment. Besides open joints or a worn invert, the source of seepage may be at
the inlet if no headwall or impervious materials were placed. See Index 5.1.2.3.

Voids that develop around culverts which have been in place for a long time are similar
to voids around newly installed jacked pipes and tunnels; They may go undetected until
the overlying ground collapses into the void loosening this material. This loosened
material, which supports the roadway, may immediately cause a depression or sinkhole at
the surface, or it may occur at a later date when the loosened material re-densifies with
the help of water, traffic vibrations, earthquake shaking, etc. It is not possible to predict
when a pipe and/or the roadway prism will collapse.

Therefore, because of the risk and potential of numerous problems associated with voids,
the importance of early communication with the Geotechnical Services specialist from
the Division of Engineering Services (DES) and coordination with headquarters cannot
be over-emphasized. See Index 7.1.6.3.
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4.1 END TREATMENT AND OTHER APPURTENANT STRUCTURE
REPAIRS AND RETROFIT IMPROVEMENTS

4.1.1 Headwalls, Endwalls and Wingwalls

Selecting an appropriate end treatment for a specific type of culvert and location requires
the application of sound engineering judgment. Design guidance for culvert entrances and
exits is given in Topics 826 and 827 of the HDM. If bank erosion is evident, or if the
proposed repairs reduce capacity, a review of the original design may be warranted,
particularly if the original selection was the same standardized type for both the headwall
on the upstream end and the endwall on the downstream end. Straight headwalls and
endwalls should be limited to locations with low approach and exit velocity not requiring
inlet or outlet protection against eddy action. However, at the outlet to some cross
culverts in narrow riverine canyons where there is a free outfall, it may be necessary to
consider using a straight endwall to prevent erosion.

Improved Entrance to Increase Capacity (Inlet Control)

4.1.2 Outfall Works

If needed, either because the original design was incomplete or the proposed culvert
repairs will significantly increase velocity, outfall works should provide a transition for
the 100-year flood or design event from the culvert outlet to a section in the natural
channel where natural stage, width, and velocity will be restored. Often, some
economical and effective armoring in the form of riprap may be applied to the threatened
area or appurtenance. Refer to “Hydraulic Design of Energy Dissipaters for Culverts and
Channels,” HEC 14 Chapter 5, for more information on estimating scour at culvert
outlets and the FHWA sponsored HY-8 Culvert Hydraulic Analysis Program.
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HEC-14 describes procedures that can be used to compute scour hole sizes and design
internal and external dissipaters and HY-8 incorporates these procedures. The following
link provides a design guide for riprap basins level with the stream:

http://onramp.dot.ca.gov/hg/design/drainage/index.php

If an outfall structure is required for transition, it will not typically be a counterpart of
that required at the entrance. Wingwalls, if intended for an outfall transition, should not
flare at an angle (in degrees from the stream axis) greater than 150 divided by the outlet
velocity in feet per second (ft/s). For the 100-year flood or design event, warped endwalls
can be designed economically to fit trapezoidal or U-shaped channels, as transitions for
moderate to high velocity (10-18 ft/s). For extreme velocity (exceeding 18 ft/s) the
transition can be shortened by use of an energy-dissipating structure. At large culverts
where stream channel degradation is present, countermeasures may be needed to prevent
embankment failures and loss of pipe support at the outlet where the high-energy
waterfall can undermine the embankment toe quickly in heavy runoff. HY-8, the FHWA
culvert software program provides designs for energy dissipators and follows the FHWA
Hydraulic Engineering Circular No.14 method for design.

Enerqy Dissipator Plunge Pool and Bank Protection at Large Diameter Culvert Outlet
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Energy Dissipator with Flared Wingwalls and Bank Protection

Refer to FHWA Culvert Repair Practices Manual VVolume 1, Chapter 5, and Volume 2,
Appendices B-16 through B-22.

For bank protection design, see Chapter 870 of the HDM.

5.1 PROBLEM IDENTIFICATION AND ASSOCIATED REPAIR
FOR CULVERT BARRELS

5.1.1 Concrete Culverts
5.1.1.1 Joint Repair

A discussion on joint requirements and performance is given in Topic 854.1(1) and (2) of
the HDM. Table 854.1 provides information to help the designer select the proper joint
under most conditions. See Chapter 5- 8.1(a) and (b), FHWA Culvert Inspection Manual
for a discussion on misalignment and joint defects. The joint repair strategy should be
dependent on the specific type of problem associated with the defect present i.e.,
misalignment, exfiltration, infiltration, cracks, or joint separation. In addition, pipe
diameter will be an important factor to be considered because human entry is usually
limited to pipes 30 inches or larger.

5.1.1.1.1 Misalignment

See FHWA Culvert Repair Practices Manual Volume I, pages 3-32, 3-37 and 3-44.
Misalignment may indicate the presence of serious problems in the supporting soil. If
progressive settlement is present, joint repair should not be performed until a solution to
stabilize the surrounding soil has been found. In some cases, reconstruction may be the
only option. If so, where there is a need to withstand soil movements or resist disjointing
forces, “positive” joints should be specified. Refer to Standard Specifications, Section 61
and Table 854.1 in the HDM.
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78 in. RCP with Misalignment Failed 36” RCP

If the misalignment is a result of leaking joints and undermining, a determination should
be made whether the undermining is due to piping, water exfiltration or infiltration of
backfill material and a combination of grouting the external voids and sealing the culvert
joints may be warranted using chemical grouting or other joint repair methods that are
described in index 5.1.1.1.3. In addition the joint should be specified “watertight” per
Section 61 of the Standard Specifications. Further discussion on watertight joints is given
in Topic 854.1(2) of the HDM. Further discussion on piping is given in Topics 829.3 and
829.4 of the HDM.

5.1.1.1.2 Exfiltration

Minor leakage may not be a significant problem unless soils are quite erosive. Where
exfiltration has resulted in piping, measures should be taken for sealing culvert joints and
making them “watertight” in addition to grouting for filling voids in the soil behind the
joint as discussed in the previous section. The same techniques used to stop infiltration
will also stop exfiltration. For RCP storm drain systems with pipes less than 30 inches or
less in diameter, grouting as described in 5.1.1.1.3, or some of the lining methods
described under Index 6.1.3, such as cured in place, can be used to stop exfiltration. For
larger diameters, internal grouting, PVC repair sleeves, grouting sleeves, internal steel
expansion ring gasket joint sealing systems as described in 5.1.1.1.3, or other lining
methods described in Index 6.1.3 such