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parameters to 9 final items. Measurement of these 9 parameters classifies the culvertintoa 1 to 5
conditions ranking (5 being best condition and 1 worst). Merits of the project’s results are two fold:
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ABSTRACT

Many aspects of transportation infrastructure have benefited from the use of full-scale
management systems in order to quantify the system’s condition and useful life. While
culvert management models have been tested in the past, none have proven functional.
This project will develop a Rating System for Rural Culveit Crossing and Repair. The
aspects of the overall project that this paper covers are the acquisition of the sample set
data and the subsequent formation of the conditions rankings model. An initial list of
culvert parameters, corresponding to specific failure mechanisms, was reduced due to the
importance (as deemed by a multitude of experts in the field) and also the ease of field
measurement. After a set of 33 parameters was established, data was collected
throughout the state of Montana. The use of an ordered probit statistical model analyzed
this sample set of data and further reduced the parameters to 9 final items. Measurement
of these 9 parameters classifies the culvert into a 1 to 5 conditions ranking (5 being best
condition and 1 worst). Merits of the project’s results are two fold: first the explorations
of the specific parameters that contribute to culvert condition are very valuable and
secondly the numerical model should be applicable in a wide range of situations.




CHAPTER 1

INTRODUCTION

As our nation’s infrastructure éontinues to expand and develop, accurate and
advanced monitoring of transportation systems will become increasingly important.
Comprehensive management plans can be, and are already used to quantify the condition
and useful life of a system. Successful transportation infrastructure management systems
have already been developed for road pavement and bridges.

One area that merits further development is the monitoring of culvert condition.
Culverts are an important entity of the transporta‘tion network. They provide effective and
inexpensive roadway passage over small streams, rivers and intermittent drainage paths.
Additionally they are used for stock, human, and vehicle underpasses. As such, culverts
are widely used by state, county, local, park, and forest service agencies.

From a transportation perspective, reactive as opposed to proactive measures related
to culvert management can have significant safety and economic impacts. Should culvert
failure result in closure of a roadway, delay costs associated with lost motorist time can
quickly escalate. Even on low-volume rural roadways, road closures of any duration can
result in significant delay and incor.lvenie_nce to motorists who have to re-route long
distances to reach their destination. Should culvert failure ahd subsequent roadway
failure go undetected and uncorrected by responsible agencies, the risk of a serious crash

is present. Crash-related costs range from $40,000 per moderate injury to $2,600,000 per

fatality." In addition to these medical-related crash costs; responsible agencies are often




subj ected to liability-related costs associated with failure to provide a safe traveling
environment. Reactive measures not only result in unnecessary safety- and liability-
related spending, but also much higher culvert maintenance costs for the responsible
" agency.

Proactive culvert management would result in fewer, shorter and more managed (i.e.,
through traffic control) roadway closures, a reduced risk of safety and liability problems
associated with culvert and subsequent roa_dway failure, reduced delay for the motoring
public, and reduced culvert-related maintenance costs. The Montana Department of
Transioortation (MDT) alone utilizes over 35,000 road-crossing culverts, and another
18,000 side culverts as part of the state roadway system. Cost savings can be significant,
MDT estimates spending $500,000 per year on culvert-related maintenance.? |

Culvert crossing repair or replacement needs should incorporate the latest in
hydraulic computation methods, consider environmental concerns, and access impact and
cost factors. The need-based rating system described herein considers all pertinent
failure mechanisms and the relative costs and transportation-related impacts of action or

no-action.

Problem Description

Most decisions for culvert maintenance and repair are currently left up to the
discretion of regional maintenance persommel. Services are provided on a need-basis
only. Sometimes the need is not recognized until after a major failure has occurred and

the entire culvert must be replaced. While culverts in areas of concentrated maintenance




attention will be well cared for, o’;her, possibly critical, crossings will go unchecked.
Well-timed maintenance can prevent catastrophic failure and the associated costs.

The Montana Department of Transportation (MDT) Maintenance and Planning
Divisions are partners in this project. The MDT Planning Division is currently in the
process of developing an all-encompassing Performance Programming Process (PPP) that
evaluates all project nominations. One of the criteria that will be used to determine
whether a project moves forward is the culvert condition if a culvert is involved. The
MDT Maintenanqe Division is currently developing an Inventory Condition and
Assessment System (ICAS) that will allow for a functional and qualitative evaluation of
roadway infrastructure assets. The proposed culvert rating system will support the ICAS
by providing the necessary engineering considerations. Currently, the MDT Maintenance
Division performs an annual inspection of most culverts, but has no formal process for
prioritizing funding for repair and/or replacement. As a result, the MDT Maintenance
Division has been historically react(ionary in nature, responding when there is some sort
of emergency.

The development of the systematic rating procedure described here would directly
suppc;rt MDT’s Maintenancé Division efforts to be more proactive rather than reactive
and consequently reéiﬂt in bettef management of maintenance resources and personnel.
Further, the proposed effort would support the larger effort of MDT project prioritizatioﬁ
and selection by directly feeding critical data to a larger multi-criteria program (i.e. the .

PPP). MDT’s interest level in the proposed culvert rating system is high and personnel

-’\




from MDT’s Planning and Maintenance Division have committed staff time to ensure

that the project is successful and will be fully integrated with their efforts.

Background

Rural roadways in the arid west often use culverts as an inexpensive and effective
alternative to elevated bridge decks. The performance of a given culvert is dependent on
both regional hydrology and structural consideratio;as. Aging culverts with minor
mechanical damage, sedimentation or collected debris can become safety hazards to rural
motorists as a result of reduced culvert ﬂéw capacity. Reduced culvert flow capacity
means that failure can occur even if weather conditions are within the realm of those
considered by the design engineers. Many of the public-lands access roads that promote
rural tourism use culverts instead of bridges due to the reduced replacement cost if failure
occurs. This cost, and the associated safety risks, could be markedly reduced by avoiding
failure through the use of a comprehensive maintenance and replacement assessment

program.

Bridges vs. Culverts

To convey water beneath an intersecting roadway, designers have traditionally had

two options: bridges or culverts. Bridges have several distinct advantages. First, bridges

" allow the transmission of large flows of water beneath roadways. In comparison to

culverts, bridges are quite advantageous in respect to preserving the natural condition of
the channel, reducing channel constrictions and preserving the natural stream bed

conditions. They also exhibit a longer service life when flow is continuous and carries




significant erosive bed load. Additionally, they tend to be more hospitable for fish
passage and are more accommodating to diverse flows where backwater effects are
undesirable during extreme flows. While bridges perform well hydraulically, their initial
construction cost ‘far exceeds that of a culvert. Due to these economic concerns, culverts
are substituted where possible. Culverts, greater than 20 feet in diameter, are considered
bridges as part of the Bridge Inspection Program by the Federal Highway Administration
(FHWA)®. Smaller culverts are still lacking such systematic scrutiny.

Many culverts experience _intermittent flow and infrequently operate at the design .
flow rate. In order to guarantee the ease and safety of culvert inspection, most
evaluations will occur at lower flow rates. Inspections must still anticipate the
consequences of high flows on the structure and surroundings. Consequences of high
flow events will need to be recognized through clues around the culvert site and the

understanding of culvert hydraulics.

Report Purpose and Contents

The purpose of this project is to develop a rating system that evaluates the condition
and eflfectiveness of existing culverts and considers the transportation-related impacts of
repair or replacement against the transportation-related impacts of no action. The rating
system will first provide guidelines for selecting high priority culverts based on visual
inspection, service records, or other qualitative information. After data has been
compiled, the rating system will use a proven model to predict a condition with respect to

biologic or environmental goals, traffic capacity records, and other qualitative indicators




to establish a weighted rank of the culverts in terms of repair and maintenance needs and
the associated benefits of repair or maintenance. The main objective of this project is to
develop a user-friendly, yet comprehensive (;ulvert rating system.

The benefits of this project will be realized at several levels:

o Maintenance — Maintenance peljs'onnel will get an immediate feedback when
compiling the raw inspection data, as the model will indicate which culverts are a
priority to repair, allowing better use of manpower and financial resources at
hand. The rating system could be used to develop a thorough monitoring of every
culvert under their jurisdiction.

o Planning — With transportation planning looking further into the future, planners
need a tool to forecast the condition of road structures at pivotal points in the
system’s development. In this way, culvert improvements may be executed in
synchronization with road improvements, so that all aspects of a highway system
may be improved in a timely manner with less disruption and cost to the public.

o Economic — In order to receive proper funding from their controlling legislative
bodies, departments of transportation need more advanced and structured
forecasts of maintenance and replacement costs. While this project will not
provide direct useful life or cost/benefit analysis, the data collected for this project
may be used in the future to develop such models.

This paper begins by discussing of the hydraulic'properties of culverts and the failure

mechanisms that render them ineffective. Chapter 2 summarizes recent work done

similar to this project. Then in Chapter 3, the methodology of this project is discussed,




including background development, data acquisition, and model evolution. Chapters 4
and 5 describe the findings of this investigation in detail and provide a synopsis of the

project’s results and conclusions.

Project Funding

The previous two federal transportation fuﬁding bills, Intermodal Surface
Transportation Efficiency Act of 1991 (ISTEA) and the Transportation Equity Act for the
21st Century (TEA-21), have authorized substantial finances to establish regional
University Transportation Centers in order to facilitate transportation education and
research. Montana State University, through the Western Transportation Institute, was
designated a federally funded University Transportation Center in 1998. Since that time

grants have become available for research opportunities.

Hydraulic Properties

Many of the advantages, and also the limitations, of the hydraulic characteristics of
culverts need to be explained in further detail in order to understand why specific failure
criteria or degradations would have such a significant impact.

Culverts can convey large flow ratés, but in some cases this requires that the inlet be
inundated. Culverts in a series can have the effect of staging; the water is stored
intermittently, where bridges must be designed to pass the maximum flow at any one

time.*
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slope, roughness, and length play a role in determining thi.s culvert’s capacity.’
Calculations for outlet control compute the upstream headwater depth using energy
balance computations that consider the predoﬁinwt losses due to the culvert barrel
friction as well as the minor entrance and exit losses.’

Research by the National Bureau of Standards (NBS), sponsored and supported by |
the Federal Highway Administration (FHWA), formerly the Bureau of Public roads
" (BPR), began in the early 1950’s and resulted in a series of reports. These reports
provided a comprehensive analysis of culvert hydraulics .under various flow conditions.®
One of the most exhaustive studies into culvert hydraulics was compiled by G. L.
Bodhaine in 1967 for the United States Geological Survey (USGS). Bodhaine attempted
to categorize all culvert flow into six different flow types based on the location of the
control section and the relative heights of fhe headwater and tailwater elevations.’

These six types can be subdivided into six classifications as shown in Figure 2. If the
inlet.and outlet are not ‘subme;rged, only flow types 1, 2, and 3 are possible. If both the
inlet and outlet are submerged, only type 4 flow possible. If the inlet is submerged with
the outlet not submerged, the remaining flow types 5 and 6 are possible. General
descriptions and controlling sections of the six numbered flow conditions are:

o Type 1 — Supercritical flow through culvert barrel with flow dropping to critical at

inlet.

o Type 2 — Subcritical flow the length of the barrel with the flow dropping through

critical at the outlet.

o Type 3 — Tranquil flow throughout culvert barrel, flow controlled by barrel losses.
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CulvertMaster contains a ‘Quick Culvert Calculator’, which simply models water flow
from the inlet to the outlet of a culvert. Additionally, it can perform an exhaustive
‘Analysis’ for in-place culverts including watershed calculations of flow data and tail
water calculation with consideration to the downstream channel. Finally the ‘Design’
option of CulvertMaster allows input of basic site and roadway data that will apply for a
specific culvert crossing. Various design trials can consider the same watershed and
tailwater calculations as the ‘Analysis’ mode, with the addition of local grades and
headwater limitations.®

The underlying mathematics for CulvertMaster are based on the publication
Hydraulic Design of Highway Culverts (HDS 5) by the FHWA. While the assumptions
contained in HDS 5 were found to cover most casés, it neglected certain flow conditions,
namely full-pressurized pipe flow (Case 6 by Bodhaine’s classification).

HEC RAS — The River Analysis System (RAS) produced by the U.S. Army Corps of
Engineers Hydrologic Engineering Center in Davis, California is an open channel flow |
profile software package that includes analysis of not only culverts, but also bridge piers,
weirs, and spillwa}}s. This program is designed to replace the HEC-2 backwater program
and will analyze networks of channels, natural or manmade, and compute water surface
profiles using steady, one-dimensional flow hydraulics. HEC RAS is specifically
designed to compute backwater profiles of river systems; culvert evaluation is
cumbersome, but accurate. In order for HEC RAS to compute water profiles including
culverts, specific techniques must be applied to account for the ineffective uﬂow areas on

either end of the culvert.
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An Excel Template for Generating Rating
Curves for Corrugated Metal Pipe Cl_llverts

The previously mentioned culvert analysis ﬁro grams can be expensive to obtain, and
-may require extensive training to operate. Therefore a simple-to- use and freely
distributed spreadsheet was developed concurrently with this project by Dr. Joel Cahoon.
This template calculates all six of Bodhaine’s flow cases f01'.r a restricted set of culvert
shapes and materials. A further explanation of this template and information on how the

program can be obtained is in Appendix B of this document.

Failure Criteria

Culverts share a multifaceted relationship with their surrounding environment. To
better understand this relationship, one must consider all faﬂure criteria that may lead to
culvert maintenance or replacement. Establishing failure criteria for any engineered
system is mandatory to determine the system’s potential for success. While failure may
occur in a multitude of ways, the initial failure will be the controlling mechanism. In
order for the culvert to be effective, it must work in harmony with the drainage it is
transmitting, the overlying roadway and the channel that it adjoins.

Nearly as important as the establishment of the predominant failure mechanism is the
development of threshold values for the degree of failure within each mechanism. if
periodic maintenance is required to restore full flow capacity to the culvert, but water
does not interfere with road users, it is of moderate concern. But if the culvert fails either
structurally or hydraulically to the point that road users must detour the crossing, the

situation is considerably more critical. The following sections will outline the likely
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ways a culvert may fail. The failure model developed here will consider all pertinent
failure mechanisms, with the final model including only those factors shown to directly
effect the overall culvert condition. Additional complexity is introduced by the
interaction between failure mechanisms; the developﬁent of aminor flaw may lead

directly to the catastrophic failure of another.

Piping

Runoff water is very efficient; it will find the least restrictive pathway to flow
downstream from its source. When culverts are inadequate and water is allowed to flow
through the fill surrounding the culvert barrel; piping results. The two primary causes of
piping are deficient end treatments and poorly compacted fill immediately around the
culvert. Inadequate end treatments allow the infiltration of water around the culvert
barrel, while the improper compaction of fill around the culvert allows fill material to be
displaced and removed by the flowing water. Piping leads to instability of the roadbed
above the culvert. This results in damage to the road surface, and also deformation of the
culvert itself due to differential preséures caused by material voids around the culvert-soil

interface.

Sedimentation and Debris Collection

The total flow in a culvert is equal to the velocity multiplied by the flow cross
sectional area. Fine sedimentation in the culvert barrel can result from backwater pool
effects at the downstream end of a culvert. Subsequent flow events deposit additional

layers of sediment in the invert of the culvert, eventually blocking the majority of the
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cross section. Many times these backwater pools are due to the culvert being installed
too low in the cross sect‘ion. Flushing of this fine sediment can be accomplished with
flow velocities as low as 2 to 3 feet per second.” Coarse cobble can collect in the culvert
barrel due to natural bed loading.

Debris collection may occur at the inlet to the culvert or within the culvert barrel. It
1s usually caused by large debris attempting to pass through the barrel, material getting
caught on a mechanically damaged inlet, or material becoming wedged inside the barrel.
Most problems with debris collection do not merit major repair or replacement, simply
the removal of the debris. But backwater effects of debris can trigger other failures.

Another factor that may contribute to debris collection is vegetation growth at either
the inlet or outlet of the barrel. Typically, flows of 2.5 feet per second will limit

vegetation growth within the channel.’

Corrosion

Corrosion can attack culverts from the interior or exterior. Corrosive water flowing
in the culvert can slowly dégrade the interior 'surface of the culvert material. In order to
limit this potential damage, protective coatings can be used on culvert interiors. In order
to alleviate both types of corrosion, it is important to select the least reactive material for
the culver_t, and in extreme-cases additional coatiﬁgs and/or treatments may be merited.

New types of corrosion resistant culverts have been developed, but to date are in
limited use in most areés. The pred‘oﬁinant type of corrosion resistant culverts is

constructed of high-density polyethylene (HDPE). HDPE is the most chemically inert of
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all commodity plastic raw materials and has become the standard for chemically active

acidic or alkaline site conditions.'®

Abrasion

Abrasion is caused by sediment bed load moving within the culvert, slowly wearing
away at the invert. The widespread use of galvanized corrugated metal pipe (CMP),
makes abrasion of particular concern because the zinc coating, commonly known as
galvanization, is worn away. The removal of this protective coating in turn exposes
easily corroded bare steel. Abrasion is accelerated in streams that carry abundant bed
load, and the subsequent corrosion in areas with highly corrosive water. Due to higher
volumes and sizes of sediment transported, culverts in mountainous areas are typically
suspect to greater degrees of abrasion damage. The Montana Department of
Transportation has found that abrasion and corrosion are some of the leading causes of

_required maintenance or catastrophic culvert failure.'’

Physical Damage

Physical damage to the culvert ﬁay occur from the exposed ends of the culvert being
damagéd by cars leaving the roadway or imprpper road and ditch maintenance activities.
Damaée severity can be limited to bent or broken outlet or inlet or as major as complete
collapse of the damaged sections. If the disrepair may be corrected onsite, no major
replacement is merited.

3

As discussed in the Hydraulic Properties section, the hydraulic capacity of culverts

can be a direct function of its inlet or outlet. Thus minor physical damage can
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significantly reduce the hydraulic efficiency of each culvert. Hydraulic tests have shown
that even the location across a rib where corrugated pipes are cut can make a significant

difference in hydraulic capacity, most of all when submerged.

Channel and Drainage Basin Alteration

Runoff calculations are directly based on the grpund cover of the area they drain. If
land use patterns are altered in these drainage areaé, runoff volumes can deviate
drastically. Examples of watershed changes include deforestafion, subdivision
development, or changes in agricultural practices. While increased water quantity is not
directly related to the culvert failing, forcing a culvert to transmit greater volumes than its

design capacity can trigger other failure mechanisms.

Fish Passage

One of the more recent, and somewhat debated, challenges to culverts is fish passage.
As culverts have replaced bridges on many constant flowing waterways, and fish habitat
preservation and rehabilitation have become major priorities, the ability and ease of a fish
to pass through a culvert is quite important. Unfortuna’;ely the optimum hydraulic design
and the design optimizing fish p‘assage do not always coincide. Optimum hydraulic
efficiency is obtained using a culvert with smooth interior walls, and design for the
culvert to flow full with high flow velocities. L.ocations of optimum conditions for fish
passage are low flow velocities created by high roughness and debris deposits.

Culverts limit fish passage in a \;ariety of ways. The major factor is the increased

flow velocity through culverts, in comparison with the disturbed channel bed. While fish
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may be able to reach these high speeds for limited amounts of time (darting speed) they
have difficulty in maintaining high rates of vélocity for long periods. Thus some culverts
may require either natural or man-made obstructions create backwaters and rest areas for
migrating fish.'? However, these obstructions within the culvert barrel will have a
negative effect on hydraulic capacity, and the lower flow velocities may create additional
problems with sedimentation.

Another factor that can inhibit fish passage upstream is the perching of the outlet of
the culvert barrel. A perched outlet is a case where flow from the ;ulvert outlet free falls
into the downstreém channel, this can be attributed to scour from the culvert itself, or
initial improper installation. Perched outlets prevent fish with inadequate jumping
abilities to enter culverts and progress upstream. A middle ground needs to be negotiated
to not only allow natural passage of fish, but also efficient conveyance of water through

the culverts.

Approach Roadway Condition

In situations where the culvert condition is not inspected regularly, damage to the
surface of the oiferlying road may be the first indication of serious problems with the
culvert below. Failures along a small diameter culvert will be difficult to see from the
inlet or outlet, and damage to the road surface may provide the only means of w;lming.
Common defects would include sagging and increased transverse cracking of the road
surface. Settlement of the guardrail or sloughing of the road shoulder would also be clear

indicators of problems.
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Erosion or Failure of Side Slope

Erosion of the side slopes at either the upstream or downstream ends of the culvert
can be attributed to inadequaté armoring and can be an indicator of other failure types.
Armoring can come in the form of vegetation and/or larger sized aggregate. If armoring
is not feasible, the aspect angle of ;che side slopes must be decreased in order to limit
runoff velocities. Erosion of the downstream embankment may be due to overtopping

and/or piping.

Settlement and Joint Separation

Flow characteristics of culvérts are sensitive to minor changes in slope and thus
settlement can alter hydraulic performance and additionally can lead to other problems.
Frequently, settlement of the culvert will lead to damage of the oiferlying roadway.
Settlement can also be the predecessor to other types of failure such as sedimentation,
joint separation, and scour issues at the outlet end.

Joint separation occurs when the junctions between prefabricated culvert sections are
disrupted. This can lead to either infiltration, or more frequently exfiltration, of flow
from the culvert. introducing moisture to the base and sub-base of a roadbed can have
detrimental effécts such as expansion of soil or. flushing of fine particles leading to
settlement of the remaining coarse material. Typically joint separation is difﬂgult to
assess, especiaily in small diameter culverts of long length where direct determination
will be nearly impossible and observation of secondary factors such as roadway or side

slope damage, or differences in inflow and outflow of the culvert must be observed.
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Buovancy Failure

During high flow, when either the inlet or outlet are submerged, but the barrel of the
culvert does not flow full, the culvert may experience problems with buoyancy uplift.
Projecting inlets on corrugated metal pipe of large diameter (greater than 5 feet) are
particularly susceptible to uplift bending. While this type of failure only occurs in
extreme cases, it is an important désign issue for larger diameter culverts or culverts with
steep slopes. Smaller culverts are less susceptible as the ratio between the area within the
culvert (defining the potential buoyancy force) to the weight of the fill above the culvert
is much less. Physical damage to culvert inlet may accentuate this problem. Proper inlet
design can reduce the size of the culvert needed and reduce the chance of uplift by

allowing the pipe to flow full."?

Overtopping

When the backwater of a culvert increases beyoﬁd the height of roadbed, water will
flow over the road and may result in erosion of the road surface or shoulders. The
amount of embankment erosion caused by overtopping depends on the depth of the
overtopping, the tailwater elevation, the duration of the event, and the soil and surfacing
types. Overtopping can be the result of inadequate sizing or design of a culvert system.
Clnllverts on minor roads may be designed to overtop during extreme flows, limiting the

size and related expense of the culvert installed. .

Structural Collapse of Barrel

Culvert barrels are not only a hydraulic structure, but are also a structural part of the

roadbed and must support the weight of the above roadway and traffic. Circular culverts
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depend on the compressive strength of their shape for strength, and any minor
deformations should be considered catastrophic, as further damage will likely occur.
Degradation of the culvert material due to abrasion or corrosion contribute to a decrease

in culvert strength.

Remedial Measures to Failure Criteria

Failure of culverts can be caused by three broad categories: age, improper design or
installation, and acts of nature. | |

Of the three causes, age is the one that engineers can do the least about, but it is the
most predictable. Various federal and state transportation departments have developed
useful life pred.ictors for culverts (mainly dealing with corrosivity) and associated factors
of safety. Adequate installation and maintenance records are of the utmost importance in
monitoring culvert age.

Improper design and installation are human caused errors; the first due to lack of
judgment or information during the engineering phase, and the second due to unskilled or
improper work during the construction phase. Both can be prevented with proper training
and attention to‘detail.

Acts of nature include storms, runoff patterns, and characteristics of the basin which
the culverts are installed to drain. They cannot be altered, but the accuracy of runoff
volumes and flood sequencing can lead to a proper design.

Problems with culvert installations prior to the 1960’s related to embankment

scouring, buoyancy, and piping led MDT to take action on its new installations. In order
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to mitigate piping and buoyancy problems, cut off walls were used. Additionally, the use
of concrete edge protection on inlets and riprap on embankments is used to reduce the

effect of scour and collapse of inlets due to negative pressure in pipe entrance.'!
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CHAPTER 2

STATE OF THE PRACTICE REVIEW

Review of current literature indicates that little informatioﬁ has been developed and
reported relating to culvert management or ranking systems. The first item in this review
is the existing FHWA program to analyze large culvert condition. Next, numerical
models that have been developed to predict useful life results dependent predominately
on corrosion‘resistance are discussed. Additionally, the culvert management system
developed herein will have similar attributes to existing bridge and pavement
management systems, and therefore a brief discussion of bridge and pavement
management systems is presented. Finally, a monetary based culvert ranking system is

summarized.

FHWA Culvert Inspection Manual

Improvements in structural capacity and cost comparison to bridges have
increased the use of large diameter culverts in recent years. In order to more accurately
monitor these structures, the Federal Highway Administration (FHWA) decided to

organize an inspection procedure and suppérting manual for these structures. The

[3

definition of culverts in the “Bridge Inspectors Training Manual 707, is “...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.”
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Thus “culverts” over 20 feet in span needed special attention. In 1986 the FEWA
developed a “Culvert Inspection Manual” to address these large culverts as a supplement
to the standard “Bridge Inspectors Manual.” As part of the FHWA Bridge Inspection
Program, large-span culverts are included on a biannual inspection cycle. This still
leaves the smaller culverts without mandatory inspection.

Some qualities of the FHWA’s system include well-organized maintenance rating
scale and a thorough inspection of every aspect of culvert failure mechanisms. The
ispection includes multiple phases:

(1) A review of available information, including previous reports and plans, prior to the =«
fieldwork,

(2) Observation of the overall condition of the culvert and its surroundings,

(3) An analysis of the approach roadway and embankment,

(4) The waterway is inspected, concentrating on location problems, sedimentation, scour,

| and waterway accuracy,

(5) The culvert end treatments are analyzed for damage and condition,

(6) And the culvert barrel itself is inspected.

While this type of exhaustive analysis would yield accurate results for smaller
culverts as well, it is not economically feasible to i)ut this amount of time and work into
“every culvert in a large scale transportation system. A syst_em which does not sacrifice
this accuracy, but which can be accomplished more quickly and efficiently is desired.

The specifics of the barrel inspection vary according to the culvert material. Table

~ 2 contains a summary of the ratings that the system assigns.
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Table 2. FHWA Culvert Maintenance Inspection Rating Scale

Immediacy of Action Course of Action ‘

9 No repairs needed.
8 No repairs needed. List specific items for special

inspection during next regular inspection. Note in inspection report |
7 No immediate plans for repair. Examine possibility of |only.

increased level of inspection.
6 By end of next season - add to scheduled work.
5 Place in current schedule - current season - first

priority opportunity.
4 Priority - current season - review work plan for relative [Special notification to

pI‘iOl‘ity - adjust schedule ifpossible. superior is warranted.
3 High priority - current season as soon as can be

scheduled. {
2 Highest priority - discontinue other work if required -

emergency basis or emergency subsidiary actions if

needed) post, one lane traffic, no trucks, reduced Notify superiors verbally

speed, etc.) as soon as possible and
1 Emergency actions required - reroute traffic and close. |confirm in writing.
0 Facility is closed for repairs.

Missouri Department of Transportation Culvert Research

Since the early 1930’s the Missouri Department of Transportation (MoDOT) has
evaluated the durability and performance of galvanized corrugated steel pipe (CSP) and
reinforced concrete pipe (RCP). The studies revealed a service life of about 50 years for
CSP and nearly 100 years for RCP.

A r;s_port published in 1991 reinforced these service life estimates.* It
additionally concluded that attempts to relate service life to measurable environmental
parameters such as pH, abrasion, soil resistivity, chemical properties of the runoff, and
watershed characteristics proved unsuccessful. Results showed fhat no single or

a

combination of parameters would accurately predict service life in all areas of the state.
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Currently, Missouri has committed to a biannual inspection of 230 culverts
located in seventy-one counties across the state. This program, instituted in 1991, 1s part
of the development of an inventory database established in 1987 to track the type,
location, and service life of culverts installed.’* The study began by selecting a
statistically valid sample x;arying across geography, age, and culvert material. Global
positioning technology is being used to accurately locate the culverts, and summary
sheets adopted from the “FHWA Culvert Inspection Manual” are used to record culvert
condition. They have expanded this research to include high de;nsity polyethylene

(HDPE) pipes as well."”

Montana Department of Transportation Culvert Useful Life Calculator

Montana currently employs a useful life calculator with respect to culvert corrosion
on all new construction and rehabilitation projects. This spreadsheet requires inputs of a
culvert’s age, material and thickness and the soil parameters of pH level, conductivity,
resistivity, and percentage of sulfates. It then will analyze the useful life for various
materials and recommended coatings and/or treatments. While this system does a

thorough job with respect to corrosion, it ignores the remainder of failure criteria.

California Culvert Maintenance-Free Service Design Estimator

Similar to the Montana Useful Life Calculator, California employs its own version of
a functional life estimator. This DOS based program considers not only the corrosive
potential of the soil and water (using the parameters of both water and soil pH and

resistivity), but also takes into account channel flow conditions. The program then
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calculates estimated service life for various coating treatments and makes
recommendations for material usage.'® In order to account for constant flow conditions,
this program allows the user to reduce the life of the invert coating by one half if the
channel is constantly flowing, due to consistent contact with water and abrasion. The

effects of abrasion are factored in by allowing the user to select estimates for flow

velocities.

FHWA Bridee Management System

Studies have shown that more than 40 percent of all the 575,000 highway bridges in
the United States are functionally obsolete or structurally deficient.!” In order to
proactively monitor all bridges; the Federal Highway Administration began developing a
bridge rﬁanagement system over the last 25. to 30 years. This management system makes
the most efficient use of the typically meager funds allotted for bridge preseryation and
rehabilitation.

Upon formulation of the National Bridge Inspection Standards (NBIS), every bridge
on a public road must be inspectea every two years, and data from these inspections must
be inventoried and the critical bridge inventory updated. In order to logically analyze and
use these vast amounts of data, cooperating groups under the direction of the FHWA .
have developed clear definitions of key bridge management principles and objectives.
The most recent bridge management system implemented is the Pontis computer
program. It incorporates dynamic, probabilistic models and a detailed bridge database for

predicting maintenance, improvement, and replacement needs. In addition, the program
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will recommend optimal polici.es and schedule projects within budget and policy
constraints. Ponits provides a more detailed-description of bridge conditions and its
models are designed to operate on groups of bridges or whole inventories, rather than on
individual structures.!’

One challenge to the gathering of accurate information is doing so in a nondestructive
manner while still detecting flaws such as delamination and fatigue crackin;g,r of the
surfacing and cracking and fatigue of the bridge structure. No matter how complex or
sophisticated the programs and algorithms are that perform the analysis and
recommendations, they are only as good as the data that was used to formulate them. In
order to improve data quality, FHWA is partnering in .efforts to use advanced data
collection techniques. A wide variety of detection methods are currently being used, and .
more advanced methods are under development.'’

Originally data for the management system was obtained through field inspections
through the National Bridge Inspection program. But recent pro grarr'ls have integrated
this data with ciimate, hydraulic, hydrologic, geotechnical, and earthquake data to
formulate advanced studies between bridge conditions and external environmental
conditions.'®

Future culvert management systems should emulate the thorough nature and use of

advanced modeling techniques employed in the FHWA’s Bridge Management System.
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FHWA Pavement Management System

Pavements make up the largest capital investment in any modern highway system.

' Maintaining and operating pavements on a large highway system typically involves

exceedingly complex decisions of when and what type of maintenance is required.
Traditional methods left these critical decisions up to road supervisors, who would make
these decisions based on their individual experience and knowledge. Rarely are there
enough funds to complete restoration in all instances, and thé timing of maintenance in
high traffic areas are severely restricted.

Pavement management systems consist of three components: (1) a system to regularly
collect highway condition data, (2) a computer database to sort and store the collected
data and (3) an analysis program to evaluate repair or preservation strategies and suggest
cost-effective projects to maintain highway conditions.”” Methods of data collection
range from driving surveys to the use of elaborate testing vehicles that measure
smoothness, skid resistance, faulting, and cracking in the road surface. Data from
identical length segments is then input into a database and used for comparison purposes.
This database and subsequent analysis are usually set up using commercially available
software featuring many custom features according to the need of the ageﬁcy.

The analysis portion of the pavement management system attempts to predict_how
long a pavement segment Wﬂl last with specified repairs, taking into account traffic loads,
climate and other factors. The basis of the analysis is twofold, based on the collective
expertise of road experts, and the historical costs incurred for repairs or reconstruction.

Overall, the intent of the analysis is to identify the most cost-effective ways to maintain a
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highway system in satisfactory condition. Early challenges found in developing

pavement mé.nagement systems are as follows: .

(1) Costly Maintenance Practices ~ State, Federal, and local governments invest more
money in highway maintenance than for any other purpose. While the actual cost for
these repairs is large, strong evidence suggests some of the high costs originate from
Inappropriate or poorly timed maintenance activities.

(2) Preservation vs. Construction — After years of collecting pavement data, it became
evident that it was far molre economical to preserve roads than to delay repairs and
reconstruct roads. Studies further showed that as traffic levels increase, 'the costs of
delaying repair work increased greatly.

(3) Data Collection Problems — Data collection by observation was very difficult and was
often not objective. Data colllection on the large highway systems usually required
several observers to collect data and this led to inconsis’;encies. These factors led to
the development of vehicles that mechanically measure road conditions.

(4) Computer Evolution — Computers, even 15 years ago, were excessively burdened
with the task of working through the large amount of data in pavement management
programs, but the evolution of power in today’s desktop computers has made this
andlysis multiple alternatives rapidly.

Most current highway system administrations have incorporated pavement
management systems into their operating plans. Agencies report that the systems are
worthwhile, but several data collection cycles are required before significant cost savings

in operation and maintenance are realized.




The Transportation Research Record published a culvert ranking model based on
economic factors in 1991. This model was developed with goals similar to those herein-
ranking culverts based on a limited set of parameters to forecast culvert condition.

The parameters included in this model were:

o

A lével of service (LOS) approach we;s adopted for this model. Goals for the LOS of
each culvert parameter were establiéhed in accordance with highway functional
classification, traffic volume, and' other factors. When a culvert parameter failed to meet
its service goal, a deficiency occurred. Four priority ranking formulas were developed
analyzing load capacity, hydraulic capacity, width deficiency, and maintenance costs.
The priority ranking formulas were then weighted for importance in order to collectively
return a condition rating.zo

This system has several important qualities. First, it is based on the universal

perspective of money. All people can compare monetary results, and deduce the same
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Micro-Computer Based Culvert Rating System

posted weight,

average daily traffic (ADT),
relative width, |
detc;ur length,

flood detour length,

flood days per year,

average cost per day per flood and

maintenance costs per yea:r.20
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conclusion. It also takes into account the value to the motorist if they are forced to detour
the crossing during times of failure. While this system attempted to encompass all
problems dealing with culvert deterioration, it fell short in several areas. In order to
establish the basis of economic loss, some values were estimated, such as the average
cost per day of flooding. Additionally, factors such as flood days per year are difficult, if
not impossible to accurately detect. They would require constant monitoring of e\./ery
site. Next, the safety consideration of the culvert.crossing is based on the theoretical

. number of crashes, which is, in turn, derived from the relative road width. Further, this
appears not to encompass all influencing factors of culvert crossings. While no model .
can encompass all failure mechanisms, this one seems to neglect important aspects such

as scour, sedimentation, corrosion problems, and the physical condition of the culvert.

Summary

The multiple sources examined for this paper all contributed to its development in
some unique way. These sources are summarized in the Table 3.

All work on this project to this point has been focused on establishing a background
and base level knowledge for the development of a rating system for rural culvert
crossing repair and maintenance. The remainder of the document will build on this

foundation discussing the methodology, findings, analysis, and conclusion of this project.
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State of the Practice Review Information Sources

Literature Source

Contribution to Project

FHWA Culvert Inspection

Manual

Well-developed program to inspect and monitor culverts greater than
20’ in diameter on our nation’s highways

Specific maintenance rating scale and thorough inspection of every
aspect of culvert failure mechanisms ]

While analysis is comprehensive, a more efficient system needs to be
developed for the vast number of our nation’s smaller culverts

Missouri Department of
Transportation Culvert
Research

Long term material-specific useful life studies

Past results have shown no correlation between pH, abrasion, soil
resistivity, chemical properties.of runoff, and watershed characteristics
and service life

Currently involved in biannual inspection of 230 culverts across
Missouri

Montana Department of
Transportation Culvert
Useful Life Calculator

Useful life calculator factoring in material, soil, and water parameters
Recognizes degradation due to corrosion, but fails to recognize other
failures '

California Culvert
Maintenance-Free Service
' Life Estimator

Similar to Montana Department of Transportation Useful Life
Calculator .
Allows compensation for channel flow conditions

FHWA Bridge
Management System

A system such as this is a 20 year goal for culvert management
Advanced to point of predicting condition through climate, hydraulic,
hydrologic, Geotechnical, and earthquake data

FHWA Pavement
Management System

Similar to culvert system in trying to predict condition level without a
measurable condition parameter

Micro-Computer Based
Culvert Rating System

Only model found to consider multiple failure mechanisms

Cause and effect relationships could use improvement

Only addresses safety and hydraulic capacity, neglects corrosion and
other failure mechanisms
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CHAPTER 3

METHODOLOGY

This Chapter describes the methodology used for the development of a rural
culvert rating system. This project methodology can be divided into three distinct phases;

1dentification of project scope, data acquisition, and data analysis and model formation.

Identification of Project Scope

The early phases of this project were spent in the circular process of determining the
project’s end goal, testiﬁg the feasibility of that goal against available resources, and
refining the end goal to match available data and resources. Ideally, the culvert ranking
model would output a forecast of useful life or economic reference. A lac;ic of historical
data made this type of time-sensitive analysis impossible. Therefore, it was decided to
work toward a conditional rating, with a minimal number of inputs. These inputs must be .
as objective in nature as possible, easy to gather in the ﬁeid, and accurately describe

specific failure criteria.

Data Acquisition

Data acquisition for this project took place in two phases. First, it was necessary to

decide what information to collect, then the collection methodology could be developed.
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Determination of Culvert Parameters

Before any data could be acquired, the data classification and descriptions of the
items to be.collected were established. The development of a system such as this is a
series of compromises; if every conceivable culvert parameter were used to define culvert
condition, the data collection efforts would outweigh the value of results obtained from
them. Because the objective of .the culvert managemeﬁt system is to set priorities and get
arelative ranking of the system’s culverts, a more logical approach is to minimize the
number of culvert performance or condition parameters collected. This was accomplished

by reducing the list to include only the factors that will directly contribute to the most

predominant failure mechanisms.

Table 4. Culvert and Site Characteristics included in Data Collection

Culvert and Site Characteristics

Date of Inspection

Channel Material/Surface Description

Culvert Installation Date

Scour at Outlet

* [Name of Inspector

Evidence of Major Failure

Cross Dimensional Shape

Evidence of Culvert Settlement

" [Culvert Material Degree of corrosion
Interior or Invert Treatment Coating of Culvert Invert Worn Away
Type of Inlet Structure Holes in Culvert Invert
System and Route Number Sedimentation of Cross Section
Reference Point (Mile Post) Physical Blockage
Height of Culvert Perched Outlet
Width of Culvert Joint Separation
Length of Culvert Damage to Roadway
Cover Height Erosion or Failure of Side Slope
Culvert Use [Physical Damage to Culvert
Crossing or Stream Name Evidence of Piping
Detour Length Presence of Backwater Pool

|Average Daily Traffic
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Early in the project it was decided that the primary justifications for including

parameters in the model were: the ability of the parameter to summarize a specific culvert

condition and the ease of measurement in a field setting. Table 4 summarizes the

information that was evaluated for inclusion in the model, data that, if selected, must be

collected for any given culvert.

Table 5. Items Excluded From Model Formation
Ttem Reason Not Included
Thickness of Pipe o  Difficult to measure accurately if culverts have end treatments or

other complications
Thickness is typically standardized for specific culvert sizes

Type of Exterior Treatment

Difficult to access after installation, data item should be included in
pre-construction documentation

Elevation of Road Bed Over
Culvert Outlet Invert

Simplified to cover height, which is closely related.to the ease and
expense of maintenance

| Upstream Geometry
(channel width, channel
slope, road side slope, ditch
back slope)

These items would only be necessary for hydraulic capacity
modeling, culvert slope is difficult to measure accurately in the field
without surveying equipment

Downstream Geometry
(Tailwater depth)

Difficult to access accurately without constant monitoring, only
necessary for hydraulic capacity calculations

Vertical and Horizontal
Alignment Problems

Purely subjective judgments that would merit repositioning or
replacement measures

Potential for Ditch Erosion

Subjective rating related to ditch chammel material description

Soil and Effluent pH and -
Resistivity

Corrosion specific inputs for some models of useful life

Terms would require laboratory analysis of samples or complicated
field tests

In order to measure effluent pH and resistivity culvert must be found
transmitting water

High Velocity Inlet Flow (as
related to fish Passage)

Subjective measure that can be calculated with flow parameters and
culvert physical information '

Temporary phenomena specific only to fish supporting, permanent or
seasonal streams and rivers

Notable change in watershed
(above culvert)

Related to overall basin, not one specific culvert crossing
Major changes may trigger other forms of culvert failure, but
watershed change is not a failure criteria

Exposure of reinforcing steel
(concrete culverts)

Project is designed to handle all culvert materials, and thus material
specific analysis must be eliminated

Culvert Soffet Exposed to
Road Surface

Due to lack of cover on unpaved roads
Related to road maintenance, not culvert maintenance and
performance
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Detailed explanations of each parameter, as well as the specific instructions for
measurement of each parameter can be found in Appendix A, the Culvert Data Collection
Guide. Table 5 shows parameters that were not included in the development data set,

with brief descriptions of the reasons for exclusion.

Data Collection

A plan was formulated with the Montana Department of Transportation for a
statewide data collection effort by each of the 11 MDT Maintenance Divisions in their |
respective area. In order for these groups to gather homogeneous data, a thorough Data
Collection Guide was compiled (Appendix A). This guide contained specific instructions
related to each data input (those in Table 4) as well as to the handling of the data in
general. Additionally the Data Collection Guide describes each characteristic explicitly,
and briefly rela’.ces the theoretical importance of each. The docuﬁlent was introduced by a
presentation explaining the scope of the project and distributed to each maintenance
division at a semi-annual MDT Maintenance Supervisors meeting. Culverts to be
included in the study were selected at random by the respective maintenance personnel.
While this did not guarantee an unbiased sample with respect to age, material, and
location, it was determined that this minor random bias would not significantly alter the
model results. Table 6 summarizes the response £ate for each parameter, with comments

concerning the reporting of each parameter.
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Parameter Name Percent Comments
Response
Overall Condition Rating 97% o Subjective overall condition rating
o  Some inspectors would not give any culvert they
inspected a high rating, others seemed to rate them
consistently low .
o  Some showed very little variance , even if other

parameters seerm to very a great deal

Date of Inspection 100%

Culvert Installation Date 75% o Lack of historical record keeping

Name of Inspector 100%

Cross Dimensional Shape 99% o Primarily circular culverts inspected

Culvert Material 98% o 61% corrugated metal pipe (CMP) and 37 %
reinforced concrete pipe (RCP) reported

Interior or Invert Treatment 98% o Nearly 90% reported no interior treatment

Type of Inlet Structure 98% o Fairly evenly distributed

Road . 100% o  Designations are according to MDT classification
for ease of implementation into future system

Mile Post 99% o  Most accurately reported to the nearest tenth of a
mile

Average Daily Traffic 97% o  Values extracted from MDT geographic
information system database

Height of Culvert 100% o Values reported to nearest tenth of a foot.

Width of Culvert 100% o Values reported to nearest tenth of a foot.

Length of Culvert 99% | e Values reported to nearest foot, difficult to
measure on long culverts.

Cover Height 90% o  Estimated value for consideration of
repair/replacement plan and cost.

Culvert Use 100% o 70% periodic drainage, 19% stream passage

Crossing or Stream Name 14% o  Reported only for named streams and road
underpasses.

Detour Length 91% o  Set class variables (classes were 0-1.1 miles, 1.1-
3.0 miles, 3.1-10 miles, 10.1-50 miles, and over
50.1 miles.)

Channel Material/Surface 99% o  Many inspectors had difficulty choosing one

Description material description.

Scour at Outlet 98% o Evidence of scour issues in 19% of culverts
reported

Evidence of Major Failure 99% o Several major failure mechanisms noted

Evidence of Culvert Settlement 99% o  Theoretically difficult to access but evidence
reported in 15% of cases

Degree of corrosion 100% o  Corrosion issues reported in 18% of cases

Coating of Culvert Invert Worn 99% o Only noted in 7.5% of cases

Away

Holes in Culvert Invert 99% o Only reported in 4% of cases

Sedimentation of Cross Section 100% o  One of few truly objective parameters, good results

Physical Blockage 100% o  One of few truly objective parameters, good results
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‘Table 6. Summary of Responses (continued)

| Parameter Name Percent Comments
Response

Perched Outlet 99% o Reported in 8% of cases.
Joint Separation 98% o Reported in 8% of cases.
Damage to Roadway 99%~ o Some degree of damage in 7% of cases
Erosion or Failure of Side Slope 100% o Some degree of damage in 11% of cases
Physical Damage to Culvert 99% o Some degree of damage in 16% of cases
Evidence of Piping 99% o Condition noted in only 5% of cases
Presence of Backwater Pool 100% o  Pools existent in 14% of cases

Data was returned to the author on the data sheéts provided in the Data Collection
Guide. All 11 divisions reported data resulting in a sample set of over 460 culverts. The
only parameter not gathered in the field by maintenance divisions was the average daily
traffic. This was obtained by referencing culvert crossings by system and route number
at the appropriate reference point (mile marker) through MDT’s GIS database. The
information was then input into a spreadsheet for analysis and input into the statistical

modeling software, which will be discussed in the next section.

Data Analysis and Model Formation

Much of the early debate in this project.concerned the type of statistical model
necessary to properly aﬁalyze our available data, and return a worthwhile result. One
serious obstacle in planning this statistical model was the fact that we had no concrete
response variable. Most research endeavors have a measurable resultant value, this
project proved more nebulous. No past condition data was available, and due to the time
constraints of the project, the model would have to be based on only one round of data
acquisition. This ruled out any possibility of returning a time sensitive result, such aé

useful life. A relative condition rating was the only result possible. The next obstacle
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became the type of scale to compare that condition too, with no established ratings
criteria and no objective or physical measurement devices. Thus it was decided to rate
the culvert conditions in a comparative fashion, a scale that would give the condition
relative to others so that maintenance and management decisions could be made. This

type of result could be obtained from an ordered probit statistical model.

Ordered Probit Statistical Model

To analyze this situation with a discrete ordered data set an ordered probit statistical
model was used. .Ordered data must be composed of a countable number of values and
these values must describe a range of alternatives. For example, the data could include
ordered opinions (i.e. do you agree, are neutral, or agree), categorical frequency data (i.e.
never, sometimes, often), or qualitative rankings (i.e. on a scale from 1 to 10). The data
can be in either numeric or qualitative form, the qualitative results later being translated
Into integer values. Application of the standardized or nested multinomial discrete
models would not account for the ordinal nature of the discfete data and thus information
would be lost. After the data is analyzed, each response has a determinable probability of
occurrence.”! This probability is used to determine what the result will be from
subsequent data sets.

“ Ordered probability models have been used since their development by Zavoina and
McElvey in 1975. The technique was initially developed in the field of economics.
Ordered probit models define an unobserved variable, y;*, such that:

vi¥*=pX+e

where,
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B is a vector of estimable regression parameters,
X is a vector or measurable characteristics (e.g. condition, quality) that define ranking,
and |
€ 1s a random error or disturbance term.

Using this standard equation, various threshold values can be determined to reflect
the discrete nature of the data:

yi=01ifyi* <o

yi=1lifpo < y* <

vi=21f < v <

yi =]y 2 o

where,
yi is the actual or observed ranking, and
L is an estimable parameter that defines y (referred to as thresholds).

The W’s are parameters that are estimated jointly with the model coefficients . The
problem then becomes determining the probability of j specific ordered responses for
each observation N. This is accomplished by making an assumption on the distribution
of ¢. This disturbance term in an ordered probit model is assﬁmed to be have a standard
normal distribution with the mean equal to 0 and the variance equal to 1. The ordered

selection probabilities are estimated as follows:

P(y=1) =0(-pX)
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P(y=2) = O(u—pX) - D(—PX)

P(y=3) = ®(u2—-BX) - O(1—pX)

P(y=j) =1 - O(l-1—pX)

where @(.) is the cumulative normal distribution.

In terms of evaluating the effect of individual estimated coefficients in ordered
probability models, positive values of f; imply an that increase in x, will increase the
probability that the highest ordered discrete category will result and decrease the
probability that fhe lowest ordered discrete category will result.

Further scrutiny needs to be applied to the interpretation of intermediate categories
within the ordered probability model. Depending on the location of the thresholds, it is
unclear what effect a pos‘itive or negative f will have on the probabilities of the interior

categories.”

Software Analysis of Model

Once the model type was established, the data was formatted and input to a DOS
based statistical analysis program for calculation. Class variables, including cross-
dimensional shape, material, type of inlet structure, use, detour length, and channel
surface description were converted into binary variables for each item in the class. For
example, cross dimensional shape was divided into corresponding variables categorizing
the culvert into circular, rectangular, pipe arch, or arch in shape. Various model trials

were analyzed, each with a unique set of parameter combinations, with the resulting
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model possessing a sufﬁciently high rho-squared value, high variable significance and a
minimum total number of parameters. Parameters selected had greater than a 95% level
of significance, corresponding to a t-statistic of greater than 1.96.

The software was easy to use, but had limitations. First, any row of data (data in all |
categories for one culvert) that was missing any one of the parameters included in the
model calculation, was subsequently removed from the data set prior to the analysis. For
example, if the individual gathering data failed to enter a value for degree of scour at the
outlet, with this parameter included in that trial of the model, all data points related to that
culvert were not considered. Second, the inclusion of a complete set of class variables
(i.e. all culvert shapes) would result in a singularity in Hessian error. Therefore it was
impossible to analyze the effect of all variables in one class during one model trial,

various combinations had to be run and the comparison done of the group of data.

Inclusion of Weighting Parameters

While the average daily traffic (ADT) traversing a culvert crossing and the detour
length around the culvert crossing do not directly influence culvert condition, they are
important factors in deciding the relative importance of maintenance or replacement
should the culvert fail. In order to include these two parameters it was necessary to
adjust the results of the statistical model to reflect this importance. »

This was done by calculating a rating term which would adjust fhe overall ranking 25
percent positively or negatively, the importance 6f attention increasing for roadways with
large volumes of traffic and long detour lengths, and decreasing for iow volume

roadways and short detour lengths. The class variables are shown in Table 7.
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Table 7. Class Variable Definition of ADT and Detour Length Variables
ADT Class Variable Detour Length Class Variable
Class Variable Value | ADT Range Class Variable Value | Detour Length Range
(vehicles per day) :
1 0 to 500 1 0 to 1.0 miles
2 501 t0 2000 2 1.1 t0 3.0 miles
3 2001 to 5000 3 3.1 to 10.0 miles
4 5001 to 10,000 4 10.1 to 50.0 miles
5 Over 10,000 5 Over 50 miles

The values for ADT were separated into classes, similar to those the detour length
was classified into during data acquisition.- This resulted in the two variables being in
relatively equal scales for the adjustment factor calculation. Various linear and power
relationships were calculated, with the goal of a weighting factor with an average equal to
1 and a 25 percent spread on either side. The resultant weighting factor formula was
found to be:

W=((ADT class variable + Detour length class variable)/R)°®

where,

W is the weighting factor to be divided into the overall condition rating,

ADT class variable corresponds to the ADT of the road in Table 7,

detour length class variable corresponds to the detour length of the road in Table 7,

R is the term which centers the average about a specific term and,

S is the value which will vary the range of the overall weighting factor.

In order to find a function that met the aforementioned criteria, various power
functions were analyzed. Equal weight was placed on each factqr and the sum of the two
class variables was then divided by a value R,-to center_.the term on the value of 1. Next,

in order to adjust the spread of the weighting parameter, into the proposed plus or minus
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25 percent, the previous value was raised to a valué S. When this weighting parameter
was analyzed over the samplé data, values of R = 4.9 and S = 1/3 were found to be
appropriate.

The values of R and S can be varied according to the data set, aﬁd the emphasis

wished to be placed on weighting according to ADT and detour length.
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CHAPTER 4

FINDINGS

This Chapter summarizes the findings of the statistical model. For ease of

examination, data items found to statistically reinforce the model (included in final

model) and those found to not benefit the final model (excluded from final model) will be

presented in tabular format. By convention, with the condition rating being 1 as worst

condition and 5 as best condition, and the input variables all being related to degradation

of the system, variables should show a negative correlation to the condition. Thus

variables exhibiting a positive or near zero correlation were considered insignificant, with

reinforcement by the t-statistics output by the statistical program.

Results from Ordered Probit Model

Table 8. Results from Ordered Probit Model
Condition Threshold Values Ordered Selection | Observed Predicted Values
Rating Probabilities Condition from Initial Data
Ratings Set

1 Z<0 0.3% 1.9% 1.9%

2 0<Z<1.16 1.1% 5.3% - 2.5%

3 1.16<72<2.26 10.8% 13.0% 8.3%

4 226<Z<398 58.6% 42.0% 44.4%

5 Z>3.98 29.5% 38.0% 42.9%

The final model resulted with a 57.2 percent rho-squared value, which is a

relationship of the initial and final log likelihood values relating the fit of the model to the
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sample set data. A rho-squared value of 100 percent would imply a perfect fit. Nine

parameters were found to be statistically significant. Overall it matched 61.7% of
conditions correctly with those rated in the field. Table 8 summarizes the model results

including threshold values and ordered selection probabilities.

Parameters Statistically Eliminated from Model

The summary of Table 10 reinforces statistical elimination from the model. It is
important to note, however, that exclusion from the statistical quel in most cases does
not merit exclusion from a culvert inventory database, as the vital parameters in a
inventory database are typically different from those used in modeling. Also, small

sample size may not have captured all critical parameters.

Parameters Contributing to Model Results

The parameters summarized in Table 9 were found to significantly contribute to the
model. They were chosen according to their level of influence in each model, as well as
their logical correlation trends. |
The results showed that the four most signiﬁc:int parameters are sedimentation of the
cross section, physical blbckage, age, and scour at outlet. All but age are parameters that ;
are easily noticeable from outside the <-:u1vert barrel, and age is a purely objective
parameter that is related to various forms of degradation. Parallel with the initial goals of
this project, these parameters represent a minimal amount of data items that will need to
be collected for a conditions rating. Some parameters that either had historically or

academically been established as important in culvert failure were not found to be of
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statistical importance in this analysis (Table 9). While ordered probit models assume

complete independence between input variables, some variables selected could be proven

to have some interaction. For example, physical damage to the culvert may influence the

degree of sedimentation. These interactions are infrequent and are assumed to be

statistically insignificant in this model.

Table 9.

Culvert Parameters Statistically Eliminated from Model

Parameter

Reasons Reinforcing Elimination

Cross Dimensional Shape

o

°

Culvert performance issues are directly tied into culvert shape
Independent of culvert condition

Culvert Material

o

Correlation of any one material to condition would be to specify one
material as having a better condition than the others.

Interior or Invert Treatment

Amount of responses corresponding other than the “No Treatment”
responses were statistically too few to be considered significant

Type of Inlet Structure
\

Found not to contribute to the accuracy of the model.
Future models should include more types of inlet structures.

Height, Width, and Length of
Culvert

Physical dimensions do not influence condition
Factor in the cost and ease of maintenance and replacement.

Cover Height o Important factor in the cost analysis of culvert repair/replacement
e  No direct relation to culvert condition
Culvert Use o  Functional classification does not influence condition

Channel/Surface Description

Initially selected a because of its relationship sedimentation, scour,
and other failure mechanisms
Secondary relationship found to have no correlation to condition.

Evidence of Major Settlement

Difficult to access in the field
Found to be independent of condition.

Holes in Culvert Invert

Found to not influence condition
Result may be skewed due to less than 5% of the culverts were
reported to have holes

Perched Outlet

Nearly 10% of culverts inspected were found to have perched outlets
Found statistically not to contribute to condition.

Further studies recommended on culverts in permanent or semii-
permanent streams in relation to fish passage )

" Damage to Roadway

Secondary indicator found not to contribute to the condition -
Does not specifically imply any one failure mechanisi, but an easy to
observe indicator of several possible degradations

Erosion or Failure of Side
Slope

May exhibit improper design, construction, or material issues
Found to not contribute to condition

Evidence of Piping

Found in very few cases, possibly due to recent mitigation efforts

Presence of Backwater Pool

This was the only factor with a positive (albeit small) correlation to
condition

No logical reason for a better condition rating due to a backwater pool
exists.




Table 10. Parameters Included in Final Model

statistical model)

Parameter Range of | Coefficie | T Explanation
Response | nt statistic )
Age of Culvert 1to 69 -0.0149 3.7905 | o Material deterioration over time leads to
years decrease in condition

o Third leading parameter for predicting culvert
condition

Scour at Outlet | 0,1, or 2 -0.513 3.7010 o  Scour is an easily noticeable due to its
location outside the culvert barrel

o  Fourth most influential parameter predicting
culvert condition.

Evidence of Oorl -0.897 2.9413 | o Encompasses overtopping failure, buoyancy,
Major Failure structural collapse, and others.
: o Impractical to separate parameters as only
reported in about 6% of the cases.
Degree of 0,1,0r2 -0.481 2.8532 | o Initially flagged as leading cause of culvert
Corrosion failure in Montana, model backs up statement. |

o Irreversible damage can only be mitigated by
lining or replacement of culvert.

Invert of 0,1,0r2 -0.490 1.8633 | o Direct relation to abrasive power of stream.

Culvert Invert

Worn Away

Sedimentation 0to -0.0207 49606 | e Exerted greatest influence of all parameters in

of Cross 100% determination of culvert condition

Section o  Dependent on maintenance activities to clean
out, but can be traced to design deficiencies
that could have prevented.

Physical 0 to -0.0155 42495 | o  Second only to Sedimentation in influence of

Blockage 100% model result

o  Restricts hydraulic capacity, and thus could be
a factor in overtopping, etc.

o  Most physical blockage is impossible to
prevent, but its effects can be limited with
timely maintenance.

Joint Oorl -0.472 1.9686 | o Difficult to access, but irreversible damage
Separation that can lead to costly road damage.
Physical 0,1,0r2 -0.406 2.4459 o One of only human caused parameters,
Damage damage can encourage sedimentation and
physical blockage while limiting hydraulic
| capacity. ,
Average Daily l1to5 (included after o Not a measure of condition, but of importance
Traffic (ADT) statistical model) in the determination of prioritization of
multiple culverts.

o  Combined into a weighting factor with detour
length.

Detour Length l1to5 (included after o If culverts fail, the stream/ditch/canal they

convey will block traffic and alternate routes
will become necessary. .

Combined into a weighting factor with detour
length.
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Examples of Model Mathematics

In order to demonstrate the mathematics of the model, this section will analyze

the condition of two culverts from the initial data set. While ordered probit models are

similar to linear regression models, the difference lies in the second-stage probability

estimation (i.e., the predicted dependent variable being placed into the original ordered

dependent variable range, 1-5). Please note that this example is not a validation of the

model, as the culverts used were included in the sample set used to develop the initial

model.

Table 11. Summary of Parameters, Ranges, Field, and Model Data

Column A Column B Column C | ColumnD | Column E | Column F
Culvert A Culvert B
Parameters Data Range
Field Data |Model Data |Field Data |Model Data
Overall Condition 1to5 5 5 2 2
Rating
Model Intercept 1 Intercept 1 Intercept 1
Value (Bo) Value (Bo)
Culvert Age Integers greater | 2000-1988 12 2000-1955 45
— than 0, in years ‘
"qé Scour at Outlet 0,1,0r2 0 0 0 0
% Evidence of Major Oorl 0 0 1 1
lg Failure
& Degree of corrosion {0, 1, or 2 1 1
E Coating of Culvert 0,1,0r2 1 1
= Invert Worn Away
& |Sedimentationof  |0to 100% 2% 2 25% 25
Cross Section
Physical Blockage 1to 100% 20% 20
Joint Separation Oorl 0 0 0
Physical Damage to |0, 1,0r 2 1 1
Culvert
oo 1 |DetOur Length 5 Classes given | 10.1 to 50.0 4 0 to 1.0 miles 1
5 % in Table 7 miles
Eﬂ g Average Daily Traffic |Sample data 1500 2 690 2
§ g range 10 to
16970 vehicles
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Table 11 outlines the parameters used in the model along with the range of data
that could be included for each in columns A and B. The model intercept is not a
measured parameter, but is the intercept term of the regression model. The remaining
terms are parameters that proved significant in the model. The parameters excluded from
the model (’summarized in Table 9), are excluded. Column’s C and E contain data from
the sample set. The translation of these field gathered values into values that can'be used
by the model are found in column’s D and F. The top portion refers to parameters
involved in the ordered probit model, while the bottom two rows deal specifically with

the weighting parameter.

Table 12. Estimated Coefficients and Model Results

Column G Column H Columnl | ColumnJ
Parameter Coefficients Model Results
Culvert A Culvert B
Overall Condition Rating 4.428 0.873
Model Intercept 4.65 4.65 4.65
Culvert Age -0.015 -0.18 -0.67
Scour at Outlet -0.51 0.00 0.00
Evidence of Major Failure -0.90 0.00 -0.90
Degree of corrosion -0.48 ' 0.00 -0.48
Coating of Culvert Invert -0.49 0.00 -0.49
Worn Away
Sedimentation of Cross -0.021 -0.04 -0.52
|Section )
Physical Blockage ’ -0.016 0.00 -0.31
Joint Separation ‘ -0.47 0.00 0.00
Physical Damage to Culvert -0.41 0.00 -0.41
Detour Length R=4.9 8=1/3 [Weighting Weighting
Average Daily Traffic Parameter A= Parameter B =
1.0627 0.8434
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In order to calculate the weighﬁng parameter it was necessary to break the results
from the parameters “Detour Length” and “Average Daily Traffic” into class variables.
These class variable were described in Table 7. A summary of the derivation of the
weighting parameter function can be found in Chapter 3.

Analysis by the ordered probit model resulted in estimated coefficients (B,
Column H of Table 12) to be applied to each data point, as well as estimated threshold
values (, Table 13) in order to classify the model results into condi'tion rankings. Model
results (Columns I and J of Table 12) are the result of the summation of the model data’
term (Columns D and F of Table 11) multiplied by their respective coefficient (Column H

of Table 12) consistent with the form:

yi* = BX

-

Table 13. Model Thresholds

Model Threshold Values
Condition Threshold Values
Rating (of the form p; < Y < i)

1 Y, <0

2 ' 0<Y, <116

3 1.16 <Y, <2.26

4 226<Y;"<3.98

5 Y, >3.98

This value of Yi* was fit between two threshold values that would define the
condition of the culvert (Table 13). Ordered selection probabilities were computed with a

standard normal distribution and were reported in Table 8.
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Table 14. Calculation of Condition Rating and Adjusted Condition Rating
Final Rating Culvert A Culvert B

Condition from Model 5 2

Weighting Parameter 1.0627 0.8434

Adj. Condition Rating 4.71 2.37

Application of the weighting parameters (as calculated in Table 12) resulted in the
final model conaition ratings to be divided by their respective weighting parameter, and
resulting in an adjusted condition rating. This final step is shown in Table 14. Thus, the
interpretation of the example results is that culvert A is in relatively good shape, while

culvert B is a higher candidate for repair or maintenance.

Model Shortcomings

Analysis of the model has revealed several shortcomings. First the model was forced
to use a subjective dependent variable. With no set parameter able to quantify culvert
condition, the 1-5 condition rating was used. Secondly, some predictor parameters are
semi-subjective. The initial goal was to use only purely objective parameters, but some
failure mechanisms could not be represented by measurable characteristics. This
subjectivity can be reduced through uniform education of all inspectors, establishing a
baseline for their interpretation of damage. Lastly, the model considers the contribution
of individual failure characteristics in combination. When only a single failure
characteristic exists, albeit qontrolling or catastrophic, the model returns a relatively high
culvert ranking. For example, é culvert with 100% sedimentation of the cross section and

no other deficiencies would return a Y,-* value of 2.55 which would fit into the threshold
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values of a condition rating of 4. This clearly is not representative of the importance of

maintenance for this culvert.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The final product of this research is only a small contribution to the potential breadth
of this subject. Knowledge of the culvert parameters found to significantly influence
culvert condition also provides insight to the predominant failure mechanisms of the
culverts sampled. But due to the inherent subjective nature of this system, the ratings are
also influenced by ﬁe individual inspector’s perception of which failure mechanisms are
the most important. Accurate monitoring of the actual culvert replacements and
maintenance over time and the causes of this attention will provide a better baseline for
the specific characteristics to closely monitor. After this data has accumulated for a
significant period of time, specific failures will be apparent, and parameters to measure
the degree of these failures can be established. This would be a more deterministic
approach, as compared to the probabilistic approach this pfoject was forced to take, and
would more than likely result in a better overall model.

Research into this topic should continue to evaluate the interaction between condition _
ratings and service life of culverts. This can only be accomplished through additional
r01.mds of data collection, to detérmine the time dependence on the various forms of
deterioration. The cause and effect 'relationship of time dependence is appropriate for
some instances, for example corrosion, but quite often catastrophic culvert failures are

event driven, such as when a 100 year storm occurs. While these events are summarized
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by their probabilities over lengths of time, they are caused by the event itself, and not the
time that separated it from the previous one.

As demonstrated by the overwhelming amount of inquiries during this project’s
development, culvert management is a very important topic to those who manage our
nation’s transportation infrastructure. The development process of this project has
attempted to stay general enough for its application into a wide variety of transportation
organizations.

When the Federal Highway Administration began to develop pavement and bridge
management systems over 30 years ago, they looked at the complex task of decoding the
interactions between their structures, the traffic that used them, and the surrounding
environment as daunting. But in tho_se 30 years they have developed systems that
accurately predict and analyze useful life and condition results. The same can be done
with culverts. Hopefully using the knowledge and experience gained from these and
other systems, the development of an accurate culvert management system does not take

as long.

Recommendations for Continued Research

Recommendations for-continued research into this topic include:
o Examination into similar parameters in a similar sized, if not larger sample set
over a determinant time interval, in order to establish some sort of time

dependence on condition.
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o Investigation into other types of dependence, beyond time, that may include

spatial, environmental or event driven relationships.

o Application of this project’s findings to other geographical regions in order to

determine the range of its applicability.

Due to the complex hydraulic nature, as well as the interaction with the natural
environment, there may never be a 100 percent accurate model for the determination of
culvert condition or service life. As féund by the Missouri Department of Transportation,
ﬁo system for the accurate determination of serviced life has been dei/eloped. But
continuing research into this matter will eventually develop a system that will assist
personnel in the maintenance, planning, and finance divisions to see a more accurate
picture of culvert condition, and enable them to do their respective jobs more precisely

and efficiently.




58

REFERENCES CITED

! United States. National Highway Traffic Safety Administration. The Economic Cost of
Motor Vehicle Crashes, 1994. Online at
http://www.nhtsa.gov/people/economic/ecosummary.htm. Accessed Oct. 15, 1997

? Bousliman, Mike. Montana Department of Transportation, Maintenance Division. E-
mail Aug. 2, 1999. '

? United States. Federal Highway Administration. Culvert Inspection Manual. July
1986.

4 Gupta, Ram S. Hydrology and Hydraulic Systems. Waveland Press, Inc. 1989

> Bodhaine, G. L. Measurement of Peak Discharge at Culverts by Indirect Methods. In:
Techniques of Water-Resources Investigations of the USGS. Book 3, Chapter A3.
USGS 1967.

S United States. Federal Highway Administration. Hydraulic Design of Highway
Culverts. September 1985.

7 Chanson, Hubert. Hydraulics of Open Channel Flow. Wiley, John & Sons,
Incorporated. 1999.

¥ CulvertMaster Help Manual. Computer Software. Haestad Methods, 1998.

? Chow, Ven Te. Open-Channel Hydraulics. McGraw Hill. 1959.

1% Crumpler Plastic Pipe, Inc. Corporate Info. Online at http://www.ccp-
pipe.com/corpinfo.htm. Accessed Jan 22, 2001.

" Goodman, Mark. Montana Department of Transportation. Hydraulics Division. E-mail
to the author. May 1, 2000.

12 Tjllinger, Todd N., et al. Fish Passage Through Culverts in Montana: A Preliminary
Investigation. Report No. FHWA/MT-96/8117-2. February 1996.

B «“Transportation Structures Handbook: Chapter 6 Hydraulics.” Attained at
www.fs.fed.us/im/directives/fsh/7709.56b/7709.56b,6.txt



http://www.nhtsa.gov/people/economic/ecosummary.htm
http://www.ccp-pipe.com/coi~pinfo.htm
http://www.ccp-pipe.com/coi~pinfo.htm
http://www.fs.fed.us/im/directives/fsh/7709.56b/7709.56b,6.txt

59

1 “Summary of Missouri Culvert Studies.” Research, Development, and Technology
Division, Missouri Department of Transportation. Research Investigation 91-11. May
2000. :

' Lemongelli, Patty. Missouri Department of Transportation Research, Development and
Technology Division. Phone Interview March 12, 2001.

Y Maintenance-Free Service Design Estimates for Culverts. Computer Software.
Caltrans (California Department of Transportation) 1992.

17 «Bridge Inspection and Bridge Management” Federal Highway Administration,
Highway TechNet. Online at http://www.ota.fhwa.dot.gov/tech/struct/brdg_ins.html
Accessed Jan. 29, 2001.

18 «Bridge Management” Federal Highway Administration, Bridge and Structures Related
Research Summary. Chapter 10. Online at
http://www.tfhrc.gov/structur/struc98/ch10set.htim. Accessed Jan. 29, 2001.

1 Pavement Management Primer. Federal Highway Administration, Pavement
Management Group. Online at
www.fhwa.dot.gov/infrastrucure/asstmgmt/pavement.htm. Accessed Jan. 12 2001.

20 Rurt, Carl E. and McNichol, Garth W., Microcomputer-Based Culvert Ranking System,
Culverts And Pipelines : Design, Monitoring, Evaluation, And Repair. 1991.
(Transportation Research Record, ISSN 0361-1981; no. 1315)

21 Greene, William H. LIMDEP Version 7.0 User’s Manual. Econometric Software, Inc.
1995.

22 Washington, Karlaftis, and Mannering. Statistical and Econometric Methods for
Transportation Data Analysis. Draft edition, Unpublished.



http://www.ota.fhwa.dot.gov/tech/stmct/brdg_ins.html
http://www.tfhrc.gov/stmctm-/stmc98/chl0set.htm
http://www.fliwa.dot.gov/infrastmcure/asstmgmt/pavement.htm

60

. APPENDICES




61

APPENDIX A

CULVERT DATA COLLECTION GUIDE




62

o

MONTANAY
fSTATE: UNIVERSITY{

Western Transportation Institute

BOZEMAN

Montana State Unlverslty-Bozeman

Culvert Data Collection Guide

INTRODUCTION
A joint effort between the Montana Department of Transportation (MDT) and the

Western Transportation Institute (WTI) at Montana State University (MSU) is underway
to develop a formalized rating system that proactively addresses the repair and
maintenance needs of culverts. In developing such a rating system, the first step is to
record both an overall culvert condition rating and various culvert and site specific
characteri‘stics (i.e., shape, size, sedimentation, etc.) for a small sample of culverts
throughout the state. This data will be used to determine the specific culvert and site
characteristics that lead to a decline in culvert condition. Once these initial relationships
are established, an overall condition rating can be predicted for any culvert in the state
using only its respective culvert and site characteristics. This overall condition rating will

ultimately be used to prioritize culvert repair and maintenance activities.

BACKGROUND
Culverts are an important supplement to the visible network of roads and structures that

convey vehicles providing effective and inexpensive passage over small streams and
rivers. As such, culverts are widely used by state, county, local, park, and forest service
agencies. The Montana Department of Transportation (MDT) alone utilizes over 30,000
culverts as part of the state roadway system. Similar.to bridges, culverts should be
inspected periodically to assess the need for maintenance, repair or replacement. Should
culverts go unchecked and be allowed to fail and result in road closure, mobility for
travelers is compromised, particularly in rural or remote areas where alternate routes are

often unavailable. Further, maintenance costs are predictably higher for failed culvert
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STEP 2. Select a sample of no less than 40 culverts to inspect.
Each division is asked to collect data for no less than 40 culverts. " All culverts must be

MDT-owned and maintained. Do not include private culverts. Though not truly

randomly sampled, please select a good mix of culvert size, shape, and material for

inspection. However, do not include culverts constructed of masonry, wood or stone and |
do not include culverts in excess of 20 feet in diameter.

STEP 3. “Read the information contained in this Guide fully.

It is essential to read this guide carefully prior to starting your data collection efforts.
‘Because several different individuals from around the state will be collecting information
to be entered in a common database, its important that you all use the same terminology
and follow the same procedures for collectiﬁg and recording data. Should you have any
questions regarding terminology, procedures or other concems after reviewing this guide, .
please feel free to call or email Mr. Dan Baker, Graduafce Research Assistant, at (406)

994-7378 or email at dan_b@éoe.montana.edu.

STEP 4. Per culvert, record an overall condition rating of 1 through 5.

Overall condition ratings are defined as follows:

CONDITION | GENERAL DESCRIPTION

INDEX
DESCRIPTION

Culvert is in dire need of prompt repair or full
replacement. Its deficiencies threaten to disrupt or
are hindering traffic flow. Damage needs to be
repaired as soon as possible.

1 Poor

' Culvert condition indicates need for repair. While it .
2 Below Average | is still in operating condition, its condition shows
potential for additional deterioration.

Culvert is still operating, but could use some
3 Fair maintenance to restore it to full potential. Adverse
conditions could cause major problems. N

Culvert shows minor deficiencies, with continued
periodic maintenance culvert should be trouble free.

4 Good

Culvert shows no signs of problems. Water is
5 Excellent flowing, or could flow at full capacity with no
: chance of interrupting traffic flow.
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Once initial relationships are developed between the overall condition rating and various
culvert and site characteristics for this sample of culverts, an overall condition rating can

be predicted for any culvert statewide using only its culvert and site characteristics.

STEP 5. Record the various culvert and site characteristics for each culvert.

A predefined list of culvert and site characteristics is solicited on the data collection
forms contained within this guide. Data is entered either as short answers, YES or NO,
or qualitative ratings that are described in the pages to follow. Note the completed
example data collection form on the next page. By general eétimate it should take no
more than 30 minutes per culvert to collect all data. As described previously you are
asked to provide an overall condition rating for each of the 40 culverts in your division.
The only materials required for data collection will be this manual, the attached forms,

and a tape measure.

In these measurements, we are looking at the worst case scenario. For example if the
data input requires rating of the degree of siltation, and the upstream end is completely

- covered, but the downstream end is open, we will rate the upstream end.

STEP 6. Return completed data forms.

When completed with the data céllection, please return all forms to:

Dan Baker

c/o Western Transportation Institute
MSU Bozeman

PO Box 173910

Bozeman, MT 59717-3910

Office Phone: (406) 994-7378
Email: dan_b@coe.montana.edu

Please return the completed data collection forms no later than October 30, 2000. Thank
you very much for your assistance.
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o Road Underpass

scour of channel material at
outlet.

(0,1, 0r2)

15 |Crossing or Stream Simple name of crossing (cross [Name location (if any) of crossing. If crossing name unknown leave
) Name road or waterway). blank. . .

16 |Detour Length Select from range below: This is the distance in miles a vehicle would be required to travel to

e 0to1.0mil reach the other side of the crossing, if the culvert crossing were closed
0 1.Umiles or had failed. Use area maps to accurately estimate the distance.

o 1.11t0 3.0 miles
o 3.110 10.0 miles
o 10.1 to 50.0 miles
o over 50.1 miles ) _

17 |Channel Select one of following: Select predominant channel description of upstream and downstream

" |Material/Surface G channels.
Description ° rass
e Brush and/or Trees
o Cobbles
o Gravel
o Dirt
i o Lined (Concrete or AC)
18 |Scour at Outlet Qualitative rating of degree of  [High velocity wéter exiting a culvert may erode non-protected channel

material.
Rate as follows:

0. No indication of scouring at outlet.

1. Moderate scour. Limited amount has occurred but does not
appear to continue.

2. Major scour concerns, problem continues to wash away bed
material.

0L




19 |Evidence of Major Indicate evidence of former Failures may include:
Failure major hydraulic failure. o Overtopping: Backwater of culvert increases beyond height of
(Yes or No) roadbed. Water flows over road and may result in erosion of the
road surface or shoulders.

o Buoyancy Failure: Uplift forces in culvert due to trapped air either
bend ends of culvert up, or displace entire culvert.

o  Structural Collapse of Barrel: Culvert barrels must support the
weight of the above roadway. And major deformation can be
considered collapse as the culvert's strength is primarily attributed to
its shape. -

During major flow events drainage may overwhelm the capacity of the

culvert and a hydraulic failure results. Typically one failure can lead to

another.
20 |Evidence of Culvert Indicate qualitative level of _ Settlement can be localized (just the culvert itself settling), or the culvert
Settlement settlement problems. may settle as the entire roadbed subsides. Settlement typically is
caused by the consolidation of unfit building materials over time.
(0, 1, or 2)

Rate settlement as follows:

0. No apparent settlement.

1. Minor localized settlement of culvert, culvert still functional.

2. Settlement of roadbed or major settlement of culvert, resulting in
reduced hydraulic capacity of culvert.

21 |Degree of Corrosion Indicate degree of soil side or  |Rate degree of corrosion:

water side corrosion.
(0,1, 0r2)

0. No corrosion visible.
1. Minor corrosion problems.

2. Major corrosion damage.

IL
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Side slopes that are improperly protected are easily eroded by

29 |Erosion or failure of Degree of damage to road
Side Slope inslopes adjacent to culvert backwater pools at the upstream end of culverts or by scour effects or
location. backwater at the downstream end. This erosion may propagate into
(0,1, 0r2) sloughing of the road cut or fill slopes.
Rate degree of damage as follows:
0. No damage to slopes adjacent to or above culvert.
1. Minor damage to slopes adjacent or above culvert.
2. Major damage to side slopes adjacent or above culvert.
30 |[Physical damage to Degree of physical damage to  |Physical damage is typically caused by large debris attempting to flow

culvert

end treatments or culvert barrel
(0, 1, or 2)

through the culvert, by cars leaving the roadway, or improper road and
ditch maintenance activities. Severity of the damage can be limited to
simple bent or broken outlet or inlet, or as major as complete collapse of
the damaged sections. If the disrepair may be corrected on site no
major repair will be merited.

Rate physical damage as follows:

0. No physical damage to culvert,
1. Minor physical damage to culvert, unlikely to inhibit flow.

2. Major physical damage to culvert, requires repair or replacement.

YL




~

&A$&E % **'4 ! #)5&$+ F4 (+18%) 6 % 6 +&$ $#1 8,'(+& ! % +1$ #41: +1& #)5&$+ 3 $$&)
1& +6 *$,-$23& ('(% $ *,*,'4 $& 1&%, &'+ &' +$& +-&'+( $

Vol * $)2 - +&1 %)) &I, +&)2 $#1 +1& #)5&$+ (6 +&$ ,(**&!
$#1 +1& #)5&$+ + 384, (+ $%$2 62 +1& %,'& %,)) $#! +1& #)5&$+
3$8&) 1,( $& +&( ,'(+ 3,),+2 ! (+$# +#$ ) *$ 3)&-( P #'! +1&
#)58%+ 1% $+1& S ! (#$W &
K4 T 3& ! 4N(&! ++1& &' % +1& #)5&$+ 32 +1& #'1&$-,''4 %
+1& #)5&$+ ,'5&$+ $-+&$,) ) (( $#! +1& #)5&$+ 3 $3&) 1& & (,&(+
V1, +$6#) 3& '+ 3)&6 +&$ %) 6,4 $#1 +1& #)5&$+ 3 $$&)
+& **'4 (%)) 6(.
C &5,1&' & % **'4
@ /1'% $*((,3)& &5,!1&' & % **'4
I/ $*%%'4*$ 3)&(
P& & %3 >6 +&$* ) + 9 >6 +&$* )( $& +& *$ 3)&-( 6,+1 (&!,-&+ +,' $$(," "
#H)&+ &' % #)5&$+ *rA +& % 3 >6 +&$ %) (*$&(&'+ $,(#(#))2 BLFBM % +1&
v+ +,-& ++1,() +,°

77

QQ

& %3 >6 +&$* )



76

APPENDIX B

AN EXCEL TEMPLATE FOR GENERATING RATING CURVES FOR
CORRUGATED-METAL-PIPE CULVERTS
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