CULVERT INSPECTION

Why should engineers, consui-
tants and public agencies be con-
cerned with the inspection of
culverts? For one reason, in the
past 20 years culveris have
changed significantly, new mate-
rials are being used, larger spans
installed, new shapes designed,
and thinner gage metals speci-
fied. The failure of any culvert
installation can cause more than
a driving inconvenience; it can,
and, in some cases, has caused
the loss of life. Such was the case
in Antwerp, Ohio where the struc-
tural failure of a 30-foot span cor-
rugated steel arch caused the
deaths of five people. The need

and importance of culvertinspec-
tion can be summed up in one
word: safety.

BRIDGE INSPECTOR’S
MANUAL

The 1967 collapse of the Silver
Bridge in West Virginia caused an
increased emphasis on bridge
safety, rehabilitation and replace-
ment programs, and resuited in
the Bridge Inspector's Training
Manual 70 published by the Fed-
eral Highway Administration.
This manual is the primary guide
for assessing and rating steel,
truss, girder and reinforced con-
crete bridges. The manual pro-
vides basic structural design
theory, description of the inspec-
tor's duties and equipment, safety
guidelines, inspection proce-
dures and bridge component rat-
ing guidance. Although the
manual is over 300 pages long,

Shear failure of a structural plate bolted joint
caused the collapse of this culvert facility in Antwerp, Ohio.

only two pages deal with culverts,
and these are cast-in-place con-
crete box culveris. There is
nothing in the manual on design
and inspection of pipe or long
span culverts.

The lack of culvert inspection
information in the Bridge Inspec-
tor’s Manual stems in part from
the definition of bridges and cui-
verts, which are classified by span
length rather than by structure
type or function. Structures over
20 feet in span parallel to the
roadway are considered bridges,
those less than 20 feet in spanare
called culverts even though they
may support traffic loads directly.

Inspection of those structures
under 20 feet depends on the
inspection program of the partic-
ular state or local jurisdiction. In
most cases however, oniy those
structures qualifying for bridge
rehabilitation and replacement
funding are inspected. This provi-
sion effectively eliminates most
culverts from being inspected
and inventoried under the bridge
program.

Presently 236,000 bridges, about
41 percent, of the nation’s inven-
toried bridges are classified as
deficient and eligible for rehabili-
tation and replacement funding.
No state, to date, however, has
a complete inventory of culverts
on its highway facilities. Culveris
certainly outnumber bridges, and
even a conservative figure of ten
culverts per bridge would mean a
national total of over five million.
If the percentage of deficient cul-
verts is the same as deficient
bridges, 2.4 million deficient cul-




verts may currently exist. These
numbers, of course, are estimates
and would include small installa-
tions, as well as bridge length cul-
verts, but the fact that there may
be this many facilities with little or
no documentation on their size,
location, and condition is alarm-
ing. The lack of information on
the condition of these facilities
could pose a serious threat to the
traveling public inthe near future.

CULVERT DESIGN

Culvert design changes are
always proposed with the objec-
tive to provide more economical
structures, New materials and
shapes have been developed and
design theories re-examined to
evaluate margins of safety. The
new culvert products include pre-
cast concrete boxes, corrugated
metal boxes and corrugated
metal long spans.

Precast concrete box culverts
are made and cured in concrete
pipe plants. They are available in
standard sizes up to 12 feet by 12
feet and can be installed quickly,
either singly or in multicell ar-
rangements. Since these struc-
tures are designed to support all

the dead and live loads, any dis-
tress can be observed directly by
examining the structural
components.

Corrugated steel and alumi-
num box culverts are field
assembled using standard corru-
gated plates. Proper installation
is critical on these facilities
because of the flat geometry of
the rectangular shape. Frequent
inspections of these structures
are imperative to insure no
deflection is taking place.

Long spans were first intro-
duced in the late 1960's. They are
field assembled using either steel
or aluminum corrugated plates
and longitudinal and circumfer-
ential stiffening members. These
structures may have spans of up
to 40 feet and rises of 30 feetl.
Since they rely on soil-structure
to transfer the dead and live loads
to the surrounding backfill, poor
guality backfill or compaction
may result in unsymmetric settle-
ment of the structure, creating an
unstable situation. Periodic
inspection of these facilities is
imperative to determine if there

. have been any shape changes or

continuing deflection which may
indicate imminent failure.

Abrasion and corrosion forces have perfo-
rated this pipe’s metal wall and are under-

mining the supporting backfill material.
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Promotion of higher depths of
fill for corrugated metal pipe over
the past 20 years have decreased
inherent safety factors. These
changes have effectively reduced
the thickness of steel area.
Assume a 42-inch diameter cor-
rugated steel pipe with 23/3 by
1/2-inch corrugation is support-
ing a fill of 29 feet. In 1967, a pipe
of 8-gage thickness (.1644
inches) was required. In 1283, a
pipe of less than 18-gage thick-
ness (.052 inches) would be
acceptable. This represents
approximately a 70 percent
decrease in steel area, whichis a
significant decrease in a
designer's safety factor. Poor
installation, point stresses, abra-
sion or corrosion make these
thinner gage  structures more
prone to failure.

TORT LIABILITY

Liability is one other majorarea
which has emerged in the lastfew
years, and one which must be of
concern to all inspectors, engi-
neers, and public agencies. In the
recent Mianus River Bridge fail-
ure, the Connecticut Department
of Transportation had to pay $25
million for bridge repairs and set-
tlement to victims of the accident.

This addresses a very crucial
item in regard to culvert inspec-
tion. Most culverts under 20 feet

Failure of under bridge length culverts such as
this 114-inch CMP disrupted traffic and endangered lives.



are not routinely inspected,
although they account for the
majority of installations. Failure
of a smaller span structure may
pose as much of a danger as that
of a bridge length facility. In light
of the recent Connecticut settle-
ment, a state would probably be
liable for any damages if a culvert
were to fail. Considering that
many culverts installed in the
1960’s are reaching the end of
their design lives, the number of
failures and court cases may
increase greatly in the near future
unless some effort is made to
identify problem installations and
correct them.

The liability probiem was
addressed in the June 1986
National Cooperative Highway
Research Program Report on
Evaluating Alternate Mainte-
nance Strategies. The report
states, “Objectively evaluating
maintenance strategies requires
that maintenance service levels
be quantitatively defined. High-
way agencies are reluctant to
establish definitive maintenance
service levels for fear of creating
fort liability. In fact, not setting
service level guides can create
more liability; therefore, agencies
should define objective quides
when possible.” The issue of peri-
odic inspection of under 20-foot
span culverts should be
addressed to be responsive and
avoid unwarranted liability
claims. Having periodic inspec-
tions and maintenance activities
is imperative in avoiding tort
liability.

Municipalities are also taking
protective actions. For instance,
San Antonio requires a written
guarantee of a 50-year pipe ser-
vice life from the designers and, in
a letter to their consultants, state:
“Should any installed pipe fail,
the City will be looking to the con-
sultant's design as a possible
cause, and if that be the reason
for failure, the City will further
seek, through whatever means
avaitable, compensation for dam-
ages suffered.”

Consultanis and engineers
must also be careful in designing
and specifying materials and pro-
ducts. Initial costs should not be
the overriding consideration. A
job which specifies a structurally
unacceptable material may make
the firm and engineer liable for
damages. To avoid liability, con-
sultants must be aware of the
strengths and weaknesses of
materials and products, and
specify and install only those
which meet project requirements.

CULVERT INSPECTION
MANUAL

There is obviously a need for a
culvert inspection guide similar to
that outlined for bridges in the
Bridge Inspecior’s Training Man-
ual 70. Fortunately, the Federal
Highway Administration ac-
knowledged this necessity and
has developed the Culvert
Inspection Manual as a stand-
alone supplement to the Bridge
Inspector’'s Training Manual 70. It
provides procedures for conduct-
ing and documenting culvert
inspections and specific guide-
lines for inspecting and evaluat-
ing majos structural and
hydraulic components of various
types of culverts. Background
informatior is provided on per-
sonnel qualifications, equipment
and safety procedures, as well as
discussions on the structural,
hydraulic and durability consid-
eration unique to culverts and
pipes.

The Manual is divided into five
chapters: General Issues, the
Inspector, Culvert Structures,
Culvert Inspection Procedures
and Culvert Components Inspec-
tion Guide. This publication does
not cover all the contents of the
Manual, but concentrates on
three major areas which make the
Manual an unique and valuable
tool and reference. These three
areas are reporting procedures,
rating systems and component
evaluations. Objective and com-
prehensive guidelines are pre-

v

sented to aid in recognizing
culvert problems, rafing their
conditions, reporting the resulis,
and recommending appropriate
maintenance actions. This Man-
ual is the only publication which
has interrelated these procedures
in a definitive manner.

REPORTING PROCEDURES

The Cuivert Inspection Manual
acknowledges cne important fac-
tor in the development of report-
ing requirements, and that is to
build upon wellinstituted existing
procedures. The inspection
report forms correspond with the
standard Structure, Inventory .
and Appraisal (SI1&A} form used
for the National Bridge Inspec-
tion Program. This minimizes
confusion and helps promote the
use of the new form and inventory
card.

A sample Culvert Inspection
Reporting form is included in the
Manual and provides a detailed
breakdown for each SI&A condi-
tion and appraisal rating. It also
gives guidance to future inspec-
tors and provides insight into the
type of distress facilities may
experience.

An inventory card is another
recommended reporting proce-
dure. The card lists detailed infor-
mation on the location, type,
geometry, age and status ofacul-
vert facility. Very few highway
agencies know how many culvert
facilities are in their state or their
condition. These inventory cards
will provide an account of the
number and size of culvert facili-
ties in a jurisdiction, and assist in
scheduling inspections of all or
specific size culverts. The cards
will also provide a good form of
documentation for determining
the durability of the various pipe
products and linings based on
their length of service.

RATING SYSTEMS

The rating system for evaluat-
ing culvert components is identi-
cal to the bridge inspection rating




One of the thirteen condition rating guideline tables provided in the manual.

RATING GUIDELINES FOR
ROUND OR VERTICAL ELONGATED CORRUGATED METAL PIPE BARRELS

RATING CONDITION RATING CONDITION
9 New condition 4 Shape: marginal significant distortion tr_wrough-
8 Shape: good, smooth curvature in barrel out length of pipe, lower third may be kinked
—Horizontal: within 10 percent of design —Horizontal Diameter: 10 percent to 15 percent

* Seams and Jolints: tight, no openings greater than design .

e Metal: Seams or Joints: Moderate_crackl ng a.t boltholes
—Aluminum: superficial corrosion, slight pitting on one seam near top of pipe, deflection caused
—Steel: superficial rust, no pitting by loss of backfill through open joints

' . Metal:
! ggtafnei:ng??g:gr{ir?g%?,btgt?ol::lf of pipe smooth —Aluminum: extensive corrosion, significant
o attack of core alloy
_gor.izonial Diameter: within 10 percent of —Steel: extensive heavy rust, deep pitting
esign - )
Seamsgor Joints: minor cracking at a few bolt 3 Shape: poor with extreme deflection at isolated
holes, minor joint or seam openings, potential for locations, fiattening of crown, crown radius 20
backfill infiltration to 30 feet _
Metal: —Horizontal Diameter: in excess of 15 percent
—Aluminum: moderate corrosion, no attack of greater than design
core alloy » Seams:3in. longcracks atboltholesononeseam
—Steel: moderate rust, slight pitting * Metal: _ .
6 Shape: fair, top half has smooth curvature but —Aluminum: extensive corrosion, attack of core
o alloy, scattered perforation
botiom half has flattened sigr}ificantly —Stegl: extensivep heavy rust, deep pitting,
_ggsril;zntal Diameter: within 10 percent of scattered perforations
Seams or JoInts: minor cracking at bolts is preva- 2 Shape: critical, extreme distortion and deflection
lent in one seam in lower half of pipe. Evidence of throughout pipe, flattening of crown, crown
backfill infiltration through seams or joints radius over 30 feet
Metat: —Horizontal Diameter: More than 20 percent
—Aluminum; significant corrosion, minor attack greater than design
of core alloy Seams: plate cracked from bolt to bolt on one
—Steel: fairly heavy rust, moderate pitting :ﬂeatrgl
etal:
5 Shape: generally fair, significant distortion at iso- —Aluminum: extensive perforations due to
lated locations in top half and extreme flattening corrosion
of invert . .
—Steel: extensive perforations due to rust
—Horizontal Diameter: 10 percent to 15 percent Stee , P . -
greater than design 1 Shape: partially collapsed with crown in reverse
Seams or Joints: moderate cracking at bolt holes curve
along one seam near bottom of pipe, deflection of ° Seam.s. failed .
pipe caused by backfill infiltration through Road: closed to traffic
seams or joints 0 Pipe: totally failed
Metal: Road: closed to traffic
—Aluminum: significant corrosion, moderate
attack of core alloy
—Steel: scattered heavy rust, deep pitting

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

scale. A “0” to “9" numerical scale
is used where “9" is indicative of
an installation in new condition
and “0” for one which is closed to
traffic. Tables provide objective
rating guidelines for assessing
the condition of each critical cul-
vert compaonent. There are 13 rat-
ing guideline tables in the

Manual. Eight tables deal exclu-
sively with corrugated steel and
aluminum pipes, classified as cir-
cular, pipe arches, arches, boxes,
and four types of long spans (low
profile, high profile, horizontal
ellipse and pear shapes}. Precast
concrete, cast-in-place concrete,
and masonry culverts have one

table apiece. The remaining two
are for channel protection and
waterway adequacy.

To illustrate the use of these
charts, assume a circular corru-
gated metal pipe has “golf ball”
size perforations throughout the
entire length of its barrel. Under
the rating guidelines, a rating of



Maintenance Rating Scale for equating
condition ratings to maintenance and inspection actions.

Maintenance Maintenance Inspection
Urgency Index immediacy of Action Course of Action

9 No repairs needed.

8 No repairs needed. List specific items for special L .
inspection during next regular inspection. NOter']cn 'rISPBCt'O”

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

6 By end of next season—add to scheduled work.

5 Place in current schedule—current season—first
reasonable opportunity.

4 Priority—current season—review work plan for rela- | Special notification to
tive priority—adjust schedule if possible. 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 | Notify superiors
needed (post, one lane traffic, no trucks, reduced verbally as soon as
speed, etc.) possible and confirm

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

0 Facility is closed for repairs.

“Golf balil” size perforations in a
CMP due to abrasion and
corrosion forces.

“2” would be selected. This
represents the lowest rating
which matches the condition. A
“3” rating may also be appro-
priate, but it could not be a “4”
because this would indicate a
facility with no perforations.
Whether an inspector selects a
2" or “3" rating depends on what
he considers extensive and scat-
tered perforations. This is a

judgemental decision, but the
ability to narrow the evaluation of
a site’s condition to such a small
range indicated the clarity of the
ratings and definitions. It also
means these results would be
reproducible and understood by
any rater or reviewer, which is an
important factor when trying to
evaluate whether to rehabilitate
or replace a facility.

The Manual also provides a
maintenance rating system for
equating the condition rating of a
facility to a corresponding main-
tenance action. To determine an
appropriate maintenance action,
ail the components must be eval-
uated. The maintenance rating is
not merely a composite sum of
the items reviewed, but a subjec-
tive rating of critical components.
A low rating on one item will usu-
ally control the entire composite
rating. For example, if an inspec-

tor has decided a corrugated
metal pipe has extensive invert
perforations, the “2" rating would
govern the maintenance action
since this is a major component.
This facility would have the high-
estmaintenance priority. Posting,
restricting traffic or other emer-
gency actions may have to be
instituted. The inspector would
have to verbally notify his super-
ior of the facility's condition as
soon as possible and confirm the
report in writing. The relationship
between component evaluation
and maintenance and inspector
actions are intended to provide
agencies with procedures and
guidance needed to assess and
schedule maintenance repairs.
This type of interaction will help
promote maintenance responses
to the most critical facilities, and
minimize the danger of culvert
failures.




FLEXIBLE PIPE
COMPONENT
EVALUATION

Component evaluations are the
basis forall procedures, reporting
and rating criteria presented in
the Culvert Inspection Manual.
These are intended to assist the
inspector in identifying common
types of culvert distress and rec-
ognizing their significance.
Detailed provisions and guide-
lines are provided for each type of
flexible pipe configuration.
Although not all corrugated metal
pipes are inspected for the same
components, they generally func-
tion in a similar fashion, and are
classified into the four main
inspection areas of shape, joints
and seams, footings, and metal
condition. To illustrate theimpor-
tance of these items, each critical
component is discussed from a
“cause” and “effect” standpoint.

The culvert’s shape, amount of
deflection, settlement or distor-
tion provides a direct indication
of the adequacy and stability of
the supporting soil envelope. Vis-
ual observations of shape and
curvature along with measure-
ments of important dimensions
provide datafor assessing a facili-
ty’s condition, and also determin-
ing if any changes are taking
place over time. An inspector
should note any flattening of cur-
vature, because it may indicate
serious structural distress. Once
a facility has experienced
extreme distortion and deflec-
tion, it has lost its integrity and
must be replaced. The stability of
the scil-pipe structure can never
be regained when a structure has
deteriorated to this condition.

Defects in joints and seams
adversely affect both hydraulic
and structural performence. Mis-
aligned, or open, joints reduce
the flow area and disrupt flow
through the culvert, and seam
defects inhibit the proper trans-
ferrance of the ring compression
around the pipe wall. Joints are

normally found only on factory -

manufactured pipe. Their main
functions are to keep the pipe
sections together and aligned,
and prevent infiltration of the
backfill soil. Open joints can
result in loss of backfill into the
pipe or exfiltration of water, and
either condition could reduce the
stability of the surrounding soil
and adversely affect any roadway
or adjacent structure. If this con-
dition is recognized before it
affects the structural stability of
the facility, minor repair actions
may effectively remedy the
problem.

Seam defects, however, pre-
sent a more serious problem.
Longitudinal seams in structural
plate culverts carry the full ring
pression in the pipe. Bolted
seams utilize the bearing of the
bolts to transmit compressive
thrust. Open seams, cracking at
bolt holes, plate distortion, bolt
tipping, cocked seams, cusped
seams, and significant metal loss
in the fasteners due to corrosion
may indicate serious problems.

A cocked, or cusped seam
occurs due to poor seil stability or
improper fabrication or erection.
The seam deflects inward prying
the overlapping plates against
each other, stressing and elon-
gating the bolts and creating a “v”
shaped seam. A cusped seam is
significant when the structure's
shape, appearance and key
dimensions differ significantly
from the design conditions. This
should cause the structure to
receive a low rating on both the
shape and seam evaluation.
Inspectors should be aware of the
critical nature of seams as they
are one of the major causes of
catastrophic failures of structural
plate culverts. Facilities in poorto
critical condition should be
braced and replaced as soon as
possible.

Seam cracking along the bolt
holes is caused by excessive
bending strain, which is usually
the result of deflection. This con-

.

Circular CMP with extreme distortion and

deflection. Suggested Shape Ratling: 2.

Corroded, missing or sheared
fasteners can not transfer
designed ring compressive

. thrusts and have caused the
partial failure of this seam. Sug-

gesited Seam Raling: 2.

Corrugated pipe—arch barrel with
3-inch cracks at the seam bolts.
Suggesited Seam Rating: 3.




