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geiecﬁng pipe materials best
suited for service as a storm
sewer, culvert, sanitary sewer, or
small bridge replacement is of pri-
mary imporiance to the design en-
gineer. Selection is based on
hydraulic efficiency, structural in-
tegrity, durability and cost. Most
engineers are well acquainted with
hydraulic and structural design cri-
teria, but the effect of product dura-
bility on the total cost may not be
clearly understood. On many pro-
jects when alternate materials are
bid, selection is too often based on
first cost. However, the alternate
with the iowest first cost may not be
the most economical selection for
the design life of the project The
most economical alternate must be
defermined through a least cost
analysis. '

C.P. Informationt No. 11 reviews
the significance of various physical
and chemical factors which may be
aggressive to concrete pipe; the
significance of pertinent service
factors and concrete pipe proper-
ties; and durability design and the
performance of concrete pipe.
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Introduction

A least cost analysis is an effec-
tive method of evaluating two alter-
hate materials with different service
lives for economic equivalence. The
factors which affect the analysis are
project design life, material life, first
cost, interest rate, inflation rate, re-
placement costs, and residual value.

First cost of a pipe material is
important to the engineer and
owner, but does not reveal the en-
tire cost of the pipeline. [i the ser-
vice life of an alternate material is
less than the project design life,
future replacement costs must be
considered. Least cost analyses
over the project design life indicate
which material will be the most eco-
nomical. The material service life
is a key factor in any least cost
analysis and delermining an ex-
pected service life for different ma-
terials in different localities can be
an exceedingly difficult fask. As an
aid to designers, this Buried Fact
discusses the results of a literature
search and presents a bibliography
on pipe material durability.

Material Service Life

Major specifying agencies, such
as the Federal Highway Adminis-
tration, Corps of Engineers, Sail
Conservation Service, and most
state depariments of transpprtation
have published reports on field and

Pipe Material Durability

laboratory investigations to deter-
mine the durability of pipe materials
and establish methods for predict-
ing service life.

A literature search in 1983 indi-
cated 28 states and numerous re-
searchers had perfarmed culvert
surveys and investigated the dura-
bility of pipeline materials since
1925, resulting in 131 reports. For
this publication, the literature
search was updated in 1991 to a
total of 153 reports.

Since the durability of concrete
pipe has been so evident, and re-
search money is normally spent
only on problems, 58 percent of the
reports are concerned primarily
with the deterioration and short ser-
vice life of corrugated metal pipe;
26 percent of the reports cover mul-
tiple pipe materials; & percent ofthe
reports deal with only concrete; and
9 percent are on other materials or
general subjects. The complete
bibliography is presented at the
end of this publication.

Comprehensive Reports

It was the mid-60's before some
states hegan developing com-
prehensive surveys, and gathered
data on all pipe materials, not just
those exhibiting problems. The
nine most comprehensive reports
and major conclusions are briefly
discussed in the following para-
graphs.




1965 - A Culvert Material Perfor-
mance Evaluation in the State of
Washington, V.E. Berg, Washing-
ton State Highway Commission.

“Concrete culverts were not in-
spected on an organized basis as
were the metal culverts. ...Con-
crete culverts, when constructed
on a firm foundation, not over-
loaded and not subjected to abra-
sive wear, shouid last aimost
indefinitely. Numerous culveris
were examined which appeared as
new, even though they were in-
stalled over 25 years ago. No ap-
preciable signs of material
disintegration or chemical attack
were found.”

1969 - Detrimental Effects of Nat-
ural Soil and Water Elements on
Drainage Pipe in Alabama, L. V.
Hyde, et. al., Alabama Highway
Department.

“Concrete is resisiant to corro-
sion except under conditions of ex-
treme acidity or alkalinity.
...However, under conditions other
than extreme acidity or alkalinity,
concrete pipe can be expected 1o
give many years of satisfactory ser-
vice. ...In areas where the pH of
surface water is less than 4.5,
drainage structures should be con-
crete or vitrified clay. In areas of
highly mineralized acid mine drain-
age or where the pH is significantly
less than 4.5, drainage structures
should be vitrified clay or concrete
with a proven protective coating.”

1973 - Corrugated Steel Pipe for
Storm Drains, A Value Engineer-
ing Study, Los Angeles County
Flood Control District.

“Presently, stormdrains are con-
structed using primarily reinforced
concrete pipe or box. ..For the
past 8 or 9 years, the Corps has
used only reinforced concrete pipe
in this area. ...However, almost &ll
of the jurisdictions within the
County are replacing corrugated
steel pipe with reinforced concrete
pipe when the need arises. The
main reasons given are high main-

tenance costs atiributed ic the
need for frequent, thorough inspec-
tion, and limited maintenance per-
sonnel.”

1977 - Performance of Culvert
Materials in Various Colorado
Environments, H.N, Swanson, &1{.
al., Colorado Division of Highways.

-“Concrete sections made of
Type |l cement, Type Il low alkali,
Type il low C3A and Type V ce-
ments were placed at the Fruita
and the Olathe sites in 1974 and
1975. Samples made with Type Il
and Type V cement were placed in
Fossil Creek in 1966. All of the
above concrete samples are sound
and in good condition. Sections of
concrete pipe, one made with reg-
ular aggregate and one with lime-
stone aggregate have been
exposed to the acidic conditions of

the Straight Creek site for five
years. ..The areas exposed 10
water show definite atiack by the
acid water. Attack has only re-
moved the cement surface, expos-
ing the aggregate. The attack is
not very serious and the pipe under
the highway is expected o remain
in service for at least another
twenty years.”

1979 - Kentucky Culvert Study,
Byrd, Tallamy, MacDonald and
Lewis.

“Acid environment (greater than
4 pH and less than or equal to 6 pH)
...The reinforced concrete pipe is
still appropriate in this pH range.

“Extremely Acid Environment
(pH equal to or less than 4} ...Con-
crete pipe requires special protec-
tion to provide an acceptable risk
level for adequate service life.”
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1980 - Evaluation of Highway
Culvert Coating Performance,
y Federal Highway Administration,
" Report No. FHWA/RD-80-058.

“Concrete is usually used in se-
verely corrosive areas. Most con-
crete is installed uncoated.”

1980 - Evaluation of Metal Drain-
age Pipe Durability - Analysis
After Six Years, R.W. Kinchen,
Louisiana Department of Transpor-
tation.

“The Department’s hydraulics
engineers can generally choose ei-
ther reinforced concrete or corru-
gated metal pipe in their designs.
Concrete pipe is very durable and
with stable bedding conditions can
normally serve effectively for the
life of a highway. The LADOT also
recognizes that metal pipe has its
place in the field of hydraulics and
maintains an interestin innovations
in metal pipe. ... The major draw-
back with metal pipe is its tendency
to corrode in the presence of mois-
ture, oxygen, and salt.”

1987 - Study of Use, Durability
and Cost of Corrugated Steel
Pipe, Missouri Highway and
Transportation Department.

“In Missouri, roadbeds and high-
way corridors are selected and de-
signed with no foreseeable intent to
relocate. At the present time, ap-
proximately 25 percent of the
Department’s roadbeds are al-
ready 50 years or older and 74
percent are over 25 years of age.
Current field reports show that CSP
is being replaced as early as 20
years of age due to rusting out of
the lower portion of the flowline (in-
vert).”

“It is recognized that CSP has a
lower initial installed cost than
RCP. However, CSP is expected
to be replaced one to four times
during the anticipated life of an
RCP."

"At this time, it is concluded that
in order for CSP to be an equal
alternate to RCP for culverts under
roadways carrying high volumes of

traffic, the pipe should have an ex-
pected life of at least 100 years.”

"Current coatings for corrugated
steel pipe are ail susceptible to
degradation under. certain condi-
tions, particularly abrasion."

1991 - Life Expectancy Determi-
nation of Zinc-Coated Corru-
gated Steel and Reinforced
Concrete Pipe Used in Missouri,
MRG1-1, Missouri Highway and
Transportation Department.

“This study indicates that CSP
will generally be deteriorated to the
pointof needing replacement at ap-
proximately 44 years with a range
from 1510 more than 60 years. The
mode of failure for CSP is nearly
always due to rusting out of the
invert or bottom portion of the pipe.
Due to insufficient number of RCP
having deteriorated to the point of
needing replacement, it was not
possible o arrive at a realistic age
for RCP replacement. The great-
est problem noted with RCP is dis-
jointing at the end pipe sections.
With the durability rating system
established for this survey, those
pipe in need of replacement are
45.6% of the CSP and 0.3% of the
RCP surveyed. Since 1987, dis-
trict pipe replacement records indi-
cate that 964 cressroad CSP have
been replaced having an average
age of 41.4 years.”

“Records from Maintenance and
Traffic Division indicated that ap-
proximately 178,656 feet of CSP
(including crossroad and en-
frances) has been replaced in the
tast 5 years (1985 thru 1289).”

“What are the costs of replacing
pipe? Maintenance and Traffic re-
cords {See Appendix E) show that
in the last 5 years (1985 thru 1989)
MHTD has spent over 5 million dal-
fars in the replacement of CSP.
Cost of RCP replacement for the
same 5 year pericd was $239,000.
The mean (average} cost of mate-
rial and installation over this 5 year
period per lineal foot of pipe was
$27.54 and $41.08 for CSP and
RCP respectively. Significantly

higher costs shouid be realized for
replacement of pipe in the future if
trends identified by this survey are
true.”

Service Life Prediction

Review of the following bibliog-
raphy indicates substantial and
comprehensive research was actu-
ally done to investigate concrete
pipe both prior to and after the start
of the Ohio DOT study in 1972(See
References 68-71). The data from
these investigations, however,
shows that the performance of con-
crete pipe was so good that the
development of predictive service
life equations was meaningless,
and, instead, general statements
were made to the eifect that con-
crete pipe would last indefinitely in
normal environments. Initially,
even the Ohio study was afflicted
with this problem.

For the Ohio study, both the con-
crete and corrugated steel pipes
were randomly selected for investi-
gation. To abtain a meaningful ser-
vice life equation for concreie pipe,
however, only the data from sites
with a pH of less than 7 were statis-
tically analyzed. A look at the over-
all study indicated the excellent
performance of concrete pipe for,
out of 519 concrete culverts stud-
ied, only 9 wera rated in poor con-
dition, 33 in fair condition and 477
in excellent condition. Of the nine
in poor condition, one has been
repaired, and repairs are contem-
plated for the other eight.

Another difficulty in pipe investi-
gations is the establishment of ob-
jective and equal rating
classification systems. For exam-
ple, in the Chio study, concrete
pipe was rated poor when there
was significant loss of moriar and
aggregate from the surface or
when the concrete surface was in a
softened condition, while the corru-
gated steel pipe was rated poor
when the invert was lost, there was
perforation or when the pipe could
be penetraied by a geologist’s




hammer - clearly not comparable
ratings, indicating that the predic-
tive equations for corrugated steel
pipe are liberal. If, as for corru-
gated steel pipe, concrete pipe was
rated poor only when its invert was
lost, then the service life of con-
crete pipe would be unlimited in
even adverse environments.

The following bibliography is
presented in two sections. The first
section lists surveys and reports on
culverts chronologically by individ-
ual states. The second chronolog-
ical list presents miscellaneous
pipeline surveys and reports.

BIBLIOGRAPHY

State Culvert Surveys
And Reports

ALABAMA

1. Iso-pH Maps Identify Areas Detrimen-
tal fo Drainage Structure Performance
Life, Oliver, J.C., and Palmore, R0,
Highway Research Record 56, 1964,

2. Detrimental Effects of Natural Soil
and Water Elements on Drainage Pipe
Structures in Alabama, Hyde, L.W.,
Shamburger, V.M, Ellard, J.S., and Pate,
RE., Report No. HPR 40, Geological
Survey of Alabama Water Resources Di-
vision, 1969,

ARIZONA

3. Corrosion of Highway Mefal Struc-
tures and Cathodic Profection, Dana,
JS., Final Rep., Arizona Hwy. Dapt.
Nov., 1973, ‘

4. Corrosion of Highway Structures,
James & Dana and Rowan J. Peters,
Arizona Department of Transporiation,
Januaty, 1975.

5. Tucson Verifies Pipe’s Durability,
Public Works Magazing, December,
1982

CALIFORNIA

6. Final 20-Year Report on the Corru-
gated Metal Culvert Field Test Started
in 1929-30, Stanton, T.E., Califormia DF-
vision of Highways, July, 1950, unpub-
Hished.

7. Report on the Experimental Placing
of a Cement Mortar Coating in Corru-
gated Metal Culverts in District,

Sratfull R.F., Calfornia Div. of Hwys.
memo, May, 1954, unpublished,

8. Corrosion of Corrugated Metal Cul-
varts in California, J... Beatonand A.F.
Stratfull, Highway Research Board, High-
way Research Bulletin 223, 1958.

9, A Progress Report on the Study of
Culvert Deterioration, Stratfull] A.F.,
California Division of Highways, 1960.

10. A New Test for Estimating Soil
Corrosivity Based on Investigation of
Meta! Highway Culverts, Siratiull, A.F.,
Corrosion, Vol 17, No. 10, Oct, 1961.

11. Field Test for Estimating Service Life
of Corrugated Metal Pipe Culverts,
Beaton, J.L. and Stratfull, R.F., Highway
Reasearch Board, Proceedings Vol 47,
71962,

12. Highway Corrosion Problems, Metal
Culverts and Reinforced Concrete
Bridges, Stratiul} R.F., Western Region
Conf Nat' Assn. of Corrsion Eng., Oct.,
78962,

13. Field Method of Detecting Corrosion
Soil Conditions, Stratfull R.F., Froc.
15th Calit. St and Highway Conference,
LT.T.E, Univ. of California, 1963.

14. Highway Corrosion Problems, Mate-
rials Protection, Vol 2 Mo. §, Seplem-
ber, 1963.

15. Method for Estimating the Service
Life of Metal Culverts, Tast Maihod No.
Calif 643-B, California Division of High-
ways, Materials and Research Dept.,
Sacramentp, California, July, 1963,

16. A Prefiminary Study of Aluminum as
a Culvert Material, by £.F. Nordlin and
R.F. Stratfull, Highway Research Boara,
Highway Research Record No. 95, 1965.

17. California’s Culvert Research Pro-
gram-Description, Current Status and
Observed Peripheral Pressures, A.E.
Davis and A.E. Bacher, Highway He-
search Board Highway Research Re-
cord 249, 1968.

18. Corrugated Steel Pipe for Storm
Drains, Los Angeles County Flood Con-
trol District, 1873,

19. Cooperative Field Survey of Alumi-
num Culverts ~ 1979, Jofin A. Aposiolos
and ForrestA. Myhres, California Depart-
ment of Transportation, 1960.

COLCRADO

20. Culvert Performance at Test Sites in
Colorado (7962-1965), Res. Rep. No.
68-8. Coloraco Div. of Hwys., Aug.,
1968,

21. Performance of Culvert Maierials in
Various Colorado Environments,
Colorado Division of Highways, Report
No. CDOH-P&R-R-77-7, September,
1977,

GEORGIA

22, Report on Study of Culvert Durabil-
ity, Stack, S.B. and Abercrombie, W.F.,
State Highway Board, Georgia State
Highway Department, 1926, unpub-
lished.

23. Studies in Pipe Culvert Durability
and Performance, Slack, 8.8, Engi-
neering News Record, Vol. 104, No. 23,
Jimne 5, 1830,

IDAHO

24, A Study of Durability of Culvert Pipe,
Materials Section, State of ldaho, De-
partment of Highways, 1957, unpub-
lished.

25. A Study of the Durability of Metal
Pipe Culverts, /daho Depariment of
Highways, Surveys and Pians Division,
Apri, 1965,

26. Durability Design Method for Galva-
nized Steel Pipe infowa, Malcoim,
W.J, Corrugated Metal Pjpe Assn. of
lowa & Nebraska, Spring, 1966.

27. Idaho-Aluminum Pipe Report,State
of ldaho Transportation Deparimert,
1977,

INDIANA

28. Installation Problem With 66-Inch
Corrugated Metal “Smooth Flo” Sewer
Pipe, American Concrate Pjpe Associa-
ton, 1957.

29. Pipe Coating Study, Sudol, Indiana
Deot. of Hwys. Sept., 1962.

IOWA

30. Durability Design Method for Galva-
nized Steel Pipe inlowa, Ma/colm,
W.J., Corrugated Metal Pjpe Association
of fowa and Nebraska, 1968,

KANSAS

31. Report of Pipe Culvert Corrosion in
Selected Areas of Southeast Kansas,
Graf N, James D, and Wendiing, W.H.,
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Lovisiana D.O.T. and Development,
1580,

41, Evaluation of Drainage Pipe by Field
Experimentation and Supplemental
Laboratory Experimentation. Interim
Report 43, Louisiana D.O.T., 1987,
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46. Corrosion Performance of Alumi-
num Culverts, £iiis, [ T., Second Prog-
ress Hep., Res. Rap. R-678 Michigan
Dapt. of State Hwys., Dec.,, 1568, Final
Progress Rep., Res. Rep. R-976, Nov,
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