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SYNOPSIS

A field and laboratory investigation of the performance
of galvanized metal pipe with particular emphasis on service life,
indicates a life expectancy in excess of [0 years except in a few
areas. Soll in timbered areas and in pasture lands with excess
soil moisture reduced the life expectancy to less than 30 years,
and in a few installations to 20 years.

The test devised by the California Highway Department
using soil pH and electrical resistivity appears to give a satis-
factory estimate of service life, although few installations are
of an age to verify the predicted life.

It is recommended that this test be used for predicting
service life, and that when the life predicted is less than LO
years, the pipe be bituminous coated.

Installations of aluminum pipe and fiber glass coated
concrete box culverts were reported, but no conclusions can be
drawn as their service life is insufficient to warrant any such

attempt.
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A STUDY OF THE DURABILITY OF METAL PIPE CULVERTS

INTRODUCTION

The Tdaho Department of Highways, together with
the Armco Metal Products Company, made an inspection of metal
culverts during November, 1957. This inspection reviewed in-
stallations throughout southern Idaho, but winter weather and
lack of manpower prevented completing the investigation to the
north of Boise. The purpose of these inspections was to deter-
mine the life of pipe installations with the intent of improving
selection of type of pipe, coatings and providing appropriate
specifications.

The present investigation was established as a sequel
to the 1957 Study. This current study checked those metal pipe
installations surveyed in 1957 and extended the survey to in-
clude installations into North Idaho. Concrete pipe was not
included in the current study except for concrete boxes coated
with fiber glass.

The purpose of the present investigation was to
supplement the 1957 report and to determine the life of metal
pipe installation, determination of spelter and condition of the
base metal as well as gauge. Each installation was checked for
the following information:

Description of drainage area served by the

pipe installation, i.e., mountainous, hilly, flat,




cultivated land, timbered, range grass land, pasture
land, barnyards or stock feed areas, mine waste, etc.
The flow of water in the pipe was noted whether
continuous, frequent, intermittent, etc., and if the
pipe was filling with sediment, other pertinent
information was noted.
Samples of soil were taken for pH and resistiv-
ity tests in the Central Laboratory.
In addition to the field information obtained, the
District or Laboratory endeavored to determine the age of the
pipe from records verifying these age determinations with
people familiar with the maintenance of these roadways. The
Laboratory tested the soil for pH value and electrical resis-
tivity and using the California charts estimated the service
life (See Appendix A). In addition, the coupons were washed
carefully and checked for appearance describing the coupon as
followss
1. Like new
2. Dull - age weathered to point all zinc luster gone
3. Pin Point Rust - evidence of rust in very small areas
4. Scaly Rust - large areas of rust wherein scale
can be seen

5. Pitting - rusted to the extent base metal is pitted
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RESULTS OF INVESTIGATION

The results of this investigation substantiate the
conclusions drawvn from the 1957 study, i.e., that galvanized
corrugated metal pipe, can be expected to give adequate service
in the environment of southern and eastern Idaho.

The test method developed by the California Division of
H%ghgéys_and their service life charts sppear to be satisfactory.
It appears the test method estimates the service life conserva-
tively ip all but a few installations.

Several installations are reported to have had the pipe
removed or the location of the pipe was not found. In some in-
stances, the pipe was removed due to construction or relocation
of the highway. Others were evidently removed and we can only
speculate removal was because of necessity, whether from deterior-
ation or other causes.

In some instances scaly rust is evident on the pipe
where the resistivity test indicates a service life twice or more
its present age. These installations may have been overly opti-
mistic in predicting service life. Only five installations
have a predicted service life near to or less than the actual age.
In two of these installations, the actual age exceeds the expected
service life by nearly 10 years.

Pipe, in the southern part of the State, in the so-
called degert area, is indicated to have service lives of
greater than 40 years with a majority in excess of 50 years.

Cultivated regions are indicated to have service lives in excess




of 30 years with about 2/3 greater than 50 years. Timbered

lands vary from less than 20 years to more than 50 years. The
average would be about 30-40 years. Pasture lands also indicate
a service life in excess of 30 years. Only a very few installa-
tions have service lives approaching these predictions. The vast
majority are still in fair to excellent condition considering
their actual service life.

The performance of aluminum pipe and the special
installation of fiber glass coated concrete are too recently
installed to draw any conclusions. The tablez in the Appendix
B give the results of this investigation.

CONCLUSIONS

The following conclusions are made from a review of
the investigation:

1. The performance of galvanized metal pipe in

service indicates a life as follows:
a. Desert Lands - 4O to 60+ years
b. Cultivated Land - 30 to 60+ years
¢. Timbered - 25 to 60+ years

d. Pasture - 30 to 50 years

2. Actual age of pipe (except for five installations)

is less than predicted by 10-25 years and they are

reported to be in fair to excellent condition.

3. The only installations indicating a service life

less than 4O years are timbered areas, pasture lands,

and some cultivated soills.




4. It appears that the service life of corrugated
metal pipe with galvanized coating is giving good
to excellent service with many installations having
served in excess of 30 years and no evidence of
serious distress during this investigation.

RECOMMENDATIONS

It is recommended that the California test and criteria
be used as a guide to the service life of pipe.

Asphalt coating is recommended to extend the service
life wherein the service life predicted is less than LO years.

It is recommended that the service life of pipe removed
due to deterioration be reported and soil samples furnished for
test to further the information available for correlation.
Cooperation of the District Maintenance and Materials personnel
is necessary to obtain this record. These reports should be
furnished to the Materials Engineer and the Research Engineer

for correlation.
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lpavo T=55
STATE OF IDAHO
DEPARTMENT OF HIGHWAYS
Boise, IpaHO

loaHO T=55-6l

STANDARD METHOD OF TESTS FOR
SOIL pH AND RESISTIVITY IN ESTIMATING LIFE OF METAL CULVERT

SCOPE

Te Two ENVIRONMENTAL FACTORS DETERMINE METAL PIPE SERVICE, THE HYDROGEN=
ION CONCENTRATION (PH) OF THE SO0tLS AND WATERS INDICATES THE DEGREE OF ACIDITY
OR ALKALINITY, WHILE THE RESISTIVITY MEASUREMENTS (NDICATE THE RELATIVE QUAN=
TITY OF SOLUBLE SALTS, USING THESE VALUES THE PROBABLE SERVICE LIiFE OF A METVAL
CULVERT CAN BE ESTIMATED ON THE ATTACHED CHART, THE TESTS ARE DIVIDED iNTO VWO
PARTZ eH DETERMINATION AND RESISTIVITY DETIRMINATION,

pH DETERMINAT {ON

2, (A) ApPraRATUS,

(1) 150 ML. GLASS BEAXER

(2) Tras5p00N OR SMALL METAL SCOOP

(3) WaASH BOTTLE CONTAINING DISTILLED WATER
(44) PpH MeTER

(5) ©oH sTaNDARD soruTioN ofF pH 7

(8) PROCEBSURE,

(1) CariBRATE THE PH METER 70 7 BY USING THE STANDARD SOLUTION OF
BUFFER IN A& GLASS CONTAINER, ONCE STANDARDIZED THE INSTRUMENT SHOULD BE
RESTANDARDIZED PERIODICALLY FOR ACCURATE TESTING,

(2) PLACE lL ROUNDED TEASPOONS OF SOl AND L TEASPOONS OF DISTILLED
WATER IN A 150 MLes BEAKER AND MiX TOGETHER TO A SLURRY, PLACE THE PH
METER ELECTRODE IN THE BEAKER OF SLURRY AND ALLOW THE METER NEEDLE 7O
STABILIZE, RECORD THIS READING AS THE PH OF THE SAMPLE.

RESISTIVITY DETERNMINAT ION
3, (A) ApparaTUS,

MiLt 1 AMMETER

VACUUM TUBE VOLTMETER

CALIBRATED SOiL BOX

Neo 8 sieve

RGUND ENAMELED PAN, 8=tN, DIAMETER AND 5 INCHES DEEP
STAINLESS STEEL SPOON, 13 iN, LONZ

BavLance, 2000 co CAPACITY, BACCURATE T0 5 g,

WiRtING DIAGRAM

NN TNV TN TN N
0 ~1 O AN 1D -
Mt e A s s N S

pUBo 1‘]-’58
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MILLIﬁMMEfER MILLIVOLTMETER

@ P @
i \
Soit Box
(8) PROCEDURE,
(1) Pass WELL~MIXED REASONABLY DRY SO5%L THROUGH A& Noo, 8 SIEVE,
WeroH out 650 G, OF THE SOIL SAMPLE AND PUT INTO AN BetN, ROUND PAN,
Abp 75 Mio DISTILLED WATER TO THE SOIL AND MIX, PLACE THE MIXTURE INTO

THE SOIL BOX, COMPACT IT, (MODERATE COMPACTION WITH THE FINGERS IS 3UFe
FlClENT) AND MTASURE RESISTIVITY, REMOVE THE MIXTURE FROM THE S501L 80X

AND PUT BACK INTO THE PAN, ADD AN ADDI!ITIONAL 50 ML, DISTILLED WATERg
MiX THOROUGHLY, COMPACT SOIL IN BOX AND MEASURE RESISTIV!TY, REPEaT
PROCEDURE ONCE MORE., !# RESISTIVITY OF S0!L HAS NOT FOLLOWED A TREND OF
HIGH RESISTIVITY, LOW RESISTIVITY, AND THEN AN INCREASE IN RESISTIVITY,
CONTINUE To ADD 50 MLe INCREMENTS OF WATER TO SOfL UNT!L THE MINIMUM RE=
SISTIVITY 1S OBTAINED,

(2) THE MINIMAL RESISTIVITY IS USUBLLY OBTAINED AS THE SOiL AND

water "puooLs=™ WHEN MIXED T0GETHER, GENERALLY THIS CGCURS DURING THE

THIRD OR FOURTH INCREMENT ADDITION OF WATER, AFTER PERFORMING THE COM=
PLETE SEQUENCE OF TESTING NUMEROUS TIMES TO GET THE MINIMUM RESISTIVITY,
A SKILLED OPERATOR CAN EXPEDITE MORE TESTS JUST BY ADDING INCREMENTS OF

wATER (75 MLe, 50 MLo, 50 ML, ETCo) TO THE SOIL UNTIL IT STARTS 70
"oupDLEe" AT THIS POINT TWO GR THREE TESTS SHOULD BE PERFORMED BY THE
ADDITION OF WATER, MIXING, COMPACTING IN SO!L BOX, AND MEASURING RESIS=

TIVITY WITH THE LOWEST READING BEING RECORDED,

(3) To CALCULATE RESESTIVITY IN OHMS CM, USE FORMULAS

MV
—— = OHMS CENTIMEYERS

MA

(L4L) To DETERMINE THE ESTIMATED SERVICE LIFE OF METAL CULVERT, TAKE
THE MINIMUM RESISTIVITY AND PH VALUES AND LOCATE THE YEARS TO PERFORATION
ON ATTACHED CHART., RECORD THIS FIGURE AS ESTiMATED TiME (YEARS) TO PER=
FORATION OF T1H=GAGE PIPE DURING NORMAL EXPOSURE AND NO ABRAS ION,

REFERENCE: CALtFORNIA MATERIALS ManuaL = Test Merwop N-63-B, Juey 1963,

PUBo. 1158
Reve 10=6l



Test Method No. Calif. 643-B

July, 1963
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Site Mile
No. County Route Post Diameter
153  Elmore SH 68 128.7 24"
154 Eimore SH 68 128.6 48"

12

Area,

Characteristics of
Area Drained

Contionuou

Inter-

Sex

ent

95

|Ph - 1

TABLE I - Continued

Tests on Soil

~ =
bl 0
G .
o frund ~ Est. Est.
v ..w.,_ m:” i m Life Life
e : ! f
2 B E U B > mm o
\ A 4 T Pipe Pipe
« vE b S % in in Co ;
o =) o =E g 1957 1964 Field Inspection
7.3 4250 63 1 Alu Excellent, Aluminum
Pipe
6.3 4600 63 L

Excellent, Aluwinum
Pipe

Metal Thickness

Visval Condition Inches
of Meral Side
et Side & Top Invert  Top
Dull, Spelter Like New Ro Sample Taken
Present
Dull, Spelter Like New No Sample Taken

Present



