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EVALUATION OF STAINLESS STEEL CULVERT PIPE M’ D/Ub
Mahaska Cisnty, Iowa
1.0 INTRODUCTION

Corrosion of culvert pipe in Iowa in general is not a seri-
ous problem. However, it is potentially significant in some
local areas. An opportunity to make a limited durability study
of stainless steel pipe was presented when a local fabricating
company expressed interest in a cooperative field experiment.

The potential of stainless steel pipe is to reduce maintenance
costs that are incurred through replacement and upkeep. A new
stainless steel material, Allegheny Metal MPF-l1l, was used in a
parti$1 fabricat;on demonstration and later these demonstration
sections were delivered to the selected field site for placement.
2.0 PURPOSE

S ormanc e

The purpose of this field experiment is to study the.dura=
bility—0f MF-1 stainless steel culvert pipe compared to galvan-
ized steel pipe.

This report is a description of the selection of and general -
conditions existing at the installation site, with an attempt to
indicate whether the use of stainless steel pipes in Iowa is just-
ified from an economic standpoint.

3.0 DESCRIPTION OF MATERIALS

The Allegheny~Ludlum Steel Corporation reports: the typical

composition of the MF-1 as follows:

a Superscripts refer to references at end of report.



TABLE I
Typical Chemical Composition, Percentages

AL1opElemnt € Mn si cr Ni T4 Fe
MF-1 ~ 0.04  0.50  0.40 111.00 0.20 0.50 Balance

Because this study is to be a direct comparison study, one

section of galvanized corrugated metal pipe of the same dimensions

VMZL_AL/
as one of the stainless steel sgct1ons was purchased and installed
.Lcﬂ»c
in the same manner as the stainless Bteel. see figure 1.
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Table two below lists the dimensions and type of sections

installed.
TABLE II
Material Pipe Diameter Pipe Length Degree of Bend
(in.) ‘ (ft.) (Deg.)
MF-1 15 20 -
- MF-1 15 14 -
MF-1 15 - 14
Galvanized Steel 15 20 -

Note, in figure 1, that the 14° stainless steel elbow is
placed on the downstream end of the upstream pipe. This elbow
section is a potential problem. The wéld used to attach the
elbow to the 14 foot pipe section caused a local discolorat1on

Gre wvm/,\..u(/c/

and scalding tending to expose thek!gld area)to potential corro-
sive action, see figure 2.

A second item to be noted on the stainless steel pipe was

seads ok yrusd pkeriov ?

the apparent formation of iateflef—fust—spota at theAextreme
ends of the 14' and 20' pipe sections, see figure 3. This condi-
tion was quite noticeable and should be carefully observed in

future inspections.
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Figure 2 Welded Elbow

4.0 SELECTION AND DESCRIPTION OF FIELD TEST SITE
According to the Allegheny-Ludlum Steel Corporation, pro-

ducers of the stainless steel, MF-l is highly resistant to the

corrosive action of soils and various effluents which have a Pﬁf
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range of 2-10. These credentials prompted the selection of a

test site, by the Design Department, on Iowa Primary Road 92 in
Mahaska County, In particular, Section &5 of Garfield Township

(T75W-R16W) at Sta. 197+00 42.5' right and left.

This site was selected because of the relatively high corro-

sive action of local "mine water“b which is present in the area

. S
and because a_3' x 4' reinforced concrete box culvert &é}already

in place at this location.

Pl
b "mine water" is water which has run across the open coal
mining areas of the region. |
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In 1954 or 1955, when the 3' x 4' x 87' reinforced concrete
box culvert was constructed, the wearing surface was coated with
a bituminous material. In the ensuing 12 or 13 years the bitumi-
nous material has scaled and flaked off, see figure 4. The deter-
ioration of tixe bituminous coating is evident in the bottom of
the culvert, however along the edges it is still This
fact has lead observers to believe that the flaking and wearing
of the material is due to the turbulant action of the water and
not the corrosiveness of the water. A pH test performed on the
mine water run off was between 5 and 6. (The pH of a near by
 stream was 6).

4,1 Local Water Flow Conditions

Water: flows ihcothé.culvVert:only:durdpy périods of run off.
However, at the time of installation, water was flowing in the
culvert ditch because of a recent 1%" rain in the area.

Total rainfall in this area is about 33 inches per year? or
approximately 100 acre-ft. per year. Assuming a velocity of 2.8
fps in the,fg\(xlvert and that the%lvert will run 1.5 inches deep,

an estimate of the time, t to drain the area can be determined

e'

from the following equation,

t = V.
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where: te = PTime to drain the area; unit time
—L—=~Lengtir 6f the barrei,ft.

V¢ = Total volume of water, . F : . o |
X(#}J Ve :VOE‘?,Z/(C/"er;V(cqu ?é¢/ﬁt4~~[;b(@x CU/VWVL)

- =Dy = Depth-ef-barreil; ft:
= Velocity of flow, f£t/unit time

rop e

Substitution of the vatues in this equation will yield

a total flow time of 4.74 days per year. This means that only
1.30% of the time water is actually flowing in the ditch. (See

Appendix A for caiculations).
A H
The data based on the assumption of no infiltration. If a yrvn¥

coefficient of 0.5 had been used, this would reduce the flow to
approximately 2;;§;aay/year or .65% of the time.

4.2 Local Soil Conditions

The state of Iowa has 90% of its lénd area covered by 5 of

the 36 great soil groups.2 see figure 5. The Brunizensc make up

the largest segment followed by the Grey-Brown Podzolic soils, the
Planosols, the Wiesenbodens (also referred to as Humic Grey Soils)
and the Alluvial soils. The Lithosols and Bogsoils make up the

other 10%.
te
The Brunizens are characterized by a pH range of 3.4 - 8.1,
T

Thg Wiesenbodens have a pH range of 5.3 - 8.0, while the Grey-
Toweerry Do Amotia oo T Heves 0 T LR OO T - Suske i Ly Lol

¢ The term "Brunizen" is proposed by Simonson, Rieken, and
Smith as.a’ substitute:for "Prarée.Soil"” which is used throughout
the U.S.




L
Brown Podzolic soils have a pH range of 3.8 -~ 6.4.
%

Planosols have a range of 3.9 - 6.0.
ald

The Grey-Brown Podsolic and Planosols are the soils which

b -
shew ‘tendencies to be highly corrosive. The @ﬁm of the, %‘fww

different soil types is shown in Figure 5. @I

Finally the

w o
( ( gure 5 was sketched by uaing the soil maps of Iowa and o '

RN

Minnesota. ])" <Jrigure 6 indicates

the soil areas that are potentially the most corrosive. M
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5.0 ECONOMIC CONSIDERATIONS

In discussing the selection of d4fferent types of materials
to be used by tixe ISHC in culvert construction, theilife of the
structure must be assumed. The life of a culvert depends to a
great extent on its location withintthe state. Figure 5 shows
the area of the state that has existing soil conditions that will
yield a culvert "A@%ervice life" of 50 plus years. Th® worst
conditions exist in the southeastern r‘egiong of the state, where
highly corrosive "mine water" has caused some pipes to corrode
in a mu?h shorter period of time than 50 years. In this area,

’corrugated metal pipe has an approximate life expectancy of 25

years. -rhe life of a concrete ‘pipe is e;p;ted

to be longer due to the availability of protective coatings. The

dmesiger- 1ife Of concrete culverts will be assumed to be 50 years3




- . 5.1 'Agpgal Cost Analysis
Some :;;nmptions must be made before beginning a cost analysis.
i In this report the following assumptions were made: (1) an interest
' rate on investments of 4% will not change over the next 50 years;
r (2) construction costs will not change appreciably over the next
50 years, (3) 178' pipe under a 5' f£ill on an interstate project
is a typical installation.
Corrugated Metal Pipe
Length x construction cost (1967) = Total initial cost

¢
178' x $5.83/lineal ft. = $1,037.74

Principal x (crf - 4% - 50 yrs.) = Annual cost
(cxrf - 4% - 50 yrs.) = 0.04655020

1,037.74 (0.04655020) = $48.31

Replacement Costs

(1) Remove and Replace pavement
30 syd. x $20/sy = $600

(2) Excavation and Removal of existing pipe
178' x $2.50/lineal foot = $445

(3) Detour in Median (including temporary sur-
facing) 2,500 Cy x $.50Al¥ = $§1,250

(4) New Pipe
178' x $5.83 = 1,037.74
TOtBl. 003'332.74

Annual cost of $3,332.74 invested 25 years from now = prin-
cipal x present worth factor x capital recovery factor.

¢ based on average cost for the ﬂg;w;’mo. of 1967.



(pwf' - 4% - 25) = 0.26223370
(cxrf - 4% - 50) = 0.04655020
Annual Cost = 3,332.74 (0.26223370) (0.046555020) = $40.68

Total Annual Cost = $48.31 + $40.68 = $88.99
Concrete Culvert Pipe
178' x 7.03 (1967 average) = $1,251.34

Annual cost = 1,251.34 (crf. 4% - 50 years) = 1.251.34 (0.04655020)

- [ e
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= 58.25

Stainless Steel Pipe

178' x 14.374
= 2,557.86

Annual Cost = 2,557.86 (crf. - 4% - 50 years)
2,557.86 (0.04655020)

119.07

nua

These costs reflect the high annual costs associated with the
stainless steel pipee/ggmparatively.they amount to, 33¢/lineal foot
for concrete pipe, 50¢/lineal foot for éorrugated metal pipe and
67¢/lineal foot for stainless steel pipe.

6.0 CONCLUDING REMARKS

There are a few comments that should be made in regard to some
statements containéd in this report. The vélues of the pH of the’
water flowing in the stream bed was determined with a wide band
litmus paper which depended entirely on somewhat grgss color com-

pari809ns.

d Price per foot figured on the basis of $.29/1b quoted by
Mr. Thorpe at the fabrication on 12 April 1967 plus the installa-
tipn cost of galvanized pipe. (See Appendix B for €@alculations.)



There is no definite correlation between pH of local water
and pH of local soil. There have been no pH tests performed on
the local soil. Therefore, the local soil pH is unknown. Many
variables are associated with corrosion studies in pipes that have

6 These include the

as yet, not been correlated in this study.
hydrogen io éoﬁcentration, electric potential, degree of sat-
uration withvcalcium carbonate, flow velocity, and factors such

as grade of inlet, and grade of culvert. Some type of a study will
have to accompany this installation to indicate the condition of
other culverts in the general area. Without this data, proper
analysis of the stainless steel pipes, cannot be camplete.

In the economic analysis, the design life of the pipes con-
tains many variables. The life of the concrete and galvanized
pipes was predicted fram the data available. The only available
data on stainless steel éipe infers that they have a theoretical
life of infinity.

At present, the policy on culvert pipes in Iowa is to use
concrete culverts under roadways, and it is left to the con~
tractor to select the type of pipe he wants to use for entrance
pipes. Therefore, at present, stainless steel pipes could be placed
at entrance locations only. Even though the life of the stainless
steel pipe is infinite, the life of these entrances is not. It
is rather hard to believe that the entrances and possibly the road-
way would not be re-worked, if not reconstructed, in 50 years. This

is how the 50 year life for the stainless steel pipe was assumed.



when one looks at the data pertaining to flow in section 4.1,
it is obvious that no large quantities of water flow through the
test pipes in an average year. With a more judicious study, it
is conceivable that a more desirable location could have been
selected, and therefore more meaningful data extracted.

7.0 PLAN OF EVALUATION |

The conéinuing plan of study of these pipes consists of peri-
odic visual observations with’short written reports to be submitted
by the observer. The velocity of the water will be checked, along
with the pH of the water. These cbservations will continue for

an undertermined périod of time.
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APP I

Computation of Flow Time
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= 33 in./year x 36 acres x 433560 £t.2
12 in./ft. acre

Qn ,244 cu. ft. 5("") #3/, 292483

Area = /70’ —(77)6/_,):) a /z&#/L

= 4,74 days
% of time water flowing = 4.74  x 100 = 1.30%
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APPENDIX B

Assume a pipe of one ft. length, 24 inch diameter, and 12 gage size.

24 inch, 12 gage weights 39.6 1bs./ft.>
at $.29/1b.
cost = 39,6 ($0429) = $11.48

weight of 24 inch, 12 gage CMP
= 29.4 1lbs./ft.
= 29.4 1lbs./ft. ($0.10/1b.)e = 2.94

construction costs (1967) for CMP
= $5.83/f£t.

2.89/ft.

construction cost for stainless steel will be
= $11.48 + $2.89

= $14.37/ft.

e §$.10/1b was quated by Mr. Thorpe for CMP same time as
the price of $0.29 for the Stainless Steel.
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, " sion of Highways, sets forth'a method for esti

CONCRETE PIPE
FOR DURABILITY

| RELATIVE SERVICE LIFE OF VARIOUS GAGES OF CORRUGATED METAL PIPE

Lighter gage corrugated metal pipe than that

) required in current, standard gage-fill height tables
is being advocated by some steel companies in their .

‘ current advertising campaigns. Use of these lighter
' gages, they say, is made possible by using either .

" the 3” x 1” corrugation (instead of the more com-

REE mon 2%”!%" corrugation) or the ring compres- -

sion theory of design for the 2%” x %4” corrugation.

based on studies of more than 12,000 culverts in
the past 35 years to estimate this service life.

The following Gage Factor Table is used to

‘estimate the relative expected service life for dif-

ferent metal gages:

- Gage 16 14 12 10 8 6 2 0 000
Factor 1.0 13 18 23 28 33 43 50 6.0
Example: If the curves indicate a service life of

This advertising claims that substantial first cost -

savings are realized by use of the lighter gage metal,
" but before you count these savings you should ask:

.. How long should the pipe last? Will the lighter
" gage metal furnish the service life requirements?

Obvmusly the service life of the plpe will be

B shortened by use of the lighter gage metal — by
‘how much?

In their “Method for Estimating the Service Life
of Metal Culverts, Test Method No. Calif. 643-B”
the California Department of Public Works, Divi-

mating corrugated metal pipe culvert service life
by measuring the electrical resistivity and pH of
. the surrounding soil. Curves have been developed

10 years for 16-gage corrugated metal
"pipe, 12-gage pipe will last 1.8 as long
or 18 years.

While these Gage Factors relate the service life

. expectancy to 16-gage metal, the following table

- (derived from the above table) makes it possible

to compare the expected service life directly for all
gages of corrugated metal pipe.

So, in considering the required service life of a
corrugated metal pipe in its intended environment,
the engineer may specify a heavier gage pipe than
the 3” x1” corrugation or the ring compression
theory may indicate — and find it much cheaper
in the long run. Of course, if real permanence is re-
quired, he will choose concrete pipe.

GAGE FACTOR TABLE SHOWING COMPARATIVE SERVICE LIFE
FOR DIFFERENT GAGES OF CORRUGATED METAL PIPE

GAGE 16 .14 12 10 8 6 2 0 000
 FACTOR—16ga.” [ 10 [ 13 |18 |23 | 28 | 33 | 43 |50 |6.0
14 ga. 10 |14 |18 | 22.] 25 | 33 (38 |46
12 ga. 7 |10 [13 [16 |18 [ 2428 |33
10 ga. 44| .6 8 |10 |12 |14 |19 ]22]26
8 ga. 36| 5 6 8 |10 |12 [15]18 |21
6 ga. 3 A 5 7 8 [ 10 [ 13 ]|15 18
2 ga. 231 .3 A 5 7 8 | 10|12 |14
0 ga. 2| 26| 36| 46| 56| 7 | 9|10 |12
000 ga. a6 2 | 3| 4| 46| 55| 7| 8|10

EXAMPLE: you read on the 12-gage fine, the expected service Iife of 16-gage metal is only 0.6 as long as that

for'l2qogewhilefor6—gageﬁls18longer
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