Aluminized Type 2 Corrugated Steel Pipe
Field Performance Update: July 2018
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Introduction:
Corrugated Steel Pipe (CSP) has a long history of use for culverts and other drainage applications since the
product first came to market in 1896. Galvanized (zinc coated) steel was the first protective metallic coating
used to increase the service life of corrugated steel pipe. Galvanized works well to increase the life span of
steel in many environments, but is limited in more severe environmental applications.
Many other corrugated steel pipe coatings (both metallic and non-metallic) have been introduced in the market
to help increase the life span of corrugated steel pipe. The two most popular coatings in use today to increase
the service life of CSP are Aluminized Steel Type 2 (AL-T2), which is a metallic coating and ethylene acrylic
(Polymer) coating, which is a non-metallic coating. The Aluminized Steel was first introduced in the early
1950’s and the Polymer Coated Galvanized was introduced in the mid 1970’s.
The Aluminized coating is a two-layer, metallurgically bonded coating. The coating consists of a protective
layer of aluminum and an underlying layer of aluminum/iron alloy. Aluminized coatings are more durable than
zinc (galvanized) coatings. This is due to the formation of a passive aluminum oxide film which is more
protective than the scale on zinc. The film forms on Aluminized in both hard and soft water and is resistant to
corrosion by SO4, N3, CO2, and O2, organic acids, and turbulent water.
Background:
The Montana Department of Transportation installed Aluminized Steel Type 2 culvert pipes on many sites
under State and Interstate highways in the 1980’s. These sites provide real life examples of the service
Aluminized CSP can offer in various environments throughout the state of Montana. There were three project
sites in particular where Aluminized and Galvanized pipes were installed at the same site. These locations
provide service life comparison of Aluminized and Galvanized CSP.
There are a total of 28 different site locations throughout the State of Montana where these Aluminized CSP
were installed in the 1980’s. From July 24 – 26 2018, 12 sites with 26 different culvert locations were visited.
Field observations were made with water samples taken as various locations. Twenty Two (22) of these
culverts are Aluminized, three (3) culverts were Galvanized, and one (1) culvert is Polymer Coated CSP.
Purpose:
The purpose of this report is to provide documentation of the long term performance of Aluminized Type 2 CSP
in various environments and locations throughout the State of Montana.
Project Map Location:

Culvert Location, Size, Type & Environment
Location #26 Springhill Road, Bozeman, Montana – Installed 1989 (29 years in service)
26-1, Aluminized 36” diameter, 14-gage with 2 2/3 X ½ corrugation. The pipe was dry when observed.
26-2, Aluminized 36” diameter, 14-gage with 2 2/3 X ½ corrugation. The pipe was dry when observed.
26-3, Aluminized 60” X 46” Pipe Arch, 12-gage with 3 X 1 corrugation. The pipe was dry when observed.
Location #26A North 19th Ave Storm Sewer, Bozeman, Montana – Installed 1989 (29 years in service)
26A-1, Aluminized 66” diameter, 14-gage with 3 X 1 corrugation. Water pH = 7.8 and resistivity of 4,590
ohm-cm. Water was flowing quickly through the storm sewer when the pipe was observed.
Location #15 Norris Hill Hwy 287, Norris, Montana – Installed 1987 (31 years in service)
15-1, Aluminized 112” X 75” pipe arch, 12-gage with 3 X 1 corrugation – mile post 56. Water pH = 7.8 and
resistivity of 4,590 ohm-cm. The pipe was following with water with and gravel in the invert when observed.
15-2, Aluminized 36” diameter, 14-gage with 2 2/3 X ½ corrugation - mile post 57. The pipe was dry when
observed and is on a considerable slope with high cover.
15-3, Aluminized 24” diameter, 16-gage with 2 2/3 X ½ corrugation - mile post 58.2. The pipe was dry when
observed.
15-4, Aluminized 24” diameter, 16-gage with 2 2/3 X ½ corrugation - mile post 58.5. The pipe was dry when
observed.
15-5, Aluminized 96” diameter, 10-gage with 5 X 1 corrugation - mile post 61.2. The pipe was dry when
observed.
15-6, Aluminized 72” diameter, 12-gage with 5 X 1 corrugation - mile post 61.8. Water pH = 8.2 and resistivity
of 3,200 ohm-cm. Silt was present in the invert with water flowing through the pipe.
Location #10 Evaro-North Hwy 93, Evaro, Montana – Installed 1985 (33 years old)
10-1 Aluminized 54” diameter, 16-gage 5 X 1 corrugation. Water pH = 8.1 and resistivity of 4,960 ohm-cm.
There was steady water flow through the culvert.
10-2 Galvanized 48” diameter, 16-gage 2 2/3 x ½ corrugation. Water pH = 8.0 and resistivity of 5,790 ohm-cm.
There was water flowing in the invert of the pipe.
Location #24 Bonner NE Hwy 200, Bonner, Montana – Installed 1989 (29 years old)
24-1 Aluminized 24” diameter, 16-gage with 2 2/3 X ½ corrugation - west of River Bend Road. The pipe was
dry with silt and gravel in the invert.
Location #17 Potomac West Hwy 200, Potomac, Montana – Installed 1987 (31 years old)
17-1 Aluminized 36” diameter, 16-gage with 2 2/3 X ½ corrugation. Water pH = 8.2 and resistivity of 2,740
ohm-cm. There was water flowing through the pipe.

Location #22 Avon Ellison Hwy 12, Avon, Powell Co Montana – Installed 1988 (30 years in service)
22-1 Aluminized 66” X 51” 14-gage with 3 X 1 corrugation – Mile Post 13.7. Water pH = 8.2 and resistivity of
4,950 ohm-cm. Water was flowing swiftly with a heavy bedload present.
22-1 Polymer Coated 66” X 51” 14-gage with 3 X 1 corrugation – Mile Post 13.7. Water pH = 8.2 and
resistivity of 4,950 ohm-cm. Water was flowing swiftly with a heavy bedload present.
22-2 Galvanized 81” X 60” 12-gage with 3 X 1 corrugation – Mile Post 15. Water pH = 7.8 and resistivity of
4,590 ohm-cm. Water was flowing with a heavy bedload present.
Location #16 Helena West Hwy 12, Helena, Montana – Installed 1987 (31 years in service)
16-1 Aluminized 24” diameter, 16-gage with 2 2/3 X ½ corrugation - mile post 34.6. Water pH = 7.9 and
resistivity of 1,750 ohm-cm. The water was flowing slowly in the invert.
Location #8 Springdale - Big Timber Springdale, Montana – Installed 1982 (37 years in service)
8-1 Aluminized 35” X 24” Pipe Arch, 14-gage with 2 2/3 X ½ corrugation - intersection of Sweet Grass. The
pipe was dry when observed.
8-2 Galvanized 24”, 16-gage with 2 2/3 X ½ corrugation. The pipe was dry when observed.
Location #13 Bridger- Frombert Hwy 310, Bridger, Montana – Installed 1987 (31 years in service)
13-1 Aluminized 24” diameter, 16-gage with 2 2/3 X ½ corrugation. The pipe was half full with water flowing.
Location #4 Lodge Grass South I-90, Lodge Grass, Montana – Installed 1983 (35 years in service)
4-1 Aluminized 36” diameter, 16-gage with 2 2/3 X ½ corrugation - station 215-69. Water pH = 9.0 and
resistivity of 1,930 ohm-cm. There was very murky water in the bottom ¼ of the pipe.
4-2 Aluminized 120” diameter, 12-ggage with 5 X 1 corrugation - station 218+25. The culvert is dry.
4-3 Aluminized 42” diameter, 16-gage with 2 2/3 X ½ corrugation - station 291+80 mile post 537. 4-3 Water
pH = 8.3 and resistivity of 330 ohm-cm. The bottom 1/3 of the culvert had murky, slow moving water.
4-4 Aluminized 96” diameter, 14-gage with 5 X 1 corrugation – station 424-38. Water pH = 7.9 and resistivity
of 550 ohm-cm. There was very murky, slow moving water in the bottom ¼ of the pipe.
Location #3 Wyola South I-90, Wyola, Montana – Installed 1983 (35 years in service)
3-1 Aluminized 42” diameter, 16-gage with 2 2/3 X ½ corrugation- station 738+15. Water pH = 8.3 and
resistivity of 370 ohm-cm. The pipe was mostly dry with standing water at the outlet of the pipe.

Field Photos and Observations:
Location #26 Springhill Road, Bozeman, Montana – Installed 1989 (29 years in service)

26-1, Aluminized 36” diameter, 14-gage with 2 2/3 X ½ corrugation

26-2, Aluminized 36” diameter, 14-gage with 2 2/3 X ½ corrugation

Location #26 Springhill Road, Bozeman, Montana – Installed 1989 (29 years in service)

26-3, Aluminized 60” X 46” Pipe Arch, 12-gage with 3 X 1 corrugation.

Pipe appears in excellent condition. Note stain before (left) and after (right) wiping with cloth.

Location #26A North 19th Ave Storm Sewer, Bozeman, Montana – Installed 1989 (29 years in service)

26A-1, Aluminized 66” diameter, 14-gage with 3 X 1 corrugation. Manhole entrance location.

The pipe appears in excellent condition. Water was flowing at a moderate velocity in invert of the pipe.

The stain on the pipe was wiped away.

Invert of pipe in excellent condition.

Location #15 Norris Hill Hwy 287, Norris, Montana – Installed 1987 (31 years in service)

15-1, Aluminized 112” X 75” pipe arch, 12-gage with 3 X 1 corrugation – mile post 56. The pipe is in excellent
condition.

When the heavy stain is wiped away on the side of the pipe, a shining coating fully intact appears.

Location #15 Norris Hill Hwy 287, Norris, Montana – Installed 1987 (31 years in service)

15-2, Aluminized 36” diameter, 14-gage with 2 2/3 X ½ - mile post 57. The pipe appears to be in excellent
condition. There are bituminous coated end sections on the inlet on outlet of the pipe. The pipe is on a
considerable grade with high cover.

15-3, Aluminized 24” diameter, 16-gage with 2 2/3 X ½ - mile post 58.2. The pipe appears to be in excellent
condition.

Location #15 Norris Hill Hwy 287, Norris, Montana – Installed 1987 (31 years in service)

15-4, Aluminized 24” diameter, 16-gage with 2 2/3 X ½ - mile post 58.5. The pipe is on a significant slope
with heavy bedload. The invert coating (free aluminum layer) is showing some wear and exposing the
aluminum-iron alloy layer. The stain can be wiped away. There are no perforations in the pipe.

15-5, Aluminized 96” diameter, 10-gage with 5 X 1 - mile post 61.2. The pipe appears to be in excellent
condition.

Location #15 Norris Hill Hwy 287, Norris, Montana – Installed 1987 (31 years in service)

15-6, Aluminized 72” diameter, 12-gage with 5 X 1 - mile post 61.8. Water was flowing at a low velocity
through the culvert. Sediment was present throughout. The culvert appears to be in excellent condition.

Location #10 Evaro-North Hwy 93, Evaro, Montana – Installed 1985 (33 years old)
This project has both Aluminized Pipe and Galvanized Pipe along the same stream.

Aluminized Steel

Galvanized Steel

10-1 Aluminized 54” diameter, 16-gage 5 X 1. Pipe appears to be in excellent condition. There is a hard
organic stain buildup on side of pipe. It could be from red colored vegetation in the stream.

The pipe invert is in great shape. Photos show how the heavy stain can be wiped away.

Location #10 Evaro-North Hwy 93, Evaro, Montana – Installed 1985 (33 years old)

10-2 Galvanized 48” diameter, 16-gage 2 2/3 X ½. This provides a fair comparison between the performance of
plain galvanized and Aluminized pipe. The Aluminized Pipe continues to provide superior service life over
galvanized pipe.

The galvanized pipe is showing perforations in the invert of the pipe.

Location #24 Bonner NE Hwy 200, Bonner, Montana – Installed 1989 (29 years old)

24-1 Aluminized 24” diameter, 16-gage with 2 2/3 X ½ - west of River Bend Road. Photos of the inlet and
outlet of culvert.

The pipe appears to be in excellent condition. Photo of the surface over the culvert is on the right.

Location #17 Potomac West Hwy 200, Potomac, Montana – Installed 1987 (31 years old)

17-1 Aluminized 36” diameter, 16-gage with 2 2/3 X ½. The pipe is in excellent condition.

Location #17 Potomac West Hwy 200, Potomac, Montana – Installed 1987 (31 years old)

17-1: The heavy stain can be wiped away to show coating in excellent condition.

Location #22 Avon Ellison Hwy 12, Avon, Powell Co Montana – Installed 1988 (30 years in service)
This project has both Aluminized Pipe and Galvanized Pipe along the same stream.

Galvanized

Aluminized

Polymer Coated

Twin pipe culvert. The inlet of the culvert has a poured concrete slope collar. Polymer coated is on the left and
Aluminized is on the right. The outlet has cut end bevels with not headwall.

Location #22 Avon Ellison Hwy 12, Avon, Powell Co Montana – Installed 1988 (30 years in service)

22-1 Aluminized 66” X 51” 14-gage with 3 X 1 corrugation – Mile Post 13.7. The inlet of the pipe has a heavy
bedload present. The Aluminized pipe is in excellent condition.

Aluminized stain at inlet brushed away to show metallic coating still intact.

22-1 Polymer Coated 66” X 51” 14-gage with 3 X 1 corrugation – Mile Post 13.7. Left Photo: Polymer coating
on the pipe appears to be intact throughout including the invert. Right Photo: Outlet of pipe with dirt washed
off the polymer coating. The Polymer Coated CSP appears to be in excellent condition.

Location #22 Avon Ellison Hwy 12, Avon, Powell Co Montana – Installed 1988 (30 years in service)

22-2 Galvanized 81” X 60” 12-gage with 3 X 1 corrugation – Mile Post 15. Inlet of Galvanized culvert with
sloped concrete headwall. Perforation in galvanized invert approximately 3’ from in the inlet

Corrosion in galvanized invert up to the spring line.

Location #16 Helena West Hwy 12, Helena, Montana – Installed 1987 (31 years in service)

16-1 Aluminized 24” diameter, 16-gage with 2 2/3 X ½ - mile post 34.6. The pipe is in excellent condition.
Stain can be wiped away to show the coating is in excellent condition.
Location #8 Springdale - Big Timber, Springdale, Montana – Installed 1982 (37 years in service)
This project has both Aluminized Pipe and Galvanized Pipe along the same stream.

Location #8 Springdale - Big Timber, Springdale, Montana – Installed 1982 (37 years in service)

8-1 Aluminized 35” X 24” Pipe Arch, 14-gage with 2 2/3 X ½ corrugation - intersection of Sweet Gras. The
pipe appears in excellent condition. The outlet of the pipe does have some sediment in the invert.

8-2 Galvanized 24”, 16-gage with 2 2/3 X ½ corrugation. The outlet of the 35” X 24” Pipe arch drains into this
pipe. This site gives another example of the superior performance of Aluminized over Galvanized CSP.

Location #13 Bridger- Frombert Hwy 310, Bridger, Montana – Installed 1987 (31 years in service)

13-1 Aluminized 24” diameter, 16-gage with 2 2/3 X ½ corrugation. The pipe appears to be in excellent
condition. The pipe was flowing half full with the bottom in solid condition.
Location #4 Lodge Grass South I-90, Lodge Grass, Montana – Installed 1983 (35 years in service)

4-1 Aluminized 36” diameter, 16-gage with 2 2/3 X ½ - station 215-69. The environment in this area is
considered corrosive. Cow manure was present in the outlet area. The pipe did have standing water on the
downstream end. The invert appeared solid with some corrosion noticeable along the water line.

4-2 Aluminized 120” diameter, 12-ggage with 5 X 1 - station 218+25. These two sections of pipe are used as a
cattle underpass. Both pipes are in excellent condition.

4-3 Aluminized 42” diameter, 16-gage with 2 2/3 X ½ - station 291+80 mile post 537. The inlet to the culvert
is a drop structure with the outlet of the pipe

Location #4 Lodge Grass South I-90, Lodge Grass, Montana – Installed 1983 (35 years in service)

4-3 Aluminized 42” diameter, 16-gage with 2 2/3 X ½ - station 291+80 mile post 537. The pipe appears to be
in good condition.

4-4 Aluminized 96” diameter, 14-gage with 5 X 1 – station 424-38. The environment is corrosive with slow
moving water. Perforations were noticed a few inches below the water line.

Location #3 Wyola South I-90, Wyola, Montana – Installed 1983 (35 years in service)

3-1 Aluminized 42” diameter, 16-gage with 2 2/3 X ½ - station 738+15. The pipe appears to be in excellent
condition. There is a swampy area at the outlet of the pipe.
Conclusions:
After serval years of in-ground performance, eleven of the Aluminized CSP sites appear to be excellent
condition. The service life of the various culvert locations range from 29 – 37 years. At one location, Lodge
Grass South, two of the culverts did have perforations in the pipe. The environment of the section of road was
corrosive with resistivity as low as 330 ohm-cm, which is below the recommended environmental range.
Consistent with previous industry and governmental agency studies, the Aluminized will form a heavy stain on
the surface of the pipe. This stain in every case was wiped off with a heavy cloth or plastic scratch pad to show
the aluminum coating.
There were three locations where Galvanized CSP was installed near the Aluminized CSP. This has provided a
side by side comparison of the pipes. In all cases the Aluminized CSP has greatly out preformed the
Galvanized CSP in the same environment. The Aluminized CSP has provided a superior life expectancy over
Galvanized CSP as previously noted in other industry and governmental agency studies.
The Montana DOT recognizes Aluminized CSP as providing 1.5 times the service life of Galvanized CSP.
Based on the observations made in this report, it appears that 1.5 times the service life is conservative and the
expectation should be Aluminized CSP will provide more than twice the service life of Galvanized CSP.
Report Author and Participants:
Report completed by Bob Moore on 9.25.18. The culvert pipe locations were observed by Dennis Dirks and
Bob Moore on July 24, 25, and 26 of 2018.
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