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When considering the placement of drainage structures, it is important to determine the length of service life expected and needed for any given application.  Local and regional environmental conditions impact the durability of culverts, and the chemical conditions of an area are influenced by the soils, vegetation, rainfall, and drainage characteristics of the given watershed (Beaton and Stratfull 1962).  These in turn have an impact on the amount of degradation to the structure caused by corrosion and abrasion.

Corrosion destroys pipe material through chemical reactions, returning the metal to its native state of oxides or salts.  This process generally affects metal pipes or the metal reinforcement in concrete pipe, although concrete culverts can also undergo a similar reaction if exposed to highly alkaline soils or very harsh environments. Corrosion can occur either on the inside or the outside of a pipe, or both (AASHTO 2007). Electric current flows from the metal in the pipe, which typically serves as both the cathode and anode, through ions in the surrounding soil or water, which serve as the electrolyte. The extent of the resulting corrosion is proportional to the current produced (Gabriel, Moran 1998).
 
The seriousness of underground corrosion was being studied in the US by the early 1900s, although up to that point, it was generally believed that such corrosion was always produced by stray electric currents. Early testing showed that serious corrosion could also occur without the presence of stray current.  Test methods began to be introduced by 1928, when the Bureau of Standards published a paper by K.H. Logan stating that “soil corrosion tests indicated that the structure and chemical properties of the soils as well as the nature of the contact between the soil and the pipe must be considered.”(Chaker 1990). In the 1950s, California Dept. of Transportation surveyed over 7000 culverts and developed a chart to predict the time to first perforation of corrugated galvanized steel pipe culverts based on pH and soil resistivity (CalTrans 1978). 

According to Maher, Hebeler et al. (2015), the most important factors associated with corrosion in culverts include the following:

pH
The pH measures the hydrogen ion concentration of the surrounding soil and water.  It indicates the level of acidity or alkalinity of the environment. The pH of water generally ranges between 4 and 10.  Values of less than 5.5 are considered strongly acidic, while values of 8.5 or greater are considered strongly alkaline.

Resistivity
Resistivity is the measure of the ability of the soil to conduct electrical current.  Measured in ohm-centimeters, resistivity is affected primarily by the temperature, moisture content and compactness of the surrounding soil, and the presence of such materials as stones and gravel. Higher levels of soil resistivity and/or lower levels of soil moisture content limit the capability of the soil to conduct electricity, decreasing the potential for corrosion. While corrosion occurrence is generally the result of the influence of more than one factor, the American Water Works Association standard uses resistivity as a key measurement for determining whether or not additional corrosion protection is called for (Beben 2014), and Chaker (1990) indicated that resistivity is probably the single best indicator of the aggressiveness of the soil.   The following tables show the corrosion potential for various levels of resistivity, and common levels of resistivity in various conditions and mediums:
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Table: Gabriel, Moran et al. 1998
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Typical resistivity values for soil and water (Gabriel, Moran et al. 1998)


The moisture level of the soil strongly affects the conductivity of the soil; the largest fluctuations of soil resistivity occur as a result of winter freezing and summer desiccation (Beben 2014). The softness of the water in the environment also has an effect on resistivity.  In areas where the calcium carbonate concentration in the effluent measures below 50 ppm, the water is considered soft, leading to higher resistivity values.  Soft water has a significant impact on galvanized coatings, but little influence on the service life of aluminized or polymer coated corrugated steel pipe.  (NCSPA Pipe Selection). Chaker (1990) showed the relationship of temperature and moisture to resistivity:
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Effect of temperature on resistivity
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Effect of moisture content on resistivity of a clay soil.

Chlorides
Dissolved salts containing chlorides can be present in either the soil or water surrounding culverts.  Negative chloride ions generally decreases the soil or water resistivity, leading to increased destruction of unprotected metal in culverts and exposed reinforcing steel in concrete culverts.

Sulfates 
High concentrations of sulfates can lower pH and cause damage in culverts.  Concrete culverts are particularly susceptible, and concentrations greater than 1000 parts per million may require special coating on concrete surfaces.  Sulfates may occur naturally, or be the result of industrial run-off, such as mining activities.

Other
Other conditions impacting corrosion include soil moisture content, dissolved gases, and bacterial activity.  The size, shape, hardness and volume of the bed load, as well as the volume, velocity and frequency of the streamflow in the culvert can also be factors, as can anticipated changes in the watershed upstream of the culvert from such activities as development, logging and industry (AASHTO 2007)

Corrosion can occur in a number of forms, including pitting corrosion, crevice corrosion, stress corrosion and cracking, and microbiologic corrosion (Gabriel, Moran 1998). While pitting corrosion is initiated by oxygen concentration cells, aggressive ions including chlorides can accelerate the process.  Gabriel and Moran (1998) showed the following representation of the process:
[image: ]
Oxidation corrosion cells in pavement drainage structures

In areas where de-icing salts are used, cracks in the pavement can allow the salts to leach through to culverts below, leading to premature pitting corrosion.  Beaver, Bass et al. (2019) suggest isolating the metal from contact with chloride-containing salts in such situations through either the use of isolation membranes embedded in the backfill material over the culvert or bonded coatings applied directly to the culvert surface – a process generally applied at the factory. The authors note that isolation membranes tend to have a lower cost than factory-applied coatings. They also point out that pitting corrosion is rarely seen in tidal or brackish areas with dissolved salts as long as culverts are located in free-draining soil and subject to flushing (Beaver, Bass et al. 2019). 

In their 30-day simulated corrosion experiment, Han Yi and San (2010) charted the general relationship between corrosion rate and levels of various corrosion factors:
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Other sources of corrosion in metal culverts include soil-side corrosion brought on by humidity and moisture, the chemical composition of backfill, the level of compaction of the backfill, the soil oxygen content, as well as differences in electric potential between the soil and culvert.  Waterline corrosion occurs when the area is subject to repeated cycles of wetting and drying, and is often a problem in aluminum culverts lacking protective coating.  Flowside corrosion is generally only seen in metal culverts located in particularly aggressive environments, such as mining runoff, or where heavy abrasion is found (Beaver, Bass et al. 2019).


Maher, Hebeler et al. (2015) included the following chart describing different types of corrosion and potential control measures based on an ASM International publication:
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Maher, Hebeler et al. (2015) also lists general mitigation measures to counteract corrosion, including increased wall thickness in metal culverts, increasing the cover over steel reinforcement of concrete culverts, coatings or protective pavings applied to the culvert, electrical grounding/cathodic protection, and placement of the culvert in a nonaggressive backfill. Some states have made effective use of controlled low-strength material (CLSM) as backfill for galvanized steel culverts rather than native soil.  This material generally consists of Portland cement, fine aggregates, supplementary cementing materials (SCMs) and water.  (Halmen, Trejo, 2008).  When backfill consists of this material, traditional models for estimating service life of the culverts are not accurate. Halmen and Trejo (2008) developed a model based on the CLSM ingredients – particularly the type of fly ash used – to model service life of galvanized steel culverts embedded in this type of backfill.

As early as the 1960s, studies were looking at mapping environmental conditions in relation to culvert studies.  Haviland, Bellair et al. (1968) showed a composite pH map of stream flow data compared to locations of culverts in a New York study:
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Haviland, Bellair et al. 1968



More recently, efforts have applied available soil data to create GIS based mapping to identify corrosion zones in the coastal areas of Louisiana (Tewari 2017; Tewari, Manning 2018).  The study used data obtained from field surveys provided by Louisiana Dept. of Transportation & Development, as well as the Web Soil Survey Data from the Natural Resource Conservation Service covering an area of 21,877 square miles. Using an ArcGIS platform, along with pH and resistivity data, a spatial representation of corrosion zones was created.  
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Tewari, 2017







Arkansas used similar techniques to predict the corrosion potential of metal culverts through neural network (NN) models.  Using data from soil samples collected by the Arkansas Department of Transportation (ARDOT), and survey data from the United States Department of Agriculture (USDA) and Arkansas Department of Environmental Quality, corrosion risk maps were developed for three types of metal pipes:


Hossian, Elsayed et al. 2019



Minnesota used data and applied the California method to develop six predictive service life zones, with zone 1 generally yielding a higher service life (greater than 45 years), to zone 5 having predominantly lower service life estimates (16-20 years).  Zone 6 showed a large spread of service-life estimates, with very low estimates (<10 years) often adjacent to areas of higher service life (16-20 years). This study did not consider abrasion or other local environmental conditions in their conclusions. The results were mapped in the following representation (Heitkamp, Marr 2015):
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Abrasion

Abrasion involves the wearing or grinding away of material by water containing sand, gravel, or stones (Molinas, Mommandi et al. 2009). It is generally considered separately from pH and resistivity (corrosion factors) when estimating the durability of metal culverts. (Maher, Hebeler et al. 2015).  However, when corrosion and abrasion operate jointly, they produce much greater deterioration than either would separately.  Abrasion breaks down protective coating, thus accelerating the process of corrosion. (Gabriel, Moran 1998)
FHWA developed a classification system defining abrasion levels:
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Chart from NCSPA Pipe Selection Guide (2010)

If the bed load is abrasive and velocities exceed 6.5 ft/sec., abrasion can be a factor in metal pipes.  (AZDOT, 1996).  Abrasion is a function of the square of the velocity; when the velocity doubles, abrasion will be increased four-fold (Gabriel, Moran, 1998).

Service Life of Culverts

Concrete Pipes
The service life of concrete pipes varies depending on the class of pipe and the environment it is installed in. However, concrete pipes are able to withstand a wide range of environmental and loading conditions, and with proper selection of pipe class and design, a service life of 100 years is achievable in almost any environment. (Maher, Hebeler et al. 2015).  

Most corrosion concerns with these structures involve corrosion of the reinforcing steel within them, which is caused when moisture, oxygen and chlorides reach the steel. Florida DOT graphed the corrosion deterioration of concrete culverts over time:
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Steel-reinforced corrosion service life diagram. (FDOT 2014b)

Other factors influencing the service life of concrete pipes include pipe cracking (allowing for steel corrosion), sulfate damage, acid attack and abrasion. (Maher, 2015)  Pre-cast concrete is generally immune to freeze-thaw and chloride corrosion problems that can cause problems in other types of concrete pipes. (Potter, 1988)
The following tables offer guidelines for the use of concrete pipes under various conditions:
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Potter, 1988
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Gabriel, Moran 1998

When especially harsh environments are encountered, protection can be added with the addition of sacrificial concrete – at least 2 inches where severe abrasion is anticipated – over the reinforcing steel (Maher, Hebeler et al. 2015). 

Several states have developed for determining the estimated material service life (EMSL) of concrete culverts.  Potter (1990) identified three methods of estimating the service life of concrete culverts:
· The Hurd Method, for use at sites with pH of 7 or lower; this method contains an abrasion component:
[image: ]
Where:
EMSL = estimated material service life in years
pH = pH of the water
Slope = pipe invert slope (
Sediment – sediment depth in pipe invert in inches
Rise = vertical pipe diameter in inches
· The Hadipriono Model, for sites with pH values between 2.5 and 9
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Where: 
EMSL = estimated material service life in years
pH = pH of the water
Slope = pipe invert slope (
Rise = vertical pipe diameter in inches
· Ohio DOT Model
For pH values between 2.5 and 7: 
[image: ]and
For pH values greater than or equal to 7:
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Where:
EMSL = estimated material service life in years
pH = pH of the water
Slope = pipe invert slope (
Sediment – sediment depth in pipe invert in inches
Rise = vertical pipe diameter in inches
Flow = velocity rating number (1 – rapid, 2 – moderate, 3 – slow, 4 – negligible, 5 – none)
K = abrasive constant (0.9 – without abrasive flow, 1.19 – with abrasive flow


Metal Pipes
Several definitions for the design service life of metal culverts have been suggested and used over the years, most relating to the loss of wall section.  At one end of the spectrum, the California method defines service life as the time to first perforation (CalTrans 1978), while AASHTO’s Highway Drainage Guidelines (2007) takes a more conservative approach, identifying it as the period of service without need of major repair. Typically, depending on wall thicknesses and environmental conditions, metal culverts can be expected to have a service life of 25 – 50 years or longer (Maher, Hebeler et al. 2015).

Protective coatings can also extend the service life of drainage structures, especially when under harsh environmental conditions. Gabriel and Moran (1998) gave recommendations for protective treatments for galvanized steel pipe based on resistivity:
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AISI (1993) offered information on metallic and non-metallic coatings for corrugated steel pipe, stating that galvanized steel is the most common material used in the CSP industry.  Bituminous coating and paving has been in use as added protection for nearly a century and adds to the service life in the following manner:



	Slope of Pipe
	Abrasion
	Added Years

	Less than 1%
	Mild
	35

	
	Significant
	25

	1% - 2%
	Mild
	30

	
	Significant
	20

	3% - 4%
	Mild
	25

	
	Significant
	20

	Greater than 4%
	Mild
	20

	
	Significant
	15






The National Corrugated Steel Pipe Association also showed the effect of protective coating in extending service life:
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Steel Culverts

Corrugated steel culvert pipes (CSP) are easily transported, cheaper and more easily assembled than other culvert materials, making them poplar choices for stream crossings and providing drainage on roadways. (Meegoda, Juliano et al. 2004).  With proper corrosion protection for the environment, studies by the Corrugated Steel Pipe Institute show the service life of CSP to be in excess of 100 years. Galvanized zinc coatings are a standard practice because plain steel is vulnerable to corrosion.  (Maher, Hebeler et al. 2015)

As noted earlier in this report, a California survey of culverts throughout the states in the 1950s let to a method of estimating material service life of galvanized steel culverts based on pH and resistivity.  This method still serves as the basis for most metal pipe service models. The California method defines service life to the time of first perforation and uses the following equations:

For pH values greater than 7.3:
	EMSL = 1.47 x R0.41
For pH values less than 7.3:
	EMSL = 13.79(log R – log[2160 – 2490 x log pH])

These equations were applied to the following chart:
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The EMSL value must be multiplied by a factor depending on the gauge thickness as follows:
	Gauge
	18
	16
	14
	12
	10
	8

	Factor
	1.0
	1.3
	1.6
	2.2
	2.8
	3.4


Caltrans, 1978



The AISI method of predicting service life is very similar to the California method, although this method defines service life to the point where 25% of the invert thickness has been lost.  The formulas for this method:

For pH values greater than 7.3:
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For pH values less than 7.3:
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Where R is the minimum resistivity (ohm-cm)


The resulting EMSL value must be multiplied by a factor depending on the gauge thickness as indicated below:

[image: ]

Chart for estimating average invert life using AISI method (AISI 1993)
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In its report developed for NCSPA, Corrpor (2016?) found that the ANSI Method of service life prediction was more accurate than the California Method, but both tended to be conservative.

Federal Lands and Highways (2008) also developed a modification of the California method:
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Estimated service life of plain galvanized steel using Federal Lands and Highways method (FHWA 2008)


Florida DOT created a slightly different modification of the California method:
[image: ]
FDOT 2012






National Corrugated Steel Pipe Association (NCSPA) (2010) made material recommendations based on pH, resistivity and abrasion levels:
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NCSPA also offers an interactive service life calculator based on conditions: https://ncspa.org/resources/calculators-charts-tools/service-life-calculator/



Beaton and Stratford (1962) determined that a linear relationship existed between service life and the thickness of the metal used in the pipe.  According to their model, an 8-gauge metal culvert would last approximately three times longer than a culvert made from 16-gauge metal in similar environments.
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Beaton, Stratford 1962

Taylor and Marr (2012) indicated that Aluminized Corrugated Steel Pipe (CAS) might be recommended over CSP for use in Minnesota.  While the authors noted that it is not widely used, and not as well stocked by suppliers, they found that it had a predicted service life of 3 to 8 times longer that galvanized CSP.  Additionally, they saw less abrasion and installation damage in the CAS pipes. Florida DOT developed a model to predict service life of CAS, modifying the California method with a 2.9 adjustment factor, and a recognition that aluminum is affected by both basic and acidic flows (White, 2011).

Heitkamp and Marr (2015) offered the following table that offers comparison between galvanized and aluminized steel pipe as far as service life estimates of various gauges of each:
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Corrugated Aluminum Pipe

Corrosion on aluminum pipes occurs in either general corrosion or localized pitting (Beaver, Bass et al. 2019). Most US policies deal with general corrosion when discussing the usage of aluminum pipes.  Aluminum forms a durable aluminum oxide protective film on the outer surfaces when the metal is exposed to oxygen, giving these culverts a high resistance to general corrosion.  Optimum conditions for the use of aluminum culverts generally call for non-abrasive or low-abrasive sites with a pH between 4.5 and 9.0, and with soil and water resistivity values greater than 500 ohm-cm. Under such conditions, and in the absence of other corrosion influences such as contact with chloride-based roadway deicing salts, aluminum culverts generally have a minimum service life of 50 – 75 years.  (Beaver, Bass et al. 2019.) Some states require a higher minimum resistivity (1,000 - 1,500 ohm-cm) for uncoated aluminum pipe application (Gabriel, Moran 1998). 

When used within these guidelines, aluminum pipe can offer a significant advantage in terms of corrosion over plain, galvanized steel pipe, thus making it possible to use aluminum pipe in lieu of a thicker-walled or coated steel pipe.  However, aluminum is softer than steel, so these pipes may be more affected by abrasion.  When high-velocity flows (15 ft./s or greater) carrying a bedload are present, the use of aluminum pipes may not be appropriate.  (Maher, Hebeler et al. 2015).  

Florida DOT mapped the estimated service life of aluminum using the following chart and table: 
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Estimated service life versus pH and resistivity for aluminum using FDOT method (FDOT 2012)
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Design service life versus pH and resistivity for 16-gauge aluminum culvert pipe using FDOT method (FDOT, 2012)



Corrugated Polyethylene Plastic Pipe

Plastic pipes are vulnerable to ultra-violet light, so must be buried or protected from exposure (Potter, 1988).  However, if designed and installed properly, they can be quite durable, with service life well beyond 50 years.  One study showed that corrugated high-density polyethylene plastic pipe that has been installed in areas where the pH ranged between 1.25 and 14 could be expected to have a service life of 75 years. (AZDOT, 1996). A Minnesota study found that HDPE pipes are capable of having a 100-year service life, with less susceptibility to freeze/thaw damage than many other types of pipe (Taylor, Marr, 2012). In addition, this type of pipe has been shown to have resistance to abrasion three to five times greater than mild steel.  (Potter 1988).

PVC pipe becomes brittle in temperatures below 37 degrees and is not recommended for use in colder climates (Taylor, Marr 2012). However, under milder conditions, estimates of EMSL between 50 and 100 years have been established for this material. (Maher, Hebeler et al. 2015).  

Predictive durability studies are lacking for all types of plastic pipe, and models used by states generally use one constant value for the EMSL. (Maher, 2015). Louisiana Department of Transportation and Development has a current research project underway to determine optimum conditions for the use of plastic pipes in that state: https://trid.trb.org/view/1647851. 


Conclusions

While research on the conditions affecting the service life of drainage structures has been ongoing since the 1950s, no perfect model to predict estimated service life has been developed.  Because maintenance and replacement of culverts can be costly, both from the standpoint of expense and time – not to mention disruption of traffic in many cases – it is important to be able to match a culvert material to the environmental conditions for optimum service life.  Studies continue to adapt the California method to include local conditions and additional factors, and other methods are being developed.  In addition to the Louisiana study on plastic pipes, there are at least two other current research projects: 
· Corrugated Steel Culvert & Abrasion Performance being conducted by CalTrans: https://trid.trb.org/view/1440847
· Durability of Pipe Materials in Soils, being conducted in North Carolina: https://trid.trb.org/view/1651416
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-SCC found in gas and liquid pipelines
- In Canada since 1977 recorded

22 catastrophic failure

(12 rupture, 10 leaks)

Blological Corrosion’
Microbial Induced
Corrosion

(Al Mefals in Environment with
- Sulfate Reducing Bacteria
- Sulphur/Sulfate Oxidizing Bacteria
- Fe/Mn Oxidizing Bacteria

- Organic Acid Producing Bacteria

~Gravitational & Pellicular Water
- pHE-8

- Potential -42mV to 820mV

- Temperature: 20 °C - 45 °C

[Application of Organic Goating
Cleaning Practice
Use of Biodde

In US, $1.2 billion SPENT annually
on biocidal chemicals to fight MIC.
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.contract locations

Figure 1. Locations of contracts includad in stotewide survey of stee] culverts of vorious ages.
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Figure 2. Composite iso-pH map of strean Flow data ollocred by USGS, NYS Depertment of Com-
merce, NYS Deporimens of Health, and NYS Departmant of Tran:portation).
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Figure 14. Galvanized steel pipe corrosion risk prediction map (generated using EBK).
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FHWA Abrasion Levels

Level 1| Non-Abrasion No bed load regardiess of velocity; or storm
sewer applications.

Level 2 | Low Abrasion Minor bed loads of sand and gravel and velocities
of 5it./sec o less.
Level 3 | Moderate Bed loads of sand and small stone or gravel with
Abrasion velocities between 5 and 15ft./sec.
Level 4 | Severe Abrasion | Heavy bed loads of gravel and rock with velocities

exceeding 15ft./sec.

Note:

Consideration of velocities should be based on a frequent storm event,
such as a 2-year storm.
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Table 5. Guidelines for selection of concrete pipes for various sulfate concentrations

Relative Degree of

Percent Water Soluble

Parts per Million

* Use Type II cement.

#* Use Type V cement or approved Portland-pozzolan cement providing comparable
sulfate resistance is used in concrete.
“Use Type V cement plus approved pozzolan which has been determined by tests to
improve sulfate resistance when used in concrete with Type V cement.

Sulfate Attack Sulfate (as SO,) in Soil | Sulfate (as SO,) in

Sample Water Samples
Negligible 0.0 t00.10 0to 150
Positive* 0.10t0 0.20 150 to 1,500
Severe** 0.20 to 2.00 1,500 to 10,000
Very Severe” 2.00 or more 10,000 or more
Notes:
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Table 13. Guide for sulfate-resistant pipe and concrete drainage structures’

Water-Soluble Sulfate (SO¥) in Type of Cement Factor
Sulfate (SOL) in ‘Water (Parts Cement
Soil Sample (%) per Million)
0-0.2 0-2.000 i Minimum required by specifications
0.2-0.5 2.000-5.000 v Minimum required by specifications
orll 7 sacks™
0.5-1.5 5.000-15.000 v Minimum required by specifications
orII 7 sacks
Over 1.5 Over 15.000 v 7 sacks
Notes:

“Recommended measures for cement type and factor based on sulfate content of soil and water (California 7-851.3 D)
*7-sack cement = 390 kg of cement per m3 of concrete.
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EMSL = —33.23 + 160.92 X log pH — 4.16 x Slope®5 — 0.28 X Rise
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GALVANIZED STEEL-PIPE RESISTIVITY AND PROTECTIVE

TREATMENTS
Resistivity Protective
Catcgory (ohm-cm) Treatment
Normally benign R>10,000 Bare galvanized
steel
Optional-coating
Mildly corrsive 10,000 >R > 5,000  Coating
Opional-anodes
Moderately corrosive 5,000 >R >1,000  Coating plus
‘anodes
Extremely corosive 1,000 >R Special design
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Estimated Service Life

Add-0n Service Life for Non-Metallic Coatings (in years)

WATER SIDE i
COATING Lovel 182 | Level3 Level 4 Referances
Asphalt Coated 10 NR 1 NR _VZ, 13,14, 15, 16
Asphalt Coated and Paved ) 30 3 30 12,13, 15,16,17,18,19
Polymerized Asphalt Invert Coated* - 15 3 | NR RN
Polymer Precoat | eor 0 | WA 81920212
Polymer Precoat and Paved - 80r a0+ ) T
Palymer Precaat with Polymerized Asphalt Inver! Coated a0 a0 0 w2 -

Aramid Fiber Asphalt Coated W | W NR 20 |
Arami Fiber Asphalt Paved EREE NR | n |
Strength Concrete Lined - & 50 NR € 024
Concrete Invert Paved (75mm (3 in.) cover) 80+ 80 50 e o |

N/R Not recommended

Methodology for CSP Coating/nvert
REFERENCES Treatments,” 1996.
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FIGURE F5 Add-on service life for non-metallic coatings (Figure courtesy of the National Corrugated Steel Pipe

Association).
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YEARS TO PERFORATION-18 GAGE STEEL CULVERT

CHART FOR ESTIMATING YEARS
TO PERFORATION OF STEEL CULVERTS

&
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EMSL = 2,94 x R**
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EMSL = 27.58(log R —log[2160 — 2490 X logpH])
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GALVANIZED STEEL PIPE GAGE THICKNESS FACTORS—AISI METHOD
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Average Invert Life—Years 0.052 Inch Galvanized Steel Sheet
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oM of Environment Normally Loss than 7.3
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Years = 294 R041
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Minimum Resistivity (R) ohm cm

Chart oresimting avarage nvert i using AIST method (AIST 1993)
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D OF ENVIRONMENT
NORMALLY GREATER THAN 7.3:
YEARS = 2.39 R"*'

R = MINTMUM RESISTIVITY

oM OF ENVIRONMENT NORMALLY LESS THAN 7.3:
YEARS = 22.41 [LOG,; R - LOG,, (2160 - 2490 LOG, pHI]

AVERAGE BERVICE LIFE - YEARS
0,084 inch [1.63 mm] THICK GALVANIZED STEEL SHEET

10 1m0 1,000 10,000 100,000
MINIMUM RESISTIVITY {R) OHM -CM
Service Life Estimation Chart for Average Service Life of Plain Galvanized Culverts
NOTES:

THICKNESS FACTORS 1. The curves in this Chart are based on the data in FHWA-FLP-01-008
which uses the factors in Califomia Test 843, "Method for Estimating
the Service Life of Steel Culverts”. These factors increased the
estimated senvice life by 25% after first perforation.

2. The Chart has also been medified to reflect a minimum metal
thickness of 0.084 inch or 16 gage [1.62 mm]

3. Under conditions with pH between 5 and 8. and above R 2 1500, the
‘average service life determined for plain galvanized culverts should
be multiplied by 2.0 for Aluminum coated steel, (Type 2).
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ESTIMATED MATERIAL SERVICE LIFE FOR CSP

ESTIMATED SITE ENVIRONMENTAL MAXIMUM FHWA

SERVICE LIFE CONDITIONS ABRASION LEVEL MATERESE

Minimum 5.0<pH<9.0 Level 3 Polymer Coated
100 Years r > 1500 ohm-cm Level 2 Aluminized Type 2*

4.0<pH<9.0
. sprs Level 3 Polymer Coated
Minimum r > 750 ohm-cm

75 Years 5.0<pH<9.0
<pr< 2 Aluminized Type 2
r > 1500 ohm-cm
Minimum 3.0<pH<12.0
3 Polymer Coated
50 Years r > 250 ohm-cm

6.0<pH<10.0
A 2000 10,000
verage sreit 2 Galvanized
50 Years ohm-cm
> 50 ppm CaCo,

*14 gauge minimum.
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MINIMUM SOIL RESISTIVITY = OHM CM

10,000

5,000
000

3,000

2,000

400

300

200!

o 10 20

YEARS TO PERFORATION - 16 GAGE METAL CULVERT

Given, pH= 6.5 & Resistivity = 200 ohm cm
Then 16 gage CMP perforated in |0 years.
For a culvert metal gage of 12 multiply

years by factor below. i.e, 1.8x10 = I8 years

EXAMPLE .

Gage [14]12|10] 8|6 |20 [000
Factor [1.3[1.8]23|2.8]33]43]5.0] 60

Figure 6. Chart for estimating metal culvert corrosion rate.
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Table 4.1: Service-life equation multipliers for different gages and types of steel pipe. GALV'
Galvanized and ALT2 = Aluminized.

Gage [ B L L
Thickness (nches) | 0.052 [ 0064 | 0.7 | 0.109 [ 0138 [ 0168
Thickness ()| 132_| 163|201 | 277|381 |a27
GALV. T (13 |16 |22 |28 |34
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Servlice Life (Years)
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CHART REFLECTS SERVICE
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DESIGN SERVICE LIFE VERSUS PH AND RESISTIVITY FOR 16-GAGE ALUMINUM CULVERT PIPE USING FDOT METHOD
(FDOT 2012)

Resistivity
pH |2200 400 600 800 1000 1200 1400 1600 1800 2000 2300 2700 3200 3800 4500 =5000

45890( 36 39 40 41 41 42 42 42 43 43 43 43 44 44 44 45
468&89| 38 41 42 43 43 44 44 45 45 45 45 46 4B 47 4T 48
47888| 40 43 44 45 46 46 4T 4T 47 48 48 48 43 49 50 51
488&87| 42 45 46 48 48 49 49 S50 50 S0 51 51 52 52 53 54
498&86| 44 48 49 50 51 52 52 53 53 54 54 55 55 56 56 57
S50&85| 46 50 52 53 54 55 56 56 57 57 58 58 59 58 60 61
5.1 49 53 S5 57 58 59 60 60 61 61 62 62 63 64 65 66
5288452 57 59 61 62 63 64 65 65 66 67 67 68 63 70 71
53 s5 61 64 66 67 68 69 70 71 71 72 73 74 75 76 77
54883| 59 66 69 71 73 74 75 76 77 78 79 80 81 82 83 84
55 63 71 75 78 80 81 8 84 8 8 87 88 90 91 92 93
56882 68 78 8 85 88 90 91 93 94 95 97 98 100 102 104 105
57 74 8 91 95 98 100 102 104 106 107 109 111 113 116 118 119
58&81| 81 95 102 107 110 114 116 119 121 122 125 128 131 134 137 138
59 89 107 115 122 127 131 134 138 140 143 146 150 154 158 163 165

260& | 100 122 133 142 149 154 159 164 168 171 176 182 188 194 200 204
=8.0

Where:
SL = Years to first perforation
Service Life (SL) = Tp!/(Rpn + Rr) Tp= Thickness of pipe (inches)

Rpw = Corrosion rate for pH (inches/year)
R,= Corrosion rate for resistivity (inches/year)
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TABLE 6
SOIL CORROSIVENESS AND RESISTIVITY

Soil Corrosiveness Resistivity (ohm-cm)
Very low 10,000 > R > 6,000
Low 6,000 > R > 4,500
Moderate 4,500 > R> 2,000

Severe 2,000 >R
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Soil Water
Classification Ohni-cm Source Ohm-cm
Clay 7 Seawater
Loam Brackish
Gravel Drinking water
Sand Surface water
Rock 50.000-infinity* | _ Distilled water infinity*





