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Standard Test Method for
Estimating the Service Life of Steel Culverts

CAUTION: Pricr to handling test materials, performing equipment setups, and/or conducting this method,
testers are required to read "SAFETY AND HEALTH" in Paragraph 7.3 of this method. Itis the
responsibility of whoever uses this method to consult and use departmental safety and health practices and
determine the applicability of regulatory limitations before any testing is performed.

1. Scope

1.1 Two environmental factors are combined for estimating the service life (years to
perforation) of steel culverts. These factors are the hydrogen-ion concentration (pH) and the
minimum electrical resistivity of the site and backfill materials. The pH of soil or water indicates
the degree of acidity or alkalinity, while the minimum resistivity indicates the relative quantity of
soluble salts in the soil or water. Using these parameters, the probabie maintenance-free
service life of a galvanized steel culvertin a given location can be estimated by using the
chart shown in Figure 1. This information, combined with a condition survey of existing culverts,
if any, provides a basis for: (1) estimating the maintenance-free service life of galvanized steel
culverts and (2) estimating the additional life that would be obtained by coating the culverts with
a dielectric material to reduce their corrosion rate.

The years to perforation is not the total useful service life of culverts. Itis a common point at
which it is likely that maintenance funds could be spent to repair corrosion damage.

This test method is divided into the following parts:

Method of Fieid Sampling for Laboratory Tests.

Method of Determining pH of Water.,

Method of Determining pH of Soil.

Laboratory Method of Determining Minimum Resistivity.

Estimating The Maintenance-Free Service Life of Steel Culverts from Test Data.
Safety and Health.
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2. Referenced Documents

2.1 ASTM Standard:
G 51 Method for Measuring pH of Soil for Use in Corrosion Testing
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G 57 Method for Field Measurements of Soil Resistivity Using the Wenner Four-
Electrode Method

3. Method of Field Sampling for Laboratory Tests

3.1 Selection of Soil Samples for Laboratory Tests

3.1.1 A minimum of three (3) laboratory samples shall be taken along the proposed culvert
alignment.

3.1.2 Obtain a minimum of 5 kg (10 pounds) of minus 2.36 mm (No. 8) sieve material for
each sample. Place sample in clean airtight, glass container or plastic bag so that the soil is not
in contact with any metal.

3.1.3 Samples should be tested for pH within 24 hours from the time the soil is taken,
otherwise, the soil sample should be packed in dry ice to retard any change in pH due to chemical
or biological reactions.

3.2 Selection of Water Samples for Laboratory Tests

3.2.1 Dip a clean, wide-mouth container into the water to be tested. Swirl to rinse and pour
out the contents to avoid contamination from the container. Then fill the rinsed container for
shipment.

3.2.2 Take a one liter sample in a clean glass or plastic container for laboratory analysis.
Seal the container before transporting.

3.2.3 For laboratory testing, pour a portion of the sample from its shipping container into a
wide-mouth beaker. Swirl to rinse and pour out contents to avoid contamination from the beaker.
Then fill the rinsed wide-mouth beaker a second time and retain the sample for testing. Pour off
any film which is on the surface of the sample before testing.

4. Method of Determining pH of Water

4.1 Apparatus And Materials

4.1.1 pH meter suitable for laboratory or field analysis.

4.1.2 50 mL (1.7 ounce) wide-mouth beaker or other suitable glass container.

4.1.3 pH standard buffer solutions of known pH values. Standards to be used are
pH 4.0, 7.0 and 10.0.

4.2 Standardizing pH Meter

4.21 Follow the instructions provided by the manufacturer with the pH meter.

4.3 Use of pH Meter to Determine pH of Water

4.3.1 Follow the instructions provided by the manufacturer with the pH meter.

5. Method of Determining pH of Soil

5.1 Apparatus And Materials

5.1.1 pH meter suitable for laboratory analysis.

5.1.2 50 mL (1.7 oz) wide-mouth beaker or other suitable container. When lightweight
material is to be tested, it may be necessary to increase the beaker size up to a
maximum of 250 mL (8.5 oz).
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5.1.3 No. 8 sieve (2.36 mm).

5.1.4 Small metal scoop.

5.1.5 Glass stirring rod.

51.6 Scale or balance, minimum capacity of 100 gm (0.2 Ib), accurate to 1gm
(0.002 Ib).

5.1.7 Wash bottle containing distilled or de-ionized water.

5.1.8 pH standard buffer solutions of known pH values. Standards to be used are pH 4.0,
7.0 and 10.0.

5.1.9 Thermometer, capable of reading from 15°C to 30° C, to nearest 0.1°C.

5.1.10 Graduated cylinder, 50 mL to 100 mL (1.7 oz to 3.4 0z).

5.2 Preparation of Test Specimens

5.2.1 Weigh 30 gm (0.07 Ib) of the soil passing the No. 8 sieve (2.36 mm) into the

glass beaker or other suitable container.

5.2.2 Add 30 mL (1 oz) of distilled or de-ionized water to the soil sample.

5.2.3 Stir the contents to obtain a soil slurry.

524 Allow the sample to stand for a minimum of one (1) hour to stabilize. The
sample is now ready for testing.

5.3 Standardization of pH Meter

5.3.1 Follow the instructions provided by the manufacturer.

5.4 Use of pH Meter to Determine pH of the Soil

5.4.1 Follow the instructions provided by the manufacturer. Measure and record the
pH to the nearest tenth (0.1) of a unit.

5.5 Precautions

Note 1: Thoroughly stir soil sample with the glass rod immediately before immersing the electrode(s) into
the soil slurry solution (NOT THE SOIL) and gently move the beaker or container o make good contact
between the solution and the electrode(s).

Note 2: If the pH reading is unstable when the electrode is immersed in the soil slurry solution, leave the
electrode immersed until the pH reading has stabilized. In some cases, it may take as long as 5 minutes to
stabilize the pH reading.

Note 3: If the pH meter being used does not have a temperature compensation feature, or the temperature
of the environment is not controlled, temperature corrections must be made. The simplest method to
achieving this is to standardize the pH meter with the meter and the standard buffer solutions at the same
temperature as the test sample.

6. Laboratory Method of Determining Minimum Resistivity

6.1 Apparatus And Materials

6.1.1 Resistivity meter conforming to ASTM G57, Field Measurement of Soil Resistivity
Using the Wenner Four-Electrode Method (Vibroground Model 263 or 293, or equivalent).

6.1.2 Soil box calibrated for use with the resistivity meter.

6.1.3 No. 8 sieve (2.36 mm).

6.1.4 Round mixing pans (non-corroding e.g., plastic, stainless steel, etc.), 30 cm (12
in) diameter and 5.1 cm (2 in) deep.

6.1.5 Spatula for mixing.

6.1.6 Oven, capable of limiting temperature to 140 ° F (60° C).

6.1.7 Scale or balance, 5 kg (10 Ib) capacity, accurate to 1 gm (0.002 Ib).
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6.1.8 Distilled, de-ionized or other clean water having a resistivity greater than
20,000 ohm-cm.

6.1.9 Graduated cylinder, 100 mL (3.4 oz) or larger.

6.1.10 Straight edge, 305 mm (12 in) length.

6.1.11 Sample splitter and splitting pans.

6.2 Calibration of Resistivity Meter

6.2.1 Calibrate the resistivity meter according to the manufacturer's instructions.

6.3 Preparation of Soil Samples

6.3.1 After thoroughly mixing the sample, screen it through a No. 8 sieve (2.36 mm). If
the sample is too moist to be sieved, dry the samplein a 140 °F (60° C) oven and then
crumble it for sieving. Do not crush rocks. Only the soil passing the No. 8 sieve (2.36 mm) is to
be used for this test.

6.4 Measuring The Minimum Resistivity Of A Soil Sample

6.4.1 Thoroughly clean the mixing pan, spatula, and soil box using distilled, de-ionized or
other clean water for each new sample.

6.4.2 Quarter or split out about 1300 g (2.9 Ib) of material passing the No. 8 (2.36 mm)
sieve.

6.4.3 |f the sample has been dried, add about 150 mL (5 oz) of distilled, de-ionized or other
clean water to the 1300 g (2.9 Ib) of soil and mix thoroughly. If the sample has not been dried,
skip to Step 6.4.10

6.4.4 When the soil sample is thoroughly mixed, place the sample in the soil boxin
layers and compact each layer by hand. Compact the material as densely as possible into the
soil box using moderate effort with the fingers. Continue this procedure for each
succeeding layer to maintain a uniform density with minimal voids. Trim the excess material
flush with the top surface of the soil box using a straight edge.

6.4.5 Measure the resistance of the soil in accordance with the instructions furnished by
the manufacturer with the resistivity meter. Calculate the resistivity of the soil using the soil box
constant and record the test value.

6.4.6 Remove and retain the soil from the soil box, add an additional 100 mL (3.4 oz) of
distilied, de-ionized or other clean water to the sample and mix thoroughly.

6.4.7 Following the procedures in Steps 6.4.4 and 6.4.5, place and compact the soil
sample and record the test value.

6.4.8 Repeat Steps 6.4.6 and 6.4.7 again.

6.4.9 If the resistivity of the soil sample has not followed a trend of high resistivity, low
resistivity, and then an increase in resistivity for the preceding additions of water, continue to
add water to the soil in about 50 mL (1.7 oz) increments; mixing, placing in layers, compacting,
measuring resistance for each increment and calculating the resistivity until the minimum
resistivity is reached.

6.4.10 If the sample has not been dried, begin the test procedure by adding 50 mL (1.7 oz)
of distilled, de-ionized or other clean water in lieu of the 150 mL (5 0z) specified in Step 6.4.3.
Continue to add 50 mL (1.7 oz) increments of water followed by mixing, placing in layers,
compacting, measuring the resistance and calculating the resistivity untii the minimum resistivity
has been reached. Once the minimum resistivity has been reached, additional increments of
water will cause the resistivity to increase.
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6.4.11 Record the amount of water added, resistance measurements and the calculated
resistivity values for each of the above steps. The minimum resistivity determined in this test
is the lowest electrical resistivity for this soil at any moisture content and is therefore the
worse case condition. The minimum soil resistivity value should be reported in standard

units of ohm-cm.
6.4.12 The minimum soil resistivity using standard units and the typical soil box

constant are calculated as follows:

R, - R, X C,

ms m

where:

2 o minimum soil resistivity, chm-cm
B minimum resistance reading (ohm)
Cap soil box constant

Note 4: Most resistance meters or voit-ohm meters without an inverting circuit allow the sample under
test to polarize during measurement causing the reading to vary (i.e., drift).

Note 5: The meter should have four connections. One pair on either side of the meter. Each pair of
connections must be wired in parallel with two wires attached to the stainless steel machine screws on
either side of the soil box.

Note 6: In some soils, the minimum soil resistivity occurs when the specimen is in a slurry condition.
When this occurs it is necessary to thoroughly mix the soil slurry and then pour the soil slurry into the soil
box until it is full. If the soil box is not full, using this procedure, add enough of the mixed soil to the soil
box until it is filled and take the reading.

Note 7: Multiplying Constant for each Soil Box is derived as follows:

A
C;==
a
where: A = cross sectional area of the container perpendicular to the current flow, cm?
a = inner electrode spacing, cm.

Note 8: The spacing between the inner electrode should be measured from the Inner edges of the
electrode pins, and not from the center of the electrodes.

6.5 Measuring The Resistivity Of A Test Water Sample

6.5.1 Thoroughly clean the soil box of all soil particles and rinse the soil box a
minimum of three (3) times with distilled, de-ionized or other clean water.

6.5.2 Fill the soil box with distilled, de-ionized or other clean water. Using the resistivity
meter, measure the resistance of the water according to the manufacture's instructions. Calculate
the resistivity of the water by multiplying the resistance reading times the soil box constant.
Record the resistivity value.

6.5.3 If the resistivity value from Step 6.5.2 is infinite for distilled or de-jonized water or
greater than 20,000 ohm-cm for other clean water, empty the water from the soil box and fill the
soil box with the test water. Measure the resistance and calculate the resistivity of the test water
by multiplying the resistance reading times the soil box constant. Record the resistivity of the test
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water sample.
6.5.4 If the resistivity value from Step 6.5.2 is less than infinite for distilled or de-ionized

water or less than 20,000 ohm-cm for other clean water, continue to rinse the soil box with distilled,
de-ionized or other clean water until the resistivity is infinite or greater than 20,000 ohm-cm.
When this is achieved, empty the water from the soil box and fill the soil box with the test
water. Measure the resistance and calculate the resistivity of the test water by multiplying
the resistance reading times the soil box constant. Record the resistivity of the test water
sample.

6.5.5 Precautions

6.5.5.1 The soil box must be completely filled (level to the top).

7. Estimating the Maintenance Free Service Life of Steel Culverts from Test Data

7.1 Calculations

7.1.1  Using the minimum resistivity and the pH values of the soil or water obtained as
described in Sections 4, 5, and 6, determine the estimated Maintenance-Free Service Life (years
to perforation) from the chart shown in Figure 1. This value is estimated years to perforation for
an 18 gage steel culvert having a galvanic coating of two (2) ounces of zinc, in the environment
represented by the test samples. A factor for each steel thickness is listed in the table in Figure
1. To determine the years to perforation for a greater steel thickness, multiply the factor for that
gage by the years to perforation obtained for an 18 gage steel culvert.

7.2 Reporting

7.2.1  Reports which include an evaluation of the data obtained from tests and condition
surveys of existing culverts, and test data, shall be made and the results noted in the (Materials
Report or) Geotechnical Design Report. The Soils Report or Geotechnical Design Report should

also include recommendations for available alternative culvert materials.
NOTE 9: The actual performance records of existing culverts in similar environments provide the most
valuable information concerning culvert life for a specific site. Where such data are available, they should
take precedence over the test method data for estimating the years to corrosion perforation.

7.3 Safety and Health

7.3.1 This method may involve bacterial, organic, and/or chemical contaminants within
soils and water to be tested. Be sure to clearly identify those soils and waters which maycontain
contaminents. Samples which may have been sampled by others also must be clearly marked
when contaminants are present.

7.3.2 Personnel are required to wear eye protection when handling the buffer
solutions for the pH test.

7.3.3 Observe good hygiene practices. Wash hands after handling samples and before
eating, drinking, or smoking.

7.3.4 This method does not purport to address all the safety problems associated
with its use. It is the responsibility of whoever uses this method to consult and establish
appropriate safety and health practices and determine the applicability of regulatory limitations
prior to use. Users of this method do so at their own risk.
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