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Notice

These test results are certified by Peter B. Keating, Ph.D., a Registered Professional Engineer in
the State of Texas (License No. 103942). The Zachry Department of Civil Engineering, Texas
A&M University, College Station, Texas provided the equipment and personnel to conduct
these tests, but does not in any way endorse or certify the product(s) tested.
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Summary

This report summarizes material testing results on casement rails. The rails originate from
the casement of the Confederate gunship CSS Georgia which was sunk during the Civil War
in the Savannah River just downstream from the City of Savannah, GA. The tests included
tensile, flexural, split, and fracture toughness.

Introduction

A series of tests were performed on casement rails to determine the material properties of the rail iron and
the structural strength of the rails. The section of casement, which came from the sunken Confederate
gunship CSS Georgia, which was approximately 7’-3” long by 19” wide, contained a total of 10 rails that were
encrusted together. The tests were performed on several short sections of rail at the request of the U. S.
Army Corp. of Engineers, Savannah District, Savannah, Georgia. The tests were performed at the Structural
and Materials Testing Laboratory of the Zachry Department of Civil Engineering at Texas A&M University,
College Station, Texas. The testing was performed over a two-month period during October and November
2014.

Results

Split Test

A test was performed to determine the magnitude of force required to separate or split a group of rails apart.
The test setup involved supporting the casement section in the long direction and applying a force from a 50-
kip actuator at the middle of the short span (14-3/8”). The setup for the test is shown in Figure 1. The force
required to split the rails apart was 15.1 kips. The casement section separated in two parts with each half
containing five rails.

Figure 1: View of rail casement split test setup.
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The relatively high force required to separate the rail group can be attributed to the mixture of corrosion
product and river sediment located in the gaps between the rails. This mixture had bonded the rails together
and can be seen in a cross sectional view of one group of five rails in Figure 2. From this group of 5 rails, a 3-
inch long section and an 8-inch long section were cut to be utilized for test specimens.

Figure 2: Cross-sectional view of five rails after cutting.

Cross Sectional Area

Examination of the five separated rails indicated that corrosion of the individual rails was limited to the
flanges of each rail as these components where on the outer surfaces of the casement. Both the web and rail
head were in the interior of the casement and were relatively protected from extensive corrosion damage.

The grouping of 3-inch length rails were separated from each other, cleaned, and then ground smooth on one
end by hand to provide a more uniform cross-sectional surface. This allowed for a measurement of the cross-
sectional area using a digital microscope, which also provided high-resolution images of the cross-sectional
surface. The cross-sectional areas are given in Table 1. The cross-sectional images of the five rails are given
in Figures 3 through 7.

Table 1: Rail cross-sectional areas.
Rail No. Cross-sectional
Area (in.?)
4.381
4.658
4.195
4.242
4.245
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Figure 3: Cross-sectional area of Rail 1. Figure 4: Cross-sectional area of Rail 2.

Figure 5: Cross-sectional area of Rail 3. Figure 6: Cross-sectional area of Rail 4.
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Figure 7: Cross-sectional area of Rail 5.

Fracture Toughness

The fracture toughness of the iron was estimated by machining standard Charpy V-Notched (CVN) specimens
from Rail No. 1. All specimens were tested at room temperature (approximately 70°F). The results from
these tests are summarized in Table 2.

Table 2: Summary of Charpy impact testing

Width Thickness Energy Absorbed Test
Specimen No. (in.) (in.) (ft.-1bs.) Temperature (°F)

1 0.394 0.394 18.41 70.0
2 0.392 0.392 19.99 70.3
3 0.393 0.395 19.43 70.2
4 0.396 0.393 19.06 70.1
5 0.396 0.398 26.19 70.0
6 0.396 0.395 6.55 70.0
7 0.395 0.396 14.80 69.9
8 0.394 0.395 15.34 70.0
9 0.393 0.394 30.16 70.0
10 0.394 0.394 18.41 70.0
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Axial Tensile Strength

Axial tensile tests were performed on one 8-inch section of rail (Rail No. 4). This section of rail was cut up to
produce six tensile specimens, one of which is shown in Figure 8. All of the tensile specimens tested failed
with respect to the relatively large impurity inclusions. This is evidenced by the darker regions being the
impurities versus light grey of the iron, as shown in Figure 9.

Table 3: Summary of axial tensile tests

Width Thickness Yield Strength Tensile Strength
Specimen No. (in.) (in.) (ksi) (ksi)
1 0.496 0.247 23 29
2 0.499 0.249 23 42
3 0.499 0.248 23 37
4 0.500 0.250 24 35
5 0.501 0.250 25 45
6 0.497 0.249 20 35

Figure 8: View of axial tensile specimen (4-6).
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Figure 9: Failure location view of axial tensile specimen (4-1).

Flexural Tests

Bend tests were performed on four of the rails. The length of these rails was the as-received length of 7’-3”.
The test setup is shown in Figure 10. The span length between the simple supports was four feet while the
distance between the two load points was 18 inches. Three of the rails were tested with the rail head up (in
compression) while one rail was tested upside-down to place the rail head in tension. Table 4 summarizes
the results of the flexural tests.
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Figure 10: Test setup for rail flexural test.
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Table 4: Summary of flexural tests.

Test No. Rail No. Rail Head Maximum Load
Position (kips)
1 6 Top 22.8
2 7 Top 22.1
3 8 Top 22.1
4 9 Bottom 21.5
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