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3.7.3.12 Buried-Seismic Category I-Piving Systems and Tunnels.

Category I buried piping which penetrates structures where fill
settlement or seismic movements are expected to be high is
protected from differential movement of the soil and structure by
Category I concrete slabs or encasements. The slab or encasement
is supported by a bracket on the structure on one end and on
undisturbea or Class A backfill at the other end. Bearing piles 41
are used if required to support the slab. The encased pipes are
insulated to prevent bonding between the pipes and concrete. For
details of the slab at the intake pumping station and the
encasement at the diesel generator building., refer to section
3.8.4.4.8.

For seismic classed buried piping that penetrates structures in
areas where very little fill is involved and seismic movements
are low, protection from differential movement of the soil and
structure is provided by an oversized opening in the structure.
The annular space between the pipe and opening is filled with a
resilient material. The first support inside the structure is
located to allow for relative movement of the pipe and
structure. The soil-structure interface is treated as an anchor,
and stresses are limited to code allowables.

Where practical, seismic classed buried piping is routed to avoid
areas, of __weak soils. Where weak soils are encountered the bad
material is removed and replaced by backfill. The backfill is
placed -to standards that insure suitable bearing conditions, 4therefore, the transition from one material to another, i.e., 4
insitu soil to backfill should not be a problem. In lieu of the
above, in some cases an analysis is performed to show that the
pipe has sufficient strength to bridge the discontinuity and
support the soil above the pipe without exceeding the allowable
stress of the piping material.

Category I piping supported by two structures is attached to only
one of the two at the interface of the two structures.
Sufficient clearance is provided between the pipe and the second
structure to permit maximum relative longitudinal and radial
movements. The seismic spectral data for these systems are
developed by superimposing data from both buildings and
developing curves which envelope the individual spectral data for
two perpendicular, horizontal plant directions.

Cement mortar-lined carbon steel pipe is used in the buried
portion of the ERCW yard piping system. The seismic
qualification of the cement-mortar lining is provided by testing.
This testing is described below. 4

A full-scale testing program consisting of laboratory 'tests,
field tests, and vibration measurements was conducte.L-for seismic
qualification of the cement mortar-lined carbon steel pipes. A
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total of 100 feet of 30-inch diameter pipe, 20 f eet of
18-inch diameter-pipe, and a 90-degree elbow of, 30-inch diameter
were lined. Pipe sections tested were: one 30-foot pipe of
30-inch diameter, one 40-foot pipe of 30-inch diameter, one
90-degree elbow of 30-inch diameter with a 5-foo~t pipe welded to
each end, fourteen 2-foot sections of 30-inch diameter, and ten
2-foot sections of 18-inch diameter. Cement-mortar samples were
taken from the mixer before lining application began. Density
and moisture content tests were performed on the compacted
backfill material surriunding the pipe for field tests. Lining
materials and procedures were conforming to American Water Works
Association Standard C602-76, 'Cement-Mortar Lining of Water
Pipelines - 4 Inches, and Larger - In Place.'

Cement-mortar specimens were tested for compressive, tensile, and
flexural strength, modulus of elasticity, and density. The
2-foot pipe sections were subjected to three-edge-bearing, cyclic
loading, torsion, drop, and impact tests. The 30-foot pipe was
subjected to bending, cyclic loading, and drop tests. The
90-degree elbow was subjected to bending test. The 40-foot pipe
was installed in a trench and after backfilling, it was subjected 47
to a dynamic loading of 36,000 pounds at 28 hertz (Hz) from a
vibratory roller with a smooth drum of 60-inch diameter by
8 4-inch width. Two accelerometers were mounted on two of the
30-inch pipes to monitor vibrations experienced by the pipes
during the iQO-mile trip from the Phipps Bend construction site
near Kingsport, Tennessee to the Singleton Materials Engineering
Laboratory near Knoxville, Tennessee. The vibrations of the
30-foot pipe (bottom) and a 2-foot section (top) were measured
and recorded on tape for later analyses. It was expected that
the difference in dimension and difference in physical location
of the pipes would result in different vibration magnitudes and
frequency contents. Comparison between the recorded vibrations
and the design earthquake was-also made.

The acceleration time histories And their corresponding Fourier
amplitude spectra at certain high acceleration locations on the
record were processed. The acceleration time histories are
recorded data and the Fourier amplitude spectra are calculated
from the recorded data. This transformation of data from time
domain to frequency domain reveals the frequency content of the
vibration data. The maximum acceleration experienced by the
bottom pipe (30-feet long) was 0.6 g and that experienced by the
'top pipe (2-foot section) was 2.1 g. Both values are higher than
th'e SSE accelerations for the desiazn of TVA nuclear plants. The
recorded maximum peak-to-peak accelerations were 1.2 g and 3.8 g,'
respectively. Dominant frequencies ranged from 15 to 70 Hz,
mostly concentrated in the range of 15 to 50 Hz.

3 .7-31



4* 'fN47

For most large earthquakes the dominant frequencies are in the
range of 0.5 to 10 Hz. Lower frequencies indicate that a buried
,pipe would experience less number of cycles of vibration during
real earthquakes. Since a pipe has to move with its surrounding
soil, vibration amplification due to structure proper~ties is
minimal.

No crack due to vibration was found in any of the linings after
unloading. It is concluded that the linings had experienced more
severe vibrations than any recorded earthquakes in terms of
magnitude and number of cycles. The vibration measurements were
considered as effective as shaking table tests.

The three-edge-bearing tests showed that the cement-mortar
linings were flexible. The lining underwent considerable
cracking prior to separation and falling of the lining. Linings
only fell after the formation of the plastic hinges in the
s t e eI.

The testing program covers a much broader range in types of
loadings than earthquake loadings. They simulated dead load
(loading from roller without vibration, three-edge-bearing tests,
torsion and bending tests), low frequency load (cyclic tests),
large dynamic Load at 28 Hz (loading from roller with vibration),
large acceleration load with a major frequency content of 0-100
Hz (vibration measurements during shipping), line load with very
short duration (drop test), and point load with very short
duration (impact test).

From these tests, it is concluded that the test loadings applied
to the cement-mortar lining were much more severe and
broad-rangea than the design seismic loadings. Therefore, the
cement-mortar lining in the underground ERCW pipes is seismically
qual1if i ed.

3.7.3.13 Interaction-of Other Piping with Seismic Category
Pip ing

The analysis of a Category I piping system may be terminated at
the interface of a nonnuclear safety class piping run by either
of the following methods.
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