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TURBINE PEDESTAL

This report describes qualification criteria, methods and results of analysés
used in reviewing the Diablo Canyon turbine pedestals for response to the
‘postulated 7.5M Hosgri eé}thquake% A discussion of proposed structural modi-

fications to enhance seismi¢ performance is also provided.

INTRODUCT I1ON

The turbine pedestals for units 1 and 2 are housed in the turbipe puiléing.
Each pedestal is a massi;e reinforced c;ncrete space frame which supports
the generator, turbines and other related equipment at Fhe top (el. 140').
:lt essentially consists of six transverse rectangular single bent frames

=appf6ximately 55 feet high and 55 feet wide! connected by’ longitudinal beams.

The total length is 208 feet.

The pedestal is supported on the common turbine builéing mat foundation.but

»

is otherwise isolated from the turbine building. There is a 1-1/2 inch gap

bbetween the pedestal aqd the building floor diaphragm at el. 1400,

N
.

Units 1 and 2 were completed in 1971 and 1972 respectively.

»

QUALIFICATION CRITERIA

Loading Conditions. The seismic load has beep considered applied with dead

load and operational.load.

\

In general, strength evaluation has been undertaken according to ACl Standard

“"Building Code Requirements for Reinforced Concrete (AC1 318~77)'" except
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with capacity reduction factors, ¢, of one as actual concrete and steel ' .

' .

strengths were used.

METHOD OF ANALYSIS

Linear ;hree-dimensionql finite element response spectrum analyses were
undertaken hsing<the SAP IV structural analysis computer code."‘The model
consisted of -beam elements (cracked section properties) wnth finite rlgld
joints to account for the stiff zones at beam-co]unn connections (Figure 1).

Equipment mass was applied at appropriate nodes.

The model was subjected to seismic ‘loading, including nominal torsion equi-
valent to 5% eccentricity of the center of mass, dead load and operational

load. Seismic ﬁoading"in the horizontal direction corresponds to the

Newmark/?.SM Hosgri elastic spectrum for 7% damping.and T=0. 067 This
was more severe than the equivalent Blume/7.5M Hosgri spectrum (v = O. 08)
after.scaling by 0 8 (l//—i_:_T) to reflect the allowable ductility factor
of 1.3 for an inelastic response spectrum. Calculated displacements were
scaled up by a factor of 1.3 to account for the above.

Seismic ]oading*in‘the vertical direction correséonds to 2/3 of- the Newmark

free-field elastic spectrum for 7% damping.which was again more severe than

the equivalent Blume spectrum.

The E/W torsion was obtained by applying static forces to the model in the
E/W direction which yields a torsional moment corresponding to a 5% eccen-
tricity of the center of mass such that the significant E/W torsional mode

obtained from dynamic analysis was approximated. The N/S torsion was obtained

by applying static forces in the N/S direction proportional to the tributary
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mass so that the forces result in 5% eccentricity of the mass. The N/S and

E/W torsion results were added directly to the N/S and E/M seismic results
respectively. The resulting.N/S and E/W responses and the vertical seismic
results were eombined on a SRSS basis.  This total effect was in tufn com-
bined with:dead 1oad and operation load. Operation loads requiring considera-
tion during an earth&uake are confined to.eondensor vacuum loads, normal
operating torque and possibly short circuft‘torque (taken as ten times nor-

mal torque). The following three load combinations were investigated:

1) seismic and dead load (algebraic)

i 1 X Jevoue
2) seismic, dead load, vacuum and normalégZe (algebraic)
3)" seismic and short circuit torque. (SRSS) plus vacuum

" and dead load. , : .

RESULTS

The SRSS combined effects of the separate response spectrum analyses for

momenﬁ, shear/torsion and axial load are shown in Tables 1 through 5. The

-

" ratios of the bendlng moment to the yield moment for each direction are glven

in Table 3. This ratio exceeds one only for the transverse beam of Frame

" 6. Minor plastic deformation may occur.

\

- For the combined shear/torsnon axial load condltlon, the calculated response

exceeds the estimated capacntues based on an assumed 6000 psi concrete com- ,
pressive strength for three plers. These results ate summarized in Figure 2.
The calculated turbine eedestal displacemenfs at el. 140' are summarized‘in

Table 6. The‘maximum relative displacement between the pedestal and building

diaphragm is estimated at approkimately 2-1/2" which exceeds the existing

gap of 1-1/2%,
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DISCUSSION OF RESULTS

The axial tensions generated in the pedestal piers,as a result ofnsei;mic
overturning moment reduce the shear/torsion carrying capacity of the piers
to an extent such that structural modificatiéns designed to increase the .
shear strengfh of 'the pedestals a;e recommé;ded. The most effectiye pro- .
cedure is to.post-tension the ovérloaded piers to counteract the seismic-
induced tensions., Other m&dification possibilities examined proved in-

effective and furthermore very difficult to implement.

’
#

It is planned to posf-tension the overloaded piers as shown in Figures 3-6,

sufficient to counterbalance the 'seismic-induced axial tensions., The-.cal-

culated ratios of applied shear/torsion to capacity, based on a concrete

strength of 5000 psi are given in Tables 7-9. Nominal compressive stresses

of undér 200 bsi would result. The.gap at el. 1&0; is'élso to, be increasedh ‘

to 3-1/2" as shown in Figure 7.
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