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10CFRS0 (GDC 2), as imp'emented by Standard Review Plar Sections 3.3.1 and
3.3.2 and Regulatory Guides 1.76 and 1.117, requires that the plant be
designed to withstand the effects of natural phenomena such as wind and
tornados. .

In January 1983, GPUN transmitted cur tornado evaluation for the reactor
building entitled "Responses to NRC Questions for Topic III-2: Wind and
Tornado Loadings".

During the integrated assessment of the SEP Topic III-2, the NRC staff
requested evaluation of the turbine building capacity and the effect of its
failure on other structures (e.g., the control room).

The evaluation has recently been completed and the results are summarized
below.

Calculation to support the results are given in Attachment I, II and ITI.

SUMMARY OF RESULTS

I. Turbine Building: Tornado Loading

Based on the redundancy of the structure, a three dimensional analysis of
the Turbine Building steel frame was performed. This permitted
evaluation of the structural system first yield through to postulated
failure,

The weakest element in the steel frame system was determined to be the
column anchor bolts. -

The analysis for wind loading has indicated that anchor bolt overstress
will first occur at 107 mph. This does not, however, endanger frame
stability since the system is highly redundant and capable of sustaining
substantial additional loading.

At a wind velocity of 139 mph all anchor bolts would be expected to reach
yield. Again, this does not signify frame failure since lateral
deflection is still minimal and the systems are still structurally stable.

At a wind velocity of about 158 mph, lateral deflection would have
proceeded to a point where three steel frames are in contact with the
Control Room/New Cable Spreading Room (NCSR) roof. At this point, the
roof structure becomes a reaction point for three of the frames for
additional wind loading.

At a wind velocity of about 212 mph, the first anchor bolt reaches
ultimate strength. This is considered as a system failure since there
will be a progressive anchor bolt failure and collapse of the steel
structure.



The wind 10ad reaction at the Control Room/NCSR roof at 212 mph was
calculated to be lower than the lateral loads imposed by the OBE
earthquake and therefore will nct overstress the Control Room structure.

Based on the height of the steel structure witn reference to grade,
impact analysis for a torndao driven utility pole was considered as
possible over the bottom seven feet of the buildino columns, The
critical impact Tocation would be at the base plate where the full energy
of the impact must be absorbed by the anchor bolts. It was determined
that the anchor bolts do aot have sufficient energy absorption capacity
to resist the impact and would shear upon impact.

Although able to induce base failure, the probability of a missile
striking a column base is considered minimal. The subject missile, a
utility pole, is an object 13 1/2 inches in diameter traveling in the
upper Timits of its height envelope and must impact an object
approximately 12 inches wide to cause failure.

Consequences of a frame lateral failure, whethere wind or missile induced
have been evaluated and found to have no affect on safety related
structures. The collapse of the steel frames would potentially involve
two targets of concern - the Control Room and the Reactor Building.

These targets differ substantially in potential for impact and wi?l be
discussed separately,

Three steel frames span over the Control Room and have the potential to
impact it upon failure of the anchor bolts. As calculated for wind
induced failure, reaction of the frames on the Control Room would be well
below the seismic capacity of the structure and would not cause
structural distress. If the failure were induced by missile impact, it
would be expected to occur after initial contact between the frames and
the Control Room had occurred and the loading pattern would be similar to
wind induced failure.

The second potential target for a laterally failed frame would be the
Reactor Building. Based on the height of the steel frame, the separation
between the frames and the Reactor Building, and assuming pure rotation
of all frame joints, contact with the Reactor Building (concrete walls)
is possible during frame collapse. However, prior to reaching the
Reactor Building, the frame column would contact the JUffice Building roof
spandrel and the point of rotation would be transferred from the column
base to a point approximately 14 feet above the base. Working with this
new rotation poini, the frame will not reach the Reactor Building and no
impact is considered possible.

The concrete portion of the Turbine Building has been reviewed and its
structural capacity has been determined to be greater than the steel
frames. No distress of the concrete portion of the structure is expected
at loads beyond the capacity of the steel frame.
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The ultimate depressurization Capacity of the steel frame is 0.43 psi,
This value is higher than the capacity of the siding 0.39 psi. Since the
siding failure would precede frame overstress, there is no chance of the
frame integrity being endangered by depressurization,

II. Turbine Building: Wind Load Combinations

A1l steel frame members, girts, purlins and decking were determined to be
stressed below the allowable levels of NUREG 0800, Section 3.8.4 for
combinations involving dead load, snow load and 80 mph wind load.

For load combinations including dead, snow and wind loads, all concrete
bearing meets the original design criteria which allowed a one-third
increase in allowable stress for combinations including wind load. One
set of anchor bolts showed minor overstress for one wind direction based
on original design criteria. Using current NUREG 0800 allowable
stresses, nine sets of anchor bolts and eight base plate concrete bearing
stresses exceed the allowable values. Based on satisfactory resuits
using the original design criteria, the steel structure is judged to be
adequate to safely resist the applied Toading.

For the combination of dead load plus wind load, it has been determined
that anchor bolt and concrete bearing stresses exceed the original design
criteria at several coluns and in one column, the anchor bolts are
stressed beyond yield. 1In order to assess the affect of anchor bolt
yield on the stability of the steel structure, a three dimensional
analysis was performed for a model with three sets of column anchor bolts
stressed to yield. From this analysis it was determined that the
structure will retain its structural stability under 82 mph wind loading
and will undergo small lateral deflections.

A review of the lordings imposed on concrete portions of the Turbine
Building by wind lToading has shown that the design is governed by
operating basis earthquake and no additional wind load calculations are
required.

From the above analyses, it is Judged that the Turbine Building can
safely sustain Toad conditions which include 80 mph wind Toading.
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ITI. Turbine Building Roof: Wind Load Analysis

The limiting elements in the roof assembly are the purlins. The safe
sustainable wind velocity of the purlins is 134 mph based on allowable
stress levels of NUREG 3.8.4. The roof deck and roof trusses have
capacity for much highe: wind velocities.

Purlin failure will occur due to lateral buckling of the bottom flange
which is unsupported when considering wind uplift loading. It is
postulated that the purlir deflections from lateral buckling will cause
failure of the roof deck/purlin connection and release the decking. The
decking would be carried up and away from the Turbine Building which
would relieve the purlins from further loading and stabilize their
condition. The released decking wou'lZ form tornado driven missilas which

would be of small mass and of less consecuence than missiles required for
consideration by design codes.




ATTACHMENT 1

TURBINE BUILDING: TORNADO LOADING
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TENSILE PROPERTIES -1

procedures.  The behavior of steels in these tests s closely related o the behavior
of structural-steel members under static londs.  Because, for structural steels, the
yichd points and wmoduli of clsticity doetermined in tension sl compression  wre
nenrly the smme, compression Wabs ame seldom necessary.

Typical tensile stress-strain curves for structural steels ure shown in Fig. 1-1. The
initial portion of these eurves is shown at womagnificd senle in Fig 1. Both sots of
vurves may be referred o for the following discussion.

Strain Kunges. When a steel specimen i subjected W loud, wn initinl Yelustic
range’’ in observed in which there is no permanent deformation.  Thus, if the load
W removed, the specimen returns Lo its original dimensions.  The ratio of stross Lo
strain within the clastic range i Lhe modulus of clasticity, or Young's modulus &,

120

ASi4 STEEL \

100 02% OFFSET YIELD STRENGTH

QS% EUL. YIELD STRENGTH

HEAT-TREATED HIGH-STRENGTH
CARBON STEEL

STRESS, kS|
3
I

Ad4) 5T .
STEEL P

ol UPPER YiELD Lowr A36 STEEL
SLOPE » €,

LOWER YIELD LMIT o,

20 TIC R STRAIN-HARDENING RANGE
INELASTIC RANGE
L ELASTIC RANGE
o m.( 1 ' 1 1 J
0005  Goio 0015 0020 0025 0030
0002 STRMN.I& PER IN.

Fig. 1-4  Partial unq-umn curves ‘or structural steels struined through the plustic and
into the strain-hurdening runge. (#rom R. L. Brockenbrough ind i G. Johnston, "USS
Sieel Dewign Manual," U.S. Sieei Corporalion, with permiieion.)

Since this modulus is corsistently abuut 29 X 10° kai for all the structural wteels,
its valuo @ not usually determined in tension tests, except in special instinces.

The straing beyond the olastic FRIge in the tension test are termed L “inelwstic
runge.”” For carbon steel and high-strength, low-alloy steel, this range has two parts.
First comes & “plastic range,” in which strain inercases with no appreciable inercase
in stress.  This is followed by o “wtrain-hardening range,” in which strsin increase
I8 accompanied by & significant increase in atress. The curves lor
stoels, however, indicate that these steels do not generally exhibit & distinet plastic
range or a lurge smount of strain hardening.

The strain at which strain hardening beging (o) and the rute ul which stross incrouses

with strain in the strain-hardening range (the strain-hardening modulus £,) have

e ———r
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