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U. 5. Nuclear Regulatory Commission
Region II, Suite 3100

101 Marietta Street, N. W.

Atlanta, Georgia 30303

Subject: Virgil C. Summer Nuclear Station
Docket No. 50/395
IEB 79-02

Dear Mr. O'Reilly:

The following information is being submitted on the basis of additional
questions received fraom Mr. Mark Hartzman of NRR., As indicated in our
response to IEB 79-02, Revision 3, dated February, 1982, hase plate analyses
have been performed by two separate contractors. The responses to questions
1, 2, and 3 for Teledyne Engineering Services are contained in Attachment I.

Responses to questions 1 and 2 for Gilbert Associates, Inc. are included in
Attachment II.

We are in the process of performing camparitive analyses and obtaining
examples which will address question 3 for Gilbert. We will transmit this
information to you as soon as it becames available,

If you require additional information, please advise.
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ATTACHMENT I

Request for Additional Information on IEB 79-02
Teledyne Response

The Teledyne program for base plate flexibility anchor bolt analysis is based
on the generic program contained in report TR-3501-2 which was previously
reviewad and accepted by the NRC. To facilitate analysis for the Summer
Project, a curve was developed which conservatively incorporates the results
of the generic prugram (see attached figurs). The amplification factor, #, is
multiplied by the no-prying or rigid plate bolt load as a conservative
estimate of the actual holt load. The attached 4 examples are intended to
provide answers to your questions.
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ATTACHMENT II

Request for Additional Information on IEB 79-02
Gilbert Response

Question: TItem 1

The flexibility analyses shown in your submittal of July 5, 1979 are
applicable to plates subjected to a central tensile load or a bending moment.
Show the extention of these analyses to plates subjected to the following load
cambination:

a. Tensile load and bending.
b. Biaxial bending.
c. Tensile load and biaxial bending.

Response

Figures 1, 2, 3, and 4 which were included with the original response dated
July 5, 1979, showed the formulation for flexible plate analysis for tension
loads and bending moments separately. When a flexible plate analyses is
required, a camputer program which accepts a tension load and a bending mament
in the same run is utilized. The program first generates the anchor forces
due the applied tension load including prying forces if they exist. These
forces are then internally subtracted fram the anchor residual preload. This
reduced preload is then used by the camputer in calculating anchor forces, due
to the applied bending moment, including any additional prying force. The
output lists all forces and the sum of these forces.

The methods of analysis used for Items a, b, and ¢ of the NRC question are as

follows:

a. Tension and Bending:

The anchor tension force is the sum of the forces due to the applied
tension load and the applied bending mament.



F

b.

Page 2 of

T Mn P¥n
where:
T = tension force induced into an anchor.
FT = anchor force due to applied tension load.
pT = prying force due to FT.
o FMx or FHy = anchor force due to applied bending moment.
= F =
PMn oMy ©F FPMy prying force due to FMn.
Biaxial Bending:
The anchor tension force is determined by summing the bending momente,
if the plate/attachment is symmetrical, and a single run made. If un-
symmetrical (plate/attachment), two separate runs are made and the results
summed with:
= +
LR VLS W FMy+rmy
Tension plus Biaxial Bending:

The anchor tension force is determined by running the program with the
tension load combined with the most critical bending moment. The program
is then run again with the other moment in the other direction. The
results are summed directly with:

= + - + F -
T F F F PMx

¥ For ¥ P Py * oy
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Question: Item 2

Provide a numerical example for each of the following flexible plate and.bolt con-
fipurations which was used to determine allowable axial loads and bending moments.

a. square plate/four bolts, eight bolts
b. rectangular plate/six bolts

Provide the load-displacement curves for the anchored bolts on which the allowable
bolt loads were based.

Resgonse

The design approach used was not to determine "allowable axial loads and bending
moments". For every plate and bolt configuration the actual loads and bending
moments were used to determine an anchor tension force, assuming a rigid plate.
This force was then doubled to conservatively account for potential prying action
of a flexible plate. The factor of safety for the anchor was then calculated using

the following equation.

e * 2_"?1:7’_
T Yo
where:
FPC = factor of safety assuming flexible plate
I-’.r = calculated anchor tension assuming a rigid plate analysis
To = allowable anchor tension-- TU where TU = ultimate anchor tension capacity
V = calculated anchor shear &

VU = allowable anchor shear = Vu where Vu = ultimate anchor shear capacity

L
if FPC > 1.0 Design is acceptable

if FPC‘ 1.0 Redesign or run flexible plate program

From the flexible plate computer analysis an anchor tension force is calculated and

the factor of safety is checkea as shown:
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where:

vPa = factor of safety using prying analysis

T = actual anchor tension force including any prying forces

Fpadi 1.0 Design is acceptable

Fpa:’ 1.0 Redesign is required

Note: The program accepts only anchors on a single row, therefore, anchors on the
centerline are ignored in calculating anchor forc * for bending moments and

tension loads.

Numerical examples of base plate and anchor configurations are shown in attached

Figures 1, 2, and 3.

It should be noted that for these examples, shear forces have been omitted. In
actual design case the inclusion of the Shear Force in the interaction formula for
Factor of Safety would require a larger anchor size to be used. Using the larger
anchor size results in the majority of cases showing no prying in the flexible

plate computer analysis output.

The load displacement curves for the Hilti "Kwik Bolts" used on V. C. Summer Unit #1
are shown in Figures &4 thru 15. Curves for Tension vs. Displacement and Shear vs.
Displacement are shown for each Kwik Bolt size used. These curves were developed

by the HILTI Company.
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