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Reference: Vogtle Electric Generating Plant - Unit 1, 50-424,
NRC Report No. 50-424/86-03

Attention: Mr. J. Nelson Grace

Attached is the Georgia Power Company response to the two new
unresolved items identified in the NRC Inspection Report
50-424/86-03 regarding Module 8, Structural Steel.

Unresolved item (URI) 86-03-02 pertains to design calculations
for the polar crane loading conditions. The response to URI
86-03-02 also contains clarifications which address concerns
identified by the NRC inspection teams as a result of the
initial response review on February 11, 1986.

Unresolved item URI 86-03-03 pertains to the possible
overtorquing of high strength bolts in structural steel
connections.

The technical explanations and clarifications are provided in
the attached response to address the concerns expressed and to
clarify the issues raised. Based upon the project engineering
technical evaluations, VEGP concludes that the design, hardware,
and installation of the polar crane and structural steel bolted
connections are adequate and meet the design requirements.
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Mr. J. Nelson Grace
April 17, 1986
Page 2

The design calculations and computer output sheets pertaining to
polar crane loading conditions are included in the attachments
(1 through 5) to URI item 86-03-02. These calculations are only
a part of the complete design for the system they concern, and
are subject to being taken out of context, misinterpreted, or
misconstrued if used without Bechtel Power Corporation's direct
participation. As such, please contact us should the NRC
reviewer have any questions pertaining to these attachments. We

will arrange to have appropriate personnel from Bechtel address
any questions you may have.

This response contains no proprietary information and may be
placed in the NRC Public Document Room.

Very truly yoyts.

.
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cc: See Attachment 1
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U. S. Nuclear Regulatory Commission
Document Control Desk
Washington, D.C. 20555

Victor J. Stello, Jr., Director

U. S. Nuclear Regulatory Commission
Office of Inspection and Enforcement
Washington, D.C. 20555%

J. W. Thompson

U. S. Nuclear Regulatory Commission
7920 Norfolk Avenue

Bethesda, MD 28014

Ms. Melanie A. Miller
Division of Licensing
Licensing Branch #4
Washington, D.C. 20555

Senior Resident Inspector
U. S. Nuclear Regulatory Commission
Plant Vegtle Electric Generating Plant

B. W. Churchill

Shaw, Pittman, Potts & Trowbridge
1800 M Street, Northwest
Washington, D.C. 20036

J. E. Joiner

Troutman, Sanders, Lockerman & Ashmore
Candler Building

127 Peachtree Street, N.W.

Atlanta, GA 30303

D. C. Teper

Georgians Against Nuclear Energy
1253 Lenox Circle

Atlanta, GA 30306
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URI 424/66-03-02 Polar Crane Design Calculations

Response:

As stated on page A2-2 of the seismic report
(Reference 1), the "load-up-position" causes the
maximum stresses in the polar crane components
(girder, girder end connection, rope, and girder
pin). The "load-down-position" did not cause the
maximum stress in any of the crane components. The
reasons are the following:

1. The Y-component of an earthquake along the
tangential direction contributes predominantly
to the stresses in the crane girder (pages A4-2
and A4-3 of Reference 1). The rope and the
lifted load acting as a pendulum with a
frequency of about 0.1 hz or less do not
contribute much to the crane girder stresses.
Thus, the crane girder stresses are not
significantly affected by the position of the
lifted load (page A4-1 of Reference 1).

The above conclusion is also applicable to the
stresses in the girder end connections.

2. The static load and the Z-component of
earthquake along the vertical direction
contribute predominately to the stresses in the
rope. The up-position of the lifted load causes
the maximum stress because the corresponding
structural frequency of about 2 hz corresponds
to the peak accelerations of the vertical input
seismic response specira (Reference 1). Any
other position of the lifted load will reduce
the structural frequency, thus moving away from
the peaks of the spectra.

3. Similar to the rope, the girder pin is affected
predominantly by the static load and the
vertical component of an earthquake when the
lifted load is in the up-position (pages A4-4
through A4-9 of Reference 1).

From the above, it can be concluded that the
worst vertical loading condition corresponds to
the up-position of the lifted load. An
elaborate evaluation has been done for the polar
crane under the worst loading condition by
performing 20 nonlinear time history analyses
using the Engineerira Analyses Systems (ANSYS)
computer program.



Whiting Corporation (supplier of the polar
cranes) completed the seismic qualification by
September 1979 and Bechtel approved the
qualification by February 1980. The governing
specifications were X4ALOl, Revision 0, January
10, 1977, and X4ALOl, Revision 1, December 14,
1978. These specifications did not specify
explicitly the load positions thit were required
to be considered. Whiting Corpo-.tion has
considered the following nine load positions:
Three trolley positions were considered;
mid-span, quarter-span, and end position. For
each of the three trolley positions, three
lifted load cases were consideied; no lifted
load, load-up-position and load-down-position.
Both Whiting Corporation and Bechtel considered
the above nine load positions to be adequate,
based ecn the reasons explained earlier and the
experiLence gained with this type of analysis
thrcugh the years. However, when the
specification X4ALOl was revised later in 1983
as a result of an internal audit, a different
set of eight load positions was inadvertently
added in paragraph 4.A.3. This will be
corrected to be consistent with the seismic
report in the next revision to the
specification.

The response to URI 424/86-03-02 described above
was provided earlier to US NRC Inspectors during
their inspection visit of February 10 through
14, 1986, at the Vogtle plant site. As a result
of their reviews of the response, the NRC
Inspectors made the following comments and
requested additional clarifications. The
responses to these comments are provided as
follows:

Commitment 1:

Statement in item 1 of the Bechtel response on
the subject vendor calculation indicates that
the rope and lifted loé' do not contribute much
to the crane girder stresses. The statement in
item 2 of the Bechtel response indicates that
the seismic vertical load is a predominant
contributor to the stresses in the rope. Please
explain why the load in the rope is not seen by
the girder, especially considering the fact that
the structural frequency of about 2 hz is so
close to the peak seismic response spectra
acceleration, shown on page D-12 of 3% of the
subject calculations.




Response:

Response:

Item 1 of the Bechtel response above, concerned
itself solely with the Y-component (horizontal
component along tangential direction) of the
seismic dynamic load and the response was,
therefore, correct in stating that the lifted
load contributes little to the girder stress.
Only the vertical (Z-direction) component of

loads will contribute predominantly to rope
stresses as stated in Item 2 of URI 424/86-03-02

response above. The Z-direction load is indeed
transferred from the rope to the girder.
Bending stress corresponding to the vertical
seismic load from the rope contributes very
little to the total stress in the girder as
explained below in response to Comment 2.

Commitment 2:

Refer to the Whiting calculations, page A4-1.
Explain why there is no change in the girder
stress tabulated in the summary of modal
analyses for the (Up and Down) load cases versus
no load (NL) cases for both Safe Shutdown
Earthquake (SSE) and Operating Basis Earthquake
(OBE) conditions. It would be expected that the
vertical seismic load in the rope is transferred
to the girder, whereby changes in the girder
stress should occur.

As mentioned in response to comment 1 above, the
vertical or Z-component of load on the rope
induces bending of the girder in the vertical
plane. However, as pointed out in (A) earlier,
the Y-component of the earthquake is the
dominant source of stress in the girder; dynamic
stress caused by the load along the Y
(tangential) direction is greater than that
caused by the vertical load. For example,
vertical dynamic load induced stress is 8,644
psi which is 31 percent of the tangential
dynamic load induced stress of 27,717 psi in the
girder under SSE loads. The total dynamic
stress, based on the Square Root of the Sum of
the Squares (SRSS) combination of stresses from
the longitudinal (1,169 psi), tangential, and
vertical earthquake componenteg, is 29,057 psi;
just 5 percent more than the stress from the
tangential load alone. With the addition of
static stress (7,808 psi) to the overall dynamic
stress, the impact of load position and the



contribution of the vertical dynamic load
induced stress on the total stress in the girder
becomes less significant.

The seismic report provides the breakdown of
computed stresses for the trolly at
midspan/load-up case. The computer print-outs
pertaining to polar crane design (from Whiting
Corporation), which formed the basis for the
seismic report, provides the breakdown of
stresses for all cases. Attachments 1 and 2 are
excerpts from these computer print-outs.
Attachment 1 shows the dynamic stresses obtained
numerically by analysis of the polar crane with
load at midspan/load-down position. Girder
stresses induced by longitudinal, tangential,
and vertical dynamic loads are 1,194 psi, 27,718
psi, and 6, 819 psi, respectively. Those values
compare with 1,169 psi, 27,717 psi, and 8,644
psi for the load-up case. Only the vertical
load contributions to stress show any
appreciable difference; lowering the load
reduces the vertical dynamic load induced stress
by 21 percent. After SRSS combination of the
dynamic stresses, the load-down value is 28,569
psi versus 29,057 psi for the load-up case, only
a 2 percent difference. The static load
contribution of 7,808 psi is the same for both
load positions. Therefore, the total stress
adds up to 36,865 psi for load-up and 36,377 psi
for load-down, a difference of 1 percent. Thus,
the load-up or load-down positions have little
influence on the total girder stress as
tabulated on page A4-1 of Reference 1.

There is a greater difference between the total
stress in the loaded and unloaded cases; total
stress is 5 to 15 percent lower in the unloaded
case (Reference 1, page A4-1). This comes about
largely as a result of the reduction in the
static load. Again, the overall dynamic stress
is dominated by the tangential contribution and
will not be much affected by the absence of the
lifted load.

Attachment 2 gives the stresses from the
computer runs of the trolley at midspan/no-load
case for SSE excitation. The dynamic beam
stresses for longitudinal, tangential, and
vertical load contributions are 1,292 psi,
27,718 psi, and 7,167 psi, respectively. This
is little different from 1,169 psi, 27,717 psi,



and 8,644 psi which are the dynamic stresses for
the load-up case. The overall dynamic stresses
by SRSS are virtually equal, 28,659 psi for
no-load and 29,057 psi for up-load. The
significant difference between those two cases
comes in the static stresses where the no-load
stress of 4,156 psi is 53 percent of the load-up
value of 7,808 psi. The resulting total
stresses, reported on page A4-1 of Reference 1
are 32,815 psi for no-load stress, which is 11
percent lower than 36,865 psi for load-up
stress.

Whereas, there is some contribution to the total
midspan stress from the vertical excitation and
static load, the contribution due to the
vertical loads to the end girder stresses and
hence, end connection stresses are
insignificant. The reason for this is that the
ends of the girder are pinned for vertical
loading. The crane girder system acts as a
frame in the horizontal plane as can be seen
from the sketch of the computer model in
Attachment 5. Almost all of the end girder
stress results from the tangential excitation.
Therefore, the end girder stresses and end
connection stresses are insensitive to the
presence of lifted load.

Commitment 3:

The natural frequency is stated to be
approximately 2 hz for the structure. This 2 hz
is in the peak acceleration region of the
response spectrum of the lifted load, pages D-11
and D-12, of the report. The statement is made
in your response dated February 11, 1986, that
lowering of the load will reduce the natural
frequency, thereby reducing the seismic
acceleration. However, if the natural frequency
is to right of the peak, a lowering of the load
(and thus, natural freguency) will increase the
seismic acceleration. Please provide 2a
calculation on the 2 hz frequency for the Up
position and further verify that a reduction in
the frequency does reduce the seismic
acceleration in the time history analyses (which
is the basis of design of the subject polar
crane).



Response:

The natural frequencies of the polar crane
system were obtained by numerical analysis
(finite element modal analysis). Those
frequencies were summarized by Whiting
Corporation and are reproduced in Attachment 3.
In addition, an approximate hand calculation of
frequencies is provided in Attachment 4 for the
load at midspan. n the latter case, the crane
girder is modeled as¢ a simple supported beam and
the rope is modeled .s a spring. The numerical
analysis results and hand calculated results are
in agreement. In the case where there is no
load (trolley at midspan), the numerical
analysis results give a fundamental vertical
frequency of 4.9 cps;: the hand calculated
results give 4.6 cps. Adding load to the system
increases its mass and reduces the frequency to
roughly the 2 cps level. 1In the loaded
condition with the load up, the numerical
analysis results give 1.9 cps while the hand
calculation give 1.7 cps. When the load is
down, both the numerical analysis and the hand
calculated results show a reduction in frequency
to a value of 1.3 cps.

1t should be pointed out that the response
spectra on page D-11 and D-1?2 of Reference 1
represent the response of a
single-degree-of-freedom oscillator mounted on
the lifted load. Those spectra do not represent
the response of the polar crane structure. In
fact, the presence of a peak response near 2 cpJs
occurs as a result of the pclar crane structure
having a vertical mode at around 2 cps.

The basis for seismic analysis of the polar
crane girders is the set of in-structure
response spectra shown in Appendix B of
Reference 1. The spectra were developed from a
time-histroy analysis of the building and were
given to Whiting for use in polar crane
analysis. Ten sets of time history records were
developed to analyze the polar crane structure
(page 5-12 of the project specification
X4ALOl). Collectively, they represent the
amplification and frequency content of the
spectra in Appendix B. The vertical response
spectra are on page B-1 and B-3. They show the
peak response to lie in the range from 2 cps to
10 cps. Below 2 cps, the response is a



descending ramp. As the load is lowered and
frequency is reduced, the crane will experience

progressively lower levels of amplification in
response.

Reference:

1. Whiting Corporation Seismic Report
Summary of Seismic Analysa2s and Supplementary

Calculations, Containment Building Polar
Crane, Bechtel Log No. AX4ALO1l-46-2



URI 424/86-03-03 High Strength Bolted Connections

Response:

02-03

The following evaluation is provided in cresponse to
NRC concern expressed relative to possible
overtorgquing of high strength bolts in a structural
steel connaction during the site inspection visit of
January 1986.

The evaluation includes a response to the specific
concerns noted by the Quality Control (QC) inspector
due to a lack of conformance to the turn-of-nut
requirements. The evaluation also includes a
project engineering review of the efiects of
overtcrquing on design requirements.

A) Response to QC inspector concerns on conformance
to turn-oi-nut method:

A statenent was made by the Georgia "uwer Company
(GPC) stiructural steel inspector that at one time,
he aad witnessed some irregularity in the
installation of high strength bolits in a steel
connection. He had observed that iron workers
installed bolts in the connection and then
improperly placed match marks on the steel to
indicate a properly installed bolt. The subject
connection was redone in his presence. As the
result of the incident, GPC inspection supervisory
personnel contacted the lngalls Ironworks,
supervisory personnel. It was decided, in the
meeting among the supervisory personnel that
immediate steps would be taken to ensure that the
Ingalls Ironworks' bolt installation program was
upgraded to eliminate any practices that would
result in improper installation of high strength
bolts. The incident, according the recollection of
the GPC inspector, had occurred around

January 1982.

Based on the¢ discussion as stated above, the NRC
inspector hes raised a concern in this unresolved
item that inspection program for high strength
bolting was inadequate to identify potential
overtorquing of high strength bolts. In response to
this conceru a review of procedures and inspection
reports relative to bolting was initiated. The
results of this review are discussed as follows:



A review of procedure CD-T-16 revealed that the turn
of the nut method for structural steel bolting was
initiated on Revision 3 dated July 23, 1982. Since
this is several months later than the time frame
noted in the inspectors statement, a review was
performed of the installation reccrds which noted
that girder No. 5 in the Control Room, elevation
240 ft, was installed in August 1982. > verify
that training was conducted as noted by the
inspectors statement, a review was performed of the
Ingalls Ironworks training records which noted that
all Ingalls iron workers were given a training
course on turn-of-nut installation methods September
8, 1982.

This review has concluded that the situation noted
in the inspectors statement occurred within the
first month of site initiation of the turn-of-nut
method for structural steel bolting. Therefore, it
is not surprising that problems were noted. The
fact that problems were noted is indicative that GPC
QC was closely monitoring the application of the new
method to ensure that compliance was adequate. The
corrective action taken by site management and
Ingalls to replace the identified bolts is
indicative of the site concern for ensuring that
bolts were properly installed in accordance with the
technical requirement.

The time frame from July 23, through September 8,
1982, indicates a period prior to Ingalls' training
program. This clearly makes the application of the
turn-of-nut method suspect and overtorque a
potential problem. However, as indicated in the
second paragraph, it is obvious that a close
surveillance and inspection was being performed by
GPC QC to ensure the proper application of the
turn-of-nut methods by the craft. To further
support that overtorque was not a problem during
this time frame, if a bolt was overtorqued to a
point that the proof load was not obtained, then the
verification performed by GPC QC, with a calibrated
torque wrench, would identify this. This
identification would be made by noting the bolt
turning prior to reaching the setting on the torque
wrench and all bolts would then be verified with the
torque wrench. Also, if additional torque is
applied to the bolt, it will either fail or will
continue not to pass the torque wrench verification.



It must also be noted that during the use of an
impact wrench, when the failure range of a high
strength bolt is approached, the tension applied
decreases. This increases the speed at which the
impact wrench operates to a point that the failure
of a bolt would proceed so rapidly that the craft
would not have time to react and terminate the
application of torque prior to failure.

A further review was performed of site audits by GPC
Quality Assurance (QA), NRC, and other groups such
as Institute of Nuclear Power Operations (INPO) and
Self-Initiated Evaluation (SIE) to determine whether
the structural steel bolting installation program
was conducted and whether problems with the craft's
application of the turn-of-nut installation methods
were in compliance with American Institute of Steel
Construction (AISC) requirements. Several audits
were noted as being conducted, but none cited
problems with craft practice for conformance with
the turn-of-nut method. Rather, their application
to be in compliance was noted. These audits were
conducted on a continuing basis from 1982 until
1986. It should also be noted that GPC QC noted no
further problems with the craft incorrectly applying
“he turn-of-nut verification marking as noted in the
QC inspectors statement. The GPC QC program
consisted of a 100 percent verification of the
proper torquing marks, a torque wrench verification
of two bolts or 10 percent of the bolts in each
connection to ensure minimum torque, and a
surveillance program to ensure craft compliance with
the turn-of-nut method during the installation
process.

Therefore, it is the Project conclusion that the
structural steel bults, as installed, are in
compliance with the turn-of-nut method, as stated in
AISC requirements, and that overtorquing is not a
concern.

B) Project engineering evaluation of effect of
overtorquing on design requirements:

General:

High strength bolts mainly of the types A-325 and
A-490 are used in structural steel connections
(joints). The design is in accordance with the 1969
AISC specification (Reference 1) that implies
factors of safety of at least 3 and 5, respectively,
against ultimate tension and shear failures in the
bolts. Most commonly used bolts are 7/8-in.




diameter A-325 type. The connected steel surfaces
are blast-cleaned and coated with inorganic zinc
paint.

The bolts are installed by the turn-of-the-nut-
method (Reference 2). Accordingly, a tensile
preload corresponding to the proof load is applied
to each bolt by turning the nut after snug tight by
1/3 to 2/3 turns, depending on the grip length of
the bolted connection. This write up provides the
evaluation of possible overtorquing (turning the nut
more than the specified amount) which may have taken
place during a period from July 23, through
September 8, 1982.

Possible Consequences of Overtorquing:

A treatise on bolted joints is provided in the 1974
book by J. W. Fisher and J. A. Struik (Reference

3). Chapter 4 of this book provides the discussion
on behavior of bolts including the significance of
torquing. Review of this reference, and others,
indicates that the ultimate strength of the joint
under external loads is not affected by
overtorquing. (Of course, if sufficient
overtorquing is applied, the bolt would fracture and
would be replaced.) This conclusion about the joint
strength is discussed separately below for tension
and shear.

Tension:

When a bolt is torqued, the induced tensile force in
the bolt will reach a peak value after about 3/4 nut
rotation. This peak torque induced tension is, on
the average, about 15 percent below the ultimate
direct tension value. The reduction may be
attributed to combined torsional and tensile
stresses in the bolt while torquing. 1If torquing is
continued, the torque induced tension decreases.

The probability of overtorquing a bolt, so that the
induced tension is below the proof load, is very
remote. In such a case, the bolt would probably be
torqued to failure since the tension in the bolt
(and thus the torque required to generate that
force) decreases as the torquing continues. 1In
addition, the bolt would not have passed the
inspection program which verifies the preload using
a calibrated torque wrench.



However if the bolt is loaded in direct tension
after tightening the nut, the ultimate tensile
strength of the bolt will not decrease as
illustrated ian Figures 4.7 and 4.8 of Reference 3.
The reason for developing the full tensile strength
(even after overtorquing) may be attributed to lack
of torsional stresses when the bolt is loaded in
direct tension. (Any torsional stress that may be
locked-in as a result of torquing does not appear to
have any impact.) This means that bolts installed
by torquing can sustain direct tension loads without
any apparent reduction in their ultimate tensile
strength.

Shear:

Tests performed on A-325 and A-490 bolts torqued to
various degrees of tightness have shown that the
initial clamping force had no significant effect on
the ultimate shear strength. (Reference 3, Figure
4.16) The following two reasons are given in
Reference 3 for this phenomenon: (1) The critical
shear plane is often through the bolt shank, while
the critical plane for tension is through the
threaded portion. Because of the increased area,
the tensile stress in the shank is significantly
lower than that in the threaded portion;
consequently, the tensile stress has minimal effect
on the shear strength. (2) Measurements on test
specimens have shown that at the ultimate shear load
level there is little clamping force left in the
bolt. Thus, the joint can sustain the design shear
forces, regardless of the magqnitude of the
pretension induced by torquing.

Conclusion:

The ultimate tensile and shear strengths of a bolt
are not affected by the magnitude of preload and
deformation from overtorquing. Thus, the integrity
of the bolted connections and adequate factors of
safety against tensile and shear failures are
ensured. Therefore, the 1966 version of Reference 2
states, "...if the fastener does not fail while
being installed, it will not fail thereafter...".
The later versions (1972 and later) state the same
with an editorial change as, "...if the fastener
does not fail while being installed, it should not
fail thereafter...," It appears that the editorial
change is made to be consistent with the standard
specification language. Also, there is no known
instances of problems reported in the technical
literature with overtorqued bolts.




0145h/108-6

Therefore, it is concluded that any inadvertent
overtorquing of bolts in the VEGP structural steel
connections has not compromised the integrity and
design adequacy of structural steel connections.

References:

1)

2)

3)

Specification for the Design, Fabrication, and
Ere~*ion of Structural Steel for Buildings,
adopted February 12, 1969, and includes
supplements 1, 2, and 3, American Institute of

Steel Construction (AISC).

specification for Structural Joints Using ASTM
A-325 or A-490 Bolts, Research Council on
Riveted and Bolted Structural Joints.

Fisher, J. W. and Struik, J. H. A., Guide to
Design Criteria for Bolted and Riveted Joints,
John Wiley & Sons, 1974.
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