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July 13, 1984

Director of Nuclear Regulation

Attention: Mr., Dennis M, Crutchfield, Chief
Operating Reactors Branch No. 5

U.8. Nuclear Regulatory Commission

Washington, D.C, 20555

Subject: Request for Additional Information
Masonry Wall Design, I.E. Bulletin 80~1]
R.E. Ginna Nuclear Power Plant

Dear Mr., Crutchfield:

Enclosed are responses to your letter dated September 21,
1983 regarding "Masonry Wall Design." These responses are made to
technical questions on the construction and re-evaluation criteria
for the masonry walls at R, E. Ginna Nuclear Power Plant., Since
the original evaluation, the number of safety-related masonry
walls has been reduced through work done for the SEP Program (see
our letter dated April 28, 1983; Attachment 1 to this submittal).
As described in the enclosure, one additional wall has been
deleted., Thus, this submittal only addresses the current list of
17 safety-related masonry walls,

truly yours,

lﬁ ua.zlobor

Enclosure

i .,‘



REQUEST FOR ADDITIONAL INFORMATION
MASONRY WALL DESIGN, IE BULLETIN 80~11
R. E. GINNA NUCLEAR POWER PLANT
DOCKET NO. 50-244
STRUCTURAL AND GEOTECHNICAL ENGINEERING BRANCH
STRUCTURAL ENGINEERING SECTION A

ANTROPUCTION

As stated in the cover letter, the number of safety-related
block walls has been reduced through work done for the SEP
Program, One additional wall, number 15 in the list provided in
A:: 1, 1983, has been deleted since the wall has been removed from
t lant, In order to respond to gquestion #3, regarding the use
of t floor response spectra method of seismic analysis, each
safety~related wall has been reanalyzed., The criteria used in the
reanalysis were the criteria listed in the Appendix A to SRP
Section 3.8.4 with exceptions taken to 3(b) and 3(c). This
re~evaluation also excluded the operating base earthquake as a
loading combination, A detailed comparison of the differences
between the original B80~11 criteria and the revised criteria is
listed in Attachment 2,

The three levels of analysis are listed below:
Level 1| - Sate Shutdown Earthquake (0.2g SSE)
With Appendix A to SRP 3.8.4 acceptance criteria,

Level 2 - Safe Shutdown Earthquake (,17g SSE)
(Site specific SEP earthquake)

With Appendix A to SREP 3.8.4 acceptance criteria,

Level 3 - Level 2 analysis with the exception that a 1.5
overstress factor for tension normal to the bed
joint is used instead of the SRP value of 1.3 as
acceptance criteria,

To the extent required further evaluations and modifications
will be completed as stated in the response to guestion #15,




1.

|
; Question:
|

The SGEB criteria (5) do not allow an increase in allowable
stresses for load combinations containing OBE or wind loads.
Provide justification for the 1/3 increase in allowable
stress (Reference 3, Section 3.4.2) used for load
combinations (normal operating conditions). Identify the
affected walls and include the calculated stresses for each
wall. Also explain all conservative measures (if any) used
in the analysis to justify the increase in allowable
stresses.

Aﬂ.ﬂ! r:

As noted in the NRC's Safety Evaluation Report of August 22,
1983 concerning the Integrated Plant Safety Assessment
Report, the loads and load combinations for safety-related
structures at Ginna (including masonry block walls) were
defined during the Systematic Evaluation Program. These
loads included the site specific spectra for the SSE case,
but specifically excluded any consideration of the Operating
Basis Earthquake (OBE), reasoning that the more severe SSE
case was the major safety issue, Thus, the Ginna masonry
block walls were not evaluated to the OBE conditions,

For normal wind loadings, no increase in allowable stresses
was used in the evaluation of masonry wall design.

Question:

2,

Justify the use of an allowable stress increase factor of
1.67 for load combinations containing accident pressures or
SSE loads. This is in excess of several factors permitted by
the SGEB criteria (5); they are listed below by type of
stress:

masonry shear in flexural members

masonry shear in unreinforced shear walls
reinforcement takes entire shear

tension normal to bed joint

tension parallel to bed joint
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If any ex'sting test data will be used to justify this
increase factor, discuss the applicability of these tests to

the walls at the Ginnu plant with particular emphasis on the
following:

boundary conditions

nature of loads

size of teat walls

type of masonry construction (block or mortar type,
grouted or ungrouted)

The Liceasce is also requested to indicate the number of
walls thrat would not be qualified if the SGEB criteria were
to be used and to specify the percentages of exceedance, The
Licensee is advised to explain all conservative measures (if
any) used in the analysis to justify this increase factor,

Ansver:

The increase factors permitted by the SGEB criteria tor load
combinations contain.nyg SSE loads have been used for the
current evaluation with une exception, For tension normal to
the bed joint, ar increase factor of 1.5 vs. 1.3 has been
used to qualify 2 walls, The 1.3 factor is exceeded by 10%
for wall 3=17A~5 and 7% for wall 221, This corresponds to
increase factors of 1,43 and 1,38, based on the actual wall
stregses, rather than 1.,5. %he allowable stresses ildentified
in 2C1 531 inclyde a safety i1actor uf 3, Therefore, the use
of 1,43 and 1.38 as increasc¢ factors still provides margins
of safety of 2,10 and 2.17 ftor the two walls, which are
judged Lo be acceptable fe. these limited cases.

Whe. the response spectrum method of seismic analysis is
used, the accolerations of walls on a particular floor should
be based on the floor reponse spectrum for the floor
elevation, However, as stated in Section 3.5.1 of Reference
3, the License cderives all wall accelerations from the ground
response spectr .m, Justify the use of the ground response
spectrum {nateat of the (loor response spectra,

Answer:

The selsmic analysis of the safety~related masonry walls has
bheen redone using the response spectrum method, The response
specirum input for these selsmic analyses is based on
averaging the floor response spectra for the top and bottom
elevations of the wall, If the wall is supported at both
locations, If the wall is not supported at the top, the
floor response spectrum at the bate of the wall is used,




Question:

4.

With reference to the reinforcement in masonry walls, the ACI
531-79 Code specifies that the minimum area of reinforcewent
in a wall in either direction, vecvtical or horizontal, shall
be 0.0007 (0.7%) times the gross cross-sectional area of the
wall and that the minimum total area of steel, vertical and
horizontal, shall not be less than 0,002 (0,2%) times the
gross cross-sectional area. 1In view of this, clarify whether
the reinforced walls at this plant meet the above
requirements. The Licensee is also requested to provide the
type and spacing of vertical reinforcement and the total
number of vertically reinforced walls, It should be noted
that the horizontal reinforcement is installed to satisfy the
minimum reinforcement requirement for a reinforced wall.

With reference to the joint reinforcement, identify the
number of walls qualified by the tensile strength of joint
reinforcement and indicate the type and spacing of the joint
reinforcement,

Based on the review of existing codes and published
literature, the NRC does not, at present, approve the use of
joint reinforcement, as a structural element, A staff
position on this issue is being developed and will be
provided to the licensee in the future.

Anl'!! L]

Twelve of the thirty-seven safety-related walls are
reinforced vertically. Of this total, seven are reinforced
with 1 #3 bar on 32" centers. The remaining five are
reinforced with 2 #3 bars on 16" centers. The joint
reinforcement is DUR-O-WAL standard truss type on 8" centers
or DUR-O-WALL “"extra heavy" truss type on 16" centers,

To date, the wall panels listed as passing in the response to
guestion 15 have all passed as unreinforced walls. No credit
was taken for either horizontal or vertical reinforcing. 1In
the event that any of the failing panels are modified so the
reinforcement can be utilized in the wall gualification, a
response regarding this questiun will be sent to the
Commission,

Questien:

Indicate the boundary conditions used in the analysis and
verify that they resemble the real physical conditions,
Identify all of the mechanisms used to transfer shear and
moment (if any) with particular emphasis for walls qualified
by arching action., 1f any doubt exists (i.e., whether simply
supported or fixed-end conditions should be assumed), verify
that the assumed boundary conditions will produce
conservative results,




Answer:

Details for the installed boundary fixes were submitted in
the November 4, 1980 and the January 30, 1981 reports. There
are 29 types of boundary fixes which were installed. The
different types of boundary conditions used in the analysis
are listed beiow. Each wall fix tyvpe was designed to insure
that the modeled boundary conditions were correct.,

Boundary Type: Fixed <{This boundary type is representative of
wall bases only)

Analysis Condition: Joint translation and rotation
restrained.

Actual Conditions: Jcint translation is restricted by
reinforcing steel which ties the wall to « concrete slab,
where applicable, and by mcrtar bond and friction. Mortar
bond and friction are reliable mechanisms since a net
vertical compressive force exists at the boundary due to wall
dead weight. Joint rotation is restricted by the reinforcing
steel and by mortar tension strength. If allowable mortar
tension strength was exceeded at th= boundary, then the
boundary was considered pinned. Only three walls were
considered to have a fixed boundary (&t their base).

Boundary Type: Pinned

Analysis Condition: Only joint translation restrained.

Actual Conditions: Joint translation i: restricted by mortar
bond, friction, and installed boundary modifications.

Details of the boundary modifications are shown in RC&E's
response to I.E. Bulleting 80-11 report (ref. letter J. E.
Maier, RG&E to B. H. Grier, NRC, dated 11/04/80 and
01/30/81). The installed boundary modifications have been
engineered to provide support for seismic loads. The
majority of the walls analyzed have pinned boundary
conditions.

Boundary Type: Free

Analysis Condition: No restraint,.

Actual Conditions: Joint translation and rotation are
unrestricted. Examples are edges of wall panels where
boundary supports have not been installed or are totally
free, and the edges of openings in walls. No restraint by
door frames or componrents running through openings has been
relied upon.

Arching Action: Arching action has not been relied upon in
the analyses.




Question:

6. Indicate how interstory drift effects, both in-plane and
out-of-plane, were considered in the analysis. Also,
indicate and justify by available test data the permissible
strains used for both confined and unconfined walls.

Answer:

In-plane strain criteria used to verify the adequacy of the
walls is discussed in "Recommended Guidelines for the
Reassessment of Safety-Related Concrete Masonry Walls"
prepared by the Owners and Engineering Informal Group on
Concrete Masonry Walls, October 6, 1980. The acceptance
criteria in this reference is based upon an uncoupled system
(separate treatment of in-plane and out-of-plane loads),
which is consistent with the FSAR seismic requirements for
Ginna Station. Evaluations indicate that the in-plane
strains induced on the walls due to interstory drift are less
than the allowables permitted in the reference in the
majority of instances, regardless of whether a mechanism
exists to induce the drift into the walls. 1In the remaining
instances, the implied strains would exceed the acceptance
criteria if a positive transfer mechanism existed. For these
latter instances, a specific case-by-case review was
conducted of the wall configuration with respect to the
surrouvnding structure, displacements, and drift inducement
mechanics. From this review, it was judged that a sufficient
mechanism does not exist to induce significant interstory
in-plane drift. It should be noted that the masonry walls at
Ginna are not relied upon to provide horizontal shear load
resistance (i.e., shear walls). Out-of-plane interstory
drift has no significant effect on the walls in that they can
be considered simply supported between stories.

Question:

7. Indicate whether concrete block walls are stacked or running
bond. If any stack bond wall exists, provide sample
calculations for stresses in a typical wall. Also identify
the number of stacked bond walls and their appropriate
allowable stresses,

Answer:
All safety-related masonry block walls listed in our April

28, 1983 letter to the NRC are running bond masonry walls,
not stacked » ~d masonry walls.



Question:

Reference 3 indicated that some brick walls were constructed
at the plant. Indicate the number of brick walls and specify
the allowable stresses from appropriate codes used in the
analysis. If any increase factor were used for SSE loading
case, justification should be provided.

Answer:

The list of salety-related masonry block walls provided to
the NRC in the April 28, 1983 letter to Mr. Dennis M.
Crutchfield contains 1 wall which consists of brick. This
wall, 971-2M, is composed of 4" interlocking lead bricks.
The wall, 2'-3" wide at the base and 5'-4" higﬁ, was analyzed
taking no credit for the interlocking effect of the brick.
It has been determined that the steel framing network
surrounding the wall can adequately restrain the wall in one
direction during an earthguake. It has also been determined
that wall failure in the other direction will not affect any
safety-related equipment. In conclusion, wall 971-2M is not
dependent on any mesonry brick allowable stresses, but is,
however, seismically acceptable.

Question:

9.

With reference to Section 3.2.5 of Reference 3, the Licensee
indicated that accident pressure and associated temperature
loads are considered only inside containment when applicable.
Provide a sample calculation (and any explanations necessary
to make it understandable) illustrating the analysis
procedures in this case.

Answer:

There are no safety-related masonry walls subject to pressure
or temperature differentials; therefore, no analysis to
consider the effect of these loads is required.

Question:

10.

In Section 3.5.1 of Reference 3, the Licensee indicated that

the computed stresses are increased 5% to account for higher

modes of vibration. Justify by sample calculation that 5% is
an appropriate percentage for multimode effects.



Answer:

The masonry walls have been reevaluated since the initial
response indicated in the question. This reevaluation has
taken into account the combined effects of all modes of
vibration up to 33 HZ, which corresponds to the rigid range
of the floor response spectra. For walls whose frequencies
are greater than 33 HZ, the floor response accelerations of
33 HZ have been used for the analysis.

Question:

11. Provide sample calculations (with explanations necessary to
make the calculations understandable) for:

- a single-wythe wall analysis
- a multi-wythe wall analysis
- a brick wall analysis

Answer:

There are no multi-wythe or brick masonry walls at Ginna
which fall under the scope of this evaluation.

The computer program SAP 4 was used to determine the stress
in single-wythe walls. Wall geometry, boundary support
conditions, material and physical properties, attachment
loads, and response spectra information were input into the
SiP 4 program. The program then performed static and dynamic
analyses to determine stresses in the walls for the various
loads in the scope of the program.

The stresses determined by the SAP 4 program were then
compared to allowable stresses using a special purpose
post-processor program designed to combine stresses obtained
from the static and dynamic analyses of the SAP 4 and compare
the resultant stresses against allowable valves. Attachment
3 provides sample calculations.

Question:

12. According to Attachment 3 of Reference 3, only 84 walls were
identified as safety-related; however, in a meeting at the
NRC on January 20, 1983 with regard to the use of the
non-linear analysis technique (arching theory), the Licensee
jdentified 101 walls qualified by arching theory. Explain
this discrepancy.



Answer:

The initial IE 80-11 November 4, 1980 submittal listed 84
safety-related masonry walls. This number corresponded to
101 panels, a panel being a division isolated for engineering
analysis. Since the 1980 submittal, the number of
safety-related walls has been reduced to 37. The 37 walls
now correspond to 56 panels. RG&E has been involved with
technical meetings on arching action as a potential method
for qualifying block walls, however, no wa qualifications
have relied on any non-linear analysis techniques, including
arching. ‘

Question:

13. Indicate how the uncertainties due to variations in mass,
materials, and sections properties were accounted for in the
analysis.

Answer:

The response spectra used in the seismic analysis of the
masonry walls were broadened by 15% to account for
uncertainties in the analytical model compared with the
physical structure.

Question:

14. 1Indicate whether collar joint strength has been used in the
analysis. If so, provide and justify the allowable stresses
of the collar joint.

Answer:

There are no multi-wythe masonry walls within the scope of
this evaluation; therefore, it is not necessary to use collar
juint strength to qualify any walls.

Question:

15, Confirm whether all modifications have been completed and the
modified walls are in compliance with the SGEB criteria.

Answer:

All modifications to walls, based on analysis to the original
criteria, were completed at the time of the report.



Of the current 56 safety-related panels, the modifications
installed under the original re-evaluation criteria result in
29 panels meeting the SGEB criteria. For the remaining 27
wall panels, RG&E will use the following evaluation methods
to determine wall qualification requirements:

(1) At present, a wall is considered safety-related if
equipment is located within one full wall height of the
base of the wall. RG&E will investigate the justifi-
cation of using less than one full wall height, if
applicable, on a wall-by-wall basis. If it is concluded
that the collapse mechanism is such that the equipment
is not hit, no further evaluation is required.

(2) If a wall failure can impact safety-related equipment,
additional analyses will be performed to determine if in
fact the equipment is actually damaged and inoperable.
If the equipment can withstand the wall impact and
remain operable, no modification will be performed.

(3) Modifications to protect safety-related equipment
potentially impacted by wall failure will be designed
and installed so that wall failure has no safety
consequences.

(4) Wwall modifications will be designed and installed such
that the wall will meet the re-evaluation criteria.

Question:

16. Explain how earthquake motions in three directions are
treated in the analysis. Indicate whether any walls are
subject to in-plane loading. If so, provide a sample
calculation illustrating how the w2ll is qualified with
respect to the SGEB8 criteria.

Answer:

Three directions of earthquake were consider=d in the
analysis by evaluating walls for both vertical plus
out-of-plane and vertical plus in-plane load combinations.
The vertical plus out-of-plane load combination was found to
be the limiting load case in the analysis.

All walls in the plant are subjected to in-plane loading, and
as stated above, this load combination was evaluated. Sample

calculations for an in-plane eva’ .on are provided in
Attachment 3 of this report.
Question:

17. Explain and justify how cracked and uncracked moment of
inertia was calculated.




Answer:

A cracked section analysis was performed on one wall panel.
Due to the minimum reinforcing available in the evaluated
panel, no significant benefit was gained from the cracked
section analysis. No walls, to date, have been qualified
using cracked section analysis. Uncracked moments of inertia
were calculated using conventional mechanics taking into
account the cellular configuration on the masonry units,

Question:

18.

In Attachment 4 of Reference 3, the Licensee provided the
test data for the compressive strength of concrete masonry
walls. Provide the basis for selecting those five specimens
for testing and indicate whether they represent the variety
of material construction in all buildings. Since no detailed
records relating to the masonry block walls construction were
maintained, justify the strength of the mortar used in the
analysis.

Answer:

The Intermediate Building at Ginna contains the majority of
safety-related block walls listed in our April 28, 1983
submittal. These walls are all unreinforced. Three concrete
masonry units were removed from this building; two 12" hollow
blocks and one 8" hollow block. Twelve inch wide hollow
block constitute approximately 55% of the 37 safety-related
walls at Ginna and 8" hollow blocks constitute approximately
45%. Two concrete blocks were removed from the control
building where the majority of reinforced walls exist. The
basis for selecting samples was representation of the
greatest number of similar wall thicknesses and block
configurations (i.e., hollow unreinforced or hollow
reinforced).

A specification, SP-5360, which controlled all the masonry
work for the turbine, auxiliary and intermediate buildings,
was reviewed this specification required mortar in accordance
with ASTM C270-64T, Type N. Based on the controlling
construction specification for masonry wall work, the
strength of the mortar has been jusitifed for reanalysis.






ROCHESTER GAS AND ELECTRIC CORPORATION « 89 EAST AVENUE, ROCHESTER, N.Y. 14649

JOMN E MAIER TELEP=ONE
Vice Presaent ania coor 7116 546-2700

April 28, 1983

Director of Nuclear Reactor Regulation
Attention: Mr. Dennis M. Crutchfield, Chief

Operating Reactors Branch No. 5
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

"Structural Reanalysis Program"” - Block Walls

Dear Mr. Crutchfield:

In our April 22, 1983 submittal, "Structural Reanalysis
Program for the Robert E. Ginna Nuclear Power Plant", RG&E provided
our recommendations for structural elements which should be considered
for upgrade to withstand tornado effects. The basis for selection
of these structures is noted as those which are required to assure:

o the integrity of the reactor coolant pressure boundary,

(e} the capability to shut the reactor down and maintain
it in a safe shutdown condition, and

o the capability to prevent accidents which could result
in offsite exposure in excess of the dose guidelines
of 10 CFR Part 100.

Based upon the safe shutdown scenario discussed in Section 3.5
of the April 22 report, the attached list indicates those walls
that RG&E currently considers safety-related and whose integrity
must be maintained to assure safe shutdown. Specifically, RG&E
stated that the block walls whose failure could damage required
main steam and feedwater line components in the intermediate
building, and those which would affect the spent fuel assemblies,
should be considered for upgrading. No other block walls potentially
exposed to tornado effects are considered as safety-related.

Several other block walls are located such that tornadoes
enuld not cause any structural damage, and thus were not evaluated
in the April 22 report. However, using the same safety design
basis, the following additional walls are considered safety-related:




Control building walls which could damage vital equipment

in the battery room, relay room, and air handling room;
and,

Walls which are internal to containment, as listed

in our response to I.E. Bulletin 80-11, submitted by
letter of November 4, 1980.

Very truly yours,

\BC'QM" JAAA g

J. E. Maier
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*Referenced drawings were submitted as part of the I.E. Bulletin
80-11 Response submitted November 4, 1980.
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(1)

(2)

(3)

(4)

(5)*

(6)

(7)

(8)

DIFFERENCES BETWEEN ORIGINAL 80-11 CRITERIA

AND THE REVISED CRITERIA

The floor response spectra method of seismic analy<is has
been used in the revised criteria.

The OBE loading case is not addressed in the current
criteria, therefore, eliminating the use of the 1.33
overstress factor.

The 1.67 allowable overstress value has been replaced by the
overstress factors listed in 3 (d) of Appendix A to the SRP
Section 3.8.4. Two exceptions to this criteria have been
made and are described in the answer to question 2.

The damping valve for the SSE case was increased from 5% to
7% to be consistent with Appendix A to the SRP Section 3.8.4,

For Level 2 analyses, a site specific ground acceleration of
.17g for the safe shutdown earthquake was utilized. The
floor response spectra have been generated by directly
ratioing the .20g SSE acceleration floor response spectra
developed for the piping seismic upgrade.

In the revised criteria interstory drift effects are included
in the analysis as required by SRP 3.84 Appendix A item 4f,

In addition to evaluating walls for attachment loads of
either 15 PSF or 5 PSF, the revised criteria allows a
reduction in attachment load if it can be justified as
representative of the actual field condition.

A value ior the compressive strength of masonry, Fm', has
been calculated based on the compressive strength of tested
blocks for the new criteria.

*The FSAR stated that a .20g SSE ground acceleration was used in
design. The original seismic criteria did not have any floor
response spectra.
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