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April 20, 1982 hgmya Power

J. T. Becsham, Jr

Director of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
washington, 0. C. 20555

NRC DOCKETS 50-321, 50-366
OPERATING LICENSES DPR=57, NPF <5
EOWIN I. HATCH NUCLEAR PLANT UNITS 1, 2
NRC I& BULLETIN 80-11

Georgia Power Company hereby submits the enclosed information in
response to the John F. Stolz (NRC) letter dated March 4, 1982, which
requested additional information concerning our responses to NRC I&E
Bulletin 80-11, "Masonry wall Design."

If you have ary questions in this regard, please contact this office.
J. T. Beckham, Jr. states that he is vice President of Georgia Power Company
and is authorized to execute this oath on behalf of Georgia Power Company,

and that to the best of his knowledge and belief the facts set forth in this
letter are true.

GENRGIA POWER COMPANY

By :
J. T. Bec A >

Sworn to and subscribed before me this 20th day of April, 1982

g7 .
/ 2 ‘/Ai_l'{' -~

e

Notary Public
2
p Notary Public, Georgia, State at Large
&E/mb My Commussion Expires Sept. 20, 1983
Enclosure

X3 M. C. Nix, Jr.

R. F. Rogers, III
J. P. 0'Reilly (NRC-Region II) 9\09\
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NRC I&E BULLETIN 80-11, "MASONRY WALL DESIGN"

RESPONSE TO NRC REQUEST FOR
N N N

EDWIN I. HATCH NUCLEAR PLANT

UNITS 1 AND 2

DOCKET NOS. 50-321 AND 50-366




NRC Question 1

In Section 4.3 of Referemce 2, the grout used to fill the masonry cells
was given a minimum value of 4000 PSI for its compressive strength.
Provide justification for the use of this value.

Re sponse

As stated in Appendix C of Reference 2, the original erection
specifications required that all grout used in concrete masonry wall
construction meet the requirements of Specification Section 322-2 of the
original plant specifications. This section requires, among other
things, that the grout is to be tested to insure a minimum compressive
strength of 4000 PSI. DOuring construction, concrete and grout were
mixed on site at the batch plant. Samples of all concrete and grout
were routinely tested to ensure compliance with the specifications.

The specified minimum compressive strength of 4000 PSI was selected
because an approved mix design already existed. Although the minimum
compressive strength may be an optional value, depending on the specific
project and use, the 4000 PSI strength was uniformly used at Plant
Hatch.
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NRC Question 2

with respect to interstory drift effects, Section 3 of Appendix F [2]
stated "examination of the test data indicates that the gross shear
strain of a wall is a reliable indicator." Identify these test data
sources, Also provide and discuss the acceptable level of strain for
unconfined walls.

Re sponse

A list of references from which the data on confined walls was taken was
provided at the end of Appendix F (pages F-4 and F-5) in the 180-day
response (Reference 2). Examples defining confined and unconfined walls
are shown in attached figure 1. These definitions were utilized by the
references listed above.

The works of Fishburn and those of Becica (see Appendix F page F-4)
present an allowable shear strain for unconfined walls. However, since
all masonry walls at Plant Hatch meet the criteria for confined walls,
the question of shear strain allowables for unconfined walls was not
addressed.
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NRC Question 3

Provide details of modifications for all walls that do not satisfy the
design allowables. Technical discussion should be provided detailing
how these modifications will correct this deficiency. Also, provide the
modification schedule.

RESEOHSE

A number of walls were modeled for STRUDL-DYNAL and had a finite element
analysis run of the as-built condition, taking into account all loads
and load combinations. A total of ten (10) walls were identified where
calculated stresses exceeded allowable stresses. The results of the
analysis showed that the effective horizontai span length of the wall
should be reduced. Therefore, a point somewhere within the middle
one-third of the span of the wall was chosen considering obstructions
and installation problems, and one or more structural steel columns were
erected to provide additional support for the wall. The column(s) were
designed to withstand the applied loads and were used to brace the wall
as shown in the attached sketches. The wall was then re-modeled for
STRUDL=DYNAL, including the steel column, and a finite element analysis
was performed again for all postulated loads and load combinations.
Resulting moments and shears for the masonry wall and support column
were checked against allowables. In addition, bolts, plates, and welds
for the support having an angle brace were checked for worst-case
loads. wall number Cl30-14A48 had an angle brace attached to the
ceiling on each side of the wall to provide lateral shear support an
reduce a local overstress condition to within allowables. Following the
analysis using the modified models, each wall was cetermined to satisfy
all stress allowables.

Detailed sketches of the modification for each wall are shown in
attachments 1 through 8. The field modifications for each wall are
complete except for wall Clé4-4A&8 and wall C130-39A&B. Both of these
walls will be removed in the near future to allow for relocation of the
shift supervisors office and modifications in the health physics area.
Therefore, no modifications have been scheduled for these walls.
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Design Calculations

Southern Company Services Y

Project

Prepared By

Date

HATCH-UIT 11C. 1&2 TINA €. SAi SFR 2- Q-89
Subject/Title Reviewed By Date
WALL [1°DIFICATICLS \x/,., » 0% 1020
C-130- 1A &IB(PSOC-B0-009) |~ ™™ T
i “:rf |
- —r:—;,‘:.#.ww’"m: = I ® "
% ’Fjﬂ X F[: 1§ ¢ HOLES FCR R
36— y ~ Ib¢ H
15 wd ¢ BOLTS % HOLES -
HOLES IN FLAMGE S
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" |-
e VP zﬁ—/ 2.
SECTION B-B & DQTAII 'A"
gy -
. Ia ¢ HOLES FOR ! |
= ﬂ} I g;’@ BOLTS g ¢ HOLES %
X7 51 CTYP 4 FLCS) :
HIEN ; o —Z
*UTTN—2 FULL WIDTH v 2
3 INTEENAL STIFF
N B BOTH SIDES e
R FIELD WELDED :
',Eaj éx;,L AROUND [
i WELD. CFILLET) i
DETAIL B
SECTION C-C
b’ ’“{ Grr_<
' /-‘—- = TYF.
| | ‘ e }cox CRETE BL
T | — /3.~ WALL
o N
£ ot ,_‘ q—s ?_“,{ : '
M W'l e H-L;ccwc ANCHORS
|3 SECTOO | depade  KTYR 2 PLESD |
I g r ¥ /s L:,
o o) ' 1) SECT.D-D REF: H-12 &29
CECTION D-D IO:" SECT C-D
== - attachment 5
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Subject/Title eviewed By Date
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Design Calculaticns

Southern Company Services

A

AN

roject -~ ared By Date
" HATCH-UNIT NO.1&2 | RfNABC CA| SER 12-9- 80
Subject/Title eviewed By cte
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- N .
P N NOTES:
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= 3) ALL BOLTS ARE TO EBE ASTM- A307.
DETAIL E
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>ubject/Title Reviewed By : Date
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Southern Company Services 25
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Design Calculaticns

Southern Company Services A
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Southern Company Services 2=

"UATCH-UNIT HO. 1&2  |'TINA"C SAl SER if?_"’-hk 0
ubject/Title Reviewcd By ate
EALL MODIEICATION [ o oo |]3-2
C IQO'L‘HA & L‘HB(rSOC eo OOS) Calculation Number Sheel F g
. |6” -
" L@ HOLES ooty sn L'e HOLES
2TH|< I L‘ /a > (3 /-8 Y
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DETAIL C DETAIL D
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2 - PLATES g Xl X5
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8- STIFFNER PLATES 3L X 75 X}
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2- PLATES o xubxz
2- e" BOLTS 6" LONG (2l THD

= - ’¢ CONC . ANC.

NOTES

HILTI CATALCG “5500108 OR EQ.

1> ALL STRUCTURAL STEEL SHALL BE ASTM-A%b “
5) ALL STRUCTURAL STEEL IS TO BE QUALITY CLASS D.
3) ALL BOLTS ARE TO BE ASTM-A307

REF: H-121
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NRC Question 4

The data presented in Appendix D [2] is not legible. Supply a legible
copy of ti:ie ‘upendix.

Response
A more legible copy of pages D-1 through D-3 of Appendix D is attached.

Page 4
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i BRICK, BLOCK ,,/""'/ METAL DOORS & FNAMES

WATERPROOFING |\ b MORTAR MIX & CEMENT
INSULATION \ MASONRY REINFORCING MESH

Telephone (912) 283-8464 Waycross, Georgia 31501
P. O. Drawer 2006

May 23, 1978

Georgia Power Company
Plant Hatch
Baxley, Georgia 31513

Dear Sirs:

Enclosed you will find copies of our current test reports from

Pittsburgh Testing Laboratories showing compressive strengths,
moisture and ldnear shrinkage tests indicating that all the above
comply with all ASTM specifications for concrete masonry units.

As indicated in these reports, all units being furnished to you for
this project will comply with all current ASTM specifications and
will be manufactured in the same manner as that being required to
meet the two-hour fire rating of concrete masonry units. Our units
have been designed to meet all physical requirements for this fire-
rating.

Hoping the above meets with your approval, and will comply with
your needs, we remain,

Yours very truly,

SOUTHEASTERN BRICK CO,

)& 090,

W. H. Gillis
Vice President




TR A

PITTSBL)RGH TESTING LABURATORY

ESTADLISMLY 1u0

A9 A MIYTUAL FPROTIETION YO (LM NTS THEL FLUDLIC ANT QUMTSLI VLS, ALL RIfPONTYTS

AR SUTSMITIED A8 THIE COMI IV NIIAL VWOPIRTY OF FLITNTYTL, aND AUTHOMIZAYON

POR PUPLICAYION OF STATIMINTS CONCLUSIONS O FYTRACTS ' HOM Fu NLCARDING
OUR HLPORTS 15 NLBLRYID FLNDING OUR WHITIEN AFFROVAL.

Order No. JA-819
March 3, 1978
Report No., 9

Drscription: Test for Drying Shrinkage of Concrete DBlock
Syecification: ASTM C-4206~70
Reported to: Southecastern Erick Co.

Pr.0. Sox 2CC6
Waycross, Gh. 31501

AR R R R R R R R R R L e A e R e R R R R N S22 O

|
|
Sampled Ly Client |
Clozk Type: Light Weight 5 Cells: 2 ‘
Block Size: 15 5/8"'x 15 5/8 x 7 5/&" Wall Size: 1 1/4%
Results (% Shirinkage)
Days Block A Block B Block C
5 014 ' .021 .01C
7 .020 029 .023
9 .024 .031 026
11 .030 .035 .031
13 .033 036 .033
15 035 037 .034
4 037 .03C .031
19 .039 .039 .036 ;
21 .030 040 .035
23 .04) 040 037
25 042 010 .037
27 042 .040 .037
Average time to shrinkage 25 days
Average linecar shrinkage 029675

PITTISBURGH TLEST}NG LABORATORY
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PITTSSL JGH TESTING LABC..ATORY

2436 DENNIS STREET = JACKSONVILLE, FLORIDA Order No.: JA=B19
Leb. No.: 2947

A% A MUTUAL sROYICYTION YO CLITNTE. THl PUALIC ANS DUNSILYES, ALL RTORYS

ARE SUBITIEL A8 Tu~ CONPITINTIAL VA '™ Y ©F CLILNTS, AanD AUITHMEITATION Dofc: )-23-78
POR PUDLICATION OF STATEFINTA CONCLL iOMD UM LETHALTE 7RO UN "CANDING
OUR REFONTE I RASTAVED PINDING OUA WRITTEN APPFEQVYAL. Repﬁ" No,: 7

Description:  Compression, Abserption, Lineor Drying Shrinkoge
ond Relative Humidity Tests of Concrete Block

Specificotions: ASTM C 140- , ASTM C 426- ond ASTM C 427-
Reported To: southeastern Brick Company

P.o. DOX :wé
Waygross, Georgia 31501

Size of Block: 7 5/8 x 7 s/8 x 15 5/8"
Mumber of Cells: 2 Method of Curing: Stean
Well Thickness: 1 1/2" Dote of Monufocture: 1=4=78

COMPRESSION TESTS

Weight, Areo, . Yotel Lood, Unit Lood, Age,

Mark _Llu. _53_12_ ___!.bs. Lbs./Sq. In. Doys
1 25.00 119.1 142,000 1192 16
2 25.44 " 144,000 1209 16
3 25.63 " 153,000 . 1285 16

MOISTURE TESTS

Wi, of Concrete, Absorption, Absorption, % Moisture as Com-

Mork Lbs./Cu. Fr. I 4s./Cu. F1. Percent pored to Totel Abs.
“ 84.0 15.3 18.2 63.6
5 84.9 15.0 ’ 1707 7007
6 84.3 15.7 18.6 64.7

LINEAR DRYING SHRINKAGE

Mork: 1 12 13 1 15

Percent:

RELATIVE HUMIDITY

Mok 1 v 18 1 ®

Percent:

Note: The Averoge Relotive Humidity for Jucksenville, Florida, for the Month of )

" LTS bosed on U. S. Weather Burcon Ruecords.
Client
}‘3,‘,‘;--,(, f.: PITTSOBURGIL TESTING L/A})ﬁﬁ_ﬂ@&}./
pot s/t ANl erpTres P Bl
By: _ M=yt Ji zjnwxllc District
£ fods, Jfg) (pritie pistrict



NRC Question 5

with regard to the allowable stresses for factorecd loads, a factor of
1.67 was used for tension, shear, and bond of masonry. The SEB criteria
(4] allows factors of 1.3 for shear carried by masonry, 1.5 for masonry
tension parallel to the bed joint, and 1.3 for masonry tension normal to
the bed joint. Justify the use of a factor of 1.67.

Resmnse

An extensive test program was performed at the University of California,
Berkeley [7] to determine che reliability of allowable shear stresses
for reinforced masonry from the UBC, NCMA, and ACI codes. These tests
enhance the test performed by Schneider which was used as the btasis for
developing the various design codes.

For shear tests perfommed using reinforced masonry, the tested value
exceeded thn unfactored code allowable value by at least a factor of
2.22. Allowing an increase of 1.67 still results in a safety factor of
at least 1.33 when compared with the worst case test results.

Tests conducted by the NCMA and others are reported by the NCMA (8]
indicate that the code allowables have a safety factor of 2.60 to 3.87,
depending on the type mortar, for tension perpendicular to the bed
joint. These tests were for hollow masonry walls.

For solid masonry units, tests performed at the NMCA laboratories
indicate that code allowables have a factor of safety of at least 2.8
for tension perpendicular to the bed joint.

Additional tests reported by the NCMA [8] dealt with tension parallel to
the bed joint. These tests results indicated factors of safety rangi
between 3.59 and 8.45. One series of tests reported by reference [g?
resulted in factors of safety averaging only 2.02; however, the tests
were conducted after only 15 days and the results are at a variance with
other test data.

Results of the tests mentioned above indicate that an increase of 1.67
would yield an acceptable factor of safety for factored loads.
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NRC Question 6

with respect to modes of vibration, Section 5.2.2 of Reference 2
indicated that the first mode of vibration accounts for over 99% of the
total moment and displacement of the walls. Provide sample calculations
(with different boundary conditions) to justify this position.

Response

A committee was formed on August 5, 1980 by a number of utilities and
Engineering fimms to investigate concrete masonry analysis techniques.
The committee was charged with the responsibility of investigating a
number of factors affecting the analysis of concrete masonry walls
ircluding the effects of the participation of higher modes than the
first on moments, shears, and displacements.

The Committee conducted a parametric study to determine the effect of
the participation of higher modes. For each of the three boundary
conditions referenced in Exhibit A, and for a cantilevered wall with an
aspect ratio equal to 1.0, the modal displacements for the first eight
mndes were compared to the SRSS displacement for wall panels with the
full Enxl (D) and a reuuced Enl (D) within the third segment of the
panels. Tne results are tabulated in Exhibit B.l1 and indicate that 99%
of the displacement is contributed by the first mode. In addition to
considering displacement, the committee reviewed the effect of modal
participation on moments for the wall panels indicated in Exhibit B.2.
It was again demonstrated that the first mode moment calibrated more
than 99% of the SRSS moment for an eight mode analysis. For both the
displacement and the moment study, an acceleration of l.Og applied
over the entire frequency range was used as the input spectra.

The finite element program used did not provide sheer values within the
elements nor at the supports. It is the Committee's opinion, however,
that the first mode would likewise contribute at least 99% of the shear
in wall and at the supports since the wall momenct (99% contribution from
the first mode) is derived from the shear diagram.
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Exhibit .1
Sheet 1 of 2

Displacement (Inches)

Support Case Type
Full E I 1/5 E I
m o
Mode 1 0.15970 0.23554
iy Mode 2 0.00012 0.00014
Qi iiiiilyy, Mode 3 0.00000 0.00000
Z 7 Mode & 0.00001 0.00014
Z f Mode 5 0.00298 0.00653
7 7 Mode 6 0.00050 0.00002
7 © 7 Mode 7 0.00008 0.00011
é v, ? Mode 8 0.00000 0.00000
A\ Z
SIS
SRSS 0.15973 0.23563
Mode 1 0.48266 0.53906
, Mode 2 0.03577 0.03387
> 7 Mode 3 0.00008 0.00007
Z % Mode &4 0.00028 0.00285
7 ? Mode 5 0.00365 0.00235
é 2 Mode 6 0.00195 0.00228
45 ;5 Mode 7 0.00043 0.00047
, Z Mode 8 0.00039 0.00007
\ %
A 24
VIS IS5
SRSS 0.48400 0.54014
Mode 1 0.47807 0.53441
> Mode 2 0.03597 0.03393
ULLLLLZLL L Mode 3 0.00004 0.00004
7 Mode & 0.00071 0.00369
Z Mode 5 0.00300 0.00143
4 Mode 6 - 0.00191 0.00229
7 o Mode 7 0.00057 0.00062
Z Mode 8 0.00050 0.00001
Z)
vy
P 4
//l// '/" A S /
SRSS 0.47944 0.53551

MODAL DISPLACEMENTS FOR ASPECT RATIO 1.0




Exhibit B.1
Sheet 2 of 2

Displacement (inches)

Support Case Type Full Egl 1/5 E-I
Mode 1 5.7866 6.4289

2 0.0464 0.0635

3 0.0565 0.0796

- 0.0199% 0.0121

5 0.0069 0.0068

6 0.0000 0.0000

- 7 0.0000 0.0002
8 0.0053 0.0046

SRSS 5.7871 6.4297

Rl



Exhibit 8.2

Contribution from

Support Case h/L Modes First Mode Moment for
SRSS of All Mode Moments
| 1.0 1 thru 8 99.30%
YLl
%
Z 4
70
7 % .67
1 |
D
777, .54 1 thru 8 99.86%
1.0 1 thru 5 99.822
%
Z .
22 55 0.67 1 thru 5 99.78%
2 %
7 %
V7770277724
3 0.50 1l thru 5 99.702
1.0 1 thru 8 99.75%

____COMPARISON OF F1RST MODE MOMENT TO SRSS MOMENT




NRC Question 7

Identify the test sources used for evaluating the shear strength of
concrete block walls (Section 4 of Appendix F [2]).

Resmnse

Test sources used are as follows:

1. Mayes and Clough, "Literature Survey - Compressive, Tensile, Bond
and Shear Strength of Masonry," Earthquake Engineering Research
Center, University of California, 1975.

2. ACI Standard, "Building Code Requirements for Concrete Masonry
Structures," (ACI-531-79).

3. Commentary on "Building Code Requirements for Concrete Masonry
Structures,” (ACI 531-79).

4, Specification for the Design and Construction of Load-Bearing
Concrete Masonry" - NCMA -1979.

5. Research Data and Discussion Relating to "Specification for the
Design and Construction of Load Bearing Concrete Masonry" - NCMA -
1970.

6. Uniform Building Code, Chapter 25 "Masonry" - 1979.

7. Whittemore, Stang, and Parsons "Structural Properties of Six
Masonry Wall Constructions," Building Materials and Structures
Report No. 5., NBS - 1938.

8. Whittemore, Stang, and Parsons "Structural Properties of Two
Buch-Concrete Block Constructions and a Concrete Block Wall
Construction Sponsored by the National Concrete Masonry
Association,” Building Materials and Structures Report.

9. Whittemore, Stang, and Parsons, "Structural Properties of Concrete
8lock Cavity wall Construction" Building Materials and Structures
Report 21, NBS 1939.

10. Fishburn, "tEffect of Mortar Strength and Strength of Unit on the
Strength of Concrete Masonry Walls," Monograph 36, N8BS, 196l.

11. ASTM Standard Specification for Brick and Applicable Standard
Testing Methods for Units and Masonry Assemblages - May 1975.

12. Schneider, "Shear in Concrete Masonry Piers," California State
Polytechnic College, Pomona, California.
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13.

14,

15.

16.

17.

18.

Yokel and Fattal "Failure Hypothesis for Masonry Shear walls" -
Journal of the Structural Division, March 1976.

"A State of the Art Review - Masonry Design Criteria" - Computech -
1980.

"Tentative Provisions for the Development of Seismic Regulations
for Buildings" - Applied Technology Council Chapter 12 A - ATC
3-0€-1978.

The Masonry Society Standard Building Code Requirements for Masonry
Construction, First Oraft.

Copeland and Saxer, "Tests of Structural Bond of Masonry Mortars to
Concrete Block" - Journal of the Structural ODivision - November
1964,

Hamid, Orysdale, and Heiderbrecht, "Shear Strength of Concrete
Masonry Joints," Journal of the Structural Division - July 1979.
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NRC Question 8

Indicate how seismic loads in different directions were accounted for in
the analysis.

Reggonse

Consistent with the original design of the plant and with the FSAR,
horizontal earthquake loads were applied in only one direction at a
time.

For a horizontal earthquake acting perpendicular to a given wall, the
wall was checked for all stresses due to the inertial load of the wall
itself, inertial loads due to attached equipment (see the response to
Question 12), and static moments from attached equipment. These loads
were all combined by the direct sum method.

For a horizontal earthquake acting parallel to the wall, in-plane drift
effects and equipment inertial loads were considered for the over-ail
evaluation of the wall.

For a vertical earthquake, the inertial load moments (see the response
to Question 12) due to attached equipment were applied tec the wall.
None of the walls are loading bearing, so the only other load considered
was the inertial load of the wall itself due to a horizontal earthquake
acting perpendicular to the wall.

For each of the conditions listed above the wall was checked to insure
local load transfer from all attachments to the wall (see response to
Question 10.
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NRC Question 9

Indicate whether the out-of-plane drift effect was included in the
analysis.

R8§EOﬂSB

The out-of-plane drift effect was included in the analysis. The
internal wall moments due to deflections caused by out-of-plane
interstory drift were determined for each wall height, location, and
orientation and compared to the ultimate allowable moment for each
wall. In all cases, calculated moments were found to be less than
allowables.
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NRC Question lJ

Indicate whether the potential for block pullout was considered in the
analysis.

Reggonse

As stated in Section 5 (Reference 2), there were four postulated mcdes
of failure.

1. A failure of the masonry mortar resulting in a single block pullout,
2. A shear failure of the masonry around the bolt backing plate,
3. A shear cone failure around an individual bolt, and

4, Local crushing of the masonry under the bolt due to action of the
shear loads on the bolt.

Each of these failure modes was investigated to insure that local
stresses did not exceed allowable stresses for any of these failure
modes.

For every attachment to a concrete masonry wall, conservative
assumptions were used to determine the maximum load the piece of
equipment would place on the wall (see the response to Question 12).
Each attachment was then checked to see if local load transfer could be
accomplished without exceeding the allowable stresses for any of the
four failure modes mentioned above.

Page 11



NRC Question 11

Justifv the formula given in Section 4.1.2 of Appendix E [2] for
allowable tension stress in cell grout.

RGEEORSC

The tensile value recommended for the grout core tensile stress is taken
from ACI 318 for concrete, with a factor of safety of three. An
increase of 1.67 is deemed reasonable for factored loads.
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NRC, May 8, 1980
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