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INTRODUCTION

Soil Testing Services of Wisconsin, Inc. (STS) was engaged by Wisconsin
Electric Power Company to evaluate the compressive strength of concrete masonry
prisms and block taken from walls at the Point Beach Nuclear Power Plant, Two
Creeks, Wisconsin. The general scope of the work was described in our proposal

to Wisconsin Electric Power Company dated July 23, 1881.

This report includes all work completed through September 11, 1981. The field
sampling program was performed on August 24 through 26, 1981 under the direction
of Mr. Branam and M~. Zabransky of Wisconsin Electric Power Company and Mr.
Mayes of Computech Engineering. Mr. Mayes directed the initial compression

tests on August 26, 18B1.

Test sample locations were located by Wisconsin Electric Power Company (WEPCO).
Soil Testing Services’ personnel extracted concrete masonry prisms and blocks,

transported them to our laboratory, and tested them for compressive strength.

COWLTYESTING CERVICES
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FIELD TESTING

We retained a subcontractor to cut test samples under our direction with a
diamond saw using procedures previously described in our proposal. To facilitate
easier cutting, larger units were romoved from the wall. They were then trimmed
to specified sizes using a smaller saw. Vibration was reduced by placement of
wood wedges into the saw cut. This also lessened the possibility of cracking

the mortar &t the block mortar interface.

Masonry prisms were compressed in clamping devices as described in our proposal
to reduce the potential of cracking the mortar joints. The units were then

p .ced in containers for shipment to cur laboratory.

SOIL TESTING BE/VICES
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LABORATORY TESTING

Measurements

The block and prism samples were measured in general accordance with ASTM E
447-74, "Compressive Strength of Masonry Prisms". At the direction of Mr.
Mayes, measurements were taken at a distance o’ approximately 0.5 inches from
the to. and bottom bearing faces of the block samples. The average of these
two measurements was used to determine the net block area. A diagram of each
prism and block was made on which 211 measurements were plotted. Irregularities
in the samples were also recorded. The mortar bedding of the prisms was
measured to determine the net mortar area. Measurements of 21l prisms and

block samples are included in the Appendix of this report.

Trimming of Samples

Before the samples were capped and tested for compressive strength, all mortar
was removed fror: the top and bottom bearing surfaces. This entaziled hand
chipping both faces to remove any mortar which may have interfered with the
capping or compressive strength testing. Also, any mortar that was found in

the interior of the hollow block cores was also removed.

While chipping the mortar from Prism No.68-3,the block mortar interface between

the bottom and second block cracked.

SOIL TESTING BERVICES




STS Job 11297

Page 4

Capping

After removal of mortar from the bearing surfaces, the prisms and blocks were
capped per ASTM Specification C 140-75. Due to awkward handling conditions,
the .. = of the caps were checked with a feeler guge to verify that the caps

were plane within specified tolerances.

Compressive Strength Testing

The test specimens were placed on the lower bearing block with the centroid of

the bearing surface vertically aligned with the center of thrust of the spherically
seated bearing block. As the spherically seated block was brought to bear on

2 specimen, it was rotated so that uniform seating was obtazined. The loading

was continued at a constant rate until failure occu-red in the unit. The

maximum load indicated on the dial was recorde. and photographs were taken of

the failed unit. Maximum loads and compressive strengths are included in the
Appendix of this report. Photographs of failures have also been included in

the Appendix of this report.

The cracked block mortar interface of Prism No. 68-3 did not appear to affect the

test results.

SO TESTING BERVICES
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BLOCK 6B-1
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Point Beach Masonry
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——LABQUIP CORPORATION—-

Machine 350k Forney LT-700 Verification No.
Serial No. 66,173 1Q 27,371
Owner foil Testing Services of Wisc. Inc.

Location 450 Lambeau St. Date §-4-81

CGreen Bay, WI 54303
Attn: Ken Kujava

TESTING MACHINE
VERIFICATION CERTIFICATE

This is to certify that the above testing machine has been calibrated by Labguip
personnel. The loading ranges have been found to be within the accuracy toler-
ance(s) indicated below:

Capacity Range Loading Range Accuracy Tolerance
FOURDS POUNDS PER CENT
0 to 350,000 35,000 to 325,000 .62
0 to 60,000 6,000 to 55,000 49

Method of verification and listed data are in accordance with
A5TM Designation E 4, or other zpplicable specification
Accuracy of all Calibration devices traceable to the Nationa!
Bureau of Standards.

The testing device used for calibration has been certified
by the U.S. Bureau of Standards or gualified private
agency meeting the conditions set forth in paragraph
1-1.

LABQUIP CORPORATION

Aeatd! M eac

P
By &

~= LABQUIP CORPORATION /402 Mondamon / P.O. Box 4100/ Minooka, 1L 60447 | 815-467-4490 —
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LABQUIP CCRFPORATION

402 Wondamon 1 F.O. Buk <00 fiinooks, IL COAE7 /6154674490
TESTING MACHINE CALIBRATION DATA AND REPORT

o225/

| doaw | Gewe-sfee L9

zla. 10/ 2oz |

vorver M&W bore -~
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1 INTRODUCTION

The Nuclear Regulatory Commission (NRC) stat! on June 8-11. 1981 reviewed
the criteria ang caiculations performed on IE Bulietin 80-11 *Masonry
wall Design® for the Point Beach Nuclear Fower Plant. Action hem 5 resulting
from the review meeting stated that with regard to out-of-piane loading. the
licensee shall gemonstrate that the use of the single wythe assumption for
multiple wythe walis resuits in a conservative evaluation with respect 10
frequency shift ang out-of-plane drift consideration

This short report presents the analyses that were performed. the results of the
analyses. a discussion of the results, and the conclusions.

2 ANALYSIS MET +ODOLOGY

All walls were analyzed in accorgance with the prccedures given in “Criteria
for the Re-evaluation of Concrete Masonry Walls for Point Beach Nuclear Power
Plant.® Specifically. plate analysis was used 10 assess the out-of-plane response
of the wall. The computer program SAPS5A was used 10 perform a
finite element Oynamic analysis, utilizing the response spectrum method.

All wythes in a multiwythe wall were assumed 10 respond as single wythe walls
because of the Oifficully in veritying the adequacy of the collar joint between
the wythes. This was assumed t0 be conservative when using the
re-evaluation criteria ang the objective of Action item § Is to validate
the degree of conservatism

Two ooubie wythe walls (Wall Nos. 24 and 65-1) were selected to compare the
resuits obtained from the wali acting either as a single or double wythe wall
using the re-evaluation criteria. In using the re-evaiuation criteria the walis
were assumed 10 have pinned supports at all appropriate boundaries. As a
conseyuence no forces are induced in the wall gue to out-of-plane drift
The valigity of this assumption is agdressed in Computech Engineering
Services. Inc. Report No. R553.11. Some of the results of Report No R553.11
are incluged in this report for the purpose of addressing Action item 5 Wall
24 is 164 inches long. 156 inches high and consists Of two wythes of tweive
inch wige units. Wail 65-1 is 108 inches long. 176 inches high and consists
of two wythes of six inch wige units Each wall was analyzed a&s both
2 single and doub.e wythe wall using the same number of not :. mesh size
anc bouncary conditions. Two boundary conditions were used for each wall:
one simp'y supported on each boundary and the other fixed. For the fixed
boungary condition the out-of-plane drift effects were included as reported in
Report No. R553.11

3 RESULTS

The resuits of the analyses performed using the simply supported
boundary conditions are given in Table 1 ang 2 Tabie 1 compares the
frequencies of each wall acting either as a singie or double wythe wall. Table
2 compares the maximum stress ratios for each wall acting either as & single



or double wythe wali. The values given in Table 2 are based on the
procedures given in the re-evalyation criteria. That is the walls are assumed
10 has . simply supported boundary conditions.

The results given in Table 3 are extracted from Report No. R553.11 and provice
a comparison of the single or double wythe wall with fixed boungary conditions
incorporating the effects of out-of-plane drift.

4 DISCUSSION OF RESULTS

From the results presented in Table 1 it is clear that the single wythe
assumption is conservative with respect to frequency shiftt The fundamental
or first mooe frequency of the oouble wythe wail is approximately twice that
of the single wythe wall. For walls with more than two wythes the shift in
frequency would be even greater. The effect of out-of-plane arift effects
gepengs On how this is incorporated in the analysis of the walls and is further
giscussed in Report No. R853.11. For the case of simply supported boundary
congitions, out-of-plane drift does not inguce forces in the walls and
the maximum stress ranuos given in Tabie 2 indicate that the maximum stresses
in the wall due to other out-of-plane forces for the double wythe wall are
approximately one-hailf of those of the carresponding single wythe wall

For the case of fixed boundary conditions. incorporating out-of-plane 0Orift e‘ect,
the results given in Table 3 ingdicate that the maximum stress ratios for the
double wythe wails are from 1 to 130 percent less than the corresponding
single wythe walls Therefore. for Walls 24 and 65-1 the use of the singie
wythe assumption to represent double wythe walls results in a8 conservative
evaiuation regardiess of how out-of-plane drift eftects are incorporated.

5 CONCLUSIONS

Two walls were selected to demonsirate that the use of the single wythe
assumption for multiple wythe walls results in a conservative evaluation
with respect to frequency shift and out-of-plane drift consigerations. The
resuts indicate that the frequency of the doudble wythe walis are aimost twice
those ©of the eqQuivalent single wythe wall. Therefore. from frequency
shift cansigerations the use Of the single wythe assumption is conservativeg.
The impact on out-of-plane drift considerations depends on how this is
incorporated in the analysis. With the method used in the re-evaluation criteria
ny forces are induced in the wall due 10 out-of-piane drift eftfects and the
maximum stress ratios from other out-of-plane forces in the double wythe wall
are approximately one-hall of those in the single wythe wall. | fixed boundary
conditions are used and out-of-plane or!’* effects are inciuded. then
the maximum stress ratios in the double wythe walis were 1 to 130 percent
iess than those In the sirgle wythe wall

The single wythe assumption is therefore conservative for the procedures
specified in the re-evaluation criteria ang is reasonably conservative for
the procedure of inciuding out-of-plane drift effects specified in Report
No. R553.11.



TABLE 1

FREQUENCY OF WALLS WITH SIMPLY SUPPORTED
BOUNDARY CONDITIONS

wall No. Thickness Wythes Freguencies (Hz)
e 1 15,39, 37.72
24
25 2 32.06, 78.57
6 1 15.28, 24.99, 43.97
65 ~1
12 2 30. 49.98, B87.95
TABLE 2
MAXIMUM STRESS RATIOS OF WALLS WITH
SIMPLY SUPPORTED BOUNDARY CONDITIONS
Wall No. Thickness Wythes My Mya My Mya
* i 1 .4057 .1699
25 2 1809 0751
& 1 L4834 1572
65-1
12 2 .2146 .0697
Note: GSubscripts x and y denote stress ratios on horizontal

and vertical strips respectively




TABLE 3

MAXIMUM STRESS RATIOS OF WALLS WITH
FIXED BOUNDARY CONDITIONS INCLUDING
OUT-(F-PLANE DRIFT EFFECTS

Wall No. Thickness Wythes My /Mya uylw}, a
iz i 0.265 0.228
24
25 2 0.129 0.226
6 1 0.264 0.136
€5-1
12 2 0.117 0.097
Note: Subscripts x and y denote stress ratios on horizontal

and vertical strips respectively
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1 INTRODUCTION

The Nuclear Regulatory Commission (NRC) staff on June 9-11. 1881 reviewed
the criteria and caiculations performed on IE Builetin 8B0-11 *Masonry Wail Design*
for the Point Beach Nuciear Power Plant. Action item 11 resulting from the
review meeung stated that the licensee shall provide the criteria and procedures
10 account for the out-of-plane interstory drift effects in seismic analysis.

This short report is in response 10 that action item and includes a gescription
of the analysis methodology. the results, a Oiscussion of the results. and the
conciusions

2 ANALYSIS METHODOLOGY

All walls werz analyzed in accordance with the procedures given in “Criteria
for the Re-evaluation of Concrete Masonry Walls for The Point Beach Nuclear
Fower Plant® Specifically, 10 assess the out-of-plane response of the wallis
the boungary condgitions at all supports were assumed to be pinned. This
assumption was made for the foliowing reasons

(1) The stresses resuiting from out-of-plane seismic load are
conservative.

(2> The boundary rotations required for the existence of pinned supports
are very small and will exist regardiess of what type of fixity is
used to prevent it. A field inspection of the walls indicated this was
the only reasonable assumption.

(3) The majority of the walls had no support at the top of the wall. in
agoition no support was assumed around any door or other opening.

In asressing the effect of out-of-plane orift effects on the walls the same
assumption of pinned boundary conditions was used for consistency in the analytical
procecures. With this assumption no forces are inguced in the walls when
out-of-plane interstory Orift effects are assessed. The valigity of this assumption
was Quesuonec in Action item 11 and as a result two walls (Wall Nos. 24
&nd 65-1) were selecled 10 compare the resuits .nat would be obtained if fixed
rather than simply supported boundary conditions had been assumed. Wall No.
24 is 164 inches long and 156 inches high and Wall No. 65-1 is 109 inches
long and 176 inches high Each wall is double wythe and was analyzed as
& single ang gouble wythe wall with poth fixed and simply supported boundary
congitions. For the fixed boundary conditions the effects of out-of-plane interstory
arift were incluged in the analysis. The stresses resulting from out-of-plane
seismic load were combined absolutely with those resulting from out-of-plane
grift eflects. Qut-of-plane drift etfects were calcuiated by imposing the out-of-plane
displacement at the top of the wall with the wall fixed against rotation at both
the top corners and the bottom of the wall



3 RESULTS

A summary of the maximum stress ratios resuiting from the eight analyses
performed are given in Tabie 1. Care must be exercised in evaluating the resuits
because the maximum stresses 00 not fall in the same region of the wall for
the different bounoary conditions. In the case of the simply supported boundary
congitions the maximum stress ratios are towards the center of the wall and
for the fixed boundary conditions they are close t0 or agjacent 10 the boundaries.

4 DISCUSSION OF RESULTS

The results for Wall 65-1 indicate that the maximum stress ratios of the simply
supporte0 boundary congditions for a singie wythe wall are conservative when
comparegd with those of the fixe¢ boungary conditions that include out-of-plane
interstory Orift eftfects. The maximum stress ratio for this wail occurred on a
horizontal strip and was reduced by aimost one-half when fixed boundary
congitions were used. When the same comparison is made for the doubie wythe
wall, again the maximum stress ratio. which was 2n a horizontal strip, was
reduced by aimost one-half. However., the maximum stress ratio on the vertical
strip increased from 007 10 0.087. In comparing the three analyses: 1) single
wythe with fixed boundaries and out-of-plane drift. 2) double wythe with simpiy
supported bouncaries and 3) double wythe with fixed boundaries and out-of-plane
grift. the maximum stress ratios are all less than the ratios obtained from
analyzing the wall with the procedures given in the re-evaluation criteria.

The results for Wall 24 are similar to those of Wall 651 in that the maximum
stress ratios on a horizontal strip gecrease when fixed boundary conditions
ang out-of-plane Orift are considered. However. on a vertical strip the maximum
siress ratios increase for Wall 24. The increase for the single wythe wall Is
from 0170 to 0.228 ang for the double wythe wall it is from 0.075 to 0.226.
Aithough this increase for Wall 24 ingicates that for a vertical strip. the simply
supporited boungary conditions is non-conservative the governing stress ratio
on the horazontal strip is not exceeded by the maximum stress ratios in either
girection for the other three analyses. Therefore. in this regard the assumption
of simply supported boundary conditions used in the re-<valuation criteria can
be considered conservative

5 CONCLUSIONS

The criteria and procedures used to account for out-of-plane interstary grift
effects in the re-evaluation criteria have been described and compared with
results obtained from an alternate approach. in summary, the procedure used
in the re-evaluation criteria assumes the walis have pinned supports 8t the
boungaries becaus? it is our opinion that this is the most realistic representation
of field congitions and in addition it results in a conservative estimate of the
stresses resulting from out-of-piane seismic load.

Two walls were selected to compare the maximum siress ratios obtained from
the assumptions used In the re-evaluation criteria with those obtained from
using the assumption that the top and bottom bouncaries had fixed supports.



The stresses obtained for the out-of-plane forces acting on the wall with fixed
boungary congitions were adoed absoiutely 10 those resulting from out-of-piane
grift effects.

For the two walls that ware analyzed. the maximum magnitude of the stress
ratio was obtained for the single wythe wall with simply supporied bouncary
conditions. In both cases this was the stress on a horizontal strip. in this regard
the assumptions used in the re-evaluation criteria aré conservative. For Wall
65-1 the maximum stiress ratio on both a& horizontal and vertical strip obtained
from the single wythe wall with simply supported boundary conditions were
conservative. For Wall 24 the same statement is valid for the maximum stress
ratio on a horizontal strip. For the maximum stress ratio on & vertical strip
there was an increase when fixed boungdary conditions were used but this increase
gigd not exceed the maximum stress ratio obtained on the horizontal strip.

From the results presented it is clear that the impact of different boundary
conaitions varies and is oifficult 10 accurately assess because the region where
the maximum stress occurs changes as the boundary condition changes. However.
for the two walls analyzed the assumption of a single wythe wall with simpily
supported boundary conditions (i.e. that used in the re-evaluation criteria) produces
the maximum magnitude in the stress ratio on either a horizontal or vertical
strip. Furthermore, it is our opinion that these boundary conditions are the
most realistic for the conditions that exist in the field.



TABLE 1

MAXIMUM STRESS RATIOS FOR VARYING
BOUXDARY CONDITIONS

all No. Thickness (in) Condition My /Mxa My /Mya
12 Simply Supported 0.406 0.170
y 12 Fixed, Drift 0.265 0.228
s 25 Simply Supported 0.181 0.075
25 Fixed, Drift 0.129 0.226
€ Simply Supperted 0.483 0,157
6 Fixed, Drift 0.264 0.136
65-1
12 Simply Supported 0.215 0.070
12 Fixed, Drift 0.117 0.0%7

Note:

Subscripts x and y denote stress ratios on horizontal
and vertical strips respectively
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1 INTRODUCTION

The Nuclear Reguiatory Committee (NRC) stat! on June 9-11. 1881 reviewed
the criteria and caiculations performed on IE Builetin 80-11 *° Masonry Wall
Design ** for the Point Beach Nuclear Power Plant Action item 2 resulting
from the meeting staled that the licensee will provide documentation inciuding
Calculation sheets that ingicate that the adoption of five (5) modes of seismic
response will generally provide 95 % of the total response.

This short report describes the four walls that were salected to document the
results, the analyses that were performed, the results of the analyses ang a
giscussion of results ang conclusions Appendices A through D provide
summaries of the computer cutput from which the analysis results were
obtained

2 SELECTION OF WALLS

To provide a cross-section of the boundary conditions and openings of
the masonry walls at the Point Beach Nuclear Power Plant. the four walls given
in Tadble 1 were selected to documen’ the results of the analyses.

The four walls include two with door openings and two without openings. Two
of the walls ar2 not connected at their top boundary but are pinned on the
other three bouncaries. one wall is pinned on all four boundaries and
the fourth wall is pinned on only two boundaries

TABLE 1 DESCRIPTION OF WALLS

el
Wwall wall Boundary Openings
Number Thickness Conditions
(in)
5-28/2A 8 Pinned on 23 siges Door on one sige
Free on top
20/8 8 Pinned on 4 siges Door on one side
65-1/15 12 Pinned on 3 siges None

Free on 10p

64-E/15 42 Pinned on 2 sides None
Top and one side free




8 ANALYSIS METHODOLOGY

Al walls were analyzed In accordance with the procedures given in " Criteria
for the Ro-evaluation of Concrete Masonry Walls for the Point Beach WNuclear
Power Piant . Specifically. plaie analysis was used 10 assess the out-pf-plane
response of all walis. The computer program SAP was used 1o perform
a finite siement Oynamic anaiysis ultilizing the response spectrum method. The
Computech pre-processur program GENIN was used 10 generate input files for
the analyses.

For each wall an eigenanalysis was carried out 10 exiract the first five
frequencies and moode shapes and the Individual mocal responses were
combined using the square root of the sum of the squares procedure.

The SAP output was summarized using the post-processor computer program
GENOUT. The computer printout of SENOUT lists seperately the values of the
moments and reaction forces for first mode Oynamic response. the SRSS of
the first five modes of dynamic response ang the values from static ioads.
Also given Is the absolute sum of the static and SRSS dynamic
response vaiues whicr are the values used to assess the adequacy Of
the walls

4 ANALYSIS RESULTS
*

The detailed results of the analyses of the four walls are givan in Appendices
A through D. A summary of the results is given Iin Tables 2 and 3. Tab'c
2 contains a summary of results for walls 5-29/2A. 20/98. and 64-E/15. Table
8 comains a similar summary for wall 65-1/15 For each wall an analysis was
performed assuming the wall was either grouted or ungrouted. The maximum
moment parailel (Mx) and normal (My) to the bed joints an3 the
maximum boundary shear force (F) are given in Tables 2 and 3. In Table 2
the value of each moment or force resulting from the first mode ang the SRSS
of the first five mooes are given. Table 2 also contains the percentage
contribution of the first mode 10 the SRSS of the first five modes for
each maximum moment and force quantity.

Table 3 which contains a summary of results for wall 65-1/15 includes
the resuits from the first mode. the SRSS of the first five modes and the SRSS
of the first ten modes. In addition the Table aiso contains the
percentage contribution of the first mode to the SRSS of both the first 5 ang
10 mooes respectively for each maximum moment and force quantity.
Also included is the percentage of the SRSS of the first 5 modes 10 the first
10 modes for each maximum moment and force quantity.



5 DISCUSSION OF RESULTS

The results of the analyses for walls 5-29/2A. 20/8. 64-1/15 presented in Table
2 ingicates that the first mode contributes between 97.9 % and 99.6 % of the
SRSS of the first five modes for the maximum moments and boundary forces
in the walls. Thus for the openings and boundary conditions of these three
walls a first moce analysis would have been sufficient 1o produce 85 % of
the 1otal maximum response quantities A five mode SRSS analysis is therefore
agequate for these three walls

The rasults for Wall 65~1/15 presented in Table 3 indicate that the first mode
contributes 90 % of the SRSS of the first 5 modes of response and 20 %
of the SRSS of the first 10 mooes of response. The percentage of SRSS of
the tirst 5 modes to the SRSS of the first 10 modes is 99.9 % for
the maximum moments angd forces. Thus for a wall pinned on three sides ang
free a1 the t1op & first mode analysis would not have been adequate. However,
it Is clear that an SRSS of five moodes is always equivalent 10 an SRSS of
ten modes.

6 CONCLUSIONS

Four walls were selected 10 provide documentation that indicates that the
agoption of five (J) modes of response will generally provide“95 % of the total
response. The Jjour walls selected. covered 'he full range of boundary
congitions and openings found in the masonry walis at the plant.

The results clearly indic3te that five modes of SRSS response provide 998 %
of the total response. In fart for three of the four walls the first mogde
of response provoed 7.9 % or greater of the total response

As all the masonry walls at the Point Beach plant were analyzed using
the first five modes of response it Is clear that 99 % of the total response
of all the walis has been included in the analytical results.



TABLE 2 SUMMARY OF RESULTS FOR WALLS 5-29/2A, 20/9., AND 64-E/15

F1/FS

wail Mx 1 Mx5 Mx 1/Mx5 Myl My5 My 1/My5 F F5
Number (wLb-in/in) (Lb-in/sin) B (wb-in/in) (wb-in/im - wn wn %
5-29/2A
Grouted 1554 1554 100.0 5166 51.71 99 9 79.93 8007 99 8
Ungrouted 83 32 83 32 1000 27 69 21.72 99 9 42 85 42 92 098
20/9
Ungrouted 1422 142 2 100 0 99 06 100.3 98 8 54 49 55 18 98 8
Part. Growt 1739 173.9 100.0 1212 122.7 98 8 66 64 67.48 98 8
64-E/15
Grouted 8421 85 96 979 101 8 1032 98 6 2296 2311 09 4
Ungrouted 4361 44 58 a7 8 5275 53.51 98 6 1189 1198 29 2

Notations

m.-(l'ﬂz

Maximum momeant per linear length
Maximum shear force at boundary

Parallel to the bed joint
Normal 1o the bed joint

First mode only
SASS of the first five modes



TABLE 3 SUMMARY OF RESULTS FOR WALL 65-1/15

Wall Momeant Ist 5RA5S SRSS 1st/5 1st710 5710
Number or Force Mode 5 Modas 10 Modes % % -
65-1/15
Grouted Mx (Lb-in/in} 172 6 174 5 17a 6 98 .9 a8 8 99 9
My (Lb-in/in) 27.43 3026 3027 90 6 90 6 Q9.9
F 77.35 84 87 84 98 91.1 a0 99.¢
Ur:groutad Mx (Lb-in/in) 109 0 1101 110.2 99 0 298 9 28 6
My (Lb-in/im 17.3 19.10 19.10 90 6 906 1000
F b 48 83 53.56 5363 912 916 29 9
p————
Notations:
M Maximum moment per linear langth
F Maximum shear force at boundary
x . Parailel to the bed |oint
y . Normal to the bed joint
1 . First mode only
5 :© SRASS of the first five modes
10 SASS of the first ten modes
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T INTRODUCTION

The Nuclear Regulatory Commission (NRC) staf on June §-11. 1981 reviewed
the criteria and calculations performed on (E Bulietin 80-11 " "Masonry Wall
Evaluation’” for the Point Beach Nuclear Power Plant One of the action itams
that resulted from the review meelung was the performance of masonry prism
and block tests 10 valicate the use Of the special inspection aliowable siresses
used in the criteria. This gcocument gescribes the tests 10 he periormed. the
number Of prism ang biock samples 10 be taken from each wall. the method
of extracting the prism and block samples ant the methods to be used 10
obtain both the prism ang mortar compressive strengths.

2 NUMBER AND TYPE OF PRISM AND BLOCK SAMPLES

For each wall. two prisms at ieast 8 inches long and 24 inches high wiil be
extracled from the wall at locations 10 be determined by Wisconsin Electric
Power Company (WEPCO). The 8 inch length of the prism must include two
of the three webs of the 16 inch long masonry units. Extreme care shall be
exercised in extracting the prism sample from the wall 10 avoid breaking the
bond between mortar and masonry unit. in multi-wythe walis it maybe
necessary 10 cut through the full wigth of the wythes if the single wythe prism
sample is well bonded 10 the adjacent wythe. This decision will be made by
WEPCO and/or consultants at the piant. <

For each wall. two masonry units 16 inches long ang 8 inches high will be
exiracted from the wall at convenient iocations 10 be determined by WEPCO.

The five walls from which the above sampies shall be extractec are as follows.

Stairwell 1 Wythe, 6° Thick
Wall 68 1 Wythe. 8" Thick
Wall 150 3 wythes. 18" Thick
wall 65 2 Wythes. 12° Thick
Wall 104 4 Wwythes. 33* Thick

LE I I T N
. T I Yo

3 METHOD OF EXTRACTION

The prism and block sampies shall be extracted from each wall using a method
of extraction approved by WEPCO ang/or consuitants. Care shail be exercised
10 minimize the amount of gust ang water resuiting from the extraction
procedure



4 TRANSPORTATION OF PRISMS AND MASONRY LUMITS

The ~risms shall be preccmpressed by 8 method approved by WEPCO andg’/or
con: .dants afier they #in extracied from the wa'l. They shall remain uprignt
guring all hangling a-9 iransportation operations. The method of storing the
prisms for transporiation from the piant 10 the testing laboratory sha!! ensure
they remain upright and subjected 1c a minimum amount of wvibration.
The method 1o be used shal! be approved by WEPCO and/or consultants.
Extreme care srall be execisey at all stages 10 avoid cracking betwenn the
moriar and masonry unit

The masonry urits snail be transported in 8 manner such that the units will
not be camaged. The method 10 be used shall be 2pproved by WEPCO andg/or
consultants.

5 TEST METHODS

Each prism comoressive test shall be performec in accorgence with
applicable sections of ASTM E-447-74 = The stress-strain Lurve is not required
as panrt of the test procedure. One undamaged prism sample shali be tesiwd
from each wall

Each maganry unit compressive test shall be performed in accordance
with applicable sectuns of ASTM E-140-75. One ungamaged unit shall be tested
from each wail

6 DETERMINATION OF COMPRESSIVE STRENGTHS

The compressive strength f'm of one masonry prism from each wall shali be
getermined In accorgance with Sec. 7.1.6 of ASTM E-447-74 The value of
I'm to be used in the criteria for IE Bulletin 80-11 shali be the average value
of the five specimens tested or 125% of the minimum vaiue determined by
iest. whichever is less. but in no case shall it exceed 1000 psi. # the scatter
of the five prisms is considered 10 be excessive by the NRC staff,
consigeration will be given 10 congucting twe additionsl tests.

The compressive strength of the mortar shali be determined as follows The
net compressive strength of one masonry unit from each wall shall be
delermined in accordance with Sec. 10.3 of ASTM C140-75 The compressive
strength of the masonry units shall be the average velue of the five specimens
tested or 125% of the minimum valye determined by test. Using this value
for masonry units ang the value of I'm Oetermined by the same procedure.
the type of mortar shall be deguced from Table 1 (i.e. Table 4.3 of
ACI 531-78) by imerpolation. The compressive strength of the mortar, mo. shall
then be cetermined from Table 2 (lL.e. Table 1 of ASTM C270-73) by
interpoiation. If the compressive strength of the mortar determined by this
protedure exceeds 750 psi then 750 psi shall be used as the
compressive strength of the mortar in the criteria for IE Bulietin 80-11.



TAELE 1 VALUE OF r'm FOR MASONRY

Compressive test strengtih of
masonry units. psi. on the

Compressive strengtn
of masonry

f'm. gs.’
ype

net cross-sectional ares Tyoe M ang

S mortar mortar
6000 or more 2400 1350
4000 2000 1250
2500 1550 1100
200 1350 1000
1500 1150 875
1000 200 700

TABLE 2 COMPRESSIVE STRENGTH OF CUBES FOR MORTAR TYPES

Mortar Type”

Average Compressive
Strength at 28 Day:,

psi(iMpar

xXozwg

2500017.2)
1800012 .4)
750(5.2)
3502 &

75(0.5)

Martar type cesignations A-1. A-2. 8. C. ano D
'ype designations in effect prior 10 1954

are the former




ACTION ITEM 3

With respect to the containment isolation valves for steam generator blowdrwn
lines outside contzinment at E). 26', the licensee indicates that additiona)
remole-operated isolation valves within containment will be installed oy

fall 1882 and spring 1983 for Unite 1 and 2, respectively; thus, eliminati. g
the concern originating from the potential failure of the stairwel) masonry
walls. Licensee is requected to provide & commitment that installation

will be completed by the above dates and & technica) evaluation that the
delay will be acceptable from & probabilistic standpoint.

Licensee will also review the Plant safety aspects associated with failure
of the steam generator b)owdown isolation valves due to masonry wall failure.
1f & safety concern exists, it shal) be identified and evaluated and
submi.led with the above technical eveéluation.

RESPONSE

Licensee has received and eveluzted proposals for the blowdown isclation
velves inside containment. A recommenced supplier has been selected anc

it is expected that & purthzse order will be issued by August 1, 1881.

The drawing and fina) design review, fabrication, angd delivery time require-
ment for these valves is estimated to be 48 weeks from the date of the
purchase order. This schedule will facilitate receipt and installation

of these valves in Point Beach Unit 1 during the fall 1882 refueling and

in Point Beach Unit 2 during the spring 18E3 refueling. We, therefore,
expect to install these valves by these dates.

The original Plant design criteria for the blowdown line containment
penetrgtion are presented in FFDSAR, Section 5.2.2. The blowgown line
penetration is classified as 2 Clas: 2 (outgoing lines) penetretion and
provided with & single automatic anc remotely-operated trip velve located
outside contzinment. Since the blowdown system is considered connected
to & closed system inside containment, & second remote isolation valve
in the event of @ single failure wes not provided in the original design.

During norma) operation, the feilure of these blowdown 1ines presents no
sefely concern eince adeguate mékeup water can be provided with the main
feedwater pumps and the blowdown lines can be isolated using the manual
isoletion valves provided. The maximum effective leak diameter of the
blowdown system ic 1imited by the minimum drijled passage in the tubesheet
for the blowdown connection which is 1.625". This limits the maximum mass
flow rate at 1,132 psi stean generetor pressure to 4.3 x 10 1bm/hr. /stean
generatior compzred to the 3.7 x 10° 1bm/hr. capability ¢f each of the main
feedwater pumps.

In the event of & design basis accident, such as & loss-of-coolant accident
or @ main steam line break, logether with a loss-of-offsite power and &
seismic event, the effect and consequence of the failure of both blowdown

-1~



ACTION ITEm 3 Page 2

lines due to & postulated failure of the facade stairwell w21l has not been
previously analyzed and could result in safety concerns. These concerns
would include maintainability of containment integrity and the ability

to maintzin long-term cooling of the reactor core through use of the steam
generators. It is for these reasons that we have commitied to insta)lation
of additional blowdown line isolation valves inside containinent. Because
of the low probability of a blowdown Tine feilure due to & postulated

wéll collapse concurrent with & design basis accident, this schedule is
éCceptable.

As Oiscussed in the Point Beach Nucleer Plant Facility Description and Safety
Analysis Report (FFDSAR), the northcentral United Stites, which includes

the Plant site location, is a relatively inactive earthguate area. The

Coast and Geodetic Survey, Seismic Probability Map of the Unitec States,
assigns this arez to Zone 0 - No Damage. There 15 no insirumenties or
verifiable record of large intensity shocks above Modified Mercalli (MM)
intensity V11 within 200 miles of ithe site and no record of camaging
earthquakes with epicenters within 100 miles of the site.

During the construction permit licensing stage of the Haven Nuclear Plant,
Wisconsin Electric submitted on March 24, 1978, an Appendix 2K to the Haven
PSAR Site Addendum. The Appendix presented & seismic risk analysis for

Lthe proposed Haven site locatec approximately thirty miles SSE of the Point
Beach Nuclear Plant on the shore of Lake Michigan. Appendix 2K pregicted

@ meximum annugl recurrence probability for an intensity level Iv (MM)
earthgueke &t the Haven site of 0.00617/year. The observec effects of
intensity IV (MM) earthguakes indicate that serious damage to physica)

st uctures does not occur. Thus, it is assumed that the facace stairwel)
walls would remain intact in the event of an earthquake of intensity IV
(MM) at the Point Beach Site.

As discussed in the Nuclear Regulatory Commission's Reactor Safetv Study,
NUREG-75/014, the probadility for PWR dominant accident sequences, sych es
@ large LOCA or main steamline break (MSLB), are assessed at 1 x 10 /
reactor year (Section 5.3.2.1). The report &lso states in Section 5.4.1
that although it is difficult to predict with precision the probability

of potential accidents due to earthquake damage to a nuclear power plant,
considering the uncertainties in damage p*o;a:j%ities, ié seems reasonable
1o predict that the risk leve! lies between 10 and 10 per reactor year.
At this JTevel of probability, the report concludes that the earthquake~
induced accidents should not contribute significantly to reactor accident
risks.

We have, therefore, assumed that the probability of a design basis
accident together with ar tarthquake resulting in damage to the blowdown
lines from & postulated collapse of the facade stairwel) could be conser-
vatively ascumeg, to be the product of ihe probability of a large pipe
rupture, 1 x 10 /reactor year, times the recurrence probagglity for an
intensity IV (MM) earthquake which s appro.imately 6 x 10 “Jreactor year.

This results in & predicted probability of less thas 6 x 10 /reactor year
for an unanalyzed failure of the blowdown systen coupled with & design
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basis accident. The actua) probability of this combination of events
occurring is even sma)ler since this analysis assumes the probability of

@& wall collapse in the event of the intensity IV (MM) earthguake and the
probability of damage to both blowdown lines in the event the wal)

collapses are both one. Even at the probability of € x 10 ‘/reactor year,
NUREG 75/014 Figure 2-1 would classify the risk of such an event as negligible
and less than the natural hazards mortality rate.

We conclude that this very small risk is acceptable from 2 probabilistic
standpoint over the time period proposed to compliete the proposed corrective
action. We further conclude that since &n acceptable and appropriate course
of action has been foentified and embarked upon, any additiona) operability
analyses of the facade block wall or analyses of the exact efiects or con-
seguences of blowdown isolation valve failures are unwarranted. These
activities would serve no purpose other than to confirm or preclude the
necessity for the corrective actions already underway.



A,
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ACTION ITEM 12

The licensee is required to comply with the requirements of plant operability
provisions of the plant Technical Specification as specifically identifieg

in JE Bulletin No. 80-11. The licensee wil) inform the NRC of its planned
action with respect to this item by 07/15/81.

RESPONSE

The Nutlear Engineering Section (NES) Safety Review Committee has conductec
&n operability analysis ¢ each masonry block wall in which the eénalyzed SSE
induced stress levels eéxceeced the revised acceptance criteria. Operability
h&s been evaluated 2geinst the degree of oversiress determined in the analysis
of the wall, the consequence of 2 failure of the wall, ant its potentia)
impact on sefety related systems and/or components, and the probability of
bccurrence of conditions resulting in oversiressing of the wall prior to
reinforcement, modification, or repair of the wall. The NES Safety Review
Committee has concluded, for those oversiressed walls identified through
July 15, 1881, that continued operability of the Point Beach Nuclear ®lant
pending repairs is Justifieg.
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GENERATED RESPONSE SPECTRA COMPUTECH
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MASONRY WALLS

Walls not reguiring upgrading (clip angles will be provided

.

along vertical and top edges)

WALL
ND.

86
72
64
65
68-1
68-2
150
116

SKETCH EXPECTED
NO. COMPLETION DATE

SK-C-165 Complete
Sk-(-1689 Complete
SK-C-164 Complete
SK-C=166 Complete
SK-L-15¢ Complete
SK-(-158 Complete
Sk-C-161 Complete
SK-C-115 10-16-81

a1l reouirinc positive shear trensfer mechanisms (c1ip anoles)

WALL
ND.

1M1-2
111-38
111-4N
111-45
112-E
112-K
112-K5
115

SKETCH EXPECTED
NO. COMPLETION DATE
SK-C-107 10-16-81
Sk-C-11€ 10-16-81
SK-C-117 10-16-81
SK-C-118 10-16-81
SK-C-108 10-16-81
SK-C-108 10-16-81
SK-C-110 10-16-81
SK-C-114 10-15-81

Kalle reauring uporading due to flexural tension overstress.

WALL SKETCH EXPECTED
w0 nND. COMPLETION DATE
3 SK-L-176 Complete
&0 SK-C-172 Complete
5-2¢ SK-(-174 11-16-81
5-7 SK-C-177 11-11-8)
24 SK-C-173 Complete
26 SK-(-184 Complete
157-8 SK-(-183 10-23-81
§-5 SK-(-138 Complete
along boungaries.
WALL SKETCH EXPECTED
ND. ND. COMPLETION DATE
20 SK-(-143 £-26-81
151 SK-C-163 12-15-81
104 SK-(-162 * Complete
143 SK-C-181 10-16-81
WALL SKETCH EXPECTED
0. NO, COMPLETION DATE
18 SK-L-131 5-28-81

WALL SKETCH EXPECTED

NO. ND. COMPLETION DATE
111 SK-C-106 10-16-81
111-38  Sk-C-118 10-16-81

113 Sk-C-111 10-16-81

114 SK-C-113 10-16-81




SPECIAL CASES

MWALL SKETCH EXPECTED
NO. NO. DESCRIPTION COMPLETION DATE

152 SK-C-160 Stack bond wall - this wall will be removed 12-4-81
and rebuilt using running bond.

157-N SK-C-180 Requires installation of pipe hangers to 7-31-81
remove pipe loads from this block wall.

38 SK-C-150 Requires new supports for lead-filled pipe B-7-81
chase to remove loads from block wall.

133 - This wall has been removed from the safety-
related category.

22k SK-C-125 Reguires installation of bracing system 10-16-81
to provide additional stability.

146 -

}gq g Brick walls - these walls will be remved. Complete

162 -

Facade Stairwe))l walls: See response to Action Item #3.

MASONRY FILLED BLOCKOUTS

Blockouts not reguiring upgrading (clip angles wiil be provided along
: vertical and top boundaries.)

WALL SKETCH EXPECTED WALL SKETCH EXPECTED

ND. NO. COMPLETION DATE _NO. NO. COMPLETION DATE
5-33 SK-(-16E Complete 3-6 SKk-C-182 Complete
5-22 SK-C-178 11-25-81 3-7 SK-(-178 Complete
£-24 SK-(-188 11-18-81 134-C-A SK-C-170 11-6-81
45-F SK-[-154 12-11-81 134-C-B  SK-C-171 11-6-81

Blockouts reguiring upgrading (211 blockouts reguiring upgrading
will be removed.)
WALL wWaLl
NO. EXPECTED REMOVAL D.TE ND. EXPECTED REMOVAL DATE

30 12-18-81 3-1] 12-18-81

5-12 12-18-81 5-51 Complete

14 Complete 1% 12-11-81
22 Complete 3-19 Complete
23 Complete 45-¥ Complete

*One blockout in wall #71 will be retained, but it will be covered with steel plate.
See SK-(-193 for details.



\c+iop Trem *17

—— Response 40 A

L g o)l walls reouiring up gradine —

beyond Heir present THei%. i



SAFETY - RELATED MASONEY CONSTRUCT!

- UPLRADING REOGUIRE MENTS ~ FOR

 MASONEY

WALLS

,_,Wa/f; ot reo., f'ru uporaum ’fhp arcue_; xw/l_‘cz.

—

7 -

-

rovided =2lone Yer$e
20 Hop eoae' Ry we )

/ 2 } 1 §
wall ¢Ketct, expected woall _ skercrs cxpecred
e ne. comdietion e ;0. No. compie+ior O~ e
, i
”~ / -y | J
3 §-C- 176 Bo KL "f
&rn Si-C- 172 7Z oK< 165
2 y - L P
5'49 ;/ - 174 @4 <I~ & /w
- - ﬂ- - -
-l ,(A'v /i ‘ @; ,('<
g4 kL1793 | &8 4,(.,.,.’_;
i W P . 2 Py z
& K-C-le @8-2 KL
- s -
579 SE-C- 183 | 180 SL-C-16/
’ Y 4
control room wa. =/l SKLC-//5
/ -~ 4 7 - { f # -~ ' N
Wé//; (EQUITING LOS/1IVeE SARZIr 4T 20 €1 MELrar Sial4
! I 7 ; 4 ,
rcip 2nglec) slone cowundarie
- i o
wall  sketcr Expectec wall  ckefer exgecres
no. Mo complecion gdee No. ne - Covienier O0R<E
20 Sk |42 [11-2 $K-C1C
151§k 163 | {111=35 Si-ce )
L ol ok i . o L
IO4 ;,k'-«',’.,’., | ! / f'4’\ ,‘,“.v.
(43 Si-Co/ [ | 1-45 Sk-c- 118
| | 112.£ - IR
i | L e SA W j o
v | i ’Z. '\ ‘L.;. "c‘:
corfrel room wa! < /12-N$ SK-C-])
| 11§ LKL~



Walls r’e;;q,‘m'oa ypa rag ne due to flexurs! +ensis ¢ versiress
-~ L J . pgerh

—

—wall___sketeh _ expected wWall __stefeh . _Expucted

70. 0No. compietior o27¢ N __No- _Cam: 2+0n d?ﬁ , ;

19 $KC-IZ
"Z,A /(K.:f‘;(
:' ‘-v”‘

/ 5 5‘- oG

S

i1 ¢ SKC-10¢
[11-3N SK-C- ]I§
13 fL-c- 1
4 fK-C-l3

B A5 ae g i i = < i
- Su oJeJ
A ket - P f
{ i/ ¢ }
¢ Z FELCTIprIOY co moigtio. detp
-
£z CkoC- /oD '
;€ R Iy KT Qorz WRli = $hy wal w =3
£ - - - -
remover BRNe TR0 !T Ul e TuNNNY 308
T e
'-/’.’ - . :’ 'd 3
: K-C-18D regu retf intia avsr = ,e o e
[ - - . la T &1 & -~ -~ ;‘r‘ /,‘2"- ":
Ly 2 ~
Aol e A LS e C ™ 1
N Life (S28) o L] .f, Coolwe
| W ’
o (‘.f' n” el a - S A =
v B / 1 ¢ / { o
- F D W A - ¥y evﬁ :-/,’:A’l/(:—’ 62:'0 c"
¥ o/ ’ d -
- -— -
e O remae o8y £mm blocc v
4 = AL
- - 7
o - amtes
- Z - ;
R 2L, L TED Concu T Wl bE rEro.mE:
~ o - - 3 o -
P Lol ¥ & WV & (ol /A./' (}’-" ” (-6 >_—s-
\
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