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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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