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the analytical results are non-conservative but the stability of the walls is
adequate. the analytical metnodology will be modified.
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~2 OVEfWlEW OF TEST PROGRAM,

.The objective of the' confirmatory test program is to demonstrate the validity
of the _ arching . action analysis methodology used by Duke ' Power Company for

,

'the structural ~ analysis of the masonry walls at the Oconee Nuclear Station.
Within this tramework. all the major variables of. concern to the NRC have been

' included in' the ; total of twelve tests. _ A summary of the major issues involved
in' developing the test ' program' are ' presented in the following subsections.

~

; 2.1 - Test Set-Up

F
- The.. test ' set-up proposed for - the twelve- tests is the unidirectional " shake
table * shown in Figures 1 and 2. This set-up 'Is similar to that used for!-
a previous test program involving out-of plane testing of reinforced masonry'

walls. It has the. capability. to apply at the top and bottom of the wall motions
whose spectra Closely match floor response spectra at these locations. In
add _ition. it incorporates the appropriate differential displacement at the top,

and bottom of the wall.
.

. Based on our previous experience with a similar test set-up the proposed
' single point load at the top of the test specimens will provide reasonably-

uniform ~ input across the wall width provided that the test specimens are .
symmetric (openings.' added . masses, etc.). Accelerations will be measured
across the top of each test specimen for verification of the load distribution.

As shown In ' Figure _1 the test set-up includes a moment resisting steelL >

frame which provides restraint for the wall in order for the arching to take
place. The steel frame .will have -hinges at the base of the test specimens.
During the excitation of the wall _ the top beam will experience two different'

types .of rotations. One rotational component is due to the differential ,

:
- displacement between tne top and ~ bottom of the wall where the top of wall*

. Is displaced more - than the bottom. The other rotational component comes
from the eccentric thrust: force of the arching mechanism which introduces
torque along the top beam. Figure 3 gives the estimated rotation of the -

.

| top beam and shows it to be away from the compressive edge of the top
.

t} mortar 'jolnt thus ensuring the conservatism in the test setup. ,
,

The alternate to this set-up is the shake table set-up shown in Figure 4.
~

The major drawback with this set-up is the lack of control over the inputmotion ~at the top of the frame.;

It ls our opinion that the resulting response;c
spectra at the top of the frame will be significantly different from that desired.

.

!

and as a consequence _ the unidirectional set-up was selected for use in; the test program.

2.2 Boundary Conditions

The test set-up shown in Figures 1 and 2 incorporates top and bottom
boundary conditions typical of those at the plant. The effect of side
boundaries was not included as these will significantly delay the formation
of _the arching action mechanism and excluding their effect will ensure that

!
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conservative results are obtained. A discussion of this is provided in Appendix
A and it should be noted that it is consistent with the analysis methodologyused.

The walls will be Constructed on top of concrete foundations which are
considered part of the test specimens. Figure 5 shows the top connectiondetail. The concrete beam at the top of each wall (shown in Figure 5)
is placed in its location during wall construction and allowed to cure with
the wall. . Therefore it is considered a part of the test specimen. The steel
beam shown in Figure 5 is on the other hand a part of the test frame.

2.3 Wall Dimensions

All test panels are 14'-8* high. This equals or exceeds the heignt of 89%
of all walls qualified by arching action methodology at the plant. The lowest
factor of safety obtained from the analytical assessment of the walls was
for walls equal to or less than the height of the test specimens. The chosentest panel height is therefore representative of the most critical walls at
Oconee Nuclear Station.

The wall width of 10 - 12 feet will be determined by the restrictions of'

space in the test laboratory.

All the test panels will be single wythe. The reason is that less than 3%
of all the concrete block walls qualified by arching action at the Oconee
Nuclear Station are multiwythe.- Considering that fact and that the purposeof the test is to validate an analysis methodology this parameter is notincluded in the test program. Furthermore, the very limited number of
multlwythe walls that were quallfled by arching action were quallfled as
individual walls (each wythe separately) and in addition they would also qualifyon a stress basis (as multiwythe)
joint shear stress. with a very low (less than 3 psi) collar

2.4 Materials

The walls will be constructed with materials (blocks and mortar)as closeas possible to those at the plant. Construction techniques will also be as
similar as possible to those used at the plant.

2.5 Test Panels

it is proposed to use four panels to perform the twelve tests, two of eachtype described in Section 3.2.

If more than one test can be performed on a test panel, then a significantly
higher degree of confidence will be obtained in the arching action meenanism
since it will have been demonstrated that the walls can resist more thanone of the conservative input motions. Additional panels may be tested
if mortar joint deterioration is observed. If these have not deteriorated duri ng
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a particular test then the wall will be capaole of being used for other tests.

It should be noted that during the recently completed shaking table tests
on masonry houses performeo at the Earthquake Engineering Research Center
that seven large amplitude tests were performed on a pier that was deflectingsignificantly in an arching type behavior.

There was no deterioration at
the mid-height horizontal joint for the vertical arch: consequently, eacn
preceding test did not have any impact on the results of each succeedingtest.

2.8 Openings

Of the twelve tests proposed. six will be performed on test walls that
!ncorporate an opening typical of those found at the plant. The height ofthe openings (7*-4*)
but one wall at the Oconee Nuclear Station. represents the maximum opening height found in all

..2.7 Attachments
.

There are three typical types of attachments to the masonry walls at the'
plant.

These include horizontally spanning cable trays, vertically spanningcable trays and cabinet-type attachments. The vertically spanning cable
trays will significantly enhance the strength of the wall in that they will delay
or prevent the formation of the arching action phenomenon.
to ensure conservatism in the test program, these are not incluoed as aConsequently,lest parameter.
the cabinet-typu attachments are included.However, both the horizontally spanning cable trays and

2.8 input Motions

The response spectra that will form a basis for the time history input motions
will be obtained by enveloping the floor response spectra at all elevations
containing masonry walls in both the North-South and East-West directions.
This will be done for the respective response spectra at botn the top and
bottom of the walls. Thus the response spectra of the time history input
motions at the top and bottom of the test specimens will exceed by a
minimum of 10% the respective enveloped SSE floor response spectra.value of

10% is considered adequate and conservative because of the
A

enveloping procedures used and several other factors that would increase
the capacity of the walls have been neglected. These include:

Neglecting the positive influence of the horizontal spanning of
a.

the walls.

b.
Neglecting the positive influence of the many vertically spanningi

cable trays.

The test time histories will envelop all the SSE floor spectra
c.

over the full frequency range (0.15 - 100.0 Hz) and Inus are
,

5
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very conservative when compared to an expected site time
history at a - given floor elevation.

d.
All . tests will be performed such that the test time histories
will exceed the envelope of all SSE floor spectra by 10%.

Since each of the twelve tests 1
degree of conservatism, it is our nd of themselves will contain a significant

Wef that these eight tests Combined with
the four tests to failure will prc,.ide a high degree of confidence in the
inherent factor of safety of the walls.

Since the arching action phenomenon is a nonlinear problem. two differenttypes of time histories that
envelop the respective floor spectra will be

developed and used with each variation of openings and attachments. Selection
criteria for the two different time histories will ensure they have differentvelocity characteristics.

The low level frequency range of the input motions will be included but
certain limitations are imposed by the physical limitatforts of the testequipment (the actuators).

Because of the large displacements inherent
in the low frequency range it is necessary to filter out the very lowestthese low frequencies. of

It has been vertiled that the Input motions will be
able to envelop the envelope floor spectra down to the frequency range

-

of 0.10 - 0.15 Hz. (or period range 10.0 - 7.5 Sec.).

On four test specimens the level of the input motion will be graduallyincreased until Instability of the wall is obtained. . These results will provide
a basis for ovaluating the overall factor of safety of the analyticalmethodology.

6
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3 TEST PARAMETERS

Section 2 provided an overview of the test program and the options considered
in developing the test parameters. This section provides the specific parameters
of the twelve tests. A summary of the parameters is given in Tables 1 and2 and a detailed description follows.

3.1 Materials

The test specimens will all be constructed from 8' hollow concrete masonry
blocks (8* x 8* x 16' units) and be ungrouted. The specimens will be single
wythe in _ a running bond type construction and have joint reinforcement in
every other bedjoint. Samples of both prisms and blocks have been extracted
from the walls at the plant. The average compressive strength of the blocks
was 3135 psi and that of the prisms was 1863 psl. These will be duplicated
as closely as possible in the test specimens.

3.2 Panel Dimensions
.

There are two different panel types. Panel Type 1 to be used for Test
i

-

Nos.1. 2, 3. 4, 5 and 6, has no opening, whereas Panel Type 2 to beused for Test Nos. 7, 8, 9. 10, 11 and 12. Incorporates an opening.
The width of each panel will be 10 - 12 feet.

This dimension will bedetermined by space constraints at the laboratory.

Panel Type 1: This panel is to be 14'-8* high (22 block courses),
single wythe, ungrouted and unreinforced. The specimen will have
no openings. A sketch of the panel is shown in Figure 6.
Panel Type 2:

This panel type is to be identical to panel type
1 in all respects except it will have a centrally placed dooropening 4'-0* wide and 7'-4* high. A sketch of the panel isshown in Figure 7.

3.3 Attachments

The effect of attachments will be assessed by comparing the results of Tests
1 and 4 2 and 5, 7 and 10, 8 and 11 (Refer to Tables 1 and 2).

The attachment to be used for Panel Type 1 In Test Nos. 4, 5 and 6 is
the caDinet type attachment shown in Figure 8. This will be centrally locatedin the lower half of the wall. The attachments to be used for Panel Type2 in Test Nos.10,11 and 12

are the horizontally spanning cable traysshown in Figure 9. These will be located along the length of the wall inthe upper half of the wall.

*
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-3A -Input Motions

' A typical floor response spectrum for the Auxillary Building is shown in Figure10.
Envelop response spectra for the various elevations at the top and

bottom of the masonry walls wul be developed. This will ensure that the. peak spectral values at
all elevations will be incorporated in the envelopspectra.

These enveloped SSE floor spectra will form the basis for developing the
test time history input motions. The response spectra of the time histories
to be developed will envelop these floor spectra with as close a match as

. possible over the full frequency range. The only physical limitation on the-
time histories to be developed is that the velocity and displacement demand
on the actuators must stay within the limits described in the following section.

Several sets (top and bottom) of time histories of 30 seconds duration willbe developed. From these two sets 0.e., two top and two bottom) of timehistories will be selected for use. The selection criteria for the two setswill ensure that they have different velocity characteristics. -

The intensity of the test signals will be ampitfied such that the target envelopfloor response spectra will be exceeded by at least 10% over the full '-

frequency range. For Tests No. 3, 6. 9 and 12 the level of the input motion
will be gradually increased until instability of the wall is obtained.

I
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4 DESCFilPTION OF TEST FkCfUTY
,X N K

I '
As

The tests' will be performed at the structural ubt,ratories of thJ 'Eartnquake
Engineering Research Center. University of Catforma. Berkeley. The test setup '

will consist of four reaction frames (A-frames) and two MTS ac:uators located
towards the top and bottom of the reaction frames. ' A

The walls will be placed on an existing unidirectional " shake table * which will
'be slightly modllled to accommodate the 10 - 12 feet width of the test specimens.

The " shake table" is a 4' x 8' i 1* steel plate set on top o'f four Thomson '

Dual Roundway Bearings allowing the table to move, treey with mimmal friction.
-

A second set of bearings is p' aced 'such that uplift ofJth: wall base is
prevented. The bearings have a 'spechpd coefficient of friction equal to 0.007.

. .

The wall assembly consists of the 14*-8" high mascnry wall, two steel ' columns
p!3ced one on either side of tne wall ano a rrititerced concrete beam actings

as 'the top boundary of, the wall. The steel cuiunns will not be in contact with
the wall thereby leaving the wall's side boundary unrestrained. -The weight of
the reinforced concrete beam will be carried by the two ott31 columns but the
beam will be in close contact with the top of the wall thus allowing the wallto arch against it. Figures 1 and 2 show the propose <J test .ietup. N

.

The actuators are capable of develo'pfrig a maximum rtynapic load of 75 Kips
using a hydraulle pressure of 3000 psi for a relatively*phort time. Normal use
of the hydraulic system requires a hydraulic pressure of 2500 psi thus reducing
the dynamic load to 62.5 Kips. The maximum stroke of the actuators is ,+6
inches, the maximum piston velocity is 30 in/sec and the flow (apacity of the

_

servovalves is 200 gal / min. The actuators are controlled by a displacement
- command signal and folic # a prescribec displacement cattern which can be
any earthquake time history, sine wave, step function, ,etc. Tttts is the most
common test method and will be used for this test. s

t -
,

, .
, sThe operational capabilities of the actuators are limited by the above-mentioned. ,

-

'

force, velocity and displacement capaciftas and also by a frequency limitation
of about S Hz. for sinusoidal loads. - ' ,

No major modifications are required tosthe existing reaction frames. However,
for the purpose of having the four test' frames perform together, two stiff cross
beams will be Constructed between the reaction frames just below or above the
act'Jalors. -

'
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5 DATA TO BE MEASURED

There will be three groups of tests performed. namely material property tests.
Iow level dynamic response tests and high level dynamic response tests. The'
following addresses the data to be measured in each group of tests.

5.1 Material Property Tests
.

The objective of the material property tests is to determine the strength
characteristics of units of the material from which the wall is constructed.

.5.1.1 Mortar

For each panel a minimum of nine cube samples of mortar will be
constructed concurrent with the construction of the panel. Three cubes
of mortar will be tested at (1) seven days. (2) 28 days following panel
construction and (3) within 48 hours of the dynamic test of the panel.
These cube tests will conform to ASTM C91 and ASTM C270-80a.

'

5.1.2 Block and Prism Specimens

A minimum of three samples of block and three prisms will be tested
for each panel. The three-high unit prism samples will be constructed
at the same time and with the same materials as the panels they
represent. The block and prism tests will take place within 48 hours
of the dynamic test of the panels for which the blocks and prisms are
representative. These tests will conform to ASTM E 447-74 and ASTM
C 140-75.

During the masonry prism tests some of the prisms will be loaded
eccentrically with varying eccentricity until the cracking of bedjoints

After cracking of the bedjoint(s) the prisms will be loaded andoccurs.

unloaded without the eccentricity. gradually increasing the load until a
failure occurs.

During the testing of the block and prism specimens a number of DCDT's
will be attached to the specimens and data from these will be acquiredthroughout each test.

This data will allow determination of the nonlinear
compression stress - strain relationship of the individual masonry block
units, the mortar joints and the combined prisms. The data will also
allow determination of strain distribution in the specimens which is
espe:lally important in the eccentrically loaded prisms. The compression
stress - strain characteristics thus determined (specifically the crushingi stress and strain of tne masonry material) will then be usod in the
correlation studies between the test results and the analytical arching
action methodology.

10
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S.1.3 Flexural Specimens

A minimum of three flexural specimens S units high will be tested for
each panel to determine the modulus of rupture of the specimens. The
flexural samples will be constructed at the same time and witn the same
materials as the panels they represent. The tests will take place within
48 hours . of the dynamic test of the panels for which the specimens
are representative.

|

During the testing of the flexural prisms a number of DCDT's will be
attached to each specimen and data acquired continously throughout
each test to failure. This data will allow determination of the tensile

,

'

stress - strain relationship of the masonry material (block, mortar and
combined). This is useful when the uncracked capacity of the test panels
is evaluated.

S.1.4 Web-shear Tests.
.

A minimum of three masonry block units will be tested for each test '

specimen. The tests will be performed similarly to the ones performed
by Gabrielson, et, al. (Ref. 3).

4

S.2 1.ow Level Dynamic Response Tests

The purpose of these tests is to evaluate the low amplitude damping exhibitedby the test specimens.

Pull-back testing will be used to evaluate the damping correspondMg to the
uncracked and the cracked states of the test panels. This will involve
statically displacing the panels releasing them suddenly and allowing them
to vibrate freely while measuring the panel deflections and accelerations
at the center of the panel. Damping will then be determineo by the
logarithmic decrement method following standard procedures using the
accelerometers and potentiometers at the center of the wall.

Previous experience has shown that response quantitles not close to the
location of maximum response (in this case midheight of panet) produce
unreliable and. Inconsistent damping values.

5.3 High twel Dynamic Response Tests

Response measurements to be recorded during the dynamic tests will obtain
' as much data as is practicable to validate the arching action analysis
methodology. Data of Interest is the relative deflection of the wall at various!'
locations, compressive stresses in the masonry face shells at the hinged
locations and the force developed at the top of the wall, in addition, the
input at the top and Dottom of the wall will be measured and comparedto that regulred. A discussion of each of the parameters to be measuredfollows.

,
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5.3.1 Deflection of the Test Panels

An' important parameter of interest is the relative deflection profile ofthe wall. Potentiometers will be used to measure the out-of plane
deflections of the panels during the testing. The potentiometers will
be placed over the height of the wall as shown Figures 11 and 12.

5.3.2 Faceshell Strain and Curvature

The compressive stress in the masonry face shells is an important
variable for the validation of the analysis methodology. The compressive
stress in the masonry face shells can only be measured indirectly from
compressive strain measurements.

The -curvature and faceshell strain will be measured by the change in
distance between a series of small studs attached to the block face
of the panels symmetrically on each side. These studs will be oriented
in a vertical line such-

that a Direct Current Displacement Transducer
,

(DCDT) may be oriented vertically when attached to two studs. Each DCDT
will then measure vs "< al displacements between two stud locations. A
maximum of 36 DCD will be attached to the walls.18 on each side.'

Typical locations are shown in Figures 13 and 14. The curvature and
faceshell strain will then be calculated from these relative displacements.
The compressive stress in the face shell will ' hen have to be deduced
from the compressive strain measurements. This will be performed by
using the stress-strain curves obtained from the prism tests.

Direct measurement of the longitudinal strain in the face shell of a
masonry unit in a dynamic test of this nature is extremely difficult.
The proposed method is to use DCDT's.

An alternate is to use a strain
gage of sufficient length (4-6 inches) to measure the compression or
tension strain over a reasonable length of the unit. However, it is very
difficult to ensure that an adequate bond exists over the full length of
the strain gage when bonding to a surface with the roughness of amasonry unit. If bond is lost along any part of the length of the strain
gage due to local microcracking or other causes the strain gage tends
to buckle and thus record tension rather than compression measurements.
These problems have been observed in many previous test programs
and as a result strain gage measurements have not been utilized for
masonry units in any recent masonry research programs and are not
included in this test program.

5.3.3 Acceleration Response of the Test Panels

Accelerometers will be used to measure the acceleration response of
the panels. The location of these accelerometers is shown in Figures
15 and 16. The accelerometers at the top and bottom of the walls will
be used to measure and validate the input motion to the wall. The
other accelerometers will provide additional data on the frecuencyresponse of the wall.

I
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5.3.4 - Force Developed at Top of the Walls

Load cells will be inserted in .the two steel Columns to measure the
~

force developed at the top hinge,' The load generated in these load
cells will be the reaction force of the wall against its top boundary.

-
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6 TEST REPORTS

There will be three reports on the various phases of the test program. Thecontents of the reports are .escribed below.

6.1 Pre-Test Analysis

Prior to the commencement of the testing each test specimen will be analyzed
using Duke Power Company's arching action analysis methodology to provide
a best estimate of the expected test results.

Material properties will be based on the actual field tests previously performed
since these will be the target values for the test specimens. The time history
to be used for the analysis will also be the same as the test time history.

6.2 Report on Reduction and Evaluation of Test Data
.

This report will present the final results and the manner in which the raw
data was reduced. Included will be the following.

'

Detailed description of the test setup and its characteristics.a.

b.
Development of the desired test inputs and a comparison of the desired
and achieved input motions.

Strength characteristics of the mortar for each panel.c.

d. Strength and stress-strain characteristics of the block and prismspecimens for each panel.

Strength and stress-strain characteristics (modulus of rupture)
e.

of theflexural specimens for each panel.

f. Full Intensity test data as directly measured. During the full scale
dynamic testing of the test panels there will be 64 channels ofmeasured data.

For each channel the maximum positive and negativevalues will De determined together with
data discussed in Sec. 6.2.1 will the time of occurrence. The

be obtained from the four differentmeasuring devices:

6.2.1 Detailed Test Data

a. Deflections

Deflection profiles of the wall will be shown for the time periods
during the testing when the maximum nositive and

negativedisplacements at
the center of the wall are reached.

14
I

_ ____--- - -- - - - - - - - - - . _ -



'

. -

, .-
..

,

.

Selected time histories of each displacement channel will be plotted.

Relative time histories up the height of the wall with respect to
the top and base of the wall will be plotted.

b. Faceshell Strain and Curvature

The faceshell strain at the DCDT locations will be calculated.In
addition the curvature will be calculated.

Time history curvature and faceshell strain plots at selected locationswill be presented.
,

C. Accelerations

Response spectra will be plotted for each of the accelerometers.
Time history plots of each accelerometer will be presented.

6.3
Report on Valldity of Arching Action Analysis Methodology

-

The main objective of the confirmatory test program is to validate the arching
action analysis methodology used to assess the stability of the masonry walls

.

at the Oconee Nuclear Station. In order to achieve this objectiva several
key parameters from both test and analytical results will be compared

.

The arching action theory for masonry walls was initially developed
McDowell. et. al. (Reference 1) by

and presented in his paper as a family of
The curves are normalized to dimensionless variables of thrust ratlos

curves.

as a function of midspan deflection on one hand and moment ratto as a
function of midspan deflection on the other. These curves are reproduced
in Figure 17 of this proposal, and Figure 18 provides a definition of thevariables. In addition, e

defines the strain at which maximum stress SC

is attained in the masonry stress - strain relationship. e

The main parameter that defines the particular force - deflection curve fora wall is the variable R. This variable therefore defines the path that the
thrust or moment ratios vs midspan deflection follows as the wall
from zero to snap-through. The variable R depends on the wall geometry

deflects
and the crushing strain ec of the masonry material. Thus once the
crushing strain has been cetermined from the prism tests. R and then the
force-deflection curve can be determined

During the test program all the necessary data to correlate tests with analysiswill be measured. These include the stress - strain relationship of the
masonry material, the thrust force and the midspan (or crack)
Using that data the following correlation procedure between analysis and

deflection.
tests is anticipated.

During the testing of the compressive prisms the stress-strain
a.

relationship for the test panels will be established (Section 5.1).
From that relationship ec and Sc will be determined.

.
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b. Using the e value with the known test panel geometry the Rc
value for the panels will be calculated. Similarly using the S cvalue the analytical thrust force and midspan deflection curve will
be calculated.

During the testing of the walls the thrust force and midspan (orc.

crack) deflection will be directly measured. Using these values
the actual thrust force vs. micspan deflection relationship will be
established.

d. The analytical curve and the actual curve will be compared and
correlated,

in addition to the above steps one of the most important comparisons between
the analysis and test results will be the maximum deflection at the center
of the wall and the ability of the wall to withstand the compressive strains
induced by the maximum deflection. If the compressive masonry strains are
excessive. face shell spalling along the entire fength of a bed joint will be
visually apparent from the tests.

-

The means and criteria to explain significant differences between test results
and analysis will depend upon what, if any differences occur between the''

key results from the analysis and those obtained from the testing. Twoscenarios are possible:

1. The key test results are more ccnservative than those from the
analysis. In this case the analysis methodology will be considered
conservative and therefore acceptable. The definition of conservative
is that the test force-deflection results lie at or above thetheoretical curve.

2. The key test results are less conservative than those from the
analysis. In this case the analysis methodology will be assessed
and modified or a new analysis criteria developed in light of the
behavior of the test specimens. This may require reanalysis of
some of the walls.
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7 TEST SCHEDULE

lt is anticipated that the testing will take about 22 weeks including the
construction and curing of the masonry walls. set-up and instrumentation and
the actual testing of the wall. Compilation, reduction and preparation of the test
reports is estimated to take about 17 weeks and be perforced partially
concurrently with the testing of the walls. The overall test schedule -

in Figure 19. presented

This represents a relative schedule pending agreement with the NRC on definitionof the test prcgram and availability of the test facility.
.
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; . TABLE = 1: TEST PARAMETERS - PANEL TYPE 1
r

TEST
' N O. - 1 2 3 4 5 6

-

*

PARAMETER s

-Wall Height - 14 *-8 * 14 *-8 * 14 '- 8 * 14 '-8 * 14 '-8 * 14 *- 8 *Panel - Type . Type Type Type Type TypeGeometry l' 1 1 1 1 1Opening No No No No No NoType- None None None Cabinet Cabinet Cabinet
c

of
in Lower in Lower in Lower;> . Attachment Half Half HalfExcitation Input input increasing input input increasing' Time 1 2 Magnitude 1 2 MagnitudeHistory of input 1 of inout 1

P

+

i

TABLE 2: TEST PARAMETERS - PANEL TYPE 24

TEST _ -s

NO. 7- -8 9 10 11 12

PARAMETER,

Wall Height 14 *-8 * 14 *-8 * 14 '- 8 * 14 '-8 * 14 *- 8 * 14'-8*Panel Type Type Type Type Type TypeGeometry 2 2 2. 2. 2 2 '
Opening Yes Yes Yes Yes Yes YesType None None None Horiz. Cable Horiz. Cable Horiz. Cable. of-

4 . Tray in Tray in Tray inAttachment-
Top Half Top Half Top Halfi.. Excitation input input increasing input input increcsingTime 1 2- Magnitude 1 2 MagnitudeHistory - of input 1

of input 1 '

,

4
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A.1 INTRODUCTION

The test program presented herein has the oclective of validating the arching
action analysis methodology used for the Oconee Nuclear Station. The method
assumes a vertical arening mecnanism based on the fact inat this will provide
a conservative assessment of the stability of tne wall. This vertical span
assumption ignores any positive eenefits that arise from the restraint provided
by the side boundaries.

If restraint is provided by the side Doundaries. both tne elastic capacity and
any other two-dimensional yield line type crack pattern that develops will exceed
the Capacity calculated from a vertically spanning mechanism.

The purpose of this appendix is to demonstrate tne conservatism of the vertically,

spanning assumption. This demonstration is based on elastic analysis theory
.by comparing frequencies (and thus spectral accelerations from the Oconee floor
spectra) and maximum moments for beams and simply supported plates of various,

~ ' '

. aspect ratios.

In Garielson's [1] blast load tests there were two tests that cornpared the post
cracking behavior of a one- and two-way spanning wall. The wall was 8 ft
high and 12 ft wide, constructed of single wythe 4-inch brick units. For the
one-way spanning arch the test pressure that caused cracking and arching was

.

3 psi. For the two-way spanning wall the crack pattern was similar to a slab
.yleid line and the pressure that caused cracking was 4.2 psi. This was a 40%
increase in capacity and is similar to that predicted by elastic theory.

The discussion on the elastic capacity starts with a detalled analysis of a beam
strip and then a similar treatment of a plate simply supported on four sides.
The Oconee floor response spectra are then analyzed with respect to the
frequencies of the above beam and pla*9 systems and the maximum moments
compared.

A.2 SIMPt.E BEAM

For a uniform beam the differential equation of motion is given as (Ignoringshear deformations):,

, i,

5yEI + q(t,x)=

OX (A1)

-

.where El and m are the flexural rigidity and mass, respectively. Both are"' uniformly' distributed along the span of the beam. The function q(t x) is thej external load acting on the beam. y is the deflected shape of the beam.
'

. Using separation of variables, simple (pinned) boundary conditions and support*
excitation. ~ lt is easy to show tt at the fundamental beam frequency is:,

.

*

3} g
EI (A2)

"
21 2L
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and the maximum bending moment in the first mode:

4M
1 9I**

_ M3)

iii awhere q =

and a = spectral acceleration at 'f
1

- For simplicity, only the first mode is considered. This is adequate as the first
mode is the major contributor to the beam moments.

A.3 PLATE - SIMPLY SUPPORTED ON FOUR SIDES

Similar to the beam. the differential equation that defines the motton of a uniform
'

thin plate is:

-

'
.

4 63, 3, 3y .-
D + 2 + + mv = q (x ,y, t) g4)3x" 2

,

3'
-

3x*2y 7
.

where Et' M5)D =

12(1 - v )

and W is _the deflected plate surface. iii is the uniform plate mass per unit
area, q ls the external load, t is the plate _ thickness and U is Poisson's
ratlo. D is defined as the flexural rigidity of the plate.

Osing separation of variables. pinned boundaries and support excitation, it is
relatively easy to show that the fundamental frequency is:

'

k (1 + a /b )2 E t'f =
t 6)2a' 212m (1 - v )

'

and the_ two way maximum moments are:

j .
3 16 q a; 1 + v a /b2_

M7)
, .

al
'

2(1 + a-/b )2-

216 q a a'/b; + vbl ."

@0)
r% (1 + a;/b')'

- ,
,

(

.. . In equations A6. A7 and A8 a denotes the plate height. b is the ofste length.
I

!
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q is the product of mass and maximum spectral acceleration at i t and v isthe Poisson ratio. As . with the beam. only the first mode is considered here
since it is the major contributor to the plate moments and higher modes generallyare of a secondary interest.

A.4
COMPARISON OF FREQUENCIES AND MOMENTS

Equations A2 and A6 provide a convenient way of comparing the fundamental
- frequency of a vertically spanning beam strip of height a witn the fundamental
frequency of a plate with height a and width b. and simply supported on all
four sides. A similar comparison can be made for the first
using equations A3. A7 and A8. mode moments by

Before the comparison of the moments is mace. it is useful to introduce the
relative moment capacity on a vertical and horizontal span (Mal and Mrespectively). The Oconee rnasonry criteria permits twice the allowable stressbl-

on a horizontal . span as it does on a vertical span. Therefore. when comparing
equations A3 and A8 it is necessary to introduce this differential. Thus weintroduce:

*

bl 0.5 M=
,

bl
(A9)

Therefore the frequency comparison is:

f
1, plate I L,2/b (A10)

2,

f 1, beam 1-v*

and the moment comparison:

M 1+v a /bz 2al, plate , .

2 2 WDM (1 + a /b )2n1, beam

and

"bl, plate , 2 aW+v
,

(A12)M ,

' ( **I, beam

The masonry walls at Oconee Nuclear Station that were qualified by areningaction have aspect ratios ranging from 0.443 to 2.160. Figures Al and A2 show
plots of frequency und moment ratios respectively. for these ranges of aspect

A-3
.
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ratios. Note that for equation A10

the ratio a/b is restrictedvalues of a/b i 1. Interchange a and b and use b/a. to 41. For

for equations All and A12 because Ine comparison is with a vertical bThis is not necessary

spanning beam strip of helgnt a is always lower than the frequency of a p!atestrip at all times. It is obvious from Figure Al that the frequency of a vertically
eam

of height a for all aspect ratlos. From the shape of the floor spectra (seeAS)
and range of frequencies for all possible vertical beam strips, this fact will

spanning beam strip when compared to a plate. ensure at least equal but sometimes higher spectral accelerations for a vertically
A2 that the moments for equal inertia loading within a verticalIt is also obvious from Figure
higher than the maximum moments within a plate of the same heightbeam strip are
aspect ratios at Oconee Station. for all

A.5
OCONEE FLOOR SPECTRA

Unfortunately, moments and frequencies cannot
be considered in isolation ofthe floor spectra. The floor spectra for the Oconee Nuclear Station t

level is reached at abouta relatively narrow spectral peak in the 8-12 Hz frequency range and the ZPAypically have
18 Hz.

The highest walls at Oconee are 180* hollow concrete block walls 62lb/ft ),

The frequency of such a vertically spanning beam strip (E = 106
= 42'

psl: I = 334 in')
height and an aspect ratio of 0.443 (height / length)of this height equals 9.3 Hz whereas a plate with the same
The ratio 0.443 is the lowest aspect ratio for the walls qualified by arching

has a frequency of 11.3 Hz.*

Shorter walls have a higher frequency for the vertically spanning beam and this
increases if plate action for the wall is considered. The spectral accelerations.
the wall is lower than the frequency for the peak of the spectraused in the arching action methodology are such that when the frequency of
value of the response spectra is used. . then the peak

From the above discussion it is clear that any analysis using vertically spanni
beam strips will give lower frequencies and thus higher spectral accelerationsng

than an analysis using plate action for any particular wall in the Oconee NStation. uclear

A.6 DISCUSSION -

The objective of this evaluation has been to demonstrate the conservatism in ol
in the assumption that the safety of the walls can be assessed by av ved
a vertically spanning arching mechanism. ssuming

If the side boundarles are not considered. It has been shown that the frof the wall decreases and that equency

Furthermore. It has been shown that the moments within the walls decin all cases this decrease is conservative.
In moment. when coupled with the decrease in spectral acceleration dsometimes considerably, when side boundarios are considerea; ano this decrease

rease.

frequency shift. will delay and possibly prevent ue to the

increase in capacity of a two-way spanning plate has also been dthe formation of cracks. Thisin the post cracking phase for one wall emonstrated
in Gabrielson's (1) blast load tests.

.

<
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Therefore. If tha wall is assumed to span verticu'y and any positive effect of
the side boundary is neglected then a conservative assessment of the wall will
be obtained. Furthermore, if the proposed test specimens (aspect ratio a/b1.47) =

were to include side boundaries. then Figure A2 indicates that moments
in the wall would only oe 17% of the moments for the vertically scanning testspecimen. In all likelihood this would prevent
the tests. any cracks from forming during

A.7 CONCLUSION

j- In this Appendix the effect of including side boundaries has been studied. A<

i comparison between a vertical beam strip approach (used at Oconee) and a
plate approach (four supported sides) has been made. It is concluded tnat
from both frequency and moment standpoint ignoring the side boundarles provides
a conservative assessment of the walls.
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